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WELCOME
Welcome to Aquaculture 2019!  This is a Triennial meeting which means it is a coalition of the National Shellfisheries 
Association, the Fish Culture Section of the American Fisheries Society, World Aquaculture Society and the National 
Aquaculture Association.  Since the inception of the Triennial in 1989, the meeting has continued to grow with the industry and 
is now the world’s largest and premiere aquaculture conference and trade show.  

The Triennials are a perfect opportunity to network, see new products, learn about cutting-edge research, and experience the 
complexity and diversity of aquaculture. It has been nothing short of amazing to watch the progress made in the development 
and application of new technologies in the field presented and highlighted at prior Triennials.  I remember the early meetings 
when application of PVC piping, new and better air stones were exciting, and use of the word ‘sustainable’ was almost taboo.  

Now there are computerized systems for controlling ponds, raceways, hatcheries, molecular techniques for better breeding 
options, a global network for information exchange and business opportunities, and an expectation that aquaculture efforts will 
be sustainable. What will be the next big idea?              

There is no question that aquaculture is the future of sustainable protein production. The theme of this year’s meeting is ‘The 
Big Easy Choice’ – and that’s just what aquaculture has become, an easy choice for sustainability, innovation, and profit.  We 
are excited to welcome Dr. Peter Cook as the Plenary Speaker who will address the impacts of aquaculture certification schemes 
on the environment and the industry.  This year we are also celebrating the 50th anniversary of the founding of the World 
Aquaculture Society.

There are numerous contributing sponsors including the U.S. Aquaculture Suppliers Association, U.S. Aquaculture Society, 
Blue Aqua, Darling Ingredients, Kemin, Tyson, and Zeigler.  The Program Committee has assembled a strong and diverse 
program linking industry and research and not forgetting education, recreation, and social interaction. The Trade Show burst 
its seams at this meeting and we have added extra space to accommodate all of the exhibitors.  Students – there are several 
unique and focused sessions and opportunities for you, we hope you will take advantage of as many as possible, and use this 
conference as a chance to meet your future friends, colleagues, and collaborators.   

These meetings require a large team and this included the Steering Committee (Chair, Sandra Shumway, Michael Denson, 
Michael Masser, Paul Zachek), the Program Committee (Co-Chairs, Jay Parson and Sandra Shumway, Steve Allen, Jim Tidwell,  
and Steve Lochmann), the Student Committee (Laura Spencer, Erin Roberts, and Taylor Lipscomb), and the crew that brings it 
all together in an apparently seamless fashion, John,  Mary, and Noah Cooksey, and Mario Stael. Thanks to everybody!  

AQ 2019 is in a fun and inviting venue -- find some time to enjoy all that New Orleans has to offer. On behalf of the Steering 
Committee, Program Committee, the Marriott, and the aquaculture community, welcome to New Orleans, Aquaculture 2019, 
and laissez les bons temps rouler!  

Enjoy your meeting!

Sandra  Shumway 
Steering Committee Chair
Program Committee Co-Chair
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A LIVE ATTENUATED Edwardsiella ictaluri VACCINE EFFICIENTLY PROTECTS CHANNEL 
CATFISH FINGERLINGS AGAINST MULTIPLE BACTERIAL ISOLATES

*Suja Aarattuthodiyil, 1Todd Byars, 1Matt Griffin, 1Lester Khoo, 1Terrence Greenway, Ganesh Kumar, 
and 1David Wise

1Thad Cochran National Warmwater Aquaculture Center, Mississippi State University, Stoneville, MS 
38776

Aquaculture industry is seriously impacted by several diseases. Although vaccination can minimize mortality due to some of 
these diseases, the effectiveness of a vaccine is dependent on the cross protection offered against multiple isolates. For example, 
in the case of Enteric Septicemia of Catfish (ESC), caused by the bacteria, E. ictaluri, traditionally, losses have been controlled 
by withholding feed from fish to reduce the oral route of infection combined with medicated feeds. Recently, a live attenuated 
ESC vaccine is delivered orally to catfish. Under laboratory conditions, the vaccine was shown effective against the parental 
wild-type strain and proved to be safe at 10 times the applied target dose. While live vaccines are very effective in providing 
long lasting immunity against disease, vaccine safety and efficacy could be compromised, if delivered to animals in suboptimal 
health or under stressful conditions. In a compromised animal, attenuated vaccine can cause infections leading to morbidity 
and mortality. Another key factor in field vaccinology is antigenic variation among pathogenic species, where immunization 
with a vaccine derived from one strain does not provide protection against genetic variants of the same species. Vaccinated 
and control fish were challenged with the wild type E. ictaluri isolate 30 days post-vaccination. Low oxygen stress did not 
induce any post-vaccination mortality in any of the vaccinated treatments. Similarly, all groups of vaccinated fish, regardless 
of stress treatment, were protected against virulent E. ictaluri infection. Data indicated that acute oxygen deprivation, before 
or after vaccination, does not alter vaccine safety and efficacy, however the effects of chronic long term stress have not been 
evaluated.  Therefore, short acute stressors are unlikely to influence vaccine safety and efficacy and provides valuable insight in 
developing commercial vaccination protocols. Additional trials were conducted to determine if the attenuated isolate afforded 
protection against 23 archived field isolates collected over a time span of twenty years (1997-2016). Vaccination followed 
by bacterial challenge with archived isolates were conducted over a three-year period. In all trials, vaccination was shown 
to protect catfish against all challenge isolates, regardless of host species, geographic region (state and farm location) or 
isolation year. While on farm vaccination greatly improved survival, yield and fish net-value, limited mortality was observed in 
vaccinated pond populations. Results indicated that mortality observed in farm vaccinated fish populations was not related to 
antigenic variations among isolates. The most likely cause of on-farm mortality was related to unequal distribution of vaccine 
laden feed to individual fish, an inherent problem with mass delivery of oral vaccines to large populations of animals. In order 
to differentiate between the 23 isolates, their clonal relation was determined. The PCR profile indicated relative homogeneity 
among the isolates dating back to 1997. This further confirmed the results which indicated no significant difference between the 
isolates. The clonal nature of E. ictaluri isolates demonstrated by our data negates the need to develop multivalent vaccines or 
construct new vaccines to account for antigenic variation occurring over time. Commercial vaccination trials are showing net 
economic benefit of $2000 to $3000/acre for channels and hybrid fingerling production phase. 
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GENETIC STRUCTURING IN SELECTED HATCHERY STOCKS OF Cyprinus carpio AS 
ASSESSED BY DNA MARKERS

Khalid Abbas* and Zeenat Rubab 

Aquaculture Biotechnology Laboratory, Department of Zoology, Wildlife and Fisheries, University of 
Agriculture, Faisalabad 38040 Pakistan
Corresponding: dr.abbas@uaf.edu.pk

We amplified a total of five polymorphic microsatellite markers to examine the genetic diversity and population genetic structure 
of C. carpio in the selected fish hatcheries of the Punjab (i.e. Lahore, Gujranwala, Farooqabad, Faisalabad and Jhang). Low 
to moderate heterozygosity level was observed in studied populations. Expected and observed heterozygosity values ranged 
between 0.713-0.722 and 0.46-0.5, respectively. FST values, being significant, indicated population differentiation among all 
examined populations. It was noticed that with the increase in geographical distance, population differentiation increases. 
Due to some genetic mixing sources, FQDH population depicted least genetic distance i.e., 0.0072 with the GWH population. 
Almost all populations depicted marked deviation from the HWE model. The value of FIS ranged from 0.285 to 0.3268 in all the 
studied C. carpio populations. LHR and GWH populations possess highest average values of the FIS while FSDH populations 
possess lowest average FIS value. Almost all examined C. carpio populations depicted significant deviation, at observed loci, 
from the HWE model. The present study would offer basic knowledge regarding management of the fish broodstock in the 
hatcheries on genetic basis. Low level inbreeding and enhanced quantity of the brooders are prerequisites for conserving the 
genetic stability in hatcheries.   

A total 150 samples of C. carpio in the selected fish hatcheries of the Punjab. The DNA extracted from muscle tissue was 
ion, dorsal muscle tissues was visualized on 0.8% high melt agarose gel in TAE buffer. For five microsatellite loci, PCR 
primers specifically developed for C. carpio were used to amplify genomic DNA from each sample. The PCR products were 
electrophoretically separated on 5% nondenaturing polyacrylamide gel and visualized by autoradiography. The sizes of alleles 
were estimated with reference to sequence ladder.

Overall, there was low-to-moderate average 
observed heterozygosity. Genetic distance between 
the various populations increase with the increase 
in geographical distance increase. Lower but 
significant level (P<0.01) of FST indicated the 
presence of genetic divergence between the C. 
carpio populations as shown in the following table. 
The UPGMA dendrogram obtained from cluster 
analysis of similarity indices of five fish populations 
revealed the identification of two main clusters 
corresponding to five populations.

One of the clusters contains only one population 
i.e., JFF while the other cluster is subdivided into 
four populations namely, LHR, FQDH, GWH and 
FSDH. According to the clustering pattern, these 
four populations are closely related. 
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EFFECTS OF DIETARY ORANGE PEEL ON ANTIOXIDANT AND ANTI-BACTERIAL 
ACTIVITIES OF GILTHEAD SEA BREAM (Sparus aurata)

Heba M. Abdel Ghany, Mohamed El-S. Salem, Ahmed E. Sallam, Mohamed M. El-Feky 

and Heba M. Al-Mesherifi

National Institute of Oceanography and Fisheries (NIOF), Alexandria, Egypt
Heba_elshamy85@yahoo.com

Gilthead sea bream (Sparus aurata) is one of the most important cultured species in the Mediterranean area. Nevertheless, one 
of the main threats for this species is the environmental pollution which makes it vulnerable to an oxidative stress and infectious 
diseases. However, synthetic antioxidants and antibiotics can cause side-effects. Therefore, searching for alternatives from 
natural additives is highly demanded. Sweet orange (Citrus sinensis) is a member of the Citrus family. Byproducts of sweet 
orange industry such as peels contain broad range of functional compounds such as, flavonoids, vitamin C, phenolic acids and 
their derivatives. These compounds have a powerful radical scavenging activity. In addition, they have an antibacterial effect 
and growth induction ability.

Four diets were prepared. The dietary treatments 
supplemented with different levels of orange peel 
(OP) (0, 1, 3, or 5 g kg-1 diet). Each diet was assigned 
to triplicate groups of fish in floating hapas, and 
each cage was stocked with 20 fish.  At the end of 
the experiment, antioxidants activity parameters and 
bacterial count inside the fish gut and histological 
examination of the intestine were determined.

The results showed that the total antioxidant status 
of the fish (TAS) and the enzymatic antioxidants 
such as superoxide dismutase (SOD) and glutathione 
peroxidase (GPx) increased with increasing the level 
of dietary orange peel (P < 0.05) (Figure 1). The 
results of the present study also showed that all the 
tested bacteria (Staphylococcus spp., Vibrio spp. and 
Salmonela spp) and total bacterial count decreased in 
the gut of fish fed 3.0 or 5.0 g kg-1 dietary orange peel 
(P < 0.05) (Figures 2&3). 
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ENZYMATIC THERMAL OPTIMUM OF MULTIPLE CRAYFISH SPECIES

Hisham Abdelrahman*, James Stoeckel, and Jacob Westhoff

School of Fisheries, Aquaculture, and Aquatic Sciences 
Auburn University, USA
Hisham@auburn.edu

Previous researchers have shown that extraregional invasive crayfish possess certain life-history and ecological traits that 
facilitate their ability to successfully invade large areas in distant regions, whereas extralimital invaders tend to remain localized 
and occupy smaller ranges.  Physiological traits may provide additional explanatory power for realized and potential range of 
crayfish species. In this study, we tested for thermal performance differences related to respiratory physiology among multiple 
crayfish species with narrow to broad native and invasive ranges. We hypothesized that species with broad ranges would be 
thermal generalists relative to species confined to limited ranges. To test this hypothesis, we generated thermal performance 
curves of respiratory enzymes in the electron transport system (ETS) for 12 individuals from each of five species. Optimal 
thermal range was defined as the temperature range within which ETS enzyme activity was within 10% of the maximum 
observed value.  Contrary to our original hypothesis, optimal thermal range of respiratory enzymes was not correlated with 
geographic range, but was lowest in the most widespread species (Procambarus clarkii) which was also the only species with a 
strong propensity to burrow.  We also found that the two extraregional invaders (Faxonius virilis and P. clarkii) had significantly 
lower enzymatic activity levels at optimal temperatures than did the extralimital invader (F. neglectus) or the two native species 
with restricted ranges (F. eupunctus and F. marchandi).  Results thus far suggest that enzymatic thermal breadth may be more 
closely tied to habitat plasticity whereas enzyme activity level may be a more useful predictor of geographic range. Additional 
species are currently being analyzed to better assess the robustness of these conclusions.



9

EFFECTS OF TURBIDITY AND MECHANICAL AERATION ON WATER TEMPERATURE 
AND POND EVAPORATION

Hisham A. Abdelrahman* and Claude E. Boyd

The School of Fisheries, Aquaculture, and Aquatic Sciences
Auburn University
Auburn, Alabama 36849-5419 USA
hisham@auburn.edu

This study was conducted to determine the influence of mechanical aeration, clay and phytoplankton turbidity on evaporation 
rate and water temperature. The experiment was conducted in 0.04-ha research ponds located in the Auburn University E. 
W. Shell Fisheries Center on two phases. The first phase was carried out in six research ponds. One pond had no aeration 
and served as the control, while the other five ponds were treated with nitrogen and phosphorus fertilizer twice per month to 
promote phytoplankton blooms. Aeration was not applied to one nutrient-enriched pond to provide a nutrient-enriched control, 
and either one, two, three or four 0.37-kW Air-O-Lator aerators were installed in each of the other ponds. The second phase 
was carried out in nine research ponds. Three ponds had clear water, three ponds were treated with nitrogen and phosphorus 
fertilizer twice per month, to maintain phytoplankton turbidity. Kaolin clays were added to three ponds to develop clay turbidity.

Water exchange was not used and overflow did not occur in ponds. Surface water temperature, water temperature at 70-cm 
depth in each pond and air temperature were monitored at 1-h intervals with HOBO data loggers. Water level was measured 
by hook gauge, and water turbidity was measured in each pond. A rain gauge was used to measure rainfall and a Class-A 
evaporation pan was used to measure pan evaporation. Water budget was calculated for each pond. 

The greater the aeration rate, the cooler was water, both at the surface and at 70 cm. Evaporation rates were found to increase 
with greater aeration rate. Water loss increased by 32%–92% over 24-hr periods in ponds with one to four 0.37-kW Air-O-Lator 
aerators, respectively. Increased water turbidity increases the evaporation rate, which in turn, lowers water temperature. Clay 
turbidity has more effect on decreasing water temperature and increasing evaporation than phytoplankton turbidity.
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DEVELOPMENT AND ENHANCEMENT OF WHITE BASS Morone chrysops RESOURCES 
FOR GENETIC IMPROVEMENT OF HYBRID STRIPED BASS

Jason Abernathy*, Linnea K. Andersen, Steve Rawles, Justin Schilling, Adam Fuller, Matt McEntire, 
Benjamin J. Reading, Benjamin H. Beck, Eric Peatman

Harry K. Dupree Stuttgart National Aquaculture Research Center
USDA-ARS
Stuttgart, AR 72160
Jason.Abernathy@ars.usda.gov

The white bass (Morone chrysops) is a parental species of hybrid striped bass, a fish of increasing commercial importance 
throughout the US. Our goal is to advance progress in the genetic improvement of hybrids by building white bass resources to 
facilitate selective breeding for agriculturally-important traits. Toward our goal, we created a first-generation white bass genome 
assembly, which was accomplished using high-throughput Illumina DNA sequencing combined with Chicago® and Dovetail™ 
Hi-C + HiRise™ scaffolding. This approach produced a 645.14 Mb genome assembly (L90 = 23 scaffolds). Scaffolds ranged in 
size from 32.2 Mb (scaffold 1) to 15.4 Mb (scaffold 24). A substantial drop-off in size of the next largest contiguous sequence 
built by this platform was observed (scaffold 25 = 27 kb), indicative that the haploid chromosomes (n=24) for white bass had 
largely been captured in our assembly. An initial scan of the white bass genome for functional gene products was performed 
using the Augustus pipeline. Ab-initio gene prediction using training sets from the Danio rerio genome produced 28,356 
protein-coding genes while evidence-based prediction from alignments of the white bass transcriptomic sequences produced 
24,176 protein-coding genes, for an average of 26,266 protein-coding genes within the genome. Genome size (~645 Mb) and 
coding content (~26 K genes) are consistent with related Moronidae striped bass and seabass. To complement our genome 
assembly, we generated over 2.8 billion paired-end 150 bp reads using RNA sequencing for transcriptomics studies from both 
tissue-specific and whole fish efforts. These additional sequences will allow for improvement of our white bass transcriptome, 
provide for a source of gene-associated variation and serve as a guide for annotation of the genome assembly. In addition 
to our sequencing efforts, wild white bass gathered from Arkansas, Texas and Alabama along with available domesticated 
strains are being used to establish a base breeding population for familywise evaluations of growth and nutrient utilization on 
alternative, sustainable diets. A genotyping-by-sequencing panel has been developed from white bass populations on station, 
where single-nucleotide polymorphisms (SNPs) identified can discriminate domestic stocks from wild-sourced individuals. 
Additional genetic markers are being developed to rapidly identify sex and parentage. The combination of these resources 
substantially expands the genetic toolbox for white bass, while the application toward white bass breeding will aid in its 
improvement through selective breeding. 
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EFFECTS OF ANTIBIOTIC TREATMENT AND INCREASED SUSCEPTIBILITY TO 
BACTERIAL INFECTION IN THE FRESHWATER MUSSEL THE ALABAMA RAINBOW 
Villosa nebulosa

Alison K. Aceves*, Paul D. Johnson, Francisca A. Burgos, Stephen A. Bullard, and Cova R. Arias

School of Fisheries, Aquaculture, and Aquatic Sciences
Auburn University 
559 Devall Dr.
Auburn, AL 36849
aza0156@tigermail.auburn.edu

Freshwater mussels (Bivalvia: Unionoidae) are among the most imperiled group of aquatic invertebrates in North America 
and perform many important ecological services, such as, acting as bio-indicators of water quality, ecosystem engineers, and 
nutrient cycling. To address the conservation needs of Alabama’s native freshwater mussels, the Alabama Department of 
Conservation and Natural Resources opened the Alabama Aquatic Biodiversity Center (AABC) to lead captive propagation 
and reintroduction efforts of several unionid species, including the Alabama rainbow. In collaboration with the AABC, our lab 
seeks to understand the impacts of health and disease in unionids to assist in their captive propagation efforts. 

The gut microbiome is a community of symbiotic microbes that is important for many host physiological processes. Dysbiosis 
is the imbalance of the gut microbiome and is typically associated with a shift in microbial community composition to more 
pathogen-dominated. In an effort to understand the dysbiosis of the digestive gland (‘gut’) of freshwater mussels, we performed 
gut microbial disruption using two broad spectrum antibiotics: ampicillin and tetracycline. We hypothesized that if dysbiosis 
did occur, then Alabama rainbows would become more susceptible to bacterial infection caused by the opportunistic pathogen 
Aeromonas hydrophila. Our previous research to characterize the gut microbiome of Alabama rainbows (Villosa nebulosa) 
showed that the bacterial class Mollicutes (Phylum: Tenericutes) had the highest abundance in the gut and that these bacteria 
are most susceptible to tetracycline. The experimental design consisted of two events: 1) to create an altered gut microbiome 
associated with chemotherapeutic treatments and 2) to test if dysbiosis increased the mussels’ susceptibility to A. hydrophila. 

For the first event, mussels were dosed with antibiotics for 10 days (treatments: control, ampicillin, and tetracycline) and had 
a withdrawal period of 5 days (no antibiotic treatment) before the first sampling point (t = 15 days). The withdrawal period 
extended for another four days. For the second event, mussels were challenged by immersion with two strains of A. hydrophila 
and sampled 24 hours later (t = 20 days). Data were analyzed by treatment: ampicillin-control, ampicillin-challenged, control-
control, control-challenged, tetracycline-control, and tetracycline-challenged. Our results showed that mussels treated with 
tetracycline had a lower abundance of Tenericutes, compared to mussels dosed with ampicillin and control mussels. After 
challenged with A. hydrophila, there were no mortalities, and there was an increase in bacterial diversity for tetracycline-
challenged mussels. 
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POSSIBLE NICHE PARTITIONING AMONG FOUR ECOLOGICALLY AND ECONOMICALLY 
IMPORTANT FILTER-FEEDING BIVALVES: A CASE STUDY OF BIVALVE POLYCULTURE

Michael P. Acquafredda*, Daphne Munroe

Haskin Shellfish Research Laboratory,  
Rutgers, The State University of New Jersey
6959 Miller Avenue, Port Norris, New Jersey 08349, USA
Michael.Acquafredda@rutgers.edu; Phone: 732-275-2793

For various metrics of ecosystem functioning, including particle clearance and productivity (total biomass), diverse communities 
often outperform monocultures. Most bivalve farms currently in existence are artificial ecosystems composed of high-density 
monocultures. Bivalve polyculture would transform these farms into more diverse and even communities that could lead to 
greater resiliency, stability, and productivity.  We sought to address the following questions: (1) do multi-species bivalve groups 
have greater particle clearance rates than that of monocultures, and (2) is the productivity of multi-species bivalve groups greater 
than that of monocultures? A fully replicated, fully combinatorial mesocosm experiment was established using the following 
species: Crassostrea virginica, Spisula solidissima, Mercenaria mercenaria, and Mya arenaria. Literature-based allometric 
equations relating clearance rate to biomass were identified for each focal species prior to establishing the mesocosms to ensure 
that regardless of the species combination, the expected filtration capacity across combinations was equal. We found that for 
particles <25µm, the 4-species polyculture had a significantly greater (23-116%) tank-level clearance rate than that of any 
monoculture. However, after three-months of monitoring, most biomass metrics (shell length growth rate, percent increase in 
wet weight, etc) were not significantly influenced by species richness. Our work suggests that multiple bivalve crops could be 
co-cultured without outcompeting one another. Additionally, while niche partitioning may have occurred, seasonal changes in 
food quality and quantity likely altered the breadth of these species’ niches over time. 
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DIVERSIFYING THE NORTHEAST’S AQUACULTURE SECTOR BY DEVELOPING 
CULTURE TECHNIQUES FOR THE ATLANTIC SURFCLAM (Spisula solidissima)

Michael P. Acquafredda*, Daphne Munroe, Lisa Calvo, Michael De Luca

Haskin Shellfish Research Laboratory,  
Rutgers, The State University of New Jersey
6959 Miller Avenue, Port Norris, New Jersey 08349, USA
Michael.Acquafredda@rutgers.edu; Phone: 732-275-2793

 
Throughout much of the Northeast region of the United States, shellfish aquaculture is dominated by only two species: the 
hard clam (Mercenaria mercenaria) and the Eastern oyster (Crassostrea virginica). Despite this, local shellfish farmers are 
eager to diversify and have expressed interest in culturing new species. The Atlantic surfclam (Spisula solidissima) represents 
a potentially beneficial target species for crop diversification because it is native, grows rapidly, and fits into the established 
farming framework. However, remaining gaps in the surfclam husbandry literature have left aquaculture practitioners without a 
complete understanding of how to best cultivate this species on commercial scales. We have conducted a series of experiments 
related to surfclam husbandry in order to optimize the production of this species for the Northeast region. Specifically, we have 
examined how various nursery and grow-out phase techniques and local environmental conditions impact surfclam performance 
(i.e. survival, growth, condition) throughout its developmental stages. We have assessed early juvenile rearing temperature, 
nursery phase gear types, grow-out phase locations, shelf life, and many other core components of surfclam production. We 
have worked closely with stakeholders, from shellfish farmers to chefs, who envision farm-raised surfclams as a possible future 
addition to the region’s seafood marketplace. The various studies of this project will be developed into a surfclam culture 
handbook, which will be available to interested aquaculturists across the Northeast.
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COMPARATIVE SWOT ANALYSIS OF KEY AQUACULTURE PLAYERS IN AFRICA (EGYPT, 
NIGERIA AND UGANDA) VIS-À-VIS SOUTH AFRICA

Adeleke, B.A*, Robertson-Andersson, D.V, Moodley, G.K.

Marine Biology, School of Life Sciences, University of KwaZulu-Natal, Westville, Durban, KZN
tundeadeleke@gmail.com

Africa’s current contribution to world aquaculture production is still insignificant (1,710, 910 tonnes; 2.32 %) albeit significantly 
increasing with larger-scale investments in Egypt, Nigeria and Uganda producing substantial quantities of fish. Egypt with 
total aquaculture production of 1,137,100 tonnes (1.54 % global production and 66 % regional production), Nigeria 313,200 
tonnes (0.42 % global production and 18 % regional) and Uganda 104,500 tonnes (0.22 % global production and 6 % regional 
production) compared to South Africa with total aquaculture production 5,500 tonnes (0.01 % global production and 0.4 
regional production).  The leading producers (Egypt, Nigeria and Uganda) accounts for 91 % of total aquaculture production 
of the region therefore, it’s noteworthy to review the SWOT (Strength, Weakness, Opportunity and Threats) of these key 
regional players vis-à-vis South Africa which intends to aggressively develop her aquaculture industry to become a significant 
regional and global player. The quantified SWOT analytical method coupled with the Multi-Attribute Decision Making method 
(MADM) within an analytical framework which involves both performance analysis based on predefined evaluation criteria and 
countries’ aquaculture sector reviews were used for a comparative analysis of the production, technology, market, aquaculture 
policies and framework of Egypt, Nigeria, Uganda and South Africa. Preliminary results show that Egypt, Nigeria and Uganda 
underwent rapid development and significant leaps in aquaculture production output due to paradigm shift from traditional 
extensive and semi-intensive aquaculture systems to modern intensive aquaculture systems. Factors such as the emergence 
of new technologies for the formulation and production of aqua-feed (i.e. extruded feed), adoption of best farm management 
practices and government’s prioritization of aquaculture industry development through creation of enabling environments for 
private sector participation were key strengths identified with the leading players. South Africa which potentially has more 
strengths and opportunities as compared with Egypt, Nigeria and Uganda in order to rapidly grow its aquaculture industry is 
however, limited by inadequate institutional support in terms of favourable aquaculture policies and implementation strategy. 
Capitalizing on available opportunities and the critical success factors of the key aquaculture players in Africa, this analysis 
also highlights strategic actions intended to enhance the development of aquaculture in South Africa.
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GROWTH RESPONSE AND NUTRIENT UTILIZATION OF AFRICAN SHARPTOOTH 
CATFISH (Clarias gariepinus) FED DIETS FORTIFIED WITH WILD LETTUCE (Latuca virosa)

Olarinke Victoria Adeniyi*, Omowumi Faith Dosunmu                                                     

*Department of Animal Production, Fisheries and Aquaculture, Kwara State University, Malete, Nigeria 
adeniyiovic@yahoo.com  

The use of antibiotics in aquaculture is under serious scrutiny and regulation to avoid deleterious consequences of development 
of antibiotic-resistant pathogen and residues in fish meant for human consumption. Utilization of herbal products as natural 
alternatives to synthetic antibiotics has shown great potentials. There is paucity of information on the use of Latuca virosa 
in fish production. Therefore this study was conducted to investigate the effects L. virosa leaf ethanol extract on the growth 
performance of Clarias gariepinus.  Feeding trial was conducted with 300 C. gariepinus fingerlings in triplicates in an indoor 
static renewal system. The fish were fed diets fortified with 0, 5, 10, 15 and 20mL/kg diets at 3% body weight daily for 84 
days. Weight Gain (WG), Specific Growth Rate (SGR), Feed Conversion Ratio (FCR) and Protein Efficiency Ratio (PER) and 
survival were calculated. Data were analyzed using one way analysis of variance at P < 0.05.

The C. gariepinus fed diets fortified with 10 - 20 mL extract / kg diets had significantly higher WG, and SGR than the fish 
fed with the control diet (Table 1). Fish fed diets containing 10 - 20 mL extract showed significantly lower FCR and higher 
PER than fish fed other diets. Lower survival was exhibited by the fish fed diets fortified with the extracts. Fortification of C. 
gariepinus diets with 10 - 20 mL extract of Latuca virosa significantly enhanced growth performance and nutrient utilization. 
Utilization of Latuca virosa extracts at 10.0 mL / kg diet is therefore recommended for production of Clarias gariepinus. 
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DERIVATION OF OPTIMAL FISH FEED RATIONS FOR ESTIMATING FISH PRODUCTION 
FUNCTION

1Adeogun, O. A., 1A. Oresegun, 1B. Edah, 1O.T. Olajide, 1F.A. Bakare, 2M.O. Adeogun, 
and 1Titocan Imhansoloeva

1Nigerian Institute for Oceanography and Marine Research
3 Wilmot Point Road, Victoria Island, Lagos Nigeria
and 
2Federal College of Fisheries and Marine Technology, 2 Wilmot Point Road, Victoria Island, Lagos Nigeria
(Corresponding author: dare_adeogun@yahoo.com)

Cost of feed represents the largest single expense in the production of fish. Feed accounts for half to two-thirds of total costs, 
depending upon the level of feed efficiency and other factors. In producing fish, the production function follows the principle 
of diminishing increment. The significance of this relationship is that the relative prices of feed and of fish determine the point 
on the diminishing-returns curve to which it pays to feed. Moreover, costs vary greatly among producers depending upon the 
type and quality of fish feed used. The purpose of this paper is to indicate the extent to which these technological advances 
have improved the efficiency of fish production and to suggest how fish producers can take advantage of improvements in 
technology to maximize economic returns. The improvement in efficiency that has taken place during the last 25 to 30 years 
may be measured by comparing the physical efficiency of feeds. This can be done by comparing the input-output curves 
constructed from the data on consumption of feed and the corresponding gains in weight. It is of great importance to producers 
of fish to learn what effect the improvements in feed efficiency have had on the economics of fish production. Is the level of 
feed efficiency an influential factor in determining the weight to which it pays to feed fish? How is the most profitable weight 
affected by different price relationships for fish and feed? This experiment was set up to test the application of the principle of 
diminishing increments as applied to growing fish. 
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The Nigeria aquaculture sector is presently confronting near-record high feed costs driven by the convergence of both current 
tight supply prospects and long-run market forces. The aquaculture sector, where feed costs account for 60% to 80% of cash 
operating expenses, has seen its profit margins steadily squeezed and its share of cash receipts decline. Since 2000 feed cost 
increases, squeezing the profitability of fish producers. When profit margins turn unfavourable, producers are more likely to 
retain fewer stock or to liquidate stock. Persistent upward feed price movements could result in substantial and long-lasting 
consequences for fish product prices throughout the marketing chain. The primary objectives of the study are to demonstrate the 
following: how to generate aquaculture input-output data from feeding experimentations; how to derive production functions 
from the data; and how to apply economic principles to the derived functional relationship. This study is largely more integrative 
than innovative. It is an attempt to fit the economic problem of feeding and growing commercial aquaculture into a consistent 
picture via integrating the production function concept with some methodological estimation problems and then by integrating 
the estimated production function with different price situations in order to specify optimal fish rations.
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Water pollution is an issue of concern over the years in many countries. This study investigated the effect of human activities 
on the water and soil sediments of River Ogun at Ijaye, Isabo and Sokori from June to November 2017. 

The physico-chemical parameters of the water in all the three locations were measured and recorded twice monthly using 
standard methods. Determination of phosphate and nitrate in the soil was carried out. One-way analysis of variance was 
employed for data analyses, and means were differentiated using Duncan multiple range tests. 

No significant difference (p>0.05) in the mean of all the parameters tested for in all three locations. Monthly range in temperature 
was within 24.75ºC- 27.55ºC. Highest mean electrical conductivity (531.00µs/cm), dissolved oxygen (7.56 mg/l) and alkalinity 
(2.80 mg/l) were recorded at Location C (Oke-Sokori). High positive correlation was obtained between water phosphate and 
water nitrate, soil phosphate, soil nitrate and between pH and dissolve oxygen, electrical conductivity. 

It was concluded that the water from all three locations are still within the recommended reference for fish. There is need to 
constantly monitor the water at these locations as levels of some of the parameters have exceeded the permissible limit for fish.
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This study evaluated the feeding habits, length-weight relationship and condition factor of Chrysichthys nigrodigitatus from 
Ogun River, Nigeria

Samples were collected for four months (February to May, 2013) and analyzed for length-weight relationship, condition factor 
and stomach contents. 

Standard lengths of C. nigrodigitatus ranged from 8.38-41.61cm with a mean of 20.79+5.88cm while the weights ranged 
from 24.12g to 273.61g with mean of 143.51+66.12g. Length class 11.0-13.99 cm and 41-43.99cm were the most and least 
frequently encountered with percentage frequency of 26.67% and 0.67%.Least squares regression of the transformed data gave 
an exponent ‘b’ of 1.18, ‘a’ of0.68 with straight line equation Log W=Log 0.6821+1.1822 Log L. A significant positive linear 
relationship existed between body weight and standard length (r = 0.80). Condition factor ranged between0.14 and 12.44 with 
a mean of 3.97+2.92. Size class 8-10.99cm had the highest mean condition factor of 8.92+2.4cm which ranged from 2.25-
12.44cm.A total of twenty eight stomachs (18.67%) were empty and diatoms, followed by green algae, appeared to be the most 
abundant food items accounting for 42.62% and 19.7% by number as well as 19.97% and 17.7% occurrence, respectively. 

The study concludes that C. nigrodigitatus demonstrates an overlapping feeding pattern and thus contributes to baseline 
information, not only, on the trophic status but, for conducting future studies on the species. The study presents a baseline data 
for the trophic status of the species in Ogun River. 
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Potential toxic metals belong to the group of elements whose hydro-geochemistry cycles have been greatly accelerated by man. 
The rapid industrialization, coupled with technological advances in agriculture, has introduced various pollutants (synthetic 
and organic) into the aquatic ecosystems, which serves as the ultimate sink for most metals. The significance of increased metal 
loadings in aquatic ecosystems is coincidental with acidification and fish population losses are a consequence of reproduction 
failures arising from both acid and metal stresses. Fish is widely consumed by both low and high income earners because of 
the easy accessibility and Catfish (Chrysichthys nigrodigitatus) is an important source of protein and are bio-indicators of metal 
pollution with high abundance in Badagry Lagoon and fish ponds around Badagry axis serving as a major source of food for 
the populace. Fish samples were collected between the periods of September to November 2017 from Badagry lagoon and fish 
ponds around its axis. The  sample were digested and  analysis of the selected heavy metals in the various samples fish parts  
was done using  Atomic Absorption Spectrophotometer.

Heavy metals concentration in the fish sample was in this order: Zn > Fe > Ni > Cd. Zinc is abundant and had the highest level 
of mean concentration accumulated in the head, intestine and all parts of the fish samples from both the Lagoon and the fish 
ponds with the highest values of 2.41 µg/g and 3.06 µg/g recorded in the head and intestine of the fish sample from Magbon and 
church gate respectively. The high zinc value could be associated with naturally abundance in Nigeria soils and fish accumulate 
Zinc from both the surrounding water, sediments and their diet but the concentrations are below recommended value of Food 
and Agriculture Organization (FAO) and Lagos State Environmental Protection Agency (LASEPA) for daily intake. Iron is 
the  second  highest with a  mean concentration ranging from 0.33 µg/g - 2.37 µg/g, compare to that of Zinc and the value 
may be attributed to the claying nature of  Nigeria soil as well as  the diet used for feeding the cat fish. Nickel concentration 
in the samples ranged from 0.81-1.49 µg/g which may be due to the discharge of effluent from the industrial, domestic and 
agricultural activities around Badagry axis. 

Cadmium is a non-essential trace metal that is potentially toxic to most fish and wildlife, particularly freshwater organism. 
Cadmium levels have constantly been increasing, and consequently, the research on cadmium has become quite topical and 
urgent. 

These results suggest that cat fish (Chrysichthys nigrodigitatus) both from the Badagry Lagoon and fish ponds may be 
considered safe for consumption as result of the low concentration values  of the metal analyzed which were below the standard 
recommended value but the need for continuous monitoring to prevent bioaccumulation of these metals into the lagoon and 
fish ponds is necessary.
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An experiment was conducted to evaluate the impact of cassava (Manihot esculenta, (NR 8082) peel, fermented with wastewater 
from the fermented cassava pulp, as a substitute for maize in the diet of C. gariepinus juveniles on the growth performance 
of C. gariepinus. Five iso-caloric and iso-nitrogenous diets were formulated containing 25%, 50%, 75% and 100% maize 
replacement with cassava peel meal (tagged diets B25, C50, D75, E100). The control was tagged diet A0.  The experimental 
fish were randomly distributed into 15 rectangular glass tanks (60 x 35 x 30 cm3) at a density of 20 fish per tank. Fish were fed 
at 3% of their body weight per day in two equal portions. 

The results revealed that the final weight gain (13.47g), daily weight gain (0.19g), percentage weight gain (243.62%), food 
conversion ratio (5.67), protein efficiency ratio (1.20) and the apparent protein digestibility (APD) of the fish fed with the 
control diet (diet A0) were not significantly (P>0.05) higher than those of the fish fed diets B25 and C50, but were significantly 
(P<0.05) higher than those of the fish fed diets D75 and E100. The specific growth rate and survival in all the treatments were 
not significantly different (P>0.05) from one another. The growth performance of the fish fed with diets B25 and C50 were 
better than those of the fish fed diets D75 and E100 (Fig.1).  Haematological parameters (Table 1) indicated that the PCV, RBC 
and haemoglobin of the fish fed cassava peel diets decreased as the percentage replacement was over 50%, while the stress 
indicator haematological parameters (WBC and neutrophils) increased.  50% replacement of maize with cassava peel meal (diet 
C50) can be tolerated by C. gariepinus, without compromising growth. 
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This study investigates the effects of additives (ginger and garlic) on the shelf life of smoked and preserved fish and also carry 
out proximate composition, microbial analysis and sensory evaluation of a commercially important freshwater fish species, 
Clarias gariepinus. The fish samples were collected from a private fish farm in Anyigba, Dekina Local Government Area of 
Kogi State. Three different spices were prepared to treat the fish before smoking. The fish were smoked dried and stored. The 
proximate composition and sensory assessments of the smoked fish were analyzed, after 8 and 12 weeks respectively, however, 
from the organoleptic results of taste, colour, texture and overall acceptability of the smoked fish, samples soaked in 10% 
ginger and garlic concentration had the best acceptance and significantly different at (P<0.05) when compared to the non treated 
control after 8 weeks of storage. The microbiological analysis of stored fish were carried out to determine the sample with the 
lowest and highest microbial load. The results show that the fish samples treated with the two spices of ginger and garlic as 
preservatives prior to smoking have the lowest microbial load. In general, the investigated spices (ginger and garlic) caused a 
significant difference at (P<0.05) in extending the shelf-life of the smoked fish through retardation of spoilage and enhancement 
of the microbiological and sensory quality of Clarias gariepinus during storage as compared to the untreated samples. Samples 
treated with 10% ginger and garlic in brine solution has the best treatment, followed by samples treated with 10% ginger in 
brine solution and treated with 10% garlic in brine solution compared with the untreated samples. Such smoked fish products 
treated with ginger and garlic can be stored for ten (10) weeks without any yeast-mold growth. Therefore, the tested spices had 
a high effectiveness as antimicrobial agents and should be utilized for extending the shelf-life and enhancing quality attributes 
of smoked African catfish during storage.
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This study aimed to evaluate the effects of dietary aflatoxin B1 (AFB1) on the immune response, haematology, and the growth 
performance of Heterobranchus longifilis catfish; and also to determine the maximum tolerable limits for AFB1 in H. longifilis. 
Five experimental diets amended with varied concentrations of AFB1 [Diet A (2.0 μg AFB1); Diet B (7.3 μg AFB1); Diet C (17.6 
μg AFB1); Diet D (48.0 μg AFB1) and Diet E (93.0 μg AFB1] were fed to 450 juvenile H. longifilis in five groups of 15 separate 
plastic tanks for a period or 56 days. At time points day 7, 14, 28 and day 56, five fish were sampled from each tank and assessed 
for immunological, haematological and growth response. Fish fed diets amended with AFB1 exhibited significant reduction 
(P < 0.05) in the serum lysozyme activity (SLA), epidermal mucus lysozyme activity (eMLA), epidermal mucus alkaline 
phosphatase concentration (eMALP) and in the phagocyte respiratory burst activity (PRBA); the  SLA, eMLA, eMALP and 
the PRBA decreased with increasing concentrations and duration of dietary AFB1 (P < 0.05). Fish fed diets amended with 
AFB1 exhibited significant reduction (P < 0.05) in the leucocytes count, erythrocytes count, haemoglobin concentration and 
haematocrit compared to fish fed the control diet. Further, fish fed AFB1 exhibited marked reduction in length gain; weight 
gain and specific growth rate compared to fish fed the control diets. Based on the results of growth, immunological and 
haematological performance, juvenile H. longifilis can tolerate diets containing up to 17.6 μg AFB1/kg.
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The limited availability of fishmeal in aquaculture has forced the industry to find alternative protein sources. Soy bean meal 
(SBM) is a cheap and readily available replacement for fish meal.  However, fish fed with soybean meal-based diet develop 
an intestinal inflammatory process which negatively affects growth. A possible solution to this problem is to identify cheap 
additives with “intestinal protective activity” that can be added to fish diet. We evaluated the effects of Curcuma longa on 
growth parameters, haematology, serum biochemistry and intestinal histology of Heterobranchus longifilis catfish. 

An intestinal pro-inflammatory diet containing 40 % soybean meal (40% SBM) was formulated and amended with Curcuma 
longa powder (0.0, 0.5, 1.0, 2.5 g/kg) and compared with the fish meal based diet (100 %FM) in juvenile H. longifilis catfish. 
Growth and haematological parameters were significantly reduced in fish fed with SBM (0.0 g/kg Curcuma longa) compared 
with fish fed the fishmeal based diet.  

Fish fed SBM diets amended with Curcuma longa powder presented significant differences in growth, haematology and serum 
biochemistry, indicating Curcuma longa favoured the productive parameters in H. longifilis fed SBM diets. The histological 
analysis showed no signs of intestinal inflammation in diets amended with 1.0 and 2.5 g/kg diets. Fish fed diets with 0.5 g/kg 
curcuma longa powder exhibited greater turgidity and firmness in the intestinal folds compared with fish fed 1.0 and 2.5 g/
kg Curcuma longa amended SBM diets.  The lax condition in the intestine of fish fed SBM diet without Curcuma longa may 
negatively influence the nutrients absorption and contribute in part to the lower growth of these fish compared with fish fed the 
fish meal based diet. These results in Heterobranchus longifilis catfish shows Curcuma longa powder could be added to soy 
bean meal based diets as a growth enhancer.  
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United States’ catfish industry, not being able to come up with demand driven strategies and facing tough competition from the 
imported exotic catfish, is in real problem. Consumption of catfish in the United States has also been declining in recent years. 
With keeping this in mind, the University of Arkansas at Pine Bluff (UAPB) in collaboration with Texas State University (TSU) 
and USDA-ARS has been implementing USDA-NIFA funded project entitled “Designing and Testing New Catfish Products to 
Enhance Competitiveness of the U.S. Catfish Industry”. Based on the analysis of scanner data and literature review, the project 
suggested that American catfish consumers these days are unwilling to spend more time in preparation and cooking food rather 
willing to pay more for convenient products. As a result, the project team has designed and developed five novel convenient 
catfish products in the USDA food lab, New Orleans. These products are ready-to-cook products. Three products need-to-
bake for about 30 minutes before eating while two products need-to-microwave for 5-6 minutes before serving. We conducted 
Vickrey auctions to elicit the consumers’ willingness to pay for these five products. Participants in the auction evaluated and 
bided the products by seeing the products in their raw state. Our study found that consumers differed in their willingness to 
pay for products with different level of convenience. Consumers’ preferences for these convenient products were found to be 
associated with the product attributes and socio-demographic characteristics of the consumers. 
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The Ostreid herpesvirus 1 (OsHV-1) has caused mortality globally in the Pacific oyster, Crassostrea gigas. Variants of the virus, 
referred to as OsHV-1 µvars, are genetically distinct from the original OsHV-1 reference strain and are highly virulent viruses 
infecting Pacific oysters. OsHV-1 µvar strains have caused significant oyster mortality in France, Australia, and New Zealand. 
In the United States, a variant of OsHV-1 causes severe (50-60%) mortality in oyster seed in Tomales Bay, California. Due 
to the rapid spread of this virus and its large impact on Pacific oyster culture, it is necessary to investigate potential methods 
to mitigate the effects of OsHV-1. Breeding programs have been successful in France, Australia, and New Zealand following 
OsHV-1 µvar outbreaks, indicating that resistant oysters may be present in Pacific oyster populations.

The objective of this study was to investigate resistance of 
Pacific oyster families to three OsHV-1 strains. Twenty 
families from the Molluscan Broodstock Program (previously 
determined to be high and low survivors in experiments 
conducted in France) were challenged with OsHV-1 µvar 
FRA, OsHV-1 µvar AUS, and a California variant, OsHV-
1 CA. Spat from each family line were placed in separate 
petri dishes and exposed to high doses of virus for seven 
days. Initial survivorship analysis shows variable response 
among families (Fig 1). However, families that were highly 
susceptible to one virus were also susceptible to other viruses; 
correlation in cumulative survival ranged from 0.44-0.66 
between virus strains (p=0.05-p<0.01, respectively). An 
OsHV-1 specific qPCR will be used to compare viral copy 
number across families and how it relates to survivorship. 
Importantly, data from this study may indicate the potential for 
decreased susceptibility to OsHV-1 in Molluscan Broodstock 
Program family lines.
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The benefits of taurine supplementation have been documented 
in several marine and freshwater fish, Totoaba macdonaldi is 
one of them. Nevertheless, the capacity to maintain the taurine 
levels in tissues has not been elucidated. Taurine has been 
described as essential nutrient in several fish species. Here 
is presented an experimental design to study the capacity to 
maintain the taurine concentration by a precursor (methionine) 
or by taurine supplementation in Totoaba macdonaldi, for 60 
days feeding experimentation. Met and Tau were supplemented 
at two different levels under a factorial design (0T-0M, T, M, 
T-M), offered to 144 juveniles of totoaba (41±0.5 g) randomly 
distributed into 12 tanks (500L). At the end of the feeding trial, 
growth, proximal composition, fatty acids profile, cholesterol, 
and taurine content, hepatic gene expression of proteins related 
to taurine synthesis, were assessed. A two-way ANOVA analysis 
(p<0.05) revealed that when both, Met and Tau were present, 
the growth rate was higher (Table 1). When Tau and Met was 
absent in the dietary treatment, overexpression of csad (Fig 1) 
it was revealed in the liver tissue indicating the Tau synthesis. 
When taurine was supplied in the diet, a higher content of fat 
was obtained in the whole body (Table 1). As a consequence 
of Tau supplementation, the total cholesterol decreased (Table 
2).  The opposite when the methionine was supplemented. 
The overall taurine content in fish tissues significantly 
increased only as a result of taurine supplementation (Table 2), 
revealing an insufficient synthesis capacity in T. macdonaldi. 
In conclusion, the methionine and taurine are essential amino 
acids/derivative for a suitable performance and lipid deposition 
in T. macdonaldi.
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The Idye basin lies transverse, the Makurdi township and 
provides a considerable buffer for all runoffs collected from 
the highlands of the township which are characterized by 
sewage and farm wastes.  Hitherto – when urbanization had 
not closed in, the basin served as a conducive breeding ground 
for fishes of River Benue it is linked to. The basin is currently 
being impacted by increased allochthonous inputs which 
have greatly affected the food composition and abundance 
as well as the feeding characterization of the fishes in the 
basin. These changes are predominantly caused by variations 
in water volume and changes in the physical, chemical and 
biological composition of the habitat. Alterations in water 
quality or habitat conditions usually lead to variations in the 
availability of food resources. 

Water and fish samples were collected weekly for a period 
of 12 months (April 2017 – May 2018) from the basin. In 
the rainy period (May – October). The standard length 
and weight of the samples were before the stomach were 
dissected for stomach content analysis. A pool number of 
875 fish samples were collected during the period of study. 
Although the number of the various fish species varied due to 
likelihood of catch, the minimum sample number collected of 
each species of fish was 50 during the study period.

15 species of fish were caught. A cluster analysis indicated 7 
species (46.67%) exhibiting omnivorous feeding habit so as 
to exploit the wide spectrum of food available in the basin.
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Blue Fields addresses the primary challenges to commercializing offshore macroalgae cultivation in tropical environments 
using neither freshwater, nor land, nor fertilizer.  Challenges include the nutrient-limited nature of tropical surface waters; 
offshore depths rendering fixed grid or multiple point mooring arrays too expensive; and expensive labor for harvesting.  

The Blue Fields project is addressing these challenges by: (a) Performing land-based tank trials growing multiple tropical 
alga species with various Deep Seawater (DSW) and surface seawater inputs to determine nutrient requirements for scalable 
production;  (b) Designing an upwelling system to provide pulsed DSW-nutrients (c) Modeling and designing a macroalgae 
array that conceptually allows for harnessing current and wind energy for harvesting, and optimizes nutrient dispersal;  (d) 
Deploying a demonstration system that tests all these subsystems in Hawaii’s offshore environment, validating performance in 
the field. 

In addition to offshore commercial macroalgae culture’s capitalization opportunities, there are potential ecological benefits to 
future scaling of such efforts. These include: uptake of atmospheric carbon, reduction of ocean acidification, and the creation of 
offshore structure/nursery-habitats for marine wildlife. Implementation of this technology in eutrophied marine zones may also 
provide further benefits to coastal ecosystems, preventing or mitigating the development of “dead zones”.
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The impact of acute exposure of Oreochromis niloticus juveniles to a commonly used herbicides, paraquat was evaluated 
through changes in their behaviour and mortality. The fishes were exposed to lethal concentration of 0.00mg/l, 3.31mg/L, 
3.86mg/L ,4.4mg/L  and 4.97mg/L of paraquat  for 96 hours. The toxicity bioassay procedure showed that the 96 hours LC50 
was 3.85mg/l. Restlessness, erratic swimming, loss of equilibrium, discolouration and sudden fish death were observed in the 
exposed fish and these varied greatly with differences in concentration of the toxicant and this shows that mortality increases 
with an increase in concentration. The differences observed in the mortalities of Oreochromis niloticus at varying concentrations 
were significant (p<0.05), an indication that mortality could be a factor of concentration and time of exposure. Observation of 
Opercular Ventilation Count (OVC), Tail Fin Movemant Rate (TMR) and Air Gulping Index (AGI) showed a marked difference 
between control and exposed fishes, indicating that the herbicides negatively impacted these parameters. These behavioural and 
morphological anomalies became more pronounced with increasing concentrations of the herbicides.  The physico-chemical 
parameters of the experiment were within the tolerated limit. The result further revealed that paraquat have the ability to induce 
unusual behaviours in juvenile fish and can therefore serve as reliable indicators of toxicity in our environment and  hence, the 
volume of these herbicide that get into the environment should be regulated. 
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SENSITIVITIES OF BACTERIAL ISOLATES OF AFRICAN MUD-CATFISH Clarias gariepinus 
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The identification of bacterial isolates from a number of 120 C. gariepinus sub-adult obtained from 10 different fish farms 
in Alimosho and Badagry Local Government Areas of Lagos State, Southwest Nigeria were performed using standard 
microbiological methods. These were done in order to determine the sensitivity or susceptibility of these isolates to the ethanolic 
extracts of Theobroma cacao parts (0.16g/mL), bark, husk, leaf and root at different percentages (25, 50, 75 and 100%). 
Qualitative phytochemical analysis of these parts revealed the presence of bioactive compounds in T. cacao namely saponin, 
flavonoid, terpenoid, tannin, combined anthraquinone, alkaloid, steroid, phenol and phlobatanin with high concentrations in 
the leaf and husk. The total bacteria count of isolates showed the highest values in the intestine (3.72±0.81 cfu/mL) and the 
least in the skin (0.40±0.08 cfu/mL). The bacteriological analysis identified 16 bacteria spp. namely, Staphylococcus aureus, 
S. saprophyticus, Micrococcus luteus, Bacillus subtilis, B. mycoides, B. megaterium, Escherichia coli, Proteus mirabilis, 
Pseudomonas fluorescens, P. aeruginosa, Aeromonas hydrophilia, P. alcaligens, P. vulgaris, P. putida, Klebsiella spp. and 
Citrobacter freundii. The results of the sensitivity assays of extracts of T. cacao against the isolated organisms showed that 100% 
of the extracts were effective with inhibition diameter (ID, mm) on P. putida (leaf = 16.75±2.19); S. aureus (leaf = 15.60±5.82); 
C. freundii (leaf =14.20±5.16); P. putida (leaf = 13.00±6.14); S. aureus (root = 12.50±6.10); E. coli (husk = 11.70±5.03), 
while 50% husk produced ID on P. aeruginosa (husk = 11.63±2.00) and 50% leaf produced ID on S. aureus (10.80±1.93). It 
is therefore recommended that 100% leaf and husk extracts of T. cacao can be used to control diseases associated with the test 
pathogens of C. gariepinus because of their high antibacterial potentials.
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APPARENT NUTRIENT DIGESTIBILITY OF TOMATO POMACE BY NILE TILAPIA 
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In this study, apparent nutrient digestibility coefficients (ADCs) of dry matter and crude protein in tomato pomace were 
determined for Nile tilapia using crude fiber indicator. The fish were reared under laboratory condition consisted of series of 
fifteen rectangular glass aquariums each of (25 cm× 55cm ×30 cm) containing only 30L of water. Fish feces were removed 
daily from the aquariums. 30% of the water was replaced daily by filtered water from a storage tank. Each aquarium was 
supplied with an aeration pump. Dissolved oxygen, total nitrogen, pH were monitored Daily, (Tempture 25 ± 2ºC, water pH 
6.9±0.8, dissolved oxygen 5.80 ± 0.96 mg/L). Other measurement, (Alkalinity 220 ± 10 ppm, Hardness 290 ± 30 mg/l, PO4 
0.2 ± 0.3 mg/l, NO2 0.25 ± 0.5 mg/l, NO3 2.5 ± 1.5 mg/l and salinity 0.17 - 0.20 mg/L) were monitored weekly. Fish were fed 
manually once a day (9:30 hr) at the rate of 3.5% of their body weight with an average of 3.5 % of the live fish weight 6 days 
per week. Five Diets was formulated to cover fish requirements recommended by NRC (1993) by using tomato pomace (TP) 
to replace yellow corn in the diets. The control group (T1) is with zero tomato pomace (0% TP), The 2nd group (T2) is with 
5% Tomato Pomace, the 3rd group (T3) is with 10% Tomato Pomace, the 4th group (T4) is with 15% Tomato Pomace and the 
5th group (T5) is with 20% Tomato Pomace but the 6th group using pure tomato pomace only. Fish were acclimatizing to the 
experimental system (water quality and feeds) for 14 days.  Simple lighting program was used (14 hr light: 10 hr dark) 40-watt 
fluorescent lamp for each aquarium as daily photoperiods. Apparent digestibility experimental was done by collected the fish 
faeces (13 fish /aquarium with an average weight of 4.5 ± 1.5 g) from each aquarium by a sucking tube with less water as much 
as possible. The faeces were put in a Petri dish and stored at (-4C) to protect faeces from decomposition of the organic matter 
until proximate it’s chemical analysis. To analysis for, dry matter crude fiber and crude protein in the faeces. Crude fiber was 
used as an indicator to study feed digestibility and crude protein digestibility (Jones and DeSilva, 1998). The ADCs of using 
different levels of tomato pomace replace yellow corn in the diets (0, 5,10,15,20 and pure tomato pomace) were: dry matter 
84.63, 83.50, 84.16, 81.14, 80.78 and 46.57%, respectively. And crude protein, 87.25, 87.89, 89.78, 88.85, 89.39 and 58.61%, 
respectively. These values were significantly affected by level of tomato pomace ingredients (P <0.05). 
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This study was conducted to evaluate the effect of using Prosopis Juliflora as an energy source on growth performance and 
feed utilization in Nile tilapia (Oreochromis niloticus L.). Fish growth performance and feed utilization efficiency was studied. 
A total number of 195 male Nile tilapia (Oreochromis niloticus) fingerlings were distributed randomly into 3 dietary treatments 
including (SC0) as the control treatment, (SC10) 10% Prosopis Juliflora and (SC20) 20% Prosopis Juliflora. Each dietary 
treatment was divided into 3 replicates in aquariums of 60 cm × 50cm × 60 cm with water volume of 180 liters; fish fingerlings 
in all trails were kept under similar condition. All the diets were formulated to cover the requirements of O. niloticus according 
to NRC (1993). Fish was fed an average of 3.5% of their live weight twice a day throughout the experimental period. The 
experiment lasted for 70 days of which 14 days were for acclimatization. A simple lighting programme (14-hour light: 10 hours 
dark) was used. The following criteria were calculated: Body Weight, Feed Intake, Average Daily Gain and Feed Conversion 
Ratio which were calculated starting from the first week of experiments. The results indicated clearly that Nile Tilapia 
fingerlings fed on different diets containing 10 % to 20 % SC showed no adverse significant effect on growth performance 
or feed utilization. Using Prosopis Juliflora in fish diets was not only replacing yellow corn, but also reduced the amount of 
some used ingredients. This was reduced the cost of one kilogram of body growth. So, this study proves the possibility of using 
Prosopis Juliflora up to 20% without any adverse significant effect on growth performance, feed utilization and reduce the cost 
of feed /weight gain in fish production. 
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A 10-week feeding trial was conducted to assess the effect of practically replacing yellow corn with non-conventional energy 
sources at (10, 20% Olive cake, 10, 20% Tomato pomace) in Nile tilapia, Oreochromis niloticus (L.). 195 Nile tilapias (4 
±1.5g) were randomly distributed into five experimental treatment groups each in triplicate. Diets containing 30% crude protein 
(CP) were fed daily at a rate of 3 % of fish live body weight. Fish growth performance, feed utilization, body composition 
and economic efficiency. The results showed that yellow corn energy could be replaced by (10 and 20% Olive cake or 
tomato Pomace), without harmful effect on the performance and feed utilization of fish. Results also showed that best growth 
performance was recorded with control groups followed by fish fed diets containing (10, 20% Olive cake or tomato Pomace) 
replace yellow corn. 
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The Jordanian natural marine and freshwater fishery resources are rather limited and the freshwater aquaculture sector small, 
mainly due to the prevailing geographical and environmental conditions. Jordan is a semi-arid country almost entirely land-
locked with a short marine coastline of approximately 27 kilometres on the northern Red Sea basin. The port city of Aqaba is 
where all of captured marine resources are landed and partly exported fresh and frozen mainly to the capital city of Amman. 
Aquaculture production has been rather stable in recent years and accounted in 2016 for around 65.3 percent of the overall 
national fish production, mainly consisting of farmed tilapia, common and mirror carps. The aquaculture sector started in the 
1960s mainly along the northern regions of the Jordan Valley, but limited water resources and lack of technical know-how 
and managerial skills have limited the development of the sector. Freshwater aquaculture, mainly focusing on farming tilapia 
and several carps species, is carry out by an estimated 24 aquaculture entrepreneurs in small and medium facilities producing 
approximately 1119 tonnes of fish annually (in 2016). In the Jordan Valley there are about 5 000 small irrigation ponds (i.e. 
earth ponds lined with polystyrene) used for agriculture and some of them are also used for farming fish at low densities. The 
development of marine coastal aquaculture is limited by the availability of suitable on-growing sites and environmental concern, 
particularly with regards to potentially negative impacts on the existing coral reefs. Furthermore, competition for space from 
the tourism and marine transport sector is not encouraging the development, at least at sea, of the mariculture sector regardless 
the fact that the Jordanian national fish market has a stronger preference and demand for fresh and frozen products of marine 
finfish over freshwater species. Several critical limiting factors for inland aquaculture development includes: limited water 
resources, shortage and irregular supply of quality fingerling, high costs of imported feed and generally poorer quality of locally 
produced feed, lack of know-how in fish farm management, inadequate outreach being carried out by poorly trained extension 
staff, dry arid conditions much of the year with high temperature fluctuations, and presence of sandy soils.  Marine aquaculture 
does not seems to have many developmental opportunities at present mainly due to the multi-use of the short coastline in the 
Capital Department (Al-Qasabah) of the Governorate of Aqaba. Furthermore, environmental concerns on possible negative 
effects of aquaculture activities on local coral reefs have not encouraged much institutional support. However, the Marine 
Science Station in Aqaba is nevertheless undertaking a series of aquaculture experiments in its land-based facilities. At present, 
as well as in the recent past, the annual fish production in the country does not satisfy the national demand, and an estimated 
42500 tonnes of fish (around 95 percent of the fish consumed), mainly as fresh and frozen marine species, are imported annually 
much of which from neighbouring countries. The annual per capita fish consumption in Jordan remains rather low (at about 
4.6 kg/year) compared to the world and regional levels. While this low figure is partly due to the lack of a fish-eating tradition 
in Jordan (as in much of the region), at least some of it is due to the poor quality of imported frozen and canned fish relative 
to a fresh, locally-grown product. Private fish producers are free to sell their products either through wholesalers or directly 
to retailers, supermarkets or restaurants through special arrangements or even directly to local consumers, with prices usually 
reflecting supply and demand in a free-market system. The live fish are sold to restaurants where there are small ponds that fish 
are cooked directly and sold in these restaurants. So, Populations living in rural areas of the country have not easy access to fish 
products, therefore the increase of freshwater fish production will facilitate the access of high-quality animal proteins coming 
from locally produced fish. However, there is a need to better understand existing domestic markets, consumer’s needs and 
dietary habits and marketing strategy for aquaculture products.
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GYPSY: THE MOST ABUNDANT LONG TERMINAL REPEAT (LTR) RETROTRANSPOSON 
IN THE GENOME OF THE FIRST SPF SHRIMP Penaeus (Litopenaeus) vannamei PRODUCED IN 
THE UNITED STATES - POLYMORPHISMS IN A UNIQUE MICROSATELLITE SEQUENCE 
SIMILAR TO Gypsy-16_LVa-I, AND POTENTIAL HORIZONTAL TRANSFER OF LTR 
RETROTRANSPOSONS

Acacia Alcivar-Warren and collaborators of the ShrimpENCODE Project

ONE HEALTH Epigenomics Educational Initiative
Environmental Genomics Inc., P. O. Box 196, Southborough, MA 01772 USA
environmentalgenomics.warren@gmail.com

Transposable elements (TEs) play an important role in evolution by creating genetic variation through their mobility. Some TEs 
in mangroves are associated with genome size and stress adaptation through methylation, but the evolutionary dynamics of the 
conflict between TEs and their host genome remain unclear, as stress can reactivate TEs. Retrotransposons transpose using a 
RNA intermediate and replicate via a ‘copy and paste’ mechanism. There are three superfamilies of LTR retrotransposons: BEL, 
Copia and Gypsy. To date, limited information is available about the relative abundance of LTR retrotransposons in shrimp.

As part of The Shrimp Epigenome (ShrimpENCODE) Project, DNA from a broodstock of the first SPF L. vannamei domesticated 
by the U.S. Marine Shrimp Farming Program (USMSFP) in HI, USA was subject to a pilot whole genome sequencing using 
PacBio SMRT method (http://www.was.org/meetingabstracts/ShowAbstract.aspx?Id=35064). 453,089 subreads were generated 
from 89,716 genome loci, totaling 1.2 Gb sequences (1). ~424 Mb (~1/7 of the genome) is reclaimed as non-redundant genomic 
sequence (1). More than 330 diverse repetitive families, including 113 DNA transposons, 94 LTR retrotransposons, 75 Non-
LTR retrotransposons, 17 satellite sequences, 27 unclassified repeats, and a family of WSSV-like sequences (DNAV-1_LVa) 
were found (1). So far, Gypsy is more abundant than BEL (www.girinst.org): 31 Gypsy (Gypsy-1_LVa-I, Gypsy-1_LVa-LTR, 
Gypsy-2_LVa-I, Gypsy-2_LVa-LTR, Gypsy-3_LVa-I, Gypsy-3_LVa-LTR, Gypsy-4_LVa-I, Gypsy-4_LVa-LTR, Gypsy-5_LVa-I, 
Gypsy-5_LVa-LTR, Gypsy-6_LVa-I, Gypsy-7B_LVa-LTR, Gypsy-7_LVa-I, Gypsy-7_LVa-LTR, Gypsy-9_LVa-I, Gypsy-9_LVa-
LTR, Gypsy-10_LVa-I, Gypsy-10_LVa-LTR, Gypsy-11_LVa-I, Gypsy-11_LVa-LTR, Gypsy-12_LVa-I, Gypsy-12_LVa-LTR, 
Gypsy-13_LVa-I, Gypsy-13_LVa-LTR, Gypsy-14_LVa-I, Gypsy-14_LVa-LTR, Gypsy-15_LVa-I, Gypsy-15_LVa-LTR, Gypsy-16_
LVa-I, Gypsy-18_LVa-I and Gypsy-44_LVa-LTR), and 3 BEL (BEL-1_LVa-I, BEL-1_LVa-LTR and BEL-2_LVa). Sequence 
homology comparisons using the genome and transcriptome databases of SPF shrimp from China, Brazil and the USA will 
be presented. A unique polymorphic microsatellite used for traceability of USMSFP lines is homologous to Gypsy-16_LVa-I. 
Potential horizontal transfer of a Gypsy retrotransposon from soybean (Gypsy-16_GM) into L. vannamei hemocytes (FE114166) 
will be discussed- not present in the L. vannamei genomes from China. This is the first report of relative abundance of LTR 
retrotransposons in the original SPF L. vannamei domesticated by the USMSFP in 1992.

(1) Bao W. 2019. A fossilized White Spot Syndrome Virus-like element (DNAV-1_LVa) in the genome of the original specific 
pathogen-free (SPF) shrimp Penaeus (Litopenaeus) vannamei domesticated by the breeding program of the U.S. Marine 
Shrimp Farming Program (USMSFP) from Hawaii, USA. Aquaculture 2019 meeting, New Orleans, March 7-11, 2019, 
Abstract 1194.
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The ‘ShrimpENCODE’ session focus on the application of the holistic concept of ‘ONE HEALTH’ to conserve healthy ecosystems 
(agricultural soil, mangrove sediment), to maintain healthy animals (shrimp/shellfish, fish), to protect human health long-term 
(antibiotic resistance, diabetes, obesity, allergies, microcephaly and other neural tube defects, among others). Five researchers 
will receive recognition as ‘Outstanding Scientist in Shrimp Aquaculture’ by the Foundation for Conservation of Biodiversity 
(FUCOBI) of Ecuador: 1. Tim Flegel (Thailand) for 30 years of research to control shrimp diseases and the paramount danger 
of translocating pathogens with living aquaculture stocks; 2. Jianhai Xiang (China) for studies on Penaeid chromosomes and the 
first reference genome sequence for Penaeus (Litopenaeus) vannamei farmed in China; 3. Ximing Guo (USA): first to localize 
the pentameric microsatellite (GGTTA)n to telomeres of P. vannamei chromosomes by FISH; 4. Weidong Bao (USA): first to 
characterize more than 330 diverse repetitive families including a fossilized WSSV-like element (DNAV-1_LVa of ~270-Kb), 
flanked by (GGTTA)n, in the genome of the original SPF P. vannamei domesticated by the breeding program of the USMSFP 
maintained in Hawaii, USA, and 5. Carmen Paniagua-Chavez (Mexico): first to develop the technology to freeze male germ 
cells of shrimp that may help save the wild Penaeid in their natural range from northern Peru to northern Mexico. At least 10 
students/postdocts will be recognized as winners of the 2019 ‘Johnnie Castro Montealegre Travel Awards’: Wisarut Junprung 
(Thailand), Marcelo Victorio-De Los Santos (Mexico), Oscar Jaen (Ecuador), Natalie Lowell (USA), Yiping Chen (China), 
Andrea Alejandro (Ecuador), Chinnaiah Amutha (India), Sarah Zuidema (USA), Marcos Vinicio Canario Viana (Brazil), 
Augustine Glory Adaeze (Nigeria). Speakers will address topics like: the genome of P vannamei provides insights into benthic 
adaptation, frequent molting and breeding impacts (Xiang); telomere sequences in shrimp and bivalves (Guo); experiences 
with AHPND and WSD experimental callenges for P. vannamei breeding in Mexico (Montaldo); transposable elements, 
horizontal transfer and epigenetics in non-model aquatic invertebrates (Arkhipova), preliminary survey of 116 transposable 
elements, repeats and integrated viruses (WSSV-like, DNAV-1_LVa) and P. monodon endogenous IHHNV in the original SPF 
P. vannamei from the USA (Alcivar-Warren); Gypsy: the most abundant long terminal repeat (LTR) retrotransposon in SPF 
P vannamei  (Alcivar-Warren); the NonLTR-1_LVa non-LTR retrotransposon of SPF P vannamei from the USA is similar to 
the NLRS non-LTR retrotransposons associated with ASDD of cultured shrimp from Thailand – differential expression in 
eyestalk-ablated females? – shrimp welfare (Alcivar-Warren); health assessments of white shrimp L. setiferus from coastal 
South Carolina USA (Zuiderma); gene editing with CRISPR/CAS9 in the eastern oyster Crassostrea virginica (Wang); the 
Wnt pathway in shrimp embryogenesis: a candidate for mesendoblast specification and signaling (Hertzler); research progress 
on the sex determination and sexual differentiation in penaeid shrimp (Li); expression of sex-lethal during the life cycle of P. 
vannamei (Lopez-Cuadros); heat shock protein enhances resistance to a strain of Vibrio parahaemolyticus which can cause 
AHPND by activating shrimp immunity (Junprung); integrated miRNA and mRNA transcriptome analyses of P vannamei 
hemocyte reveals the effect of non-lethal heat stress on shrimp antibacterial immunity  (Somboonwiwat); national subsystem 
for aquatic genetic resource of Mexico advances and perspectives (Paniagua-Chavez), conservation of shrimp genetic resources 
in Mexico (Paniagua-Chavez); population genetics of two emergent shellfish aquaculture species and implications for genetic 
risk assessments (Lowell); gene editing: the future of mutant food? (Latham). The session will end with an Open Forum about 
‘Gene editing in aquatic species - can we use CRISPR/CAS9 to produce shrimp free of a fossilized ~270-kb WSSV-like 
element present in the genome of the original SPF shrimp domesticated in the United States?.
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Shrimp domestication and genetic improvement programs began in late 1980s, in the United States of America, under the United 
States Marine Shrimp Farming Program (USMSFP), using the Pacific whiteleg shrimp Penaeus vannamei. The USMSFP was 
based on proven concepts from the livestock and poultry industries and began with establishing a specific pathogen free (SPF) 
shrimp stock. The original shrimp stock was obtained by rigorous screening of captured wild shrimp for selection of individuals 
naturally free of major shrimp pathogens. Although the concept of SPF animals was well defined for terrestrial animals, it was 
relatively new for aquaculture, and it took some time to be adopted by the aquaculture community. In the early 1990s, parallel 
to USMSFP, several other programs on genetic improvement of shrimp were also initiated in Latin America. Subsequently, 
several new terminologies and products, such as specific pathogen resistant (SPR) shrimp, specific pathogen tolerant (SPT) 
shrimp and even “all pathogen exposed” (APE) shrimp, entered the shrimp industry vocabulary and became commercial. This 
led to confusion in the shrimp industry about the meaning, relationship and significance of these new terms with respect to 
SPF. This position paper attempts to clarify these concepts, provide science-based definitions, reconfirms the importance of 
developing, maintaining and using domesticated, specific pathogen free (SPF) shrimp stocks (which may also achieve SPR 
and/or SPT status) to reduce the risk of disease outbreaks and increase production and profit. The same principles would apply 
to development of domesticated SPF stocks for other species used in aquaculture. The paper also discusses the difficulties of 
confirming and certifying SPF status due to the presence of endogenous viral elements (EVEs) and calls for internationally 
agreed science and evidence-based technical guidelines for producing healthy shrimp. 
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After the severe epidemic caused by White Spot Syndrome virus (WSSV) affecting the shrimp industry in Saudi Arabia (KSA), 
aquaculture producers organized themselves as the Saudi Aquaculture Society (SAS) and a close collaboration was established 
with the Ministry of Agriculture, Water and Environment (ADMEWA), which led to a successful Public Private Partnership 
(PPP) that resulted in the eradication of WSSV and other endemic shrimp pathogens (Taura Syndrome virus (TSV), Infectious 
Hypodermal and Haematopoietic Necrosis virus (IHHNV) and Baculovirus penaei (BP)).  Similar strategy was developed to 
control diseases in fish aquaculture.

Several key biosecurity measures at national level were implemented: 1. The need for pre-approval of supplier for any 
importation of live aquatic animals, 2. Use of quarantine for health status verification, 3. Set up of a National Reference 
Diagnostic Laboratory, 4. Implementation of a surveillance program targeting endemic and emerging pathogens, 5. Compulsory 
reporting of listed pathogen detection and 6. Emergency response to any disease outbreak.

This PPP approach represented the commitment and shared responsibility of Biosecurity in KSA. The success has been 
recognized by international agencies such as the Food and Drug Organization (FAO) who invited ADMEWA and SAS 
representatives to present their case as a successful Biosecurity approach at the Seventh Regional Commission for Fisheries 
(RECOFI) (Brazil 2016). 

The private sector complies with ADMEWA policies and regulation and adds its own layer of biosecurity with 1. The switch 
to Specific Pathogen Free (SPF) Penaeus vannamei tolerant to WSSV(SPT), 2. Its own internationally accredited diagnostic 
laboratory, 3. Exclusion of pathogen with different levels of water treatment and filtration, 4. Surveillance and Animal Health 
Program, 5. All in all out culture system, 6. Zoning of the production areas with progressively limited access, 7. Emergency 
response and Contingency plan and 8. Development of SPF for other aquatic species.

KSA has been the only country worldwide to eradicate WSSV and remains free from all known shrimp pathogens and all World 
Animal Health Organization (OIE) fish listed pathogens remaining alert of emerging pathogens worldwide and protecting its 
health status by banning the importation of aquatic products from countries with lower health status following the Sanitary and 
Phytosanitary Agreement (SPS Agreement) of the World Trade Organization (WTO).
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In the world there is an active development of aquaculture of commercially valuable fish species. This industry is becoming 
an important additional means of production of freshwater fish. The cultivation of сlary catfish in recircular water systems 
has a great importance for aquaculture. By its nature, clary catfish is unpretentious to environmental conditions, has a high 
tolerance to oxygen concentration, as breathing is carried out by atmospheric air due to the suprabranchial organ. Clary catfish 
is characterized by rapid growth, unpretentiousness to environmental conditions, which ensures low equipment costs, as well as 
the possibility of growing at high stoking densities. Australian red-claw crayfish is a major representative of the crayfish body 
length reaches 20-25 cm, this species is characterized by rapid growth, and ruggedness. Production of freshwater crustaceans 
ensures maximum profit development of aquaculture as a sector of the economy.

Experimental research on the joint cultivation of aquatic animals and plants took place in the specialized complex scientific 
expedition of the base of the SSC RAS. The aim was to create a biotechnology of joint production of fish products, crustaceans 
and green plants by aquaponics using a biological product.  The optimal parameters of the aquatic environment were selected 
taking into account the biology of all types of cultivation. A method of growing heat-loving aquaculture objects together with 
crustaceans and plants by aquaponics has been developed.  Plants provide an additional herbal treatment. Thus, it increases the 
efficiency of the installation, the consumption of clean water

In a single modular system clary catfish, Australian red-claw crayfish and strawberries were cultivated with method of 
aquaponics. To increase the growth of strawberries and reduce the level of nitrates in fruits, the plants were treated with a 
microbiological biological product based on a strain of bacteria.

The following results were obtained during the joint cultivation of hydrobionts and plants, the cycle was 180 days. Average 
weight by the end of the growing clary catfish was 1043, 75± 31.56 g with an average initial weight at planting on the farming 
46, 55±3,35 g. The absolute weight gain was 997.2 g, the average daily gain-6.65 g/day.; the average growth rate is 1.74 %; 
the ratio masonically – 0.1-unit During the period of cultivation of Australian red-claw crayfish, the absolute weight gain was 
48±4.1 g, the weight of the stocking material was 12, 3±2.8 g, the average weight of the crayfish at the end of cultivation was 
60±5.2.

When growing strawberries, a biopreparation based on a strain of bacteria was used. The length of the stem at the end of the 
experiment in the experiment is 63.7 mm, and in the control 52.1. Plant height varied from 17 to 63 mm, and the number of 
leaves from 4 to 9 pieces. The yield in the experiment was 2.4 kg / m3, and in the control were 1.9 kg/m3. So in the experiment 
there is a more intensive development from the first days of plant development, compared with the control. This trend continues 
at all stages of vegetation. Thus, the culture liquid isolate Serratia ficaria TP3 activated physiological processes of crop growth. 
Based on the results obtained, it was found that the cultivation of aquatic organisms and plants in a single system of regulated 
type is an economically profitable innovation.
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Recent advancements in ‘omics’ approaches have opened the door for deep understanding of how an organism’s biology 
works inside cells, biofluids, tissues and organs. The most common ‘omics’ are genomics, transcriptomics, proteomics and 
metabolomics, and these have produced a wealth of genotype to phenotype research avenues. These approaches are facilitated 
by rapidly expanding bioinformatics capabilities, which allow us to mine huge amounts of data in search for often unexpected 
discoveries.  

One of the newest ‘omics’, metabolomics (the study of metabolites in a biological sample), has shown considerable promise 
in health assessment, since it provides a new phenotyping tool to understand endogenous metabolic changes in response 
to diseases or environmental perturbations. In addition, specific metabolite biomarkers can be generated to diagnose each 
biological permutation.

In aquaculture, metabolomics approaches have been used for a variety of production purposes, such as early detection of diseases, 
optimization of hatchery rearing feeds, meat quality enhancement and even seafood authentication. These biotechnological 
advances clearly provide us with powerful tools and concepts that have unimaginable potential.  

Our recent work with GC-MS-based metabolomics applications on the New Zealand Greenshell™ mussel (Perna canaliculus) 
has allowed us to elucidate molecular mechanisms and markers associated with biological responses of haemocytes against 
pathogens (e.g., Vibrio sp.) and environmental contaminants (e.g., copper). We have also used this approach to characterize 
metabolic and immunological responses (e.g., oxidative stress, apoptosis) of mussels during a mass mortality event in a farm.  
Our results show that alterations of some specific metabolites could be used for future development of biomarkers for pathogen 
infections and pollutant-induced stress syndromes. 
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The alveolate Perkinsus marinus is the most devastating parasite of the eastern oyster Crassostrea virginica. The parasite is 
readily phagocytosed by oyster hemocytes, but instead of intracellular killing and digestion, P. marinus can survive phagocytosis 
and divide in host cells. This intracellular parasitism was shown to be associated with a regulation of host cell motility and 
apoptosis. This study was designed to gain a better understanding of the molecular mechanisms of motility and apoptosis 
regulation in oyster hemocytes following exposure to P. marinus. Both functional cellular assays and gene expression analyses 
were performed to evaluate the effect of exposure to P. marinus cells and extracellular products on hemocyte migration and 
apoptosis activity, and to identify specific molecular pathways used by the parasite to regulate host cell activity.

Results from functional assays showed a specific increase in hemocyte motility following exposure to live P. marinus cells. The 
increase in motility induced by P. marinus was suppressed by the integrin inhibitor RGDS and the Arp2/3 inhibitor CK-666 
implicating the involvement of these pathways in cell activation. Gene expression data suggest that Arp2/3 is possibly regulated 
directly by an effector produced by P. marinus. In parallel, apoptosis bioassays and qPCR data indicate that apoptosis regulation 
in C. virginica hemocytes exposed to P. marinus involves the mitochondrial pathway (Bcl-2, anamorsin). The antioxidants 
peroxiredoxin and superoxide dismutase (SOD) were over-expressed in P. marinus exposed to C. virginica hemocytes 
suggesting that apoptosis regulation in infected oysters may be mediated by anti-oxidative processes of the parasite. Finally, 
chemical inhibition of P. marinus SOD resulted in a marked increase of reactive oxygen species production and apoptosis in 
infected hemocytes. These results strongly suggest that the parasite uses its anti-oxidant arsenal to regulate oxygen-dependent 
apoptosis of infected host cells.

The implications of increased hemocyte motility and reduced apoptosis prompted by P. marinus during the early stage of the 
infection process are discussed.
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SPAWNING AND REARING SUCKERS: LESSONS FROM BLACK BUFFALO
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The Black Buffalo Ictiobus niger is a deep-bodied, riverine species that has experienced population declines similar to many 
other catostomids. Captive propagation is an important component of conservation for declining species, although there is 
little known about induced spawning techniques for catostomids. Developing culture techniques for Black Buffalo, including 
tank acclimation and induced spawning, are potentially beneficial for conserving other catostomids as well. Therefore, we 
examined tank acclimation and induced-spawning methods in three separate spawns over 2 years. Acclimation was aided by 
cool temperatures (~15°C), low salinity (3.0‰), and light-reducing covers for 2.5 weeks after which temperature was increased 
from 15°C to 23°C by 1°C/d over 8 d. Females (n = 23; TL = 641 ± 12 mm [mean ± SE], weight = 4,773 ± 299 g) were injected 
with gonadotropin releasing hormone analogue (GnRHa), and 7 of 23 ovulated (30.4%) with a mean fertilization percentage 
of 41.5% (SE, 7.1%).

Large fish and fungal growth on incubating embryos provided logistical challenges, further indicating the importance of 
minimizing stress during tank-holding procedures. Importantly, Black Buffalo can be induced to spawn with GnRHa, and 
spawning health and reproductive output can be improved with acclimation procedures.

CATFISH RESPONSES TO POND AND HARVEST STRESSORS, AND CONSEQUENCES FOR 
MUSCLE QUALITY

Peter J. Allen*, Shay Allred, Michael Ciaramella, M. Wes Schilling, and Lora Petrie-Hanson 

Dept. Wildlife, Fisheries and Aquaculture
Mississippi State University
Mississippi State, MS 39762
peter.allen@msstate.edu

Product quality is important to any industry. In the catfish industry, the influence of pond and harvest stressors can have 
implications for fish health and potentially muscle quality, which relates to consumer acceptance. In terms of muscle or fillet 
quality, red fillet is one of the most common causes for rejection of catfish fillets by processing plants. Although occurring in 
only 0.12% of harvested fillets, the industry-wide cumulative impact of red fillet may be substantial. Pinpointing the cause of red 
fillet has proven elusive; however, a combination of environmental and handling stressors and potentially disease are suggested 
as causes. Therefore, catfish were subjected to acute and chronic environmental conditions (i.e., temperature, oxygen, carbon 
dioxide) and handling regimes (i.e., netting, crowding, hauling) to simulate stressors from ponds to processing plants. Catfish 
were also inoculated with a suspected bacterial pathogen in a separate experiment to examine whether red fillet would result. 
Although stressors were severe enough to induce high (>20%) mortality rates in some treatments, environmental and handling 
treatments did not appear to be primary drivers of red fillet occurrence. 
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FISHERY TO HARMFUL ALGAL BLOOMS
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A massive harmful algal bloom (HAB) of the toxigenic diatom Pseudonitzschia occurred along the North American west 
coast in 2015, resulting in unsafe levels of domoic acid in seafood and prolonged fishery closures. Fishery-dependent coastal 
communities were severely impacted, with a fisheries resource disaster declaration occurring for the 2015-16 season of the 
California Dungeness crab fishery. Anthropogenic global environmental change is leading to conditions that make  such severe 
HAB events more likely to occur in future. Long-term management of the crab fishery therefore needs to plan for possible 
impacts. An assessment of the resilience of the crab fishery system (its resource ecology, governing mechanisms, markets 
and dependent fishing communities) was conducted through an expert elicitation workshop, drawing on a recently-completed 
survey-based assessment of both the social, cultural and economic impacts of the 2015 HAB event across 17 fishing communities 
on the US west coast and of the socio-demographic and economic factors hypothesized to confer resilience to HAB events at 
both individual and community levels. The resilience assessment identified medium and long-term adaptations in the fishery 
as alternatives to reliance on short-term disaster relief payments. These included changes in processing technologies, such as 
removing the higher-toxicity viscera from crabs before sale, and fisheries management strategies enabling diversification of 
fishing to target unaffected finfish species. The assessment also identified protective factors that contribute to a community’s 
ability to cope with HABs, and promote cost-effective and practical means of building resilience to future HAB events in at-
risk communities. 
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Many environmental studies focus on the impacts humans have on changing or degrading the natural environment and exploited 
populations. But the reverse is also true- changes in the environment have impacts on human society. The ecosystem services 
concept has been invoked to argue the case for oyster reef conservation in terms of not just oyster harvesting, but shoreline 
erosion and storm damage protection, water quality management and fish habitat enhancement.  I argue that even this broader 
‘ecosystem services’ concept of economic value falls short of describing the multiple values of oyster reefs to human societies. 
Dollar values – whether monetized or not – are an impoverished way of looking at how human society and environment 
interact. Oyster reefs also have a role in defining places, sustaining culinary cultures and ways of life, or even facilitating 
the continued existence of entire coastal landscapes and cityscapes. Restoring Oyster reefs is thus not just environmental 
management and the protection of economic value; it is cultural and social work.  This shift in thinking is captured in the new 
term “nature’s contribution to people”  (Diaz et al., 2018) which replaces the term “ecosystem services”.  This paper thus uses 
oyster reef conservation and restoration to argue for a more pluralistic notion of ‘value’ than the economic one hitherto applied, 
and makes the case for the explicit return of ethics as a basis for environmental decision making in public policy at all levels, 
from the local to the global.

Diaz, S. et al., 2018. Assessing nature’s contributions to people Science  359 (6373); 270-272
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IMPROVING LARVAL CULTURE OF PACIFIC RED SNAPPER: COPEPODS, ROTIFERS 
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The aim of this study was to compare different feeding sequences in Lutjanus peru larval rearing. Two experiments were carried 
out. In Exp. 1 the use of the copepod Pseudodiaptomus euryhalinus and the rotifer Brachionus rotundiformis as second preys 
and the period of supply of each one (until Day 19 or Day 23) were compared. Based on results of Exp. 1, B. rotundiformis was 
used as second prey in Exp. 2. Treatments consisted of two densities of microalgae Nannochloropsis oculata, Low (300,000 
cells/ml) and High (1,000,000 cells/ml). In both experiments, nauplii of Parvocalanus crassisrostris were used from Day 3 
to Day 9-10. On day 5 in both experiments, 100% of feeding incidence was reached. When the second prey was added, we 
evaluated feeding efficiency, Ivlev selectivity index, mouth width (MW), survival and growth (Total length; TL). The Ivlev 
index showed that larvae selected more copepod nauplii than rotifers. In Exp. 1, on day 27 no significant differences in TL was 
observed among treatments (p>0.05) while in Exp. 2 on day 20, significantly higher TL (p <0.05) was observed in the High 
microalgae treatment. In Exp. 1, survival was greater when rotifer was used for a longer period of time (Day 23) and in the High 
microalgae treatment for Exp. 2. The MW did not show a significant increase between day 3 and 6 (p>0.05) and an isometric 
growth with respect to TL, adjusted by a linear regression model, was observed (R2 = 0.99) along the experiment. These results 
allow us to recommend the use of rotifer as second prey in L. peru larval rearing, as well as a High concentration (1,000,000 
cells/ml) of microalgae as green water. The easy handling of rotifers compared to copepods will be more attractive for investors 
interested in implementing hatcheries for Pacific red snapper production. 
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Biofloc technology (BFT), is based on the development of an aquatic microcosm, which develops and nourishes the organic 
and inorganic matter that provides the intensive culture of fish and shrimp. In this microcosm, the first colonizers are bacteria, 
which become the most abundant and efficient nutrient recyclers. This study was carried out with the objective of evaluating 
the composition and bacterial dynamics in the cultivation of white cachama cultivated under BFT at three different C:N ratios.

The study was conducted for 103 days, in the bioassay unit-Institute of Aquaculture -Universidad de los Llanos, Villavicencio 
- Colombia, using 9 plastic tanks with a volume of 700 L of chlorinated water (4g / L), blower aeration system , diffusing 
hose and restriction of sunlight. Three treatments were established with different C: N ratio (T1: 10, T2: 15, T3: 20) each with 
three replicas distributed randomly. Salinity (3g / L), alkalinity (80-120 mg / L CaCO3), pH (7.4-8.4), temperature (24-28ºC) 
and dissolved oxygen (4-6 mg / L) were maintained during the experiment. It was inoculated with pond water and 5 days 
later the first water sample was taken to perform DNA extraction, amplification of the hypervariable region V3-V4 of the 
bacterial gene 16S rRNA and metagenomic analysis. Successive samplings were made every 10 days. 25 days later there were 
nitrification processes and 145 cachamas (weight 4 ± 1 gr) were put in each tank, fed with 32% protein concentrate, correcting 
daily the C: N ratio. Table 1 shows the parameters of water quality, Table 2 zootechnical parameters and Table 3 the most 
abundant microorganisms in the treatments. The metagenomic analysis allowed to establish that during the experiment the 
three treatments presented similarity in composition and bacterial dynamics, being dominant the Proteobacteria (540 species), 
Bacteroidetes (218 spp.), and Verrucomicrobia phylum (32 spp.).

Conclusion: The C: N ratio close to 10: 1 (T1) without molasses supplementation, allowed a greater number of microorganisms 
of the aquatic ecosystems and coadjuvants of the nitrification processes to be developed, making efficient the removal of 
nitrogenous compounds in the cultivation of white cachama under biofloc technology, allowing to reach higher biomasses.
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Protein feeds are essential to enhance growth, maturation and recruitment in fish farming. In Ghana tilapia farmers feed their 
fish using different levels of crude protein and, quite frequently, with compost or fertilizer application. The practice has the 
potential to alter pond water quality considerably and compromise its integrity. The objective of this study, therefore, was to 
evaluate the effects of varying crude protein levels in Tilapia (Oreochromis niloticus) feed on water quality in earthen ponds in 
Ghana.  Crude protein levels of 25%, 28%, and 30% were applied for the study in 8 ponds with surface areas ranging between 
300 m² and 500 m² on a private farm located in the Atwima Nwabiagya District of the Ashanti Region of Ghana.  The study 
was conducted using a population of sex-reversed male Nile tilapia juveniles at a density of 1.6 fish per m² with fish being fed 
twice daily. Water temperature, Dissolved Oxygen, pH, Total Dissolved Solids, Secchi disk transparency depth, chlorophyll-a, 
ammonia and conductivity were determined according to standard protocols using the Hanna Multi (HI 9828) parameter probe 
and spectrophotometer. All water quality parameters monitored were within permissible limits except ammonia at 25% crude 
protein level. Fish growth performance was enhanced at 25% and 30% crude protein but were not significantly different, while 
28% crude protein was rather low and significantly different from 30% crude protein and only marginally lower than 25% crude 
protein.
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PAHs are one of the major pollutants in aquatic environment. The Coastal marine area having such type of pollutant frequently 
added by the halting of fishing vessels, oil leakages, drainages from various sources.  Perna viridis is the sturdy green mussel 
normally found to live in estuaries and costal marine beds which are the portal entry for land based pollutants. In order to 
overcome the pollution risk the animals defense come for rescue thus the elevated levels of different types of enzymes as a 
biomarker whether its elevation rate of hepatic cytochrome P450-associated enzyme activity. The inducibility and activity of 
phase I reduction nicotinamide adenine dinucleotide phosphate, reduced (NADPH) cytochrome c reductase (CCR), cytochrome 
c oxidase (COX) and three CYP450 isoforms (benzyloxyresorufin - O-dealkylase [BROD], ethoxyresorufin-O-dealkylase 
[EROD] and methoxyresorufin-O-dealkylase [MROD] ) enzymes were measured in the hepatic S9 fraction prepared from 
Perna viridis collected from three sites: a highly oil-polluted site (Kasimedu fishing harbor, Rayapuram, Chennai [Station1]); 
a moderately polluted off-shore site, about 3 Km away from this area [Station 2]; and the least oil-polluted site (Vellar estuary, 
Parangipettai [Station 3], which was a reference site) and also PAHs treated  with the same animal at different concentrations 
in the laboratory. The inducibility and activity of phase I reduction nicotinamide adenine dinucleotide phosphate, reduced 
(NADPH) cytochrome c reductase (CCR), cytochrome c oxidase (COX) and three CYP450 isoforms (benzyloxyresorufin - 
O-dealkylase [BROD], ethoxyresorufin-O-dealkylase [EROD] and methoxyresorufin-O-dealkylase [MROD] ) enzymes were 
measured in the hepatic S9 fraction prepared from Perna viridis collected from the above sites and also treated with ethyl-
naphthalene at different concentrations in the laboratory condition within 24hr duration.  The levels of BROD (CYP2B6), 
MROD (CYP1A2) and EROD (CYP1A1) in the tissues of green mussel were measured using Spectro-Fluorometer. All the 
MFO enzymes exhibited a hierarchical dose-dependent activity in response to oil pollution in these study areas. Samples from 
the heavily oil-polluted (Kasimedu Station-1 and Station-2) areas exhibited greater activity of all enzymes than the least oil-
polluted (Vellar estuary) reference area. In the laboratory treated hepatic tissue also elevated the MROD. Among the enzymes 
analyzed, the MROD activity was best correlated with the level of hydrocarbon contamination. Therefore MROD can be 
considered as a robust biomarker for petroleum hydrocarbons in P. viridis.
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The striped bass (Morone saxatilis) is a perciform fish of recreational and commercial importance. We report the striped bass 
genome assembly, which was completed using a combinatorial approach of Illumina and Pacific Biosciences sequencing and 
Chicago® and Dovetail™ Hi-C + HiRise™ scaffolding (Table 1). A total of 38 Gb of Illumina short-read sequence was 
generated using both single read and paired-end runs of varying lengths, comprising over 21 lanes on an Illumina GAIIx 
platform. Over 573 million short-reads were produced, with 106 million reads generated as paired-end sequence (average 
length of all reads was 67.8 bp). These short-reads were used to generate a CLC Genomics Workbench (version 5.5) de novo 
assembly having greater than 66x coverage of the striped bass genome. The Illumina short-read assembly was then scaffolded 
using Chicago® and Dovetail™ Hi-C + HiRise™ technology. The final assembly was then refined by an additional 1.6 Gb of 
Pacific Biosciences sequence (2.8x coverage) using PBJelly in a cost-effective whole genome shotgun approach. Compared 
to the initial 569 Mb Illumina short-read assembly, the final 598 Mb striped bass genome assembly reduced assembly scaffold 
number by 75-fold and increased scaffold N50 by 1284-fold. Analysis of Benchmarking Universal Single-Copy Orthologs 
(BUSCO) indicates that 90.1% of these gene are present in the final assembly and the low number of assembly scaffolds (629), 
of which 21 contain most of the genome sequence (L90 = 21 scaffolds) is consistent with a haploid chromosome number of 24 
for striped bass. Ab-initio and evidence-based gene predictions performed using the MAKER Annotation Pipeline identified 
27,485 coding genes for striped bass and these data are hosted at https://appliedecology.cals.ncsu.edu/striped-bass-genome-
project/. Striped bass and other fish genomes provide powerful resources for selective breeding of sustainable aquaculture 
species, as well as enhance studies of fish biology and evolution. 
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What limits aquaculture sales potential?  The myth that wild seafood is always better than farmed.  Two of the most prevailing 
myths are that the quality and nutritional value of wild fish is superior to aquaculture raised fish.  The world needs more fish 
to feed a growing population and increased demand for protein in diets.  According to United Nations Food and Agriculture 
Organization (UNFAO), 62% to 70% of the world’s seafood will come from aquaculture by 2030, up from 50% today. Objective 
facts are needed to determine the most efficient and healthy proteins for our growing population.  The objective of this study 
was to look at two metrics (quality and nutrition) and compare them between wild caught and farmed fish.  Quality was 
measured using bioelectrical impedance analysis (BIA) and total bacterial plate count throughout the supply chain. Nutritional 
comparisons were from literature and personal communication with food science professionals.  Results indicated that farmed 
fish had higher quality scores and longer shelf life at all three supply chain levels. (Figure 1).  Initial literature review and 
personal communication of nutritional comparisons has indicated that there were minimal or no differences between farmed 
and wild caught fish.  Providing objective facts to buyers and consumers can debunk market myths around farm raised fish.  
Promoting these objective facts will result in higher demand for aquaculture fish and higher prices for aquaculture producers. 



52

THE ECONOMICS OF AQUACULTURE DISEASE

James L. Anderson

Institute for Sustainable Food Systems
University of Florida
Gainesville, FL 32611
James.anderson@ufl.edu

Despite disease being a highly important, if not the most important, constraint to aquaculture growth and business risk, there 
are very few rigorous studies available on the economics of diseases in aquaculture.  This presentation will review the relatively 
few studies that evaluate the economics of disease in aquaculture and discuss their limitations.  The case will be made that the 
limitations and lack of the existing studies increases uncertainty and undermines investor confidence. 
 
The second part of the presentation will look at firm-level model that evaluates the risks of economic failure resulting from 
disease under different biosecurity management systems.   The examples will focus on shrimp systems.   
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In recent years jellyfish blooms and microplastics are becoming two major headlines in global news regarding oceans’ health 
and often, implying negative impacts. They are both global environmental threats and a concern for the public well-being.
   
What if, we could transform the current existing marine litter problem into new solutions in which jellyfish could serve as a 
microplastic ‘biofilter’ and raw material for a variety of other blue-green biotechnology products? 

In this context, the aim of project “GoJelly - a gelatinous solution to plastic pollution” (2018-2021), financed by programme 
Horizon 2020 of the European Union is to use jellyfish as source of innovative solutions to combat marine litter. The project, 
coordinated by GEOMAR, Germany involves 15 partners (research institutions and private companies) and has the participation 
of the Chinese Academy of Sciences.  

A decisive milestone of GoJelly is the closing of the life cycle of several jellyfish species in captivity. Initial steps in the 
culture of Rhizostoma pulmo (Rhizostomatidae), Aurelia solida and Chrsyaora hysoscella (Semaeostomeae) are underway at 
the Madeira Oceanic Observatory (OOM) laboratories, Madeira Island, Portugal. Improving biological and ecological data of 
the species, in combination with oceanographic data is crucial to predict blooms and for the development of sustainable jellyfish 
fisheries. Moreover, the culture of these species will make jellyfish available, at any time, for the teams involved in the different 
scientific and technical tasks to evaluate the several uses of jellyfish namely, as organic fertilizer, raw materials for aquafeeds, 
new food for human consumption, cosmetic and nutraceutical products, the development of a filter to retain microplastics in 
wastewater treatment plants and also, for educational and other communication purposes.

Finally, this project is employing a transnational, multidisciplinary and integrated approach involving pioneer research but also 
the participation of key stakeholders to succeed in the control of jellyfish as pests and to transform it into goods and trap aquatic 
microplastics.  
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Many studies that have examined the interactions between farmed fish and wild fish have focused on the problems associated 
with escapes, genetics and disease. Historically, these topics were (and in some ways have remained) a source of great concern 
with respect to salmon aquaculture and the fear of the biological/ecological and genetic damage associated with escaped fish and 
pathogens from the farms. Whereas some of the interactions among farmed and wild biota involve finfish on “both sides of the 
nets”, many more involve other biota. Globally speaking, marine aquaculture consists almost exclusively of “mono-culture”, 
i.e. only one species is cultivated in net cages or pens. However, when we examine the environment around practically any 
aquaculture facility (e.g. finfish net pens), we inevitably see other biota, including bivalves, macroalgae, suspension and detritus 
feeders. The biological communities associated with aquaculture were one of the early inspirations for Integrated MultiTrophic 
Aquaculture (IMTA); the natural breeding grounds for such consortia. Large surface areas (aquaculture infrastructure) and 
dynamic biological activity (high production rates and nutrient turnover) are ideal settings for the development of biota, very 
similar in many ways to natural reefs. Among the biota observed in the past in association with seabream fish farms in the Gulf 
of Aqaba, we recorded numerous species of coral-reef finfish, rabbitfish, grey mullets, horse-mackarel, mahi-mahi, barracudas 
and sharks; corals, sponges, tunicates, numerous other invertebrates and many species of macroalgae. The presence of this large 
spectrum of wild organisms growing in tandem adjacent to the aquaculture structures is evidence of their suitability for multi-
trophic aquaculture. The opportunities for integrated aquaculture are numerous and varied and this presentation will explore 
some of these combinations by revisiting and considering previously documented wild-farmed interactions and the criteria that 
will determine whether or not they may succeed. 
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The rate of predation by Tarpon atlanticus on tilapia fingerlings was investigated in two glass aquaria (1.2m x 0.6m x 0.5m) 
and four 1m3 cages.  One hundred tilapia measuring 5.3 –7.8cm total length and 4.10 – 8.33g body weight, were stocked in 
each glass aquarium and cage.  A single tarpon (32.8 – 35.3cm total length and 288.37 – 393.60g body weight) was introduced 
into each of the glass aquarium and cage.  The number of tilapia prey consumed daily by T. atlanticus was recorded and 
replaced daily to maintain the original number. The experiment was carried out for 14 days. The tilapia prey consumed by T. 
atlanticus ranged from 48.2 to 49% in the glass tanks and 49.2 to 51.9% in the cages. The daily predation pressure ranged from 
6.9 – 7.4 fish/day. The result of the experiment indicated heavy predation of tarpon on tilapia. The data obtained is very useful 
in controlling over reproduction of tilapia in mixed sex culture as well as calculating stocking ratios of tarpon and tilapia in 
polyculture systems. 
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Some cultivation strategies have been recommended, such as Biofloc, RAS and polyculture in the shrimp industry, although 
these are accompanied by good practices by producers, the impact of shrimp farming will be lower each time, transforming it 
into an activity sustainable, with benefits for both those engaged in the activity and the society that is adjacent to the production 
areas with this work aims to obtain information that can help to help good management practices in sustainable shrimp farming. 
The type of food and the feeding strategies are two of the most important aspects to take into account in this context. The 
uneaten food is probably the main source of contamination of aquaculture ponds as well as the effluent receiving systems 
(Montera 2013). The trial of 65 days and 400 shrimp/m2 were stocked and the treatments were as follows: Treatment stopped 
feeding one ration at day, treatment no feeding 2 ration at day, Treatment stop a full day and Treatment 4 the 100 % of the ration 
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Pomacea maculata is a highly destructive invasive ampullariid snail.  This freshwater animal utilizes bimodal breathing, via 
gills and a vascularized air sac which acts as both a buoyancy organ and a true lung.  The bimodal respiratory regime of P. 
maculata contributes to the ability of the animal to undergo aestivation during desiccation events for several months.  The role 
of Hemocyanin, the hemolymph oxygen binding protein is yet to be assessed for its physiological implications to the respiratory 
capabilities of P. maculata.  In this study, hemocyanin oxygen binding affinity will be assessed utilizing the tonometry technique 
as described by Benesch, Macduff, and Benesch (1965), and Mangum and Lykkeboe (1979).  Modifications of oxygen binding 
affinity will be assessed under the parameters of temperature and pH, in addition to any potential allosteric effectors.  The use 
of SDS-PAGE and the molar extinction coefficients of Nickerson and Van Holde (1971) will be utilized to determine molecular 
weight and concentration in hemolymph respectively.  
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White Feces Syndrome (WFS) is being called to the presence of floating white fecal string in ponds rearing shrimp (Penaeus 
vannamei) in SE Asian countries. The syndrome is found to be associated with several pathogens but primarily Enterocytozoon 
hepatopenaei (EHP) due to the fact that regions in SE Asia where EHP has been reported WFS was found to be quite prevalent 
as well. Coincidentally, EHP is an emerging pathogen that affects mainly cultured shrimp P. vannamei in several SE Asian 
countries including Indonesia, Vietnam, China, Thailand, India and Malaysia. In the western hemisphere, in 2016 we reported 
the presence of EHP /EHP-like pathogen in farmed shrimp. EHP replicates within the cytoplasmic area of the tubule epithelial 
cells in the hepatopancreas. Infected shrimp exhibit reduced feeding and severely retarded growth. In this study, we describe 
the first case of white feces in areas where we previously reported the presence of EHP-infected Penaeus vannamei cultured 
in Latin America. The white feces strings and the shrimp displaying white feces along the gastro-intestinal tract are similar to 
those found in some SE Asian countries where WFS are present in EHP endemic regions.

The finding of WFS in farmed shrimp in the western hemisphere is important since it could be used as a predictor of the 
presence of EHP. In addition, it will help to elucidate the strong association between EHP/ EHP-like agent with the occurrence 
of white feces. As infection with EHP at early stages does not exhibit obvious clinical signs, shrimp cultured within the region 
should be monitored closely for the presence of EHP & white feces.
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The research was conducted to evaluate the various health hazards encountered by fish sellers in Makurdi on the various 
traditional and commonly used methods of fish preservation using structured questionnaire. There were 150 fish sellers including 
146 women and 04 men involved in the fish preservation methods.  Study showed smoking method contributed up to 94.7% of 
the health hazards with swelling or redness of the eyes (about 80.67%) being the most preponderant among fish sellers. Other 
hazards includes: Asthma (10.67) oil/fire burns (5.33) and cough (3.33). It was observed that respondents using natural methods 
of fish preservation such as sun-drying encountered no health hazards resulting from wood smoke however they process 
smaller fishes such as clupeids and shrimps species. The research also showed that modern methods of fish preservation such as 
refrigeration, use of ice blocks and modern electric or gas smoking kilns are less associated with health hazards but more capital 
intensive. Recommendations were suggested to improve hygiene, living conditions and the fish seller’s financial capacity. 
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Nowadays it is well accepted that the community of microbes occupying the gastrointestinal (GI) tract of vertebrates (gut 
microbiome) plays a critical role in host development, physiology, and health. One of the main reasons for studying the gut 
microbiome in fishes is the idea that those communities can be modified to improve host health. A prerequisite to this approach 
is the characterization of the gut microbiome of the species of interest. Many factors contribute to the composition of the gut 
microbiome in vertebrates including host genetics, environment, and nutrition among others. Discovering a core microbiome, 
i.e. members of the microbial community present in all individuals of a species, has been a primary goal for many researchers 
interested in understanding gut microbial communities. Our group has been studying the gut microbiome of channel catfish 
(Ictalurus punctatus) for several years in order not only to identify its core microbiome but also to characterize how the gut 
microbial community assemblies during ontogenesis. Channel catfish (Ictalurus punctatus) is the top farmed raised fish in 
United States with a production of more than 750 million pounds per year. The demand for farmed catfish is strong and growing 
worldwide. However, the US catfish industry faces losses during the entire commercial cycle due primarily to infectious 
diseases. In many cases, bacterial diseases affecting channel catfish are common opportunistic pathogens that fail to cause 
disease in healthy hosts. In order to elucidate if fish rearing under intensive conditions displayed an altered gut microbiome, we 
performed a series of studies that assessed changes in the gut microbiome of fish exposed to medicated feed, vaccination, and 
mechanical injury. We utilized High throughput Illumina MiSeq of the 16S rRNA V4 region to characterize the gut microbiome. 

Our results showed that the gut microbiome of hatchery-reared channel catfish was dominated by Firmicutes (~50% of the 
community) followed by Fuseobacteria (~25%). This differs from what we have reported previously in wild catfish in which 
>90% of their gut community was comprised of Fuseobacteria. As expected, the administration of medicated feed containing the 
antibiotic florfenicol elicited a drastic shift in the gut microbiome even after fish resumed normal feeding. The gut microbiome 
of treated fish experienced a significant decrease in diversity and an overall increase in Proteobacteria, which are typical traits 
of a dysbiotic gut. Most importantly, dysbiotic fish were more susceptible to infection by an opportunistic pathogen (Aeromonas 
hydrophila) than control groups. By contrast, vaccination practices did not have a significant effect on the gut microbiome (or 
on the skin and gill microbiomes). Finally, and this was an unexpected result, mechanical injury (adipose fin clipping) did 
produce a significant change in the gut community. The ‘gut-brain axis’ has been the subject of many studies in humans and 
mice and our results suggest that a similar pathway exists in channel catfish by which the gut microbiome can sense and react 
to external stimuli or assaults not directly infringed upon the gut microbiome. 



61

1260
TRANSPOSABLE ELEMENTS, HORIZONTAL TRANSFER, AND EPIGENETICS IN NON-
MODEL AQUATIC INVERTEBRATES

Irina R. Arkhipova*, Fernando Rodriguez, Irina A. Yushenova

Josephine Bay Paul Center for Comparative Molecular Biology and Evolution
Marine Biological Laboratory, Woods Hole, MA 02543, USA
iarkhipova@mbl.edu

The interest in epigenetics in recent years has risen dramatically as a natural extension of eukaryotic genetics in the post-
genomic era. Histone modifications, DNA methylation, and small RNA-based silencing open the ways for modulating gene 
expression upon changing environmental conditions without any changes in the underlying genetic code, and may offer the 
opportunities for feedback from the environment that may affect the organismal phenotype. Furthermore, advances in long-
read sequencing technologies are making it possible to uncover genetic and epigenetic information simultaneously, merging 
the fields of environmental genomics and epigenomics. Aquatic organisms occupy a special place in environmental genomic 
studies, and the genetic and epigenetic profiles of numerous fish, mollusc, crustacean, echinoderm and coral species are 
gradually being deciphered.

Our laboratory is investigating bdelloid rotifers, small freshwater invertebrates known for their ability to reproduce clonally 
and to acquire genetic material from non-metazoan sources via horizontal transfer. Marine rotifers of the class Monogononta 
are widely used in aquaculture as fish food, while freshwater species of the class Bdelloidea often inhabit ephemerally aquatic 
habitats subjecting them to frequent cycles of desiccation and rehydration. Bdelloid genomes are unusual in having 8-12% of their 
coding sequences originated from non-metazoan, mostly bacterial, sources. Moreover, only 3-4% of the genome corresponds 
to transposable elements (TEs), an unusually low fraction for a eukaryote. TE content is apparently being kept at a very low 
level by a multi-layered genome defense system. One of its components is represented by the greatly expanded machinery for 
RNA-mediated silencing, which ensures production of pi-like RNAs leading to repression of TEs and genes of foreign origin. 
Recently, we discovered that bdelloids lack the typical eukaryotic Dnmt-like genes responsible for methylation of cytosines 
at the 5th carbon position, but instead have evolved an unusual epigenetic system mediated by an amino-methyltransferase 
horizontally transferred from bacteria, where similar enzymes serve as components of restriction-modification systems. This 
methyltransferase was cloned and expressed in bacteria, and its enzymatic activity was demonstrated in vivo and in vitro. Further, 
we have applied PacBio SMRT-seq, IP-seq, ChIP-seq, and RNA-seq technologies to detect non-canonical base modifications 
in bdelloid genomic DNA and to analyze their distribution and activity status over annotated genomic features such as genes 
and TEs. The most densely modified regions correspond to TEs and tandem repeats, are transcriptionally silenced, and are 
associated with H3K9 and H3K27 histone modifications involved in establishment of silent chromatin configurations. Our 
results expand the known repertoire of eukaryotic base modifications and highlight the role of horizontal gene transfer as an 
important driver of evolutionary innovation in eukaryotes.
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Giant clams (genus Tridacna) are the largest living bivalves and are ecologically important members of Indo-Pacific reefs. 
Several species exhibit the remarkable ability to bore fully into coral skeletons and are major agents in reef bioerosion. 
The mechanisms facilitating boring in these species however, have remained unresolved. Although acid secretion has been 
implicated, early failures to detect acidification signals led to hypotheses involving other mechanisms such as shell rasping and 
calcium-chelation. 

Here, we definitively addressed the question of acid secretion in the boring giant clam, Tridacna crocea. Using novel 2D-imaging 
optode technology and manipulating clams so that they press their pedal mantle against pH-sensitive foils, we show this organ 
is able to acidify the contact surface to at least 3 pH units below seawater (Figure 1A). Further, we demonstrate that vacuolar-
type H+-ATPase (VHA), a H+-transporter implicated in acid secretion in other epithelia, is highly abundant within this tissue and 
localized in the apical membrane of cells in contact with coral skeletons (Figure 1B). Similar localization patterns of VHA have 
been demonstrated in human osteoclasts and in Osedax worms suggesting that active H+-secretion by VHA may be a common 
mechanism for dissolving carbonate substrates, an exciting example of convergent evolution. Our identification of VHA in 
giant clams and demonstration that bored surfaces are chemically acidified rather than mechanically rasped solves a decades 
old mystery and sets the stage for a greatly improved understanding of both the cause and fate of eroded reef carbonates.
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Energy demands associated to maintenance and growth are satisfied through food supply, whence the importance of establishing 
optimal nutritional conditions for culture purposes. Most studies dealing with nutrition in bivalve mollusks have focused on 
either food ration or the identification of specific nutritional requirements, while the effect of dietary C/N ratio as representative 
of the balance between energy and N have received comparatively less attention. On the other hand, endogenously generated 
variability in energy demands, such as reported in inter-individual and inter-familiar growth rate comparisons, is supposed to 
have profound effects on nutritional requirements. In this study, we assessed the specific effect of dietary C/N index on growth 
performance of clams (Ruditapes philippinarum). To this end, juvenile clams (seeds) belonging to two different families were 
size-segregated to constitute two groups of fast and slow growers inside each family. The resulting four groups were fed 
the microalgae Rhodomonas lens in either exponential (low C/N index) or stationary (high C/N index) growth phase, while 
acute and chronic response to diets on physiological components of the scope for growth (SFG) were determined. In general, 
physiological response of clams to improved nutritional conditions (N enriched diets) tends to maximize growth performance 
by enhancing filtration rates and absorption efficiencies, which results in increased SFG (Fig. 1). Faster growing seeds resulting 
from both inter and intra-family segregations were additionally benefited from higher gill efficiency and a faster response 
in the acute change of dietary conditions. In summary, diets of high N content are best suited for culture purposes, growth 
performance on these diets being greatly increased through the positive physiological response of clams to N enrichment. On 
the other hand, selection for growth through the constitution of differentiated families or growth groups appear to enhance traits 
related to a better exploitation of improved nutritional conditions (e.g. dietary N enrichment) based on increasing the amplitude 
and speed of the physiological response. 
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During that last three decades, seafood consumption patterns have changed significantly in the U.S. In this paper we investigate 
import and per capita consumption data to shed light on this development. The most salient factors with the U.S. market are that 
per capita consumption has been relatively stable since 1990, as had domestic landings. U.S. aquaculture production has never 
made up more than about 15% of landings and are in 2015 less than 10%, and are accordingly not very important. However, 
due to population growth the total market size has increased. U.S. is now the world´s largest importer of fish and more than 90% 
of seafood consumption is imported.

The most interesting aspect of this development is the fact the species composition of what is consumed has changed 
dramatically and in favor of species primarily provided from aquaculture. Shrimp and salmon has overtaken canned tune as the 
most consumed species, and the top five list is rounded of with tilapia and pangasius/catfish. As important, the share of the top 
5 species has been increasing from 62% in 1990 to 74% in 2016, and with a peak so far of 78% in 2013. In this paper we will 
provide and closer analysis of factors creating this development, and discuss future trends.  
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Increasing the supply of safe, sustainably produced domestic seafood is a priority for NOAA and the Department of Commerce. 
The Ventura Shellfish Enterprise (VSE) is a multi-stakeholder initiative that seeks to permit and manage a commercial bivalve 
shellfish aquaculture operation consistent with this objective. Globally, bivalve shellfish culture has been very successful in 
producing high value seafood with limited environmental impacts.  However, the current complexities and costs associated 
with the aquaculture permitting process represent a significant barrier to expansion of the industry.  The VSE seeks to address 
several regulatory and planning challenges that effectively limit the development of domestic marine shellfish culture.  

The objectives of this project are to: 
• Develop a technically sound strategy to successfully obtain government entitlements necessary to establish twenty 100-acre 
aquaculture permits in federal waters of the Santa Barbara Channel, proximate to Ventura Harbor; 
• Implement this strategy and obtain the necessary permits and entitlements, and complete associated environmental review 
documents;
• Develop an effective monitoring and reporting program to monitor environmental impacts and evaluate project progress;
• Collaborate with NOAA and the Food and Drug Administration (FDA) to ensure future landed product has a pathway 
for compliance with the National Shellfish Sanitation Program (NSSP) and Seafood Sanitation Inspection Program (SSIP) 
guidelines for shellfish grown in federal waters; and
• Prepare grower/producers for successful farming of the growing areas through business planning, training, and technology 
transfer.

When fully operational, the project is anticipated to provide up to 20 million pounds per year of Mediterranean mussels 
(Mytilus galloprovincialis) that will be landed in Ventura Harbor.  This presentation will provide a broad overview of the VSE, 
explain the need for the diversification of the commercial fishing fleet within Ventura Harbor, explore the role of commercial 
harbors in supporting sustainable commercial aquaculture, and explain the project challenges that have been identified and 
overcome to date.
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Channeled whelk (Busycotypus canaliculatus Linnaeus, 1758) are predatory marine gastropods that are found in intertidal 
regions of the continental slope along the U.S. Atlantic coast from Cape Cod, MA to Cape Canaveral, FL.  Channeled whelk 
lack a pelagic larval stage and instead develop directly into a free crawling benthic form. They are an economically important 
species that supports a commercial conch fishery along the Atlantic coast of the United States, with an estimated ex-vessel 
value of $721,000 in 2016. The age and growth of channeled whelk vary regionally with the oldest recorded age at 14 years. 
Channeled whelk reach sexual maturity between ages 5-7 in the mid-Atlantic and 8-10 in Massachusetts. Females are larger 
than males and reach sexual maturity at 149-159 millimeters (mm) shell length (SL) as compared to 121-134 mm SL in males. 
The life history characteristics of channeled whelk including slow growth, late maturation, and direct development make them 
vulnerable to overexploitation.

Currently, the channeled whelk resource is managed at the state level in the mid-Atlantic region and minimum landing size 
(MLS) varies by state (Figure 1). The current MLS is 127 mm in New Jersey, 152.4 mm in Maryland and Delaware, and 139.7 
mm in Virginia. Female channeled whelk harvested in Virginia and New Jersey have a low probability of being sexually mature; 
channeled whelk in Virginia are estimated to enter the fishery 2 years before maturity. In 2018 Massachusetts performed the 
first stock assessment for channeled whelk. The current age at MLS for female whelk in Massachusetts is 7.5 years, still below 
the average age of sexual maturity in that region. This assessment concluded that channeled whelk populations in Nantucket 
Sound are likely overfished and overfishing is occurring. Despite management efforts, channeled whelk remain a data poor 
species. The purpose of this research is to investigate the population genetic structure of channeled whelk sampled from across 
the species range. We used high throughput shotgun sequencing to identify microsatellite markers for channeled whelk. These 
markers are being used to delineate the genetic structure of channeled whelk along the U.S. East Coast. We are also using 
finer scale sampling to assess the realized dispersal of channeled whelk in the mid-Atlantic region. The results of this study 
will be discussed relative to appropriate scaling for management of the channeled whelk resource, which is threatened due to 
overharvest and removal of whelk before they are sexually mature. 
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Two strains of zebrafish larvae, red (GloFish®) and wild type were stocked randomly in duplicate at densities of 33-38 fish*L-1 
and 23-30 fish*L-1 for each strain respectively in a static system of 3 L containers with 3-4 ppt saline water after complete 
absorption of the yolk sac. First food was provided on either the 5th or 8th day post-fertilization (dpf). Live rotifers (Brachionus 
plicatilis) at density of 160-200/mL were provided until 13 or 16 dpf and then newly-hatched brine shrimp Artemia nauplii 
were provided until 20 or 23 dpf at density of 10/mL. Water quality (oxygen, pH, salinity, ammonia, turbidity) was monitored 
daily and tanks were siphoned before first feeding. After 16 days of feeding, fish from both treatments were collected, counted 
and then total length (mm) and weight (mg) measured. Specific growth rate (SGR, %/day) and survival rate were calculated. 

There is no significant difference in mean length in all groups regardless of strains and timing of first exogenous feeding. 
The larvae of the wild strain fed from 8 dpf showed a significantly lower mean weight (14.7±2.4 mg) and specific growth 
rate (16.9±0.7%) than those of the other groups in which fish were very similar in length, weight and specific growth rate. 
The survival rate was significantly higher in larvae of the wild strain fed from 5 dpf (44.1±5.7 %), and the lowest from 8 dpf 
(16.0±4.2 %).  Survival larvae of red strain was lower when fed from 5 dpf (21.1±0.8 %) than from 8 dpf (33.1±29.4 %). High 
levels of mortality occurred in 8dpf groups during the delaying period, before the larvae entered the feeding phase (8 dpf). 
There was very little mortality after 10 dpf. Preliminary results obtained here show that food deprivation for 8 dpf did not 
significantly affect the growth rate of red strain zebrafish larvae in comparison to 5dpf (accepted standard) whereas the opposite 
result was observed in respect to wild strain. However, in the wild strain initial feeding delayed until 8 dpf resulted in lower 
survival than in the group fed at accepted standard time of 5 dpf. Final fish density might have an effect on fish growth.
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Seaweed aquaculture provides multiple ecological and economic benefits to coastal environments including ecosystem services 
such as nutrient bioextraction, finfish habitat and diversifying working waterfronts by providing a supplemental cash crop. 
Current kelp cultivation techniques rely on wild populations of kelp for collection of reproductive material and have high 
associated nursery costs. Direct seeding has been proposed as a way of using the microscopic stages of kelp (gametophytes) 
and attaching these directly to seed string or longline to forego the nursery stage. We are cultivating the microscopic stages 
of kelp (Saccharina latissima and S. angustissima) from different populations in the Northeast Atlantic for breeding for the 
ARPA-e, (US DOE) funded program. Specifically, we are testing different methods for attachment of juvenile kelp onto ropes 
and seedstring for out-planting onto open water farms. We are currently testing a commercial application, AtSea, and our 
own calcium-alginate formulations as binding agents. Results of our lab trials that are testing formulation and drying time on 
attachment and growth of kelp blades will be presented. 

Two different out-planting methods are being tested for controlling plant density and for optimizing blade yields. One being 
the traditional way of unwinding seedstring over longline. The second is the Asian method of cutting seedstring into smaller 
sections and by splicing the string into the longlines. We will discuss the preliminary results of these techniques employed side 
by side. The results of this study have direct applications as time and cost saving and can be used for scaling up farm operations 
to commercial and industrial scales. 
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U.S. farm-raised catfish acreage increased by 2% from 24,602 hectares in 2017 to 25,035 hectares in 2018. Mississippi is 
the largest contributor to this increase with a 5% increase in 2018 (14,610 hectares). The primary factors associated with this 
increase were optimism about higher fish process in 2016 and 2017, lower feed prices, and improved production efficiencies.

American catfish producers continue to improve 
production efficiencies (Figure 1). As recently as 2009, 
gross yield was only 4,332 kg/ha. Producers were yielding 
7,501 kg/ha in 2017. Improved fish prices beginning in 
2010 allowed producers to invest in new technologies and 
procedures. The primary technologies leading to these 
increases are hybrid catfish (channel catfish Ictalurus 
punctatus females X blue catfish Ictalurus furcatus 
males) and improved production systems like intensively-
aerated small ponds and split-ponds.

Catfish processors struggle to find consistent market 
outlets for fish products derived from catfish that weigh 
over 1.8 kilograms. While large fish have always been 
a problem, their numbers have increased due to new 
production strategies, delays in harvesting, and the use of 
hybrid catfish. Processors have initiated a tiered pricing 
structure with three class sizes: “Very Small (<0.45 kg), 
“Premium” size fish (0.45 – 1.8 kg), and “Very Large” 
(>1.8 kg). For the first 3 quarters of 2018, farmers 
received an average of $0.99/kg less for fish in the 
“Premium” class range (Table 1). The loss to producers 
over this period was estimated to be $11.1 million. 

During the first 8 months of 2017, the U.S. imported 86,196 
mt of Siluriformes products. Imports of Siluriformes 
products are down 19% (69,7340 mt) over the same 
period in 2018. If this trend holds for the remaining of 
2018, 63% of the Siluriformes products consumed in the 
U.S. are imported.
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IMPACT PROJECTS, AND HOW TO BECOME INVOLVED

Jimmy L. Avery

USDA NIFA Southern Regional Aquaculture Center
Delta Research and Extension Center
Mississippi State University
Stoneville, MS 38776
Jimmy.Avery@msstate.edu

The USDA NIFA Southern Regional Aquaculture Center (SRAC) represents the southern region of the U.S. and is comprised 
of thirteen states and two territories. Mississippi State is the host institution and is housed at the Thad Cochran National 
Warmwater Aquaculture Center in Stoneville, Mississippi. Each year, SRAC sub-contracts with research and Extension teams 
to address priority aquaculture problems across the region. Although the work is being done by state institutions, the funding 
and direction is being provided by SRAC.

SRAC is made up of a Board of Directors, a Technical Committee (TC), and an Industry Advisory Council (IAC). The IAC is 
made up of one member from each of the 13 states and 2 territories and 6 at-large members nominated by the states. Each year, 
project ideas are solicited from the TC and the IAC. At our annual meeting, the IAC narrows the list to 7-10 projects. Then the 
IAC and TC come together and discuss the merits, limitations, and any previous work done in this areas. Then the Director 
and the TC meet and assign funding level and amount of time it would take to get the work done for these 7-10 projects. Once 
the IAC has this information they vote to prioritize the projects for development. It should be noted that only the IAC (all 
producers) have a vote in picking which projects are funded.

Most of the projects funded by SRAC have had significant impacts on the species and production systems in the region. Three 
recent projects have had a significant economic impact to the catfish industry. The Split-Pond Aquaculture Systems project and 
the Intensive, Pond-Based Culture Systems project ran from 2012 to 2017. These systems now account for over 15% of catfish 
acreage. As of 2017, these systems have generated an additional $168 million in catfish sales above traditional ponds. (This 
from a SRAC investment of $757,000 investment.) There have been three hybrid catfish fry production studies beginning in 
2004. Today, hybrid catfish account for 70% of production with over 275 million fry produced in 2018. It is estimated that the 
premium price paid for hybrid fingerlings has resulted in an additional $118 million in increased sales for hybrid fingerling 
producers. This does not count the improved production in growout systems. (This from a SRAC investment of $1.4 million.)

Researchers who would like to become involved in SRAC-funded projects need to respond to the annual Request for Proposals 
(RFPs). These RFPs are sent to research and Extension administrators at the 1862 and 1890 land grant institutions as well as 
non-land grant institutions with aquaculture scientists. The RFPs are also posted on the SRAC website (http://srac.msstate.edu/) 
during the period of time the call is open. Southern region producers wishing to serve on the IAC should contact the Extension 
Aquaculture Specialists in their state.
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GROWTH PERFORMANCE AND GENOTOXICITY EFFECTS OF Clarias gariepinus AT 
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This study was carried out to evaluate the use of Tetracarpidium conophorum shells on the growth performance, its genotoxic 
effects, haematological and biochemical parameters of Clarias gariepinus juveniles for a period of twelve (12) weeks. Five 
experimental diets were formulated having three replicates at 0% (control), 25% (T1), 50% (T2), 75% (T3) and 100% (T4) 
inclusion of walnut shell respectively.  The fish in tank T1 had the best weight gain with the mean of 33.5±5.8g and the least 
was recorded in tank T4. The specific growth rate was highest in tank T3 with the mean value of 0.46±0.05g was recorded. 
The highest feed intake was found in fish fed with 25% inclusion of T. conophorum. . The fish fed with T. conophorum showed 
increased haematological values of Haemoglobin, (12.05±1.63g/dL), Red blood cell, (2.785±0.28µL) and White blood cell, 
(11.25±4.59µL) compared to the values of fish fed with control diet with Red blood cell, (1.81±1.54µL) and White blood 
cell, (5.15±6.57µL). There was reduction in the haematological value of the fish fed with control feed having Haemoglobin, 
(10.75±8.13g/dL). The genotoxicity test that was carried out showed that the highest counts of micronucleus were in tank T3. A 
significant difference was recorded (p<0.05). It was concluded that using T. conophorum shells as feed for Clarias gariepinus 
enhances the growth of the fish and has no negative impact on the health status of the fish at 50% level of inclusion. Therefore 
partial replacement of feed with T. conophorum should be encouraged. 
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THE EFFECT OF EXOGENOUS ENZYME ON THE GROWTH PERFORMANCE OF Clarias 
gariepinus FINGERLINGS

T.O. Babalola* and J.B. Olasunkanmi
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The continuous increase in the price of fishmeal, coupled with its scarcity has made the development of aquafeed with reduced 
or zero inclusion of fishmeal in the diet a major focus. The diet must however, not impede with the growth performance, feed 
utilization and fish health. Among the alternative ingredients, plant ingredients have been widely studied. Most of which contain 
several antinutritional factors such as phytate, saponins, non-starch polysaccharides, lectins, glucosinolates, phytoestrogens 
and phytosterols that are not inactivated by heat or feed processing and may interfere with feed utilization and fish health. 

The use of exogenous feed enzymes will allow the dietary incorporation of plant ingredients and reduce feed cost. Presently, 
the potentials of exogenous enzymes to improve macronutrients in fish is limited to few studies. 

This study was conducted for six weeks to determine the optimum level of Fullzyme® (a multi enzyme) inclusion in the diet 
for Clarias gariepinus fingerlings based on growth performance. Four treatments each with three replications were used, the 
control diet (A) was formulated to contain 42 g/kg crude protein from fishmeal and plant ingredients. The other diets were 
made like the control but supplemented with 0.25 mg/kg, 0.50 mg/kg or 0.75 mg/kg of commercial enzyme mix: Fullzyme® in 
diets B, C and D respectively. Feed was supplied at a rate of 5% of the fish body weight. The weight gain and SGR in fish fed 
diet B was significantly (P<0.05) higher than fish in the other treatment groups. Protein efficiency ratio was not significantly 
(P>0.05) different among the dietary treatment groups. The results of this trial suggest that exogenous enzyme (Fullzyme®) 
was effective and improve the growth performance of C. gariepinus fingerlings at the inclusion level of 0.25 mg/kg. 
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OCURRENCE AND THE DISTRIBUTION OF PROTOZOAN PARASITES IN NILE TILAPIA 
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Diseases and protozoan infections have been recognized as one of the detrimental and limiting factors in the wild. No research 
has been carried out to study the occurrence of protozoan in Oreochromis niloticus L.in the wild and give such a zero parasites 
from all the selected organs in Nigeria. The aim of the Study is to examine the internal protozoan parasite of tilapia fish 
(Oreochromis niloticus) at Kweh dam, Jos South L.G.A of Plateau State, Nigeria.

A total of six hundred (600) samples of Oreochromis niloticus were investigated for internal protozoa. The fish samples 
collected in the period from (February -July 2018) from the dam the study revealed zero parasites from liver, kidney, heart, 
gilts and intestine. Fig 1: Photomicrograph of H&E stained heart (Cardiac) tissue section shows a mildly distended Ventricular 
Spongiosa (VS) component of the cardiac muscle. The Compacta (C) region of cardiac muscle and the Compacta Spongiosa 
(C-S) boundary as well as epicardial (EPC) tissues are all seen to be normal.
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EFFECTS OF FEED ADDITIVES IN A LOW FISH MEAL DIET FOR OLIVE FLOUNDER, 
Paralichthys olivaceus

Jinho Bae*1, Ali Hamidoghli1, Seonghun Won1, Kang-Woong Kim2, Bong-Joo Lee2, Sang-Woo Hur2, 
Sang-Gu Lim2, Hyon-Sob Han3 and Sungchul C. Bai1
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An eight-week feeding trial was conducted to compare the effectiveness of several functional feed additives in a low fish 
meal diet in olive flounder. Feed additives used in this experiment were selected based on their potential in low fish meal diets 
and unit contribution price for kg diet. Eight groups of fish (5.25±0.16 g, mean±SD) with three replicates were distributed in 
24 rectangular 37 L volume tanks (15 fish/tank) and fed by the eight experimental diets. A basal diet without feed additive 
supplementation was used as control (CON), other seven diets were made by adding 4g encapsulated sodium butyrate (ESB), 
158mg gamma-aminobutyric acid (GABA), 2g selenium yeast (SeY), 4g GroproTM (GPR), 1.5g yucca meal (YUM), 4g Song-
gang bio stone (SGS) and 175mg protease (PRT) per kg of the CON diet. After 8 weeks of feeding trial, weight gain and specific 
growth rate of fish fed GABA and GPR diet were significantly higher (P<0.05) than those of fish fed CON and SeY diets. But 
there were no significant differences (P>0.05) among fish fed ESB, YUM, SGS and PRT diets. Also, feed efficiency of fish 
fed GPR was significantly higher (P<0.05) than those of fish fed CON and SeY diets. But there were no significant differences 
(P>0.05) in feed efficiency among fish fed ESB, GABA, YUM, SGS and PRT diets. Other parameters such as non-specific 
immune responses, disease resistance against pathogenic bacteria, digestive enzyme activity, gene expression for growth and 
immunity factors and intestinal histology would be presented subsequently. 
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China freshwater pearl yield is the first in the world. The former Zhanjiang Fisheries College and Shanghai Fisheries College 
started to trial freshwater pearl culture in 1958; after this point, China’s freshwater pearl culture industry first gradually, and then 
rapidly, developed. China’s pearl industry has undergone one trial period and four development stages. The fourth development 
stage, since 2008, has seen vast decreasing in yield due to environmental policy and the demand for pearl quality improvement 
(Figure 1). 

China’s freshwater pearl culture industry was initiated in 
Jiangsu and Zhejiang provinces, and then gradually expanded to 
other areas. Currently, the industry is largely distributed across 
Jiangxi, Anhui, Jiangsu, Hunan, Hubei, Fujian and Zhejiang. 
Among them, Jiangxi boasts the highest yields of freshwater 
pearls; its annual output is nearly 1,000t (Figure 2).

For green development in pearl aquaculture, pearl culture model 
is adjusted recently. Traditional pearl culture needs frequent 
fertilization (organic) to facilitate phytoplankton growth. 
This results in high loads of nutrients and frequent outbreak 
of harmful algal blooms occur (especially cyanobacterial 
blooms) in mussel ponds, increasing the risk of pollution of 
the surrounding environment, becoming an obstacle to the 
sustainable development of this industry. In order to solve the 
problem, many environmentally-friendly polycultures have 
been developed. Apart from the optimization of polycultures 
of fish and mussel, other advances have included: polyculture 
of crab and mussel, polyculture of shrimp and mussel and 
polyculture of giant freshwater prawn with H. cumingii, silver 
carp and bighead carp. The industrial aquaculture has started 
trials in 2017, supplying enough mussel feed is the bottleneck 
problem.
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ECONOMIES OF SCALE FOR RECIRCULATING AQUACULTURE SYSTEMS

Laura Bailey* and Brian Vinci
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Land-based recirculating aquaculture systems (RAS) are more common in the aquaculture seafood industry. However, a major 
obstacle to implementing RAS is the high capital cost. The purpose of this study was to analyze the capital cost of land-based 
RAS for Atlantic salmon at various production levels and determine the impact of project scale on capital cost. Concept-level 
engineering designs were developed for different RAS configurations to produce Atlantic salmon at various levels: 1,000 tonnes 
HOG, 2,000 tonnes HOG, and 3,000 tonnes HOG and for each production level concept designs were developed for six cohorts 
per year and four cohorts per year.  Bioplanning, which includes predicting fish growth at each life-stage and determining 
all locations and movements of fish throughout the production cycle, was developed for all scenarios prior to engineering 
design and costing. The Concept-level designs were then used to develop capital cost estimates based on construction industry 
standard data (e.g., RS Means) and prices provided by established vendors.  The cost estimates were broken down to determine 
the factors that have the biggest impact on the capital cost and which factors are impacted by scalability.  Factors include 
both facility-level elements (e.g., pump stations, buildings) and component-level elements (e.g., concrete, fiberglass). The 
identification of factors that could be improved to reduce capital cost will be discussed. 

A REVIEW ON NUTRITIONAL RESEARCHES OF OLIVE FLOUNDER paralichthys olivaceus

Sungchul C. Bai*,1, Ali Hamidoghli1, Seonghun Won1, Jinho Bae1, Wonsuk Choi1 and Jin-Hyung Yoo2

1Department of Marine Bio-materials and Aquaculture/ Feeds and Foods Nutrition Research Center
Pukyong National University, Busan 48513, Republic of Korea
2 Korea Aquatic Life Research Cooperative, Busan 46290, Korea
scbai@pknu.ac.kr

Olive founder, Paralichthys olivaceus, is the most cultured fish species in Korea with more than 41 thousand tons of production 
in 2017. This carnivorous marine species has great commercial importance in Korean aquaculture, but further development of 
olive flounder aquaculture is facing several challenges. Almost 80% of the domestic flounder farmers use moist diets in flow 
through systems which can lead to the environmental problems. Also, excessive use of antibiotics is another major problem in 
flounder aquaculture causing bacterial resistance strains. On the other hand, formulated diets utilize high amounts of fish meal 
resulting in high feed prices. In order to overcome these challenges, understanding of the nutritional requirements of olive 
flounder is required to develop proper commercial diets. Reducing the need for antibiotics can be obtained by the application 
of immunostimulants such as probiotics and prebiotics in the diet. Also, replacement of fish meal in the formulated diets with 
sustainable plant proteins or by-products can reduce the feed prices. These approaches could convince the farmers to use 
extruded pellets instead of moist pellets. The nutritional research in this species could assist feed manufacturers and farmers to 
reach a more sustainable olive flounder aquaculture industry in the future.  
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This study was carried out to evaluate the growth response, nutrient utilization and body composition of hybrid catfish Hetero-
clarias (Clarias gariepinus×Heterobranchus longifilis) fingerlings fed with varying inclusion levels of two blended insect 
meals (Dung beetle larvae meal (BDM) and Zonocerus variegatus (ZVM) meal) for 70 days. Five isonitrogenous diets were 
formulated from practical ingredients to contain 40% crude protein and 9.5% lipid with 0-60% inclusion of the two blended 
insect meals at the same ratio but at different graded levels to replace Clupeid (Sierrathrissa leonensis) fishmeal. The diets were 
designated as D1 (0%), D2 (5% DBM and 5% ZVM), D3 (10% DBM and 10% ZVM), D4 (20% DBM and 20% ZVM) and D5 
(30% DBM and 30% ZVM). Each treatment had three replicates, randomly assigned among 15 net hapas (0.5 m × 0.5 m × 1 
m) suspended in three outdoor concrete tanks (8 m×5 m×1.5 m). The concrete tanks were filled to 5/6 of their volume (40 m3) 
with filtered and dechlorinated tap water, and 20 fish with an initial average weight of 2.55±0.14 g were stocked in each hapa. 
Water temperature and other water quality parameters were monitored daily and 10 liters of dechlorinated water were added 
weekly to compensate for evaporation.  Fish were fed 3 times per day at 5% body weight.

The result showed that fish fed D4 had significantly (P<0.05) greater final body weight (FBW) and percentage weight gain 
(WG), closely followed by fish fed D3 which was significantly higher than fish fed D5, but not significantly different from those 
fed D1 and D2 (Fig. 1). There was no significant difference in the percentage of survival among all the fish fed the experimental 
diets. The total feed in take (TFI), feed efficiency (FE), protein efficiency ratio (PER), and protein retention (PR) of the fish 
fed experimental diets followed the same pattern as weight gain, except for fish fed D4 which was significantly higher than 
all other experimental diets which were similar to each other. The proximate composition results revealed that carcass lipid 
increased with the proportional increase in the inclusion level of the two blended insect meals in the diet. It could be concluded 
that 20% proportional inclusion of both the two insect meals improved growth performance and nutrient utilization of hybrid 
catfish without any adverse effect on their health status, suggesting that the blend of these two insect meals could be a suitable 
ingredient in the diet of hybrid catfish. 
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In the fall of 2017 and winter of 2017/2018, Wells Fish Hatchery experienced unusually high pre-spawning mortality (upwards 
of 15%) in each of its summer Chinook (Oncorhynchus tshawytscha) and summer steelhead (Oncorhynchus mykiss) salmon 
broodstock populations due to Flavobacterium columnare (the causative agent of columnaris disease).  Diquat dibromide 
(Reward®), an aquatic herbide available for use through AADAP’s Investigational New Animal Drug (INAD) program, was 
considered as a treatment option because of its reported efficacy against external flavobacteriosis in freshwater-reared finfish 
and higher margin of safety compared to other oxidizing chemicals. Because of its cost prohibitive price-tag, information 
regarding its successful use in salmonid hatcheries within the state of Washington was limited. The promising outcome of our 
experimentation with Reward® prompted the exclusive use of this product for treatment of summer Chinook for columnaris 
disease in the fall of 2018, this time before the progression of clinical symptoms had induced substantial morbidity. A 
summarization of the outcome of our treatments, general findings, and management considerations is offered to facilitate the 
discussion of control methods for this pathogen among fish health professionals.
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Tilapia is one of the most cultivated fish in the world, but the low availability of freshwater for aquaculture is one of the main 
problems for its expansion. Although its cultivation in salt water and biofloc could be viable alternatives, scientific studies 
should to be done to know their physiology adaptation at different conditions and challenges. Also, there are few established 
blood parameter to follow up unknown physiological imbalances due to environmental conditions. Our main goal was to study 
the blood physiology of juveniles of red tilapia cultivated in sea water with biofloc and probiotics.

Red tilapia (6.7 ±0.5 g initial weight) was cultured in outdoor tanks of 350L for 49 days into 2 densities (114 and 228 fish per 
m3), each one with 2 different conditions: Clear water (C) and biofloc with probiotics (BP). All treatments were in sea water 
(30.6 g/L of average salinity) by triplicate. Fish were fed daily with a commercial diet (32% protein) at 5% of the weight 
biomass. At the end of experiment, 8 blood samples were collected from each tank for Red Cell Indices (MCV, MCH and 
MCHC) and plasma analysis. Percent data of the blood were previously transformed to arcsin of square-root from variable to 
comply with the assumptions of normality and homoscedasticity. An ANOVA of two ways was performed to determine main 
effects and significant interaction between densities and the different conditions (C and BP). The data were analyzed by SPSS 
19.

Results from two way ANOVA analysis showed that the conditions as well as interaction have the main effect on MCH and 
MCHC (table 1); while plasma variables show to be significantly influenced by Interaction of factors (table 2). Red cell indices 
are valuable in the morphologic classification of anemias, however, high levels of TP, but not AL, may be related a generalized 
immune response due the high organic load in the high density without biofloc and probiotic.

Conclusion: Interaction was the main factor which influenced red tilapia blood and plasma biochemistry; so in high density of 
fish, the system of biofloc with probiotic show to improve the blood physiology of the fish.
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To understand the mechanisms associated with susceptibility of Penaeus (Litopenaeus) vannamei to bacterial and viral diseases, 
a broodstock of the first specific pathogen-free (SPF) L. vannamei domesticated by the breeding program of the USMSFP in 
1992 was subject to a pilot whole genome sequencing using HMW DNA made for a BAC library that was ideal for making 
20Kb PacBio SMRTCell libraries and running on the Pacific Bioscience RSII platform with P5 chemistry. 453,089 subreads 
were generated from 89,716 genome loci, totaling 1.2 Gb sequences, roughly amounting ~424 Mb genomic sequence (~1/7 of 
the genome).

More than 330 diverse repetitive families, including 113 DNA tansposons, 94 LTR retrotransposons, 75 Non-LTR retrotransposons, 
17 satellite sequence, and some 27 unclassified repeats were found. Remarkably, a family of White Spot Syndrome Virus 
(WSSV)-like sequences is identified, named as DNAV-1_LVa. The genome of DNAV-1_LVa is ~279-kb, supported by 3-6 
copies throughout the whole length, all flanked by the putative telomeric (GGTTA)n. Consequently, ~0.39% of the whole 
shrimp genome consist of DNAV-1_LVa. Due to the low accuracy of the sequence, 66 hypothetic ORFs were first recognized. 
15 are significantly homologous to WSSV of shrimp (NC_003225.3) and 6 other ORFs show marginal similarity. Our putative 
telomeric repeat, first localized by X. Guo and J. Wang from Rutgers University (Alcivar-Warren et al. Marine Biotechnology 
2006) is confirmed (GGTTA) in the recently published de novo reference genome assembly (accession PRJNA438564, WGS 
QCYY00000000) from P. vannamei cultured in Hainan, China in 2014, using both PacBio and Ilumina HiSeq sequencing 
technologies (Zhang et al. 2018).

The shrimp genome exhibits high abundance of repetitive sequences: at least 55% of the genome is estimated transposons 
and other repetitive sequences. Identification of a large fossil WSSV-like DNA virus in large quantity in shrimp genome not 
only reveals one unidentified lineage of WSSV, consistent with previous reports of fossilized relatives of WSSV in decapod 
crustacean genomes, it also provides a model for studying the mutual relationship between host and pathogen.
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The Gulf of Mexico accounts for 23% of all farmed shellfish (oysters and clams) produced in the United States.  There is 
tremendous potential for expansion of this segment of the aquaculture industry throughout the Gulf, which in turn would 
greatly benefit coastal communities from both economic and environmental perspectives.  Industry growth and advancements 
in production are dependent on adequate funding for research and development.  To date, however, research funding for 
aquaculture has lagged far behind that allocated for agriculture. 

The Gulf Shellfish Institute (GSI) is a Florida non-profit (501c3) organization established by local shellfish producers and 
a restaurateur who recognized the importance and potential for sustainable seafood production and the need for obtaining 
research funding to support that effort.  The mission of GSI is to facilitate, support and encourage increased production of 
shellfish in Florida and the Gulf region for both economic and environmental benefit through cooperative, industry-driven 
research and outreach.  GSI believes that high quality seafood produced in an environmentally sustainable fashion can boost 
coastal economies, preserve and strengthen working waterfronts, improve coastal water quality and habitats and encourage the 
development of a domestic aquaculture industry capable of reducing existing trade deficits.
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The southern quahog, Mercenaria campechiensis, is endemic to southwest Florida, but once plentiful commercial populations 
are now depleted.  Harvest of wild clams has been replaced by clam aquaculture ($19.6 million in 2013), but is based on the 
northern quahog, M. mercenaria.  

Introductions of M. mercenaria to the Florida west coast have resulted in local populations comprised of both species and their 
hybrids.

We are engaging in several projects that involve restoration of native clam populations to benefit coastal water quality and 
seagrass habitat in southwest Florida.  In addition, we are undertaking a comparison of growth and survival of both species 
for commercial production.  Thus we want to insure that the clams being produced for these efforts are, in fact, native M. 
campechiensis before introducing them into local waters.

Morphological characteristics (shell ridges and coloration) alone are unreliable for differentiating between the species.  Early 
genotyping was based on allozyme electrophoresis, a method no longer in wide use.  More recent studies used mitochondrial 
16S (mt16S) rDNA genes to distinguish M. campechiensis from M. mercenaria, and was the approach used in this study to 
locate potential sources of M. campechiensis broodstock.  To date, sequenced portions of the mt16S genes from clams collected 
from wild populations and obtained from growers has revealed seven distinct haplotypes, four of which are 100% matches to 
previously identified M. campechiensis texana or M. mercenaria sequences and three of which are novel M. campechiensis 
haplotypes.  Phylogenetic analyses of all available mt16S sequences support the results of Ó Foighil et al. (1996), who found 
mt16S sequences sort to a polytomy of one M. mercenaria and two M. campechiensis clades.
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Kelp aquaculture is a growing industry in Maine due to it being a low maintenance crop and a nutritious, versatile sea vegetable. 
The US Food and Drug Administration (FDA), which monitors food and crop safety, currently has no growing or harvesting 
restrictions on sea vegetable aquaculture. Bacterial pathogens may persist in waters where kelp farms are sited and contaminate 
kelp grown for human consumption. These pathogens include bacteria of human and animal origins, such as intestinal bacteria 
from point or non-point anthropogenic or natural sources, and pathogens of aquatic origin, such as Vibrio which naturally 
inhabit coastal ocean waters. The FDA prohibits bivalve aquaculture in some coastal areas due to bacterial contamination of 
growing waters, but kelp’s winter farming season, lack of filter feeding, and suggested antibacterial properties call into question 
whether bivalve regulations are appropriate for kelp. 

Little is known about the microbial communities associated with kelp in New England or the abundance of pathogens within 
these communities. This research aims to evaluate bacterial contamination of farmed kelp tissue and identify the relationship 
between water quality and kelp harvested from nearshore waters. Sugar kelp, surface water, and water at 2 m depth were 
sampled from kelp farms in Saco and Casco Bays, Maine during February-May 2018. Vibrio parahaemolyticus, V. alginolyticus 
and/or V. cholerae, total coliforms, and Escherichia coli were enumerated from the kelp and water samples through membrane 
filtration and plating onto selective media. qPCR analysis with microbiologically-enriched kelp samples was utilized to improve 
detection of V. parahaemolyticus in addition to enterohemorrhagic E. coli (EHEC) and Salmonella enterica Typhimurium. 

Minimal or no pathogens were present on kelp and were often in lower abundance on kelp than in water, suggesting that kelp 
tissue should be sampled directly. Fecal coliform counts on most dates were below the threshold set for bivalve harvest. Bacterial 
abundance did not vary significantly between sampling sites or dates, other than for V. parahaemolyticus on kelp between sites. 
qPCR analysis detected V. parahaemolyticus and EHEC on some dates. 16s rDNA sequencing of Vibrio colonies isolated from 
plates also proved useful for further validation of the species present on plates. This work provides preliminary data needed to 
inform best management practices for kelp aquaculture and to help mitigate public health concerns with consumption of sea 
vegetables. Importantly, it also establishes methods for the detection of human pathogens on kelp tissue. 
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Ocean acidification (OA) has gained significant recognition as a major stressor. The altered seawater chemistry associated with 
OA has implications for marine organisms, especially sensitive bivalve larvae. This study was designed to assess the effect of 
acidification on viability, growth, and respiration of eastern oyster (Crassostrea virginica) larvae, and to evaluate the impact of 
food availability on larvae resilience to OA.

Wild adult oysters were spawned and larvae were cultured under ambient (400ppm) or elevated (1000ppm) pCO2 conditions. 
On Day 1, oyster viability was lowest in the elevated treatment; however, viability remained relatively constant in the OA-
exposed treatment while it decreased over a period of 1 week in the ambient condition. On Days 1 and 2, larvae in the elevated 
condition were smaller than those in the ambient condition, but the trend reversed for Days 5 and 7 with larger animals in 
the elevated condition. Two-week-old oysters in the elevated condition respired at a higher rate compared to oysters in the 
ambient condition. To examine the potential for food resources to mitigate the effects of OA, larvae were cultured under one 
of four treatments: Ambient/High food, Ambient/Low food, Elevated/High food, Elevated/Low food. Forty-eight hours post-
fertilization, mortality was highest in the Elevated/Low food treatment (Figure 1). Mortality in the Ambient/Low food and 
Elevated/High food tended to be lower than in the Elevated/low food, but were similar in magnitude. Mortality in the Ambient/
High food control was lower than all other treatments.

This study is ongoing as we seek to further examine the genetic features associated with resilience to OA. These findings 
provide a greater understanding of the effects of OA on eastern oyster physiology and highlight the importance of trophic 
resources on resilience.
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Crustacean aquaculture is a globally growing industry with a large focus on penaeid shrimp, in particular, the Pacific white-leg 
shrimp (Litopenaeus vannamei). Its popularity for aquaculture stems from its ability to survive in a wide range of environments, 
its fast growth rate and its tolerance to high densities. However, feeding costs have been estimated in the region of 60-70% 
of total production expenses, due to the slow feeding behaviours which this species exhibits. Experimental diets developed in 
response to this problem are often tested using behavioural observations of whether shrimp are attracted to food. In this type 
of experiment, it is likely that condition of shrimp, such as hunger status and moulting stage, is important for understanding 
these behaviours however they have received little attention. In this study we therefore aimed to better understand the effects 
of starvation periods and moult status on feeding behaviours in L. vannamei. 
 
We first identified the most important behaviours in relation to feeding by making observations on individual juvenile shrimp 
interacting with food. Animals were placed in experimental arenas and video recorded for 20 minutes (after 10 minutes of 
acclimation). Repeated observations (n=5) were made on single shrimp (n=18) to detect both between- and within-individual 
variation in behaviour. We also determined how shrimp behaviour was affected by different starvation times (control, +24 h, 
+48 h) and moult status (inter, pre and post moult). 

Results indicated large behavioural differences in individual shrimp according to starvation period and moult status. A significant 
reduction (P<0.05) in inactivity and an increase in feeding was found when shrimp were starved for 48 h (Table 1) or in inter 
moult stage (Table 2). Moreover, the multiple recordings on individuals showed a clear reduction in between- and within-
individual variation in most behaviours with increasing starvation times. Thus, starvation and moult status have a profound 
effect on L. vannamei feeding behavior that may influence conclusions drawn from behavioural trials. We recommend that 
prior to any study on determining attraction to feed, L. vannamei individuals should be starved for extended time periods of 
48 h and be in inter moult status. By following these guidelines it is possible to maximize shrimp interactions with feed whilst 
considerably reducing behavioural variation (between- and within-individuals) of the population.
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The Pacific lamprey is an ancient fish of great importance to the ecosystems and indigenous cultures of the U.S. Pacific Northwest. 
Pacific lamprey have declined in abundance and range from historic levels, thus leading to increased conservation efforts for 
the species. Efforts to conserve this native fish include the need to develop culture techniques, which the present research aims 
to address.  The larval stage of this species occurs in freshwater and can take up to seven years to reach metamorphosis in 
the wild. During this stage lamprey are filter feeders and a slurry of active dry yeast paired with a fine larval fish diet (4:1) is 
commonly employed as a standard (control) lamprey diet in the hatchery. In the present work two feeds with a large pellet size 
(6.5 mm alfalfa pellets and 9.0 mm trout brood diet pellets) were tested through two trials as either a supplement (Trial 1), or as 
an alternative (Trial 2) to the standard diet for culturing larval lamprey. The large pellets were added to the culture tanks without 
blending to provide a slow release of nutrients for the larvae. Fish used in the trials were 554 days post hatch. The trials lasted 
for eight weeks. Growth, condition, survival, whole body lipid and fatty acid profile were measured at the end of the trials. 

The use of either supplemental feed increased length and weight of the lamprey relative to the control fed fish, although survival 
was reduced in fish supplemented with the alfalfa. The use of either supplemental feed also increased total lipid in the fish 
and the fatty acid profile was altered relative to the control fed fish. When the pelleted feeds were used as alternative feeds no 
difference in lamprey survival was detected. Growth of fish fed alfalfa was comparable to the control fed fish but reduced in 
those fed the brood diet. Total lipid was elevated in fish fed the brood diet and reduced in fish fed the alfalfa compared to the 
control fed fish. The fatty acid profile of the lamprey was also effected by the alternative diets. Results from both trials will 
be presented and discussed. The findings from this research will provide innovative diets and feeding strategies for culturing 
larval Pacific lamprey. 
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In Recirculating Aquaculture System (RAS), oxygen transfer and carbon dioxide stripping are the first limiting factors to fish 
rearing intensification and the accumulation of particulate matters as faeces, uneaten feed or bacterial flocs can decrease water 
quality and consequently increase the stress of cultivated organisms. Moreover, using airlifts to reduce pumping energy is 
necessary since it represents a large part of RAS total energy costs. In this study we measured the O2 dissolution efficiency and 
CO2 stripping efficiency as well as the foam fractionation efficiency and the water delivery capacity of the vacuum airlift (VAL) 
in both fresh and sea water conditions. The VAL was composed of two concentric tubes: an inner riser tube and an external 
downcomer tube. For all experiments, several types of air injectors were tested, delivering different sizes of bubble swarms, 
with air flows varying from 0 to 80 L min-1 (pressurized air) or from 5 to 200 m3 h-1 (low pressure air). For the foam fractionation 
experiments, the efficiency and the concentration factor of the vacuum airlift were measured.

The higher oxygen dissolution efficiency obtained was of 97.8% when optimized (low level O2 injection, high pressure airstone, 
12s of HRT). For CO2, the stripping varied from 10g to 20g per m3.h-1 of air injected (low pressure) when optimized, resulting 
in a low stripping energy of around 5 to 10 Wh per m3 of water treated. 

The vacuum airlift provided a foam fractionation efficiency of 19.1 % per hour and a CF of 21. The efficiency was not altered 
by the addition of feed in water. In rearing conditions, the efficiency increased with reduced water renewal i.e. with increased 
POM concentration. Virus and bacteria were extracted by foam fractionation and off-flavor concentration was reduced. Using 
foam fractionation also improve water clearness with the reduction in optical density, resulting in a low foam fractionation 
energy: 5 to 15Wh per m3 of water treated (75% due to compressed air injection) .

The water flow delivered by the vacuum airlift increased with airflow rates, bubble size and pipe length. Water delivery capacity 
was higher in fresh water than sea water due to larger bubble size. In low head RAS (lift height under 0.3 m), vacuum airlifts 
reduce the energy needed by centrifugal pumps by 40 % with a pumping energy of around 3Wh per m3 of water treated.

This system can thus be considered as a promising tool for water circulation, CO2 stripping, oxygenation and particulate 
extraction in RAS.
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Chicken preen oil (PO) contains several biologically active compounds with antimicrobial and anti-inflammatory properties. 
We tested the hypothesis that PO fed to rainbow trout would attenuate their cortisol stress response. Juvenile rainbow trout (~87 
g) were fed diets top-coated with 2% PO or 2% fish oil (FO) for six weeks, after which they were subjected to a one-minute 
netting and handling stressor. Blood samples were collected 0, 1, 3, 6 and 24 hours post-stress and plasma concentrations of 
cortisol were measured by ELISA. Plasma cortisol levels increased from baseline levels of 5 ng/ml to ~200 ng/ml at 1 h post-
stress in both treatment groups, and remained elevated at 3 h. At 6 hr post-stress, however, cortisol levels in the PO-fed trout 
were significantly lower than in the FO-fed fish (80 vs. 202 ng/ml; P < 0.05), suggesting that PO had increased the rate of 
cortisol clearance from the bloodstream, perhaps by upregulating the activity of peripheral cortisol-metabolizing enzymes. We 
tested this hypothesis by culturing kidney tissue in vitro and measuring the rate of cortisol disappearance from the medium by 
ELISA. The kidneys of PO-fed fish had over twice the metabolizing activity as those from control fish (Fig. 1). We conclude 
that PO may be used as a functional feed additive to help mitigate the harmful effects of unavoidable stressors such as grading, 
netting, transport, and transfer to seawater in salmonid aquaculture.
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Hydroxytyrosol (HT) is a powerful polyphenol that occurs naturally in the olive fruit, pulp, leaves and mill wastewaters. On the 
other hand, during the past five years Seriola lalandi have shown a high potential for the diversification of Chilean Aquaculture. 
In this context, it is relevant to study the antioxidant effect of HT enriched extract obtained from the by-product of the olive oil 
production on S. lalandi under intensive culture conditions as a strategy to induce immunostimulant and antiparasitic effects.

To evaluate the effect of diet supplemented with an olive 
oil extract enriched with HT on the enzymatic activity 
of Superoxide Dismutase (SOD) and Glutathione 
Peroxidase (GPX) in liver tissue of S. lalandi a twelve 
hours feeding trial was conducted at RAS-PUCV in 
juvenile fish. Quantification of Superoxide Dismutase 
(SOD) and Glutathione Peroxidase (GPX) enzyme 
activities were assessed using EnzyChromTm enzymatic 
kits from BioAssay System. Enzymes kinetics of SOD 
and GPX were determined, resulting in a significant 
increase of their activities after HT administration 
in the diet. At low concentrations (0.05% HT), GPX 
activity was increased after 4 hours and SOD after 8 
hours. At high concentrations (0.5%), SOD increased its 
activity after 4 hours and GPX after 8 hours (Figure 1A 
and 1B, respectively). The antioxidant effect observed 
in this study consistently supports our preliminary 
observations on the effect of HT as an immunostimulant 
and antiparasitic. In this context, molecular mechanisms 
underlying antioxidant enzymes activity reported in S. 
lalandi will be an important strategy for its management 
under intensive conditions.

This study was funded by CONICYT-Chile FONDEF 
16I10453
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Ascetosporea are protistan parasites of invertebrates, incorporating the orders Haplosporida, Paramyxida, Mikrocytida, 
Paradinida, and the currently unplaced genus Claustrosporidium. Molluscan parasites in this class are known from the first 
three of these orders, including some high profile parasites of bivalves such as Haplosporidium nelsoni, H. costale, Marteilia 
refringens, Marteilioides and Mikrocytos spp. Our recent work has revealed several new lineages associated with oyster and 
mussel hosts in the UK and Europe, including new species of Minchinia and Haplosporidium, paramyxids, and mikrocytids 
(e.g. Mikrocytos mimicus; Figure 1). This talk summarises these findings, providing phylogenetic and histological analyses of 
the new lineages.

Group-specific PCR primers have been developed for these orders, and subgroups within them, to improve understanding of 
their diversity beyond that encountered by clinical sign-led investigations of host molluscs. This has revealed a large diversity 
of haplosporidians and mikrocytids in host-associated and environmental samples (e.g. mikrocytids, Figure 2) from which 
inferences about the host range and preferences of these parasites, their biogeographical distributions, and lifecycles can be 
made. The additional lineage sampling also informs and improves phylogenetic reconstruction of each group, and also provides 
a basis for understanding the evolutionary relationships between the ascetosporean orders, a goal made particularly elusive by 
virtue of the extreme genetic divergence of their constituent taxa. Phylogenetic and ecological insights from each order will be 
presented. 
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Nucleic acid extraction and sequencing of genes from organisms within environmental samples encompasses a variety of 
techniques collectively referred to as environmental DNA or ‘eDNA’. The key advantages of eDNA analysis include the 
detection of cryptic or otherwise elusive organisms, large-scale sampling with fewer biases than specimen-based methods, 
community-wide assays and analyses, and generation of data for molecular systematics. These are particularly relevant for 
parasitology because parasites can be difficult to locate and are morphologically intractable and genetically divergent. However, 
parasites have relatively rarely been the focus of eDNA studies. This presentation outlines the ‘eDNA toolbox’ as it can be 
applied to parasite detection and ecology, and to pathobiome analyses. Combining eDNA methods with complementary tools 
offers much potential to understand parasite communities, disease risk, and parasite roles in broader ecosystem processes 
such as food web structuring and community assembly – i.e. relating pond ecology to farmed animal health and productivity. 
However, translating this information into assessment of disease risk, or its use as diagnostic evidence, remains challenging and 
requires extensive validation before its use in notification procedures or detection programs.

We also present some results from a study of shrimp and finfish aquaculture pond systems in Bangladesh. The aims of the study 
are to use eDNA approaches to track pathogens in pond water to anticipate and therefore mitigate the impact of disease, and 
to investigate relationships between pond microbiome and animal health. The latter objective is important because we cannot 
assume that health status is caused by individual pathogens alone, but is a community level effect of the diversity of microbes in 
the environment and animal tissue. This relates to the pathobiome concept, which will be illustrated as part of this presentation.
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There is consensus that trends in aquaculture development include increased production, improved management, and continuing 
diversification of species and culture systems. Despite initial interest in species diversification from major aquaculture 
companies, from early 2000´s most of them have stick to the production of established commercial species. Presently, as much 
as 30 species provide approximately 90 percent of the word aquaculture production.

This presentation describes an exercise to evaluate the cost of juvenile production of a novel species to fish farming, the Dentex 
gibbosus, prior to a pilot project. Early baseline studies and laboratory trials had promising results.

Economic assumptions were based on the comparative methodologies developed and established for other sea breams, such as 
the gilthead seabream Sparus aurata and the red porgy Pagrus pagrus, and respective costs. S. aurata juveniles of 2g leave the 
hatchery at a production cost of about 0.64 US dollars per unit, compared to double that cost to produce P. pagrus juveniles of 
same size.
 
The financial analysis revealed that the hatchery business performance depends of two variables hard to control in the case of 
“new” species: the hatchery production performance (final number of juveniles produced) and the market price per juvenile 
fish. Therefore, the high risk for species diversification in fish farming.
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The cilia of lateral gill cells of Crassostrea virginica are controlled by serotonin-dopamine (DA) innervations. The gill is 
innervated by the branchial nerve, which originates from the visceral ganglia. DA nerves are inhibitory and slow down cilia 
beating rates. Serotonin nerves are excitatory and speed up cilia beating rates. Previous work of our lab showed the post-synaptic 
DA receptors in lateral cells are D2 type (D2R). The D2R signaling pathway involves splitting of the Gi/o trimeric protein 
into its Gβγ and Gαi/o subunits. The Gαi/o subunit inhibits adenylyl cyclase, lowering cAMP, while the Gβγ subunit activates 
phospholipase C (PLC) downstream in the signaling pathway. The Gβγ subunit has not been well studied in bivalves and nothing 
is known of its role with respect to lateral cell cilia beating. We hypothesize that the Gβγ subunit of the D2R signaling pathway 
is involved in slowing down the beating rate of lateral cilia. To test this we determined the effects of the Gβγ activator, guanosine 
5′-[γ-thio]triphosphate (GTP-γ-S), and the Gβγ inhibitor, gallein, of on cilia beating rates using stroboscopic microscopy. We 
conducted acute experiments on excised gill testing the effects of GTP-γ-S and gallein on ciliary beating rates, in the presence 
or absence of DA. Ciliary activity was measured by stroboscopic microscopy and expressed as beats/min ± sem. DA application 
(10-6 - 10-3M) to gill is inhibitory to the lateral cilia causing a dose dependent decrease of beating rates to zero. Applying the 
Gβγ activator GTP-γ-S had a slight inhibitory effect on cilia beating over the range of 10-7 - 10-3M. Adding a low dose of DA 
(10-6M) prior to GTP-γ-S did not significantly alter the actions of GTP-γ-S. Applying the Gβγ inhibitor gallein (10-5 – 10-4M) 
after DA (10-5 or 10-4M) reversed the cilio-inhibitory response to DA. The study shows Gβγ does play a role in slowing beating 
rates of lateral cilia. In light of the fact that the D2R signaling pathway involves activation of PLC as well as inhibition of the 
adenylyl cyclase, it appears that the PLC path contributes to the cilio-inhibition. Gβγ activates PLC generating IP3, which opens 
intracellular calcium channels. Increased intracellular calcium has been associated with cilio-inhibition in lateral cells and may 
be important step in DA induced decrease of cilia beating rates. This study provides new knowledge of the actions of Gβγ in the 
D2R pathway in bivalve gill. Because the D2R pathway is significantly involved in the actions of antidepressants, neuroleptics, 
and drugs of abuse, as well as being implicated in neuropsychiatric and neurodegenerative disorders, further investigations of 
the physiological role of D2R using this gill system should be helpful in the understanding of the D2R signaling pathway. 

This work was supported in part by grant 2R25GM06003 of the Bridge Program of NIGMS, NIH grant K12GM093854-07A1 
IRACDA Program of Rutgers University and 604060048 of PSC-CUNY.
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UK oyster aquaculture is based on the farming of two species, both of which suffer from diseases that significantly constrain 
productivity of the industry. The Pacific oyster, Crassostrea gigas, is the most commonly cultured species, with around 9000 
tonnes produced for human consumption per annum. C. gigas is routinely affected by mass mortality events associated with 
acute infection of Ostreid Herpesvirus (OsHV-1), a pathogen which has spread across the globe and for which there are limited 
methods through which shellfish farmers can control the disease. Conversely, the European native oyster, Ostrea edulis, forms a 
relatively small proportion of cultured animals with around 100 tonnes produced per annum in the UK. One of the key reasons 
for lower production levels is that the native oyster suffers heavily from mortality associated with chronic infection of the 
haplosporidian parasite Bonamia ostreae. This is a long-standing issue in areas where animals grow in high density. Recently, 
there has recently been increasing interest in producing large quantities of O. edulis for use in conservation projects restocking 
of keystone native species. As such, requirement for good quality, disease resistant spat has been increasing.

The majority of oyster spat cultured around the British Isles originate from a handful of small hatcheries and associated 
spatting ponds. Due to constraints associated with the cost of holding and evaluating broodstock animals, these hatcheries 
currently have limited capacity to utilise traditional techniques of pedigree based selective breeding. This paper will discuss 
how UK hatcheries can take advantage of the recent discovery of single-nucleotide polyrmorphism (SNP) markers to enhance 
disease resistance and help maintain genetic diversity. To achieve this, broodstock animals have been tagged and biopsied for 
genetic material. Animals then recover from biopsy and can then be maintained for repeat breeding. Genetic analysis is done 
by allele specific PCR and the resulting information is used to develop a strategy through which markers of disease resistance 
are enriched in the spat populations. SNPs associated with resistance to OsHV-1 have been identified, and similar studies to 
examine resistance to Bonamia in O. edulis are underway.
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An emerging pathotype of Aeromonas hydrophila (vAh) has been responsible for widespread farm losses in the US catfish 
industry over the last decade. While our genetic and biochemical understanding of vAh has been greatly enhanced in this 
time frame, our ability to reliably induce the disease in the laboratory has remained limited. Taking cues from observed farm 
conditions associated with outbreaks, here we perturbed iron scavenging dynamics and catfish feeding status. Addition of a 
xenosiderophore, deferoxamine mesylate (DFO), to vAh cultures prior to immersion challenge significantly increased virulence 
in several vAh isolates but not in a non-epidemic strain. DFO addition did not impact vAh growth dynamics or perturb iron-
sensitive gene pathways, but did significantly enhance hemolysis of catfish blood. Furthermore, hours between last feeding 
and immersion challenge (postprandial status), was observed to be a critical determinant of catfish susceptibility. Fish with 
a full gastrointestinal tract had significantly lower survival than those in a fasted state, and this effect was cumulative with 
that of DFO-enhanced vAh virulence. Taken together, our results not only provide a more robust challenge model, they offer 
actionable insights into pond level host-pathogen-environmental interactions potentially underlying vAh pathogenesis.
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Recently, oyster aquaculture has begun to rebound in Virginia (to ~2.5 million lbs. in 2016 compared to a maximum of 0.4 
million lbs./year over the period 1995-2005). This rebound has been associated with an increase in subaqueous leased areas. 
Over 120,000 acres of grounds are leased currently and applications for another 25,000 acres are pending. However, current 
production levels are far behind what they used to be in the past. Though in theory, private leases must be used for oyster 
production, in practice, they can be held for other reasons, such as speculation or intentional exclusion of others. These factors 
have led to large variation over time and space in the use of leases in the lower Chesapeake Bay, and privately leased grounds 
are now thought to be significantly underutilized for oyster production. This research quantifies temporal and spatial trends in 
the use and productivity of private oyster ground leases in the lower Chesapeake Bay and relate these changes to environmental, 
economic, and social drivers. A Stochastic Production Frontier model is being developed to estimate the extent to which 
leased areas are not at full production levels (i.e., inefficient) as a function of socio-economic variables. Outputs are used to 
investigate how socio-economic factors affect oyster production, controlling for environmental conditions. Size and number 
of leases are compared between the main tributaries in the Chesapeake Bay, as well as total leased area, production and 
productivity. Preliminary results suggest that only a small fraction of leased areas (18%) have reported oyster harvest in 2016 
and about 30% over the last decade. In 2016, productivity was greatest in the Potomac river where leases are smaller, more 
abundant and actively used. Socio-economic factors are expected to explain the main differences in the use and productivity 
of leases between the rivers. With the lowest rental rate in the country, there is little cost to holding a lease. Therefore, outputs 
from the model will indicate if ground leases may be driven by waterfront landowners who wish to impede development of 
shellfish aquaculture “in their backyard”. The predictive SPF model will be valuable to oyster managers and growers trying to 
understand and visualize Bay oyster production. Specifically, the results will be beneficial for 1) oyster industry participants to 
determine potential increases in productivity for different areas, and 2) policymakers and the VMRC as they are currently trying 
to enforce new requirements which seek to increase oyster cultivation on leased grounds.
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EXPREIMENTAL DESIGN FOR VALIDATING GROWTH BIOMARKERS

Brian R. Beckman
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Feeding and growth are key biological processes.  Tools to assess variation in feeding and growth can be usefully applied 
to many questions related to the efficacy of fish culture, feed quality and environmental disturbance.  Consequently, many 
experiments have been conducted to test and compare various physiological measures as growth biomarkers. 

These experiments may encompass fish in a variety of physiological states, including: fed and growing, fasted and growing, 
fed and not growing, fasted and not growing, fed and starving and fasted and starving.  Goals for a growth biomarker could 
include distinguishing between fed and fasted fish or determining differences in positive growth rate.  Different experimental 
designs might be used to validate biomarkers for assessing these differing physiological states.  Goals for this talk include: 
describing and illustrating these differing physiological states and then discussing experimental design and results of growth 
marker validation using examples of experiments from Pacific Salmon and validation of IGF1 levels as a growth biomarker. 
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UNRAVELING THE TRANSCRIPTIONAL RESPONSE OF CULTURED ATLANTIC SALMON 
Salmo salar TO HIGH TEMPERATURE STRESS ALONE, OR IN COMBINATION WITH 
HYPOXIA

Anne Beemelmanns*, Fabio S. Zanuzzo, Xi Xue, Rebeccah M. Sandrelli, Matthew L. Rise 
and A. Kurt Gamperl

Dept. of Ocean Sciences, 
Memorial University of Newfoundland,
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E-mail: abeemelmanns@mun.ca

Increases in seawater temperatures, and in the frequency and severity of hypoxia, are expected with climate change and may 
become a challenge for cultured Atlantic salmon and negatively affect fish growth, immunology and health. We examined 
the salmon liver’s transcriptomic response when exposed to either an increase in temperature (1°C / week to 20°C, and then 
acclimation to 20°C for 4 weeks) alone, or in combination with moderate  hypoxia (70% air sat.). We found: 1) a total of 2894 
significantly dysregulated genes (Agilent-44K microarray) when compared to control conditions (12°C, 100% air sat.); and 
2) that out of 45 microarray-identified candidate genes related to temperature, oxidative stress, hypoxia and immune function 
selected for multiplex qPCR validation (FLUIDIGM BiomarkTM), 16 and 21 genes were significantly up- and downregulated, 
respectively. 

The expression profiles of the 28 stress candidate genes indicate that: 1.) our salmon first showed signs of temperature stress at 
16°C, and that the dysregulation of these genes gradually increased until 20°C; and 2.) while exposure to moderate hypoxia at 
control temperatures (12°C) greatly affected gene expression, it only had minor effects on the response to elevated temperatures. 
In contrast, the expression of the 15 immune-related genes only began to be dysregulated once temperatures reached 20°C. 
Salmon challenged with chronic temperature stress (20°C for 28 days), without and with hypoxia, only showed signs of a return 
towards initial expression levels in 4 immune and 5 stress-related genes. This suggests that thermal acclimation effects at 20°C 
were limited and/or that compensatory mechanisms were exhausted. 
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MICROALGAE AS ALTERNATIVE AQUAFEED: OPPORTUNITIES AND CHALLENGES

Amha Belay*
 
Algae4All LLC 
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The days of feeding fish to fish are getting over. Fish production from aquaculture has grown to be almost equal to capture 
fisheries (80 million tons compared to 91 million tons in 2016). It is also estimated that world population is going to increase 
to 9.8 billion people by the year 2050 resulting in a concomitant increase in the demand for seafood. This demand is not 
only going to put pressure on feed prices but also put the environment at risk as feeding fish with fishmeal or fish oil is not 
sustainable. As a result, there is increasing effort to replace fish meal with alternative sources of feed. Microalgae present 
themselves as the best alternative choices for many reasons: high biomass yield compared to other feed plants like soy, better 
land, water, and energy utilization efficiency in production, good source of nutrients like protein, polyunsaturated fatty acids, 
vitamins, minerals and pigments. In addition, they have health benefits like probiotic, antioxidant/anti-inflammatory, immune 
defense and antibiotic effects.

While the opportunities are high there are also challenges that need to be overcome. Current use of microalgae is restricted 
to a few photosynthetic genera like Chlorella, Arthrospira, Tetraselmis, Isochrysis, Pavlova, Phaeodactylum, Chaetoceros, 
Nannochloropsis, Skeletonema, Thalassiosisra and the heterotrophic Schizochytrium which is a new addition. These challenges 
are the high cost of algae feeds, the inferior performance of dried or preserved algae making distribution to hatcheries difficult, 
bioavailability of the nutrients in the algae, formulation of feed and stability of nutritional components in the formulated feed. 
There are also regulatory hurdles like AAFCO that should be overcome. Several institutions and companies are addressing 
these problems and there is no doubt that microalgae will play a significant role in replacing or supplementing aquaculture 
feeds. These opportunities and challenges will be discussed. 
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THE SCALABLE AQUACULTURE MONITORING SYSTEM (SAMS): AN AUTONOMOUS 
SYSTEM TO MONITOR THE QUANTITY & QUALITY OF A LARGE-SCALE KELP FARM

Tom W. Bell*, Kyle C. Cavanaugh, Robert J. Miller, Nicholas J. Nidzieko, Norman B. Nelson, 
Daniel C. Reed, David A. Siegel
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The offshore aquaculture of kelp has the potential to revolutionize the biofuels industry. To maximize yields and minimize risk, 
managers must be able to monitor the progression of cultivated macroalgae, starting at outplant and continuing through the 
growth cycle to harvest, with information on biomass, physiological status, and growth, as well as the environmental conditions 
that control the production of biomass and its macromolecular composition. Furthermore, the ever-present potential of biomass 
and production losses due to self-shading, frond senescence, herbivory and disease, necessitate the development of a near real-
time, autonomous monitoring system to assist in optimizing the management of a kelp aquaculture operation. 

The Scalable Aquaculture Monitoring System (SAMS) was developed to monitor all stages of the farming cycle from outplant 
to harvest and to integrate these measurements into actionable, real-time intelligence for farm operators. SAMS takes advantage 
of the rapidly evolving industries of autonomous unmanned underwater and aerial vehicles and automated imagery analysis, 
as well as our understanding of the ecological processes in natural kelp forests. SAMS will measure farmed kelp biomass, 
condition, productivity, and macromolecular composition from plant to multiple-farm scales on requisite time scales (sampling 
> 30 ha, ≥ 3x per week), as well as key relevant environmental conditions in and around the farm. SAMS is designed to be 
modular, flexible, and adaptable to a wide range of farm designs. 
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DURING INFECTIOUS AEROCYTITIS BY Aeromonas hydrophila 

Marco A. A. Belo*; Ives Charlie-Silva; Alessandra C. Moraes; Ed Johnny R. Prado; José J. Fagliari; 
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Acute-phase proteins (APPs) serum levels have been studied in many diseases and their components contribute to host defense 
during the evolution of bacterial infections by acting as part of the innate immune system, but little is known about them in 
teleost fish. Plasma levels of APPs can be modulated rapidly at the onset of inflammation, characterized as a body defense 
mechanism in response to harmful stimuli. The present investigation identified APPs of tilapias, Oreochromis niloticus, 
following inflammatory stimulus by the inoculation of Aeromonas hyrophila into the swim bladder

A total of 40 Nile tilapia (O. niloticus) with average weight of 140 ± 10.2g (SD) from the same spawn were allocated in 4 
tanks, each with 250 L capacity (n=10), with continuous water supply at a flow rate of 1 L/min and supplementary aeration, 
constituting the treatments: inoculated with A. hydrophila and inoculated with saline solution (to be sampled 6 and 24 hours 
after inoculation) (Figure 1). After 6 and 24 h, protein content was assessed by means of electrophoretic fractioning in a vertical 
system using the SDS-PAGE method. Molecular weight and protein fraction levels were determined using readings from a 
computerized densitometer (Shimadzu CS-9301, Tokyo, Japan). To identify the protein content, different markers of molecular 
weights, ranging from 20 to 200 kDa. Protein bands were excised from the SDS-polyacrylamide and in-gel trypsin digestion 
was performed and mass spectrometric analysis by LC–MS/MS was realized.

Electrophoretic traces of 30 protein fractions were found by computerized densitometry whose molecular weights ranged from 
22 to 200 kDa. As an attempt to characterize the acute phase proteins from the plasma of O. niloticus, 10 differential bands were 
submitted to in gel trypsin digestion coupled to mass spectrometric analysis resulting in the identification of proteins present in 
the 10 bands. By LC-MS/MS analysis, proteins of the main acute phase proteins including ceruloplasmin, complement C3, α2 
macroglobulin, albumin, transferrin, haptoglobin, apolipoprotein A1, complement C3 isoform X1, complement factor 3, and 
apolipotrotein Eb. 

The identification of these proteins represents improvements in the innate immune area by provides a powerful tool to elucidate 
important events in the pathophysiology of the inflammatory reaction in tilapias.

Acknowledgments: São Paulo Research Foundation – FAPESP (Process: 2012/12256-7)
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THE USE OF A FORESIGHT VISIONING PROCESS TO DEVELOP COMPREHENSIVE 
ECONOMIC DEVELOPMENT PLANS FOR THE AQUACULTURE SECTOR: MAINE A CASE 
STUDY

Sebastian Belle*, Michael Pietrak, Dana Morse, and Christopher Bartlett
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Maine has a long history in the development of a diverse aquaculture private sector. During the last 40 years multiple policy 
studies and strategic plans have been developed focused on Maines aquaculture sector. Most of these efforts focused on policy 
and regulatory responses to social conflict around aquacultures” social license” to farm in public waters.  While helpful in the 
development of a regulatory framework to balance conflicting needs of different user groups, the studies and plans did little to 
stimulate or support actual economic development.

The Maine Aquaculture Association (MAA) and its members identified a need to develop a comprehensive economic 
development plan that would include specific actions and resources needed to increase aquaculture development in the state. 
Based on the principle authors involvement in projects in Ireland and Norway the MAA partnered with Maine Seagrant to 
implement a consensus building process designed to create a statewide aquaculture economic development plan. Using a process 
called “Foresight Visioning” and scenario planning MAA and Maine Seagrant conducted a series of focus groups facilitated 
by Dr. John Voyer of the University of Maine Business School. Input was sought from the aquaculture business community, 
and the commercial fishing, agriculture, tourism, biotechnology, manufacturing, renewable energy and NGO sectors. A series 
of scenarios visioning different outcomes in the states aquaculture sector 10 years in the future were developed. A current 
asset map was developed and used to identify key factors important to aquaculture development that were lacking. Based on 
the scenario visioning and asset mapping a specific set of 16 categories of actions were identified as necessary to accelerate 
aquaculture development in the state. Within each category specific targets and goals were agreed to, responsible parties and 
necessary resources were identified and timetables established for the development plan. Finally, specific measures of success 
were developed to allow ongoing assessment of the development plan. Based on these metrics a preliminary assessment of the 
efficacy of the plan is presented and a number of lessons learned highlighted.
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THIN LAYER DRYING KINETICS OF TILAPIA (Oreochromis niloticus) IN CONVENTIONAL 
AND HYBRID SOLAR DRYERS DURING THE WET SEASON
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Oreochromis niloticus is an extremely perishable fish, spoiling soon after death due to enzymatic and microbial actions. 
Therefore, mathematical modelling and computer simulation gives insight, into the comparative performance of various drying 
systems. The research therefore aimed at providing quantitative description of drying behaviour and helps to predict quality 
changes during drying. 

Thin layer drying of tilapia in conventional solar dryer (CSD) and 
hybrid solar dryers (HSD) was considered and sun drying was 
used as control. The experiment was conducted in completely 
randomized design (CRD) with three replicates during wet season. 
Eight popular thin layer models were selected and tested with the 
drying data obtained from the fish species (TABLE 1). 

Results indicated that, in CSD (Figure 1), Midilli et al., model 
had the lowest standard error of estimate (0.0652) and the highest 
co- efficient of determination R2 (0.9879) and for HSD (Figure 
1), the Wang and Singh model had the lowest standard error of 
estimate (0.1569) and the highest co- efficient of determination R2 

(0.9326), while in sun drying, the Wang and Singh model had the 
lowest standard error of estimate (0.0810) and highest co-efficient 
of determination R2 (1.0000). 

The Wang and Singh model best described the drying behaviour 
of Oreochromis niloticus in conventional solar dryers and it can be 
used to understand the heat and mass transfer phenomena in solar 
drying of Oreochromis niloticus using the dryer.
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MICROALGAE AQUACULTURE FEEDS 

John Benemann

MicroBio Engineering, Inc.
San Luis Obispo, California
jbenemann@microbioengineering.com

Algae are a potential future source of aquaculture feeds due to their high contents of proteins, omega-3 and other unsaturated 
fatty acids, vitamins, pigments, immune stimulating factors and other nutritional and health promoting substances.  Spirulina, 
a cyanobacterium produced commercially, has been used as a specialty aquafeed for several decades in modest amounts, a 
few hundred tons per year, and live microalgae feeds are produced and sold in small quantities by a number of commercial 
enterprises.  Attention is now focusing on larger-scale microalgae production for low cost commodity feeds.  Of particular 
attraction is the potential of marine microalgae to substitute for fish meal and fish oils high in long-chain omega-3 oils, for 
which demand is rapidly increasing, but supplies are not.  Many research projects and private companies are now advancing the 
technology for low-cost large-scale commercial production of a variety of microalgae aquafeeds, as whole biomass or isolated 
components, from proteins to high value pigments and vitamins.  Their challenge is to reduce current commercial microalgae 
biomass production costs by an order of magnitude.  Examples of current developments in the U.S., Europe and elsewhere 
in this field will be reviewed, and future prospects for microalgae feeds production technology discussed.  If successful, the 
rapidly growing aquaculture industry will benefit from microalgae feed products through improved nutrition and reduced costs 
using environmentally sustainable resources. 
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THE STATUS OF COBIA, Rachycentron canadum, AQUACULTURE IN THE UNITED STATES 
AND ABROAD 
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Cobia (Rachycentron canadum) is an important marine fish species for commercial aquaculture throughout their distribution 
range in tropical and subtropical regions around the world. The technology of cobia production from egg to market has been 
established in the early 90’s, and continues to be perfected to this day. Technology control and good market demand and price 
drove the development of their aquaculture in several countries. This species exhibit extraordinary scope for growth and can 
reach between 4-8 kg in one year, with females growing almost twice as fast and as large as males. Basic hatchery methods led 
to the development of breeding programs and, recently, efforts to produce monosex, all female cobia with encouraging results. 
Larval rearing techniques have been mastered and survivals of 15-30% are routinely achieved, providing enough high quality 
fingerlings to supply commercial growout operations. 

With so many favorable biological, technological and market attributes, it was anticipated that cobia aquaculture worldwide 
would exponentially grow from 5-10,000 MT in the 90’s to 50-100 MT in the last decade to several100’s of MT nowadays. 
However, these predictions have failed and those expectations from the industry are not materializing. We studied the reasons 
for that, and our analysis of the overall global status of cobia aquaculture show that there are as many challenges as there are 
advantages to raising cobia to a well established industry such as the salmon, sea bream and sea bass, for example. Cobia is not 
well known in most mainstream markets in (e.g. USA and Europe). Also, one of the biggest challenges remains the development 
of practical feeds that are ecologically and economically efficient for this species. FCRs are still very high. Progress towards 
developing an optimal feed for cobia at the different life stages has been slow, and still little is known about their nutritional 
requirements as well as the digestibility of most ingredients used for feeds formulation and manufacturing for their different 
life stages – particularly at near harvest stages, when > 80% of all feeds are used. Vaccines are still being developed to prevent 
diseases cobia are most susceptible to (e.g. Photobacterium), but mortalities due diseases are still relatively common, Because 
of its very fast growth rates, cobia demands exceedingly high environmental and nutritional conditions to thrive. It is not a 
coincidence that the only successful cobia farm in the Americas is Open Blue Sea Farms in Panama. It is located in an exposed, 
high-energy site, providing adequate environmental conditions for this species. The failure of several farms located near shore, 
coastal areas, as well as land-based ponds and RAS, show that cobia cannot be raised successfully under conditions other than 
the offshore environment, where stronger currents and greater depth increase carrying capacity. However, raising fish under 
these conditions require advanced technologies that are automated and expensive. Thus, cobia produced offshore must be sold 
at high prices to compensate high production costs, limiting its demand in a highly competitive white fish market. All these 
drawbacks combined limit cobia aquaculture potential and expansion of the industry.
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An updated review on tuna aquaculture worldwide is provided. The high demand and market value of tuna has intensified 
fishing pressure, resulting in significant reductions in their fishery stocks worldwide. This has been driving opportunities for 
tuna aquaculture development since the 90’s. The emergence and expansion of tuna fattening and farming activities during the 
last four decades has led to a shift from traditional fisheries towards aquaculture. This change is entirely reshaping the tuna 
fishery industry and the management of their stocks worldwide. Today, most practices conducted around the world are still 
exclusively tuna ranching and tuna fattening. Both activities operate at the intersection between the aquaculture and fisheries 
sectors, since wild-caught tuna juveniles are stocked in cages for fattening or ranching and are fed small pelagic fish (sardines, 
pilchards, mackerel, etc.). These activities are ecologically efficient and economic profitable but take a severe toll on both 
small pelagics and tuna fishery stocks. Tuna fattening and ranching blur the line between fisheries and aquaculture and are so 
intertwined that it is difficult to analyze them separately. Hence, it is necessary that aquaculture and fisheries scientists continue 
to combine efforts and expertise to rely on science-based criteria and decisions aiming at ensuring the future sustainability of 
the wild stocks.   

Tuna ranching and fattening operations have been continuously improving efficiency for both economic and ecological reasons. 
Enforced TOCs limit captures, driving operators to improve their farming practices to increase profits.  Better management 
results in decreasing mortalities during capture, towing, transferring, and feeding in the cages. Despite continuous progress 
towards closing the cycle of commercially important species of tuna in hatcheries, tuna close-cycle aquaculture still faces 
important challenges before mass production of juveniles to supply the growout industry can be achieved. Following the 
pioneering work of closing the life cycle of the Pacific bluefin tuna in Japan, researchers around the world have been making 
significant progress in hatchery technology. Closing their life cycle and the development of ecologically and economically 
efficient feeds that meet the specific nutritional requirements of tuna at the various developmental stages are required to ensure 
the future of tuna production and the conservation of tuna species. These efforts are summarized and presented here. 
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HEALTH AND FLESH QUALITY OF ATLANTIC SALMON (Salmo salar) FED A MODERN 
LOW FISHMEAL DIET SUPPLEMENTED WITH ANTARCTIC KRILL, Euphausia superba
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Atlantic salmon (Salmo salar) were fed a commercially relevant diet with 15% fish meal (control group) or the same diet 
substituted by 12% Antarctic krill meal (krill group). The isoprotein (35%) and isolipid (35%) diets were fed to quadruplicate 
net pens (125m3; average seawater temperature 11°C) during a 10-week period. The body weight increased from 2.2 to 3.9kg 
during the experimental period, corresponding with a thermal growth coefficient of 3.88 and 3.92 for control and krill group, 
respectively. The average feed conversion ratio was 1.1. The krill group had a more voluminous body shape compared with 
the control group (significantly higher condition factor). The hepatosomatic and cardiosomatic indices were similar for the 
dietary groups, but the livers of the fish fed with krill were darker and the amount of visible fat on the heart was significantly 
lower. Microarray analyses of liver tissue revealed that dietary treatment affected a large number of immune genes, and a 
panel of structural genes were upregulated in the livers of salmon fed the krill diet, including cadherin and connexin (tight 
junction proteins). Gene enrichment analyses revealed that sugar metabolism was stimulated in fatty hearts and a significant 
downregulation was observed for complement genes and the retinoid metabolism. Additionally, downregulation of extracellular 
matrix proteins, including collagens and glycan’s, indicated weaker tissue structure of the control group. Fillets of salmon fed 
the krill diet had firmer texture, more intense red coloration, and the problem with fillet gaping was lower (i.e. improved muscle 
integrity). This study shows that dietary inclusion of krill meal in modern low fish meal diets has a positive effect on health and 
on fillet quality of Atlantic salmon. 
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CHARACTERIZATION OF L-DOPA CONTAINING ORGANIC MATRIX PROTEINS IN THE 
EASTERN OYSTER Crassostrea virginica
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Like many molluscs, the eastern oyster, Crassostrea virginica, forms shell through the process of layer by layer construction. 
They are able to produce a natural ceramic under water at ambient temperature and pressure using this layer by layer construction 
that is facilitated by the mantle tissue. There are two components of shell: the hard layer made of calcium carbonate and the 
soft layer made of organic matrix. Much is already known about the calcium carbonate component, so this project focuses on a 
specific class of proteins found in the organic layer that contain a unique amino acid, L-3,4-dihydroxyphenylalanine (L-DOPA). 
This class of proteins is of interest because of the crosslinking capabilities of L-DOPA. L-DOPA can adhesively bind, which is 
when the binding occurs between the amino acid side chain of the protein and a surface, which in this case is calcium carbonate. 
L-DOPA also can cohesively bind, which is when the L-DOPA binds to another amino acid, such as serine, lysine, or arginine, 
of a protein. These crosslinking capabilities were confirmed in a study of the L-DOPA-containing Mytilus edulis foot proteins 
(MEFP; mussel adhesive proteins).  L-DOPA can be used as a biomarker for these proteins and can be assayed or tracked using 
the ARNOW assay, a catechol stain, on mantle tissue. If the L-DOPA is free, or un-crosslinked, then the stain will be red or pink 
in color. If the L-DOPA is already crosslinked, then the color of the stain will be brown. We are primarily interested is isolation 
and characterization of the un-crosslinked pre-cursor proteins.

Market quality oysters (n=96) were shucked, and tissue samples were collected from the upper and lower mantle near the 
shell formation front (leading edge), as well as from near the umbo (hinge). Tissue samples were stored frozen at -80℃  until 
analysis. Proteins were extracted by homogenizing the tissue, soaking the tissue in 0.7% perchloric acid solution, precipitating 
proteins with cold acetone, and resuspension in 5% acetic acid. Once the initial extraction was complete, the protein solution 
was concentrated using ultrafiltration under inert gas to prepare the solution to be run on a high-pressure liquid chromatography 
(HPLC). After HPLC separation, proteins are further characterized using acid-urea polyacrylamide gel electrophoresis. The 
AAA-Direct Amino Acid Analysis System was then used to determine the percentage concentrations of the amino acids present 
in the purified proteins. Purified protein with high L-DOPA content will be sequenced using a commercial vendor. Once 
the sequence is obtained, proteins will be modeled using ChemDraw, Chem3D, and Gaussian 9 software. Modeling using 
published sequences of putative shell formation proteins has revealed the occurrence of specific folding domains that may play 
a role in adhesive and cohesive binding of those proteins.  We anticipate finding similar tertiary structure in proteins isolated 
and characterized from Crassostrea virginica.  
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Kristina Bergman*, Patrik Henriksson, Sara Hornborg, Max Troell, Malin Jonell, Friederike Ziegler

RISE Agrifood and Bioscience
PO Box 5401
402 29 Gothenburg, Sweden 
kristina.bergman@ri.se

Landbased aquaculture of warm water species such as tilapia Oreochromis niloticus, clarias Clarias gariepinus and shrimp 
P. vannamei constitute an emerging food sector in Sweden. The heated sustainability debate related to both wild-caught and 
conventionally farmed seafood, in particular shrimp, has likely been a major driver. Several small, but fast-growing companies 
who profile themselves as more sustainable than conventional aquaculture have started producing seafood in recirculating 
aquaculture systems (RAS). Their products are marketed to environmentally conscious Swedish consumers as alternatives to 
salmon (tilapia), tuna (fresh clarias), eel (smoked clarias) and also to imported shrimps (P. vannamei).

In this study, we used Life Cycle Assessment (LCA) methodology to analyze environmental pressures of the seafood products 
from three of these companies. LCA is widely used to characterize the environmental impacts of product supply chains and 
identify improvement options and been used to evaluate numerous aquaculture production systems.

We present results on environmental pressures (e.g. greenhouse gas emissions and eutrophication) for the product supply chain 
of tilapia and clarias farmed in Sweden and identify environmental hotspots and improvement options. We found that the feed 
is of paramount importance, also for this type of infrastructure- and maintenance-intensive aquaculture system. Inclusion of 
resource-intensive feed ingredients such as animal by-products increase the environmental footprint considerably. We also 
illustrate how the source of electricity for water heating and recirculation affects results. The importance of the contribution from 
the farming system in relation to feed production is presented. The studied farms are still expanding to reach more optimized 
and steady production. Our results may thus be used to identify important aspects to consider in the future development. Finally, 
comparisons with previous LCA results for the farmed fish these products are intended to replace are presented.
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We review the life history of largemouth bass Micropterus salmoides including taxonomy, geography, habitat, food, 
bioenergetics, reproduction, growth, mortality, and stocking. The largemouth bass is native to the fresh waters of east-central 
North America but has been introduced into the western United States, across southern regions of Canada, most of Mexico and 
Central America, and into all other continents except Antarctica and Australia. Its expansion is attributed to its popularity among 
anglers and potential for aquaculture. The species is a warmwater generalist that can tolerate a broad range of environmental 
conditions, allowing them to inhabit a wide variety of habitats including lakes, ponds, wetlands, streams, and estuaries. Juvenile 
largemouth bass are primarily invertivorous and adults are primarily piscivorous; food consumption and growth is optimal at 
25-30oC. Largemouth bass are nest builders that typically reach sexual maturity at 200-250 mm TL and spawn annually. They 
have been recorded to grow up to 780 mm, but growth is extremely variable and influenced by latitude. The popularity of this 
species can be attributed to its aesthetic qualities, taste, and gameness. Techniques to rear largemouth bass in hatcheries are well 
established and fingerlings and yearlings are stocked in many locales to (1) mitigate for projects that have drastically altered 
habitats and native fish assemblages, (2) augment wild stocks, and (3) introduce Florida bass M. floridanus genes into receiving 
populations to produce larger fish. Despite a plethora of largemouth bass stocking programs that experienced poor survival and 
low contributions to year-class strength, the ability of hatchery fish to alter the genetic composition of receiving populations is 
indisputable.
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Distributing locally grown food fish live may provide aquaculture producers in Kentucky a more profitable market opportunity 
than selling fish as a commodity. Holding fish live in recirculating systems will be required for this approach.  In this study, 
investigators evaluated water quality and physiology of largemouth bass held live at two stocking densities: 20 kg/ m3 and 40 
kg/ m3. 

Largemouth bass with a mean weight of 0.83 kg were stocked in recirculating aquaculture systems with an Aquadyne 17 L 
bead filter after simulated hauling for three hours. Holding tank water was oxygenated at 15⁰C and supplemented with salt at 
4 ppt. Water quality for each holding tank was measured at stocking and daily thereafter (24, 48, 72, 96, 120, 144, 168, and 
192 hours). TAN, unionized ammonia, nitrite, nitrate, temperature, dissolved oxygen, pH and conductivity was measured daily. 
Alkalinity, hardness, CO2 and turbidity was measured every other day. Blood samples were obtained from fish to evaluate 
physiological responses. Fish were not fed during the experiment.  

TAN and unionized ammonia significantly increased (P< 0.05) over time only at 40 kg/ m3. Water pH at 40 kg/ m3 was 
significantly lower (P<0.01) than 20 kg/ m3 over time. In both treatments, nitrite and nitrate increased over time, with higher 
increase in the 40 kg/ m3 treatment. Blood glucose was significantly higher (P<0.05) after hauling fish for 3 hours, but was not 
significantly different after acclimatization in the holding tanks after 24 hours. With respect to 20 kg/ m3 and 40 kg/ m3, mean 
shrinkage by weight was 4.5 % (+- 0.3) and 4.95 % (+- 0.5).  Shock loading is an important consideration with increasing 
density. 
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INTRODUCTION
Shrimp farming is one of the most globalized and dynamic industries in world food production. Maintaining the health of 
aquatic organisms in aquaculture demands water quality control and incessant care. Changes in the water environment induce 
oxidative stress leading to production of reactive oxygen species (ROS). Although ROS is primarily produced as an immune 
response, the accumulation of ROS affects the host tissues gradually leading to mortality. Since antioxidants are well known 
countermeasure against ROS, curcumin was experimented to combat against ROS. Polymeric nanoparticles such as chitosan 
nanoparticles are recently exploited as drug delivery agents to increase the bioavailability of drugs and bioflavanoids, hence 
curcumin loaded chitosan nanoparticles enriched aquatic feed pellets were prepared to augment the immunity of aquaculture 
animals.

MATERIALS AND METHODS
Chitosan-Curcumin nanoparticles were synthesized and amalgamated into pellet feed. These nanoparticles were prepared 
by ionic-gelation process characterized by SEM, AFM, FTIR, UV Visible and Florescence spectrum. The trace metals were 
analyzed by ICP-MS. The encapsulation efficiency and in-vitro release of Curcumin-loaded Chitosan nanoparticles incorporated 
in the aquaculture pellet feed were evaluated. The antioxidant activity of the feed was also evaluated using the DPPH assay.

RESULTS AND DISCUSSION
SEM and AFM analyses revealed that synthesised curcumin loaded chitosan nanoparticles had an average size of 100 nm. FTIR 
peaks elucidated the conjugation of chitosan nanoparticles with curcumin. ICP-MS analysis revealed the presence of cobalt, 
calcium, zinc, cadmium and manganese in significant quantities. Chitosan nanoparticles exhibited proficient encapsulation 
efficiency. Formulated feed pellets were found to have enhanced antioxidant property. Since the curcumin incorporated feed 
has demonstrated significant antioxidant property, amended feed pellets can be effectively implemented against oxidative stress 
in aquatic animals. Employing the use of naturally occurring bio-based product to combat stress can make a commendable 
difference for the animals cultured in aquaculture based food industry.
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DOES SALINITY EXPERIENCED IN COMMERCIAL HATCHERIES DURING THE LARVAL 
STAGE IMPACT GENETIC DIVERSITY OF Crassostrea virginica? 

Ellen E. Biesack*, Annie Schatz, Emily B. Rivest, Jan R. McDowell

Virginia Institute of Marine Science
1375 Greate Rd.
Gloucester Point, VA 23062
eebiesack@vims.edu

Optimizing commercial hatchery and grow-out practices for the growing eastern oyster (Crassostrea virginica) aquaculture 
industry can lead to production gains from enhanced growth and survival. Sub-optimal hatchery conditions could translate 
into poor grow-out performance through two potential mechanisms. First, sublethal stress could cause carry-over effects for 
juvenile/adult growth. Carryover effects are the influence of the experience of one life history stage on the performance of a 
later life history stage. This tradeoff between early life conditions and adult fitness has been demonstrated for several species, 
including oysters. Second, abiotic culture conditions could cause selective mortality, limiting the diversity of genotypes in the 
oyster set and potentially impacting survival under grow out conditions. Understanding the relative import of loss of diversity 
vs. carry-over effects will facilitate improvement of hatchery practices. If carryover effects are driving factors, genetic diversity 
should not differ among treatments as compared to replicates. However, if there is selective mortality during the larval phase, 
we expect to see non-random survival of particular crosses. Here we report on the impact of mismatches between commercial 
hatchery and grow out conditions on genetic diversity. 

To quantify the influence of selective mortality, triploid oyster embryos were created using broodstock at a commercial oyster 
hatchery and then cultured at the Virginia Institute of Marine Science’s Aquaculture Genetics and Breeding Technology Center 
under three different salinity regimes: ambient salinity at the commercial hatchery, 13 ppt. and 15 ppt. with three replicates 
per treatment. Broodstock were genotyped using a suite microsatellite loci to establish genetic baselines for the experimental 
oysters. To evaluate selective mortality, larvae were sampled and genotyped at discrete intervals before and after acclimation to 
different salinities. After oysters were set and reared to 5 mm in diameter, oysters within each culture treatment were randomly 
split into two grow-out sites known to have different salinity regimes: Rappahannock River, VA and York River, VA. Mortality 
and growth were measured bi-monthly and genetic diversity was monitored among replicates and treatments. Analysis of the 
preliminary data from this experiment will provide insight into the importance of selective mortality as compared to carryover 
effects, which are also being assessed as part of these experiments. 
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Limiting dietary intake, or starvation, reduces fish muscle growth and can induce muscle wasting by decreasing protein synthesis 
while increasing protein degradation. Additionally, limiting intake of various macromolecules, such as amino acids, can also 
have negative impacts on organismal growth. Mimicking starvation by restricting amino acids activates highly conserved 
proteolytic degradation pathways, including the ubiquitin/proteosomal pathway and macroautophagy. Together, these pathways 
degrade proteins into smaller peptides and aid in maintaining the amino acid pools and energy balance during limited nutritional 
availability. Our labs recently demonstrated that amino acid (and serum) deprivation in vitro mimics in vivo starvation by 
inducing autophagy in cultured fish primary myoblast precursor cells (MPCs). Additionally, we identified that starvation-
induced autophagy in vitro is accompanied by histone methylation changes at promoter sites of key autophagy regulating genes 
(Atg4b, LC3b, and p62/Sqstm1) suggesting a diet-epigenetic interaction regulating cellular phenotype. 

In addition, dietary amino acid restriction, and specifically dietary methionine, is also known to improve metabolic function by 
increasing energy expenditure, limiting fat deposition, and enhancing insulin sensitivity. Methionine is a methyl group donating 
amino acid; therefore, the ‘beneficial’ metabolic phenotypes observed when dietary methionine is restricted is hypothesized 
to be due to epigenetic modulation of key metabolic pathways. To further characterize diet-epigenetic interactions regulating 
muscle growth, we analyzed the effects of methionine restriction (MR) on cultured rainbow trout MPCs, as well as in rainbow 
trout in vivo. In cultured MPCs, MR resulted in cellular differentiation arrest mediated by myoD1 and myogenin expression, 
while methionine replenishment was able to rescue cell differentiation and gene expression profiles. Additionally, methionine-
induced changes in cell differentiation were accompanied by muscle-specific microRNAs (miR-133a, miR-210), thought to 
be regulated by histone methylation. In vivo, MR-rainbow trout exhibited improved glucose tolerance and lipid deposition. 
However, changes in microRNAs were not detectable in vivo in response to MR. 

Collectively, these data demonstrate that methionine, alone, plays an important role in regulating key growth and metabolic 
processes in teleosts. This suggests that better understanding of how diet and epigenetics interact can lead to better growth 
management.
 



115

GROWTH AND OPPORTUNITY, BUT FOR WHOM? AQUACULTURE NARRATIVES OF 
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Seafood production is historically integral to culture, economy and support of coastal livelihoods in North Carolina (NC), 
but commercial fishing has been in decline for decades. Aquaculture is often promoted as an opportunity for rural, fishery 
dependent communities to maintain seafood production and generate economic growth while reducing pressure on wild 
fisheries, providing overall improvement of social wellbeing through job creation and livelihood diversification. However, if 
development is driven by and creates profit for large scale commercial industries, altering modes of local seafood production 
may instead drive differential exclusionary effects in fishing communities. 

In rural Carteret County, NC, referred to colloquially as “Down East,” shellfish aquaculture is significantly expanding. We are 
identifying community value systems and narratives regarding aquaculture development. News media is one mode of narrative 
building and community discourse that both informs and is informed by local perspectives. We analyzed recent news articles 
from locally distributed newspapers to understand what values and narratives are shaping and being shaped by the expansion 
of aquaculture in the Down East community.  We identified themes discussed in the context of NC aquaculture and its potential 
socioeconomic and environmental impacts. Through thematic mapping, we extracted environmental and cultural values related 
to seafood production, and explored how those interconnected themes and values are used to develop narratives in the public 
news media of socioeconomic growth, opportunity, and improvement of livelihoods via aquaculture expansion. 

Future comparative analyses will explore to what extent those narratives match the lived experience of Down East community 
members with seafood dependent livelihoods. Understanding local values and narratives regarding aquaculture development 
allows for assessment of wellbeing and livelihood impacts, enabling informed decision-making in efforts to promote a 
sustainable and resilient Down East community. 
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While latent effects have been researched for a variety of marine invertebrates, there are few studies that have evaluated these 
responses in the Eastern oyster, Crassostrea virginica, used in commercial culture.  With the increase in oyster aquaculture in 
the US, it is increasingly important to understand the potential effects of larval experience on the field performance of oysters.  
For this research, we observed the growth and survival of three different groups of oyster seed produced from a single spawn 
conducted at Auburn University Shellfish Laboratory on July 10, 2018.  Fertilized eggs from 37 females mated with 13 males 
from AUSL’s two distinct broodstock lines were stocked at 10/mL into five 4000L tanks.  Drain downs of tanks occurred every 
other day until day 8 of larval culture and daily thereafter.  During the drain down procedure, counts and measurements were 
taken, density was randomly decreased amongst tanks adhering to normal hatchery procedures, and pediveligers were graded 
out for setting on a 200 micron screen.  Groups were based on the number of days required by the larvae (n > 900,000) in each 
group to become pediveligers (ready to achieve metamorphosis).  The three groups were ‘Early’ (11 days post-fertilization), 
‘Peak’ (13 days post-fertilization) and ‘Late’ (18 days post-fertilization).  Once larvae were collected on 200 micron mesh on 
their respective days, larvae were set on micro-cultch for four days in a static setting tank.  After setting, spat were then graded 
from the cultch on a 300 micron screen and moved to flow-through upwellers.  The oyster seed from each group were stocked 
into three replicate silos at standardized densities and all nursery procedures were kept uniform amongst the groups to compare 
performance during the nursery stage.  After five days in flow through, the spat were graded on a 600 micron screen and setting 
percentages were estimated for each group (Early, Peak, and Late).  We will report an analysis of nursery performance and 
compare these groups to assess latent effects of “days to metamorphosis”.  Once the 75% of the oysters within a group retained 
on a 6 mm grading screen, they were deployed to a common field nursery utilizing an adjustable longline system in Grand Bay 
Oyster Park near Bayou la Batre, Alabama.  Once oysters in all groups reached 12 mm shell height, they were deployed to three 
different field grow-out sites (Grand Bay Oyster Park, Bayou Sullivan Oyster Park, and Auburn University Shellfish Laboratory 
dock) to observe field performance across different environments.  Growth rates and survival will be analyzed and reported to 
evaluate if any latent effects amongst the different groups were observed.  Applications of the findings, by both hatcheries and 
oyster farmers, will be discussed. 
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Aquaponics is a combined system of aquaculture and hydroponics. In aquaponics, like other forms of aquaculture, several 
practices result in stress in fish. In recent time, several studies have been conducted on stress and their effects as it can harm 
fish health, reproduction, and overall production. Farmers have been trying to prevent or treat these problems with antibiotics 
and various synthetic chemical drugs. The risk of using these drugs repeatedly poses a huge risk for consumers’ health and the 
environment. Therefore, scientists are being interested to study the effects of natural nutraceuticals to reduce the maladaptive 
responses to stress factors and to stimulate the immune system. With the hypothesis that basil-supplemented feed would 
modulate stress and immune response in fish in aquaculture, this study was conducted in tilapia, reared in aquaponics system. 
Stressed and unstressed tilapia were fed with basil-supplemented diets and were sampled for determining acute and chronic 
stress responses for a period of eight weeks. The physiological and immunological parameters measured in this experiment, 
were length, weight, condition factor, feed intake, feed conversion ratio, protein energy retention, protein production value, 
blood glucose, packed cell volume, total plasma protein, plasma cortisol, hepatosomatic index, spleen somatic index, lysozyme 
activity and macrophage phagocytic capacity. Among the immunological parameters, fish fed with basil supplemented feed 
showed a significantly higher lysozyme activity, indicating that basil improved the immunity in fish.
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Aquaculture operations have the potential to be designed with environmental, social, and economic sustainability from the 
beginning. One area of concern is how escaped fish may result in fitness consequences to wild populations with which they may 
interbreed. Predictive models are an important to tool assess this risk and would greatly benefit regulators, coastal planners, and 
private industry in developing an expanding aquaculture industry in U.S. waters.

NOAA and ICF developed the Offshore Mariculture Escapes Genetic Assessment (OMEGA) model as a tool for use by 
scientists, resource managers, and industry to help with understanding the potential negative impact of farmed escapees on their 
wild counterparts, and how to manage and communicate this risk. OMEGA simulations were developed for three aquaculture 
species considered for the Gulf of Mexico: almaco jack (Seriola rivoliana), red drum (Sciaenops ocellatus), and red snapper 
(Lutjanus compechanus). Simulations include characterization of representative wild populations for each species and farm 
scenarios with varying production, broodstock management, and escape assumptions (Figure 1).

Model simulations included assumptions for culture parameters: production volume, domesticated/wild broodstock, and size 
of fish in pens. Not as well understood parameters such dispersal rates of escapees, culture and genetic effects on escapee 
survival and breeding, and wild population characteristics were varied to understand how these uncertainties influenced a risk 
assessment.

Generally, results indicated different vulnerabilities among the species to the effects of escapes on population fitness. Reasons 
are discussed and related to differences and uncertainties in species specific wild population characteristics such as carrying 
capacity, productivity, growth and age, and reproduction. 

Significant uncertainties exist for these species in how escapees may survive, disperse to encounter their wild counterparts, and 
their relative breeding success in the wild. Multiple model simulations indicate a cautionary approach is warranted to better 
understand these factors with smaller levels of production, and expand production as monitoring and review demonstrates the 
effectiveness of risk management strategies. 
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De-coupling aquaponic systems to optimize both the aquaculture and horticulture units is a relatively new technique. This 
technique can be used to mitigate the economic drawbacks of the aquaculture industry- primarily by using the secondary 
income generated by horticulture production to offset feed costs. Cucumbers (Cucumis sativus L.) are the second highest-
valued greenhouse crop and have a traditional harvest period of 12 weeks. Because cucumbers are a vining crop, growers 
have the potential to extend production particularly in greenhouse settings. Determining the optimum production cycle length 
of cucumbers in a de-coupled aquaponic system would be beneficial from an economic standpoint in order for growers to 
minimize production costs.

‘Deltastar’ cucumbers were grown in Dutch buckets and irrigated with aquaculture effluent (pH, EC +/-SE) for the duration of 
the experiment. Four termination times were imposed upon the cucumber plants 65 days after transplant (DAT), 75 DAT, 85 
DAT, and 95 DAT. Total yield (kg per treatment), was recorded for each treatment. Production inputs, labor, electricity, water, 
pesticides, fish feed, and propane, were measured for each treatment.

Ending production at 95 DAT results in a 78% increase in cucumber production. Applied fish feed, water usage and labor for a 
95 day production cycle increases by 14%, 20% and 44%, respectively, which does not justify the prolonged growing season. 
Yield at 75 DAT is not statistically different from yield at 85 DAT and also results in a 15% increase in cucumber production 
compared to 65 DAT with minimal increases in inputs (4%, 8%, and 13% for applied fish feed, water usage, and labor, 
respectively). A production cycle length of 75 days after transplant would produce a higher yield while minimizing additional 
inputs.  
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The sensory qualities of catfish fillets is of primary importance to the processor and consumer.  Although taste quality has 
been studied preferentially because of the blue-green algae-associated off-flavor challenges, textural quality can be equal to 
taste for subsequent rejection or acceptance by the consumer, and may also create processing difficulties with variable filleting 
requirements.  The purpose of this research was to determine the effect of gender on fillet texture, for either raw or cooked 
catfish fillets, and investigate the correlation of textural attributes between raw and cooked fillets.

Fresh-frozen catfish fillets were obtained from an experimental pond, but included a variety of families resulting from multiple 
spawns of both channel and hybrid catfish stocked communally.  Instrumental texture analysis was performed using the texture 
profile analysis (TPA) protocol.  A rectangular central section of the fillet was used for both raw and cooked experiments.  
Fillets were cooked by baking, wrapped in aluminum foil, in a convection oven, until the internal temperature reached 165oF.  
After cooling to 85oF, the fillets were measured by TPA at eight positions to give TPA attributes, Hardness, Cohesiveness, 
Springiness, Chewiness, Resilience, and Adhesiveness, plus several additional attributes.

No differences were observed between male and female catfish for the 12 TPA attributes collected.  Gender differences were also 
determined within the raw or cooked fillets, but still, no differences were observed.  Between raw and cooked fillets (male and 
female combined), only two TPA attributes, Adhesiveness and Springiness, were significantly different (P=0.037 and <0.001, 
respectively).  However, when the covariance of Thickness-1 was a significant interaction, and when attributed, Hardness-1 
was also significantly different between raw and cooked (P<0.001).  The comparison of raw and cooked fillets for only male 
catfish added an additional significant attribute, Slope-1 (P=0.049), with Hardness-1 having a P-value of 0.053, but with 
including the Thickness-1 covariate contribution, it became significant (P<0.001).  For female catfish, the comparison of raw 
and cooked fillets showed significant differences for only Adhesiveness and Springiness (P=0.049 and <0.001, respectively).
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The spotted seatrout (Cynoscion nebulosus) is a euryhaline, estuarine-dependent sciaenid inhabiting the western Atlantic from 
New York through the Gulf of Mexico, its center of abundance. The combination of its accessibility to anglers, aggressive 
feeding on a variety of baits, and desirable flesh makes it the most popular recreational fish in the Gulf of Mexico.      

Spotted seatrout culture is rooted in stock enhancement. Established techniques for broodstock husbandry and photothermal 
conditioning enable gamete maturation and spontaneous spawning of broodstock in tanks. Pond rearing techniques for the larvae 
were adapted from striped bass and red drum protocols in the late 1970s and well-established by the mid-1980s. Essentially, 
ponds were filled with brackish water, fertilized, bloomed, stocked, and occasionally supplementally fed with commercial fish 
food after about two weeks. Although produced in ponds to varying levels in Florida and South Carolina, Texas remains the 
leading producer of seatrout with more than 64 million 30-day old seatrout larvae produced for release since 2011. 

Despite what appears to be relatively high overall production numbers, low and variable production from ponds resulting 
from intracohort variability, cannibalism, and the inability to precisely control extensive pond systems has hampered culture 
of seatrout beyond the 30-day period. In 2005, the University of Southern Mississippi adapted the Texas broodstock protocol 
and began rearing seatrout for intensive production in recirculating systems. Through management of stocking density, feeding 
frequency, and feed ration, we developed a protocol that achieves an average of 40% survival through 30 days and up to 80% 
through 100 days using rotifers, Artemia, and commercial pellets. Preliminary work has produced a 10-12 inch fish in 10 
months.

While a practical protocol for seatrout production does exist, interest for commercial aquaculture has remained low. The 
future of seatrout culture will depend on establishing economic feasibility through market analysis. In particular, the potential 
to increase demand beyond coastal regions and production costs must be assessed. Technology improvements must include 
techniques for culture at higher stocking density, efficient feeding protocols for grow out, and optimal feeds for larvae, juveniles, 
and broodstock. Domestication and selective breeding for improved production traits have not been initiated, but genomic tools 
and techniques for in vitro fertilization have been developed and are available to support such programs. 
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With the growth of oyster aquaculture in the US there has been an increased interest to launch oyster aquaculture in Georgia 
as a way diversify the oyster industry that is dependent upon bulk harvest of wild oysters.  Current shellfish leases in Georgia 
cannot utilize gear, but as the industry looks to grow there is much interest in floating gear and to examine the effect that ploidy 
has on the growth, survival, and condition of oysters. 

Research from other states in the southeast have found benefits to utilizing triploid oysters for aquaculture and therefore, 
for this study we tested the effect of ploidy on growth, survival, and condition of oysters in floating cages (OysterGro) at an 
experimental site adjacent to a commercial shellfish lease in Wassaw sound. Four cages of each ploidy (3,600 oysters) were set 
out in six bag floating cages at density of 150/bag in October 2017. Cages were flipped once a week for 24 hours and growth 
was measured quarterly from ten oysters per bag through September 2018. In June 2018, prior to summer, and September 2018, 
post summer, ten oysters were removed and frozen to assess the condition and amount of fouling. Diploid oysters used were 
spawned in the Shellfish Research Laboratory hatchery, from Georgia broodstock, and triploid oysters were spawned at Lady’s 
Island Oyster Co. hatchery from South Carolina broodstock, in early May 2017. 

At deployment diploids had a mean shell height of 27.4mm and triploid had a shell height of 30.9mm.  By December 2017 
diploid and triploid oysters had increased in size to 38.2mm and 40.2mm and by March 2018 sizes were 41.5mm and 44.0mm, 
respectively.  In June, ten live oysters were collected and frozen from each bag for measurement, fouling and condition index.  
Remaining oysters were left in place and harvested in September 2018 and ten removed from each bag for measurements and 
to determine the amount of fouling and condition index.

Results from this research furthers the research comparing the effect of ploidy on the growth of oysters, provide information to 
the state of Georgia on the effectiveness of floating gear, and give potential oyster growers needed information as they look to 
invest into oyster aquaculture once regulations are adopted.
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The University of Georgia has been working with the Georgia Department of Natural Resources, Georgia Department of 
Agriculture, and the Georgia Shellfish Growers Association to establish shellfish aquaculture industry in Georgia. Over the past 
few years this partnership has been successful in establishing a shellfish hatchery at the University of Georgia Shellfish Lab 
through grants funds and developing a Blueprint for Georgia Oyster Aquaculture. Recently, through partnership with Oyster 
South, funding was received from the Turner Foundation to bring together regulators, extension agents, and growers from 
southeast states to discuss issues impacting growth of oyster aquaculture to help states identify problem areas and possible 
solutions. Areas of concern identified for Georgia and possible solutions to those problems will be presented along with efforts 
to allow for the use of aquaculture gear on bottom and water column leases.
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Ecosystem restoration efforts are occurring in major estuaries throughout the USA in areas that were historically used for oyster 
aquaculture, currently being used for oyster aquaculture, and in areas that have historic native oyster populations. Restoration 
efforts to improve habitat conditions for mobile species (e.g., fish, birds, shrimp) can positively or negatively affect growing 
conditions for bivalves. Restoration efforts have also used native oysters to improve habitat conditions for mobile aquatic 
species, but have run into conflicts when larger habitat restoration projects change ecosystem processes that result in a loss of 
suitable habitat for bivalves. Finally, restoration efforts occur at many different scales from local stream habitat projects all the 
way up to changing land forming processes throughout an estuary. As projects get larger, and include more of a habitat mosaic, 
potential conflicts between user groups and focused restoration efforts in the nearshore are becoming evident. 

By exploring case studies in the Chesapeake Bay, Coastal Louisiana, Tomales Bay, Humboldt Bay, and Puget Sound, we 
explore how the interactions between oyster aquaculture and ecosystem restoration are affecting both commercial operations, 
landowners, restoration efforts, and other stakeholders. Ecosystem restoration is sometimes viewed as a partner to aquaculture, 
while at other times the efforts are perceived by the public or regulatory scientists as incompatible. Through case studies, we 
identify common themes and opportunities for aquaculture to contribute to, or demonstrate compatibility with, restoration and 
protection efforts.
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As the uncertainty of offshore aquaculture increases from tightened regulations and environmental pressures, the market will 
look for alternative methods for reliable and sustainable fish production. Inland fish farms utilizing recirculating aquaculture 
systems (RAS) will be key players to help meet the global demand of fish production. The number of inland RAS systems is 
expected to significantly increase in the near future. According to the independent research and advisory firm, Luxresearch, by 
the year 2030 more than 40% of the world’s global aquaculture production volume will be grown in advanced RAS systems. 

Water quality is the most critical element of a RAS system.  It helps ensure satisfactory fish health and can even affect the 
quality of the harvested product. The newest generation of large-scale RAS systems are engineered to be very efficient in 
recycling and maintaining water quality within the system. Though these systems are considered to be “closed-loop” and can 
recirculate more than 99.5% of the water, they still require a large amount of high-quality intake water to continually replenish 
the RAS system. Even in the most advanced RAS systems, the amount of intake water can range between 100 to 500 liters/kg 
of fish produced.

Most likely, water sources at a potential site will be one of these sources: groundwater, surface water (rivers, streams, and 
lakes), seawater, or municipal (potable) water.  Each water source has its own particular treatment challenges for RAS systems. 
For instance, surface and seawater may have contaminants and other biohazards that can create biosecurity concerns. It is 
possible to use sea or surface water as a supply source, but in all cases, the costs to treat this water should be closely evaluated.

Four key water characteristics for RAS firms to evaluate for intake water are Total Dissolved Solids (TDS), Hardness (Calcium 
and Magnesium Levels), Sulfate Levels, and Organic Contaminants. 

The stakes are high as inland aquaculture transforms itself to be a staple agribusiness. Bioplans and business plans need to be 
accurate and executable for emerging companies to succeed. Water is a foundational element within these plans. Understanding 
how water affects a RAS’s operation and the fish living inside of it can provide a competitive advantage for future aquaculture 
companies. 

Through careful analysis of the water and pairing the technological mix to ensure the RAS performance, companies can prevent 
significant oversights that result in unexpected operational and capital costs. Understanding the water chemistry and its required 
treatment will help to ensure the economic success of an aquaculture facility.



126

EXPLORING THE USE OF TRIMETHYLAMINE OXIDE AS A FEED ADDITIVE TO COMBAT 
SOY-INDUCED ENTERITIS IN FARMED RAINBOW TROUT

 

Abigail B. Bockus*, Madison S. Powell, Wendy M. Sealey, and Gibson T. Gaylord 
 
Louisiana Universities Marine Consortium
8124 Highway 56
Chauvin, LA 70344
abockus@lumcon.edu

Partial replacement of fishmeal with soybean meal (SBM) as a sustainable and economic alternative has been explored in a 
number of commercially targeted aquaculture species, including freshwater rainbow trout (Oncorhynchus mykiss). However, 
soy and other plant-based materials contain high levels of saponins and other anti-nutritional factors that trigger subacute 
enteritis of the distal intestine in many of these fishes. This condition is characterized by increased intestinal permeability, 
inflammation, and morphological abnormalities leading to decreased feed efficiency and impaired growth. 

In rainbow trout, including SBM above 20% of the diet has been shown to induce soy-enteritis, placing a physiological 
threshold on the level that can be substituted into a standard aquaculture diet. Previous research has examined a number 
of mechanisms to combat this enteritis, including manipulation of the gut microbiome, ingredient processing to remove 
anti-nutritional factors, and antioxidant and probiotic additives. One unexplored approach is inclusion of trimethylamine 
oxide (TMAO) in aquaculture feeds. TMAO is a universal cytoprotectant, accumulated in numerous species as a protein and 
membrane stabilizer. Here, we test the ability of TMAO to enhance enterocyte stability and suppress the inflammatory 
HSP70 signal thereby combatting soy-induced enteritis and leading to increased feed efficiency, retention and growth in 
freshwater rainbow trout. Further, we examine whether marine fish solubles, a rich source of TMAO, can be used as an 
economically practical means of administering this additive, enabling its application on the commercial scale.

Farmed rainbow trout (Troutlodge Inc.) were stocked at a mean initial weight of 40 g and n=15 per tank into triplicate treatment 
tanks. Tanks were fed one of six diets prepared on a digestible nutrient basis providing 40% digestible protein, 15% crude fat, 
and meeting ideal amino acid concentrations. Diets included a fishmeal 40 control (% of dry diet), SBM 40, SBM 40 + TMAO 
3 g kg-1, SBM 40 + TMAO 10 g kg-1, SBM 40 + TMAO 30 g kg-1, and SBM 40 + 10% fish solubles. Tanks were fed twice daily 
to apparent satiation for 12 weeks and fecal, proximate, histological and molecular analyses conducted. 

The results of this study will be discussed as well as the utility of including TMAO to enable higher utilization of U.S. soy 
products in salmonid aquafeeds.
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Off-bottom aquaculture of Crassostrea virginica, the Eastern oyster, is growing rapidly in the Northern Gulf of Mexico off 
the coasts of Alabama, Mississippi, Florida and Louisiana. However, summer mortality events that disproportionally affect 
triploid oysters are a major problem facing this industry. The causes of these events are inconclusive, though many farmers 
believe desiccating oysters, a common farm practice, during hot summer months may contribute to mortality. Differences 
in vulnerability to stressors between ploidies have been noted over the years, but most studies have focused only on oyster 
mortality and not the sub-lethal effects stressors have on oyster physiology. The objective of this study was to compare sub-
lethal stressor effects of desiccation on triploid and diploid oysters using the metric of shell-closing strength. 

Shell-closing strength (SCS) is a trait used to assess the physiology and quantify overall health status of oysters. It has been 
shown that oysters with high SCS are in superior physiological condition to those with low SCS (Aoki et al., 2010). To measure 
shell-closing strength in this experiment, two-year old diploid and triploid oysters, C. virginica, were collected in July of 2018 
from a farm site managed by the Auburn University Shellfish Lab. These oysters (n = 18) were subjected to desiccation at 
ambient air temperatures (22-29C). SCS was measured for each oyster at the onset of desiccation and incrementally until the 
oyster died (0-72 hrs.). To measure SCS, reverse pliers atop a load cell were inserted between the valves of a closed oyster, via a 
notch filed into the shell. The valves were then pried apart to a predefined gape of 3.5 mm. The load cell gave a measurement of 
the force required to open the oyster and therefore was a relative measurement of the strength of each oyster’s adductor muscle. 
This allowed calculation of the proportional SCS for individual oysters, the ratio of SCS at time x to SCS at time zero (Fig. 1)

Diploid oysters had a rate of SCS decline nearly twice that of triploid oysters. Though triploids are thought to be more susceptible 
to desiccation stress, they seem to maintain their SCS and therefore their physiological condition better than diploids.
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Commercial off-bottom aquaculture of the Eastern oyster, Crassostrea virginica, is growing rapidly in the Northern Gulf of 
Mexico. This industry has been challenged, however, by repeated spring and summer mortality events that disproportionally 
affect triploid oysters. In a prior study in Alabama (Wadsworth et al., In Prep), triploid oysters had significantly higher summer 
mortality than diploid oysters, demonstrating a clear difference in vulnerability to stressors between ploidies. Many farmers 
believe tumbling and desiccating triploids, two common farm practices, during hot summer months may cause them to die. This 
experiment aimed to test two possible causes of increased triploid summer mortality by subjecting oysters to common stressors 
potentially imposed by farmers: tumbling (as occurs during grading) and desiccation.

 This experiment was conducted at three farm sites; Grand Bay, AL, Deer Island, MS, and Grand Isle, LA. At each of the sites, 
seven Oyster-Gro cages were deployed in early April 2018. Each cage held six bags, three of which contained diploid oysters 
and three of which contained similarly aged triploid oysters, for a total of forty-two bags per site (with 75 oysters/bag). All 
oysters were spawned and raised at the Auburn University Shellfish Lab and allowed to acclimate to the site for one month 
after being deployed. At two times (early May and early July) oysters in each of the seven cages were subjected to a two-factor 
stress treatment, with four levels of desiccation (0, 18, 24 or 48 hrs.) and two levels of tumbling (tumbled or not through a 
mechanical grader), with no ‘tumbled by 0 hrs.’ treatment (as oysters must come out of the water to be tumbled). One month 
after the stressors were imposed, the oysters were sampled to assess mortality by counting the number of living and dead 
oysters in each bag. 

Data collection and analysis are not yet complete, but preliminary data from one of the three sites, Grand Isle (Fig. 1), suggest 
that several stressor treatments do have significant effects on triploid oyster mortality. Triploid oysters exposed to > 24 hrs. 
of desiccation, whether tumbled or not, experience higher mortality than oysters exposed to any other treatment combination 
(P<0.05), with the exception of diploids desiccated for forty-eight hours and tumbled. These preliminary results seem to indicate 
that triploid oysters are more sensitive to severe stressors in the warmer, summer months than diploid oysters, and so should 
be handled more carefully. 
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Texas Parks and Wildlife Department restricts movement of American oysters (Crassostrea virginica) from one Texas bay 
system to another because of potential disease transfer and genetic differences in natural oyster stocks.  Oyster diseases, such 
as Bonamiosis, which was found serendipitously in 2007 in Florida waters, and MSX (Haplosporidium nelsoni) have not been 
characterized in Texas bays.  Therefore, it is prudent to periodically examine C. virginica and related species (e.g., Ostrea 
equestris and Isognomon sp.) from Texas bays for the presence of these parasitic pathogens.  American oysters (n=30/bay) 
were collected during October to December 2016 from Copano Bay, San Antonio Bay, Matagorda Bay, Galveston Bay, and 
Sabine Lake (red dots in figure).  In addition, 89 historical American oyster tissue samples collected in 2010 and 2011 from 
Texas were assessed.  Thirty-eight flat tree oysters (Isognomon alatus) were collected in December 2017 from lower Laguna 
Madre in Port Isabel, Texas (blue dots in figure). All oysters were assessed by PCR and histology for the presence or absence of 
Bonamia, MSX, and Dermo. No Bonamia or MSX was detected in any American or flat tree oyster sample.  Dermo was found 
on average in 15% of the 2016 American oyster samples and 27% of the 2010-2011 samples. Sanger sequencing of isolated 
DNA was performed on samples that were positive for Dermo as well as the positive Bonamia and MSX control DNA for PCR, 
which confirmed results.  These results serve as a point reference that indicate Bonamia and MSX have not been and are still 
not currently present in Texas bays, but continued biennial monitoring is suggested.
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Shellfish are central to Washington State’s culture, marine ecosystems and coastal economies. The Puget Sound in Washington 
serves as optimal habitat for shellfish aquaculture and there is substantial demand for growth within the industry. To ensure 
sustainable development of shellfish aquaculture, collaboration is key. An impediment to expansion of aquaculture is 
understanding the ecological implications of converting nearshore habitat to shellfish production. The Nature Conservancy, 
Washington Sea Grant and the National Oceanographic and Atmospheric Administration (NOAA) have partnered with tribes 
and industry to use underwater cameras to understand what fish and crab species are using shellfish aquaculture habitat (e.g. 
oysters grown in flip bags and clam beds), relative to natural habitat (e.g. eelgrass and sediment). 

We collaborated with 7 shellfish growing companies and tribes to collect underwater video footage (using GoPro cameras with 
time-lapse) at 10 sites around Puget Sound over 2 summers (2017 and 2018). Preliminary results after 2017 show that fish and 
crab communities affiliated with shellfish aquaculture, eelgrass and sediment habitats vary around Puget Sound, suggesting 
use of these areas may be determined by species- specific preferences and regional specific conditions (e.g. environmental 
conditions, species’ distribution, and habitat availability) (Figure 1).

Here we will present the findings of our study and how the results will be used to inform outreach and education efforts on 
aquaculture-eelgrass interactions. We will also discuss lessons learned from this collaborative effort and opportunities to build 
upon this project to design additional studies that will inform management and policy decisions.    
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Pacific clam, Asaphis violascens is a bivalve benthic species of the Indo-Pacific region. It could be found in lagoonal sand flats 
with a depth range between 0 - 20 m, so it restricted to the mid-high intertidal beach slope. It is common in a narrow zone on 
beaches on the lagoon side of atolls and in similar habitats on the ocean sides of islets. It is the dominant, and often the only 
bivalve in this habitat. It is a suspension feeder, and is dioecious. It is considered a highly valued food species in the region. 
Archaeological research has demonstrated that Marshall islanders exploited this resource for subsistence and as raw material 
since colonization about 2000 years ago. On many islands, they are harvested as single clams, searching for the siphonal 
openings and then extracting the shellfish. Because they inhabit zones accessible even on the worst tides, it is a valuable 
resource for subsistence gatherers. This makes it vulnerable to overharvesting There are no previous studies on the feasibility 
of culturing this species. The implementation of small-scale aquaculture of Pacific clams could be an interesting option for 
improving household food security and supplementing family income. The aim of this research is to establish a protocol for 
spawning at the laboratory and identify the different developmental stages under different feeding regimes.

Attempts to spawn A.  violascens were made by different physical, chemical and biological methods including, removing 
mature animals and placing them in 100 l tanks containing 1µm filtered seawater. Spawning induction stimuli included removal 
from the water and air drying and manipulation of seawater temperature. Eggs obtained from natural spawning after air drying 
clams for 2 hours during full moon were fertilized by exposure to dilute sperm suspension for 30 to 90 min at 28⁰C and S 
33. They were then rinsed onto a 20-µm polyethylene-screen and transferred at a density of 80 eggs/ml to 4 liter beakers 
filled with 1µm filtered-seawater. Larvae were not fed until 24 h after fertilization, then they were fed daily with different 
proportions of microalgae and commercial concentrates at concentrations increasing from 1 x 104 cells/ml to 3 x 104 cells/
ml. Eggs were discharged from the exhalent siphon, they were round, ranging 70 to 80 µm in diameter. A ciliated swimming 
gastrula developed in 6h after fertilization. Twelve four hours after fertilization most embryos are trochophore larvae 77 µm 
in maximum height. Early veligers (80 - 90 µm) form 24 h after fertilization. Phytoplankton were first observed in the gut of 
the planktonic veligers on the fourth day. Pediveliger larvae was observed on day 10 (170 – 180 µm). This stage is very brief, 
lasting approximately 24 h. 

This results showed that it is feasible the seed production in captivity, the next steps are continuing the grow-out cultures, and 
increase the research on the optimization of larval growth and survival.
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Acute hepatopancreatic necrosis disease, AHPND, caused by a specific strain of Vibrio parahaemolyticus (VPAHPND), results in 
great loss of global shrimp production. Studies on shrimp defense mechanisms against VPAHPND would provide an important 
information for the disease control. In this study, suppression subtractive hybridization (SSH) was performed to identify 
differentially expressed genes from white shrimp Penaeus vannamei hemocyte upon VPAHPND infection. Several immune-
related genes were identified. Of those, Vago5, Kunitz, Secretory leucocyte proteinase inhibitor, and Profilin are the highly 
abundant genes identified as the up-regulated genes in the SSH library. The qRT-PCR results show that only Vago5 gene was 
highly up-regulated at 3 and 6 h post-VPAHPND challenge whereas Kunitz, Secretory leucocyte proteinase inhibitor, and Profilin 
genes were highly up-regulated at 48 h post-VPAHPND challenge. The Vago5, the early VPAHPND-responsive gene, was functionally 
characterized by RNA interference. Vago5 knockdown in VPAHPND-infected shrimp resulted in the significantly rapid increase of 
mortality and the number of bacteria in stomach and hepatopancreas. Moreover, the expression analysis of downstream shrimp 
immune-related genes in Toll, IMD, and JAK/STAT pathways was analyzed after dsVago5 treatment upon VPAHPND infection. 
The result shows that Vago5 knockdown resulted in a significant decrease in PEN4 expression. Our data suggested that Vago5 
might modulate antibacterial response through NF-κB pathway activation.
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Leptin is a pleiotropic cytokine hormone known to influence numerous physiological processes such as growth, appetite, 
energy expenditure, stress, reproduction, and immunity in vertebrates. It is primarily expressed within adipose tissue and is 
responsible for regulating lipolysis in mammals. However, the liver is typically the predominate site of production in fishes and 
data suggests that leptin may instead act to regulate carbohydrate catabolism in these and other ectothermic vertebrates. Both 
insulin and the classical stress hormones, epinephrine and cortisol, play roles in regulating glucose availability and are known 
to interact with leptin in mammals yet these interactions in other vertebrate classes are not well known, particularly in fishes. 

Our prior work determined that leptin induces hyperglycaemia, depletes hepatic glycogen and induces glycolysis in tilapia 
and that hepatic mRNA and or circulating hormone levels increase in response to various stressors. We then hypothesized that 
leptin functions as a stress hormone to help mobilize energy stores during a stress event and thus investigated its regulation 
by epinephrine and cortisol. In isolated hepatocytes, epinephrine and cortisol stimulated leptin secretion within 15 mins and 
6 hours, respectively, indicating a role for leptin in mediating both short-term and long-term stressors. Further, epinephrine 
increased hepatic leptin mRNA levels and leptin secretion in vivo. This indicates that leptin is intricately involved with the 
endocrine stress axis, working in conjunction with epinephrine and cortisol to regulate the adaptive stress response.

We also examined the regulation of leptin by glucose, predicting it to be inhibitory given the hyperglycaemic effect observed 
in tilapia and other ectotherms. In isolated hepatocytes, increasing media glucose to levels representative of a stress response 
significantly reduced hepatic leptin levels. Interestingly however, a bolus injection of glucose that yielded plasma levels 
observed in tilapia during hyperosmotic challenge increased hepatic lepa by 14-fold. We thus hypothesised that the in vivo 
response to glucose may be due to other systemic factors important in glucose homeostasis, namely insulin. Indeed, an injection 
of insulin increased hepatic leptin levels by 56-fold suggesting the hormone may work in concert with insulin to regulate 
glucose uptake and catabolism (e.g. glycolysis). 
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One of the primary missions of the Warmwater Aquaculture Research Unit, USDA-ARS, is to develop improved catfish 
germplasm for release to U.S. catfish farmers to improve production efficiency.  A strain of channel catfish referred to as the 
‘Delta Select’ was developed by 3 generations of selection for increased growth rate and carcass yield from a base population 
derived from 10 commercial catfish farms.  The Delta Selects are being evaluated for release to commercial catfish farmers.  

The Delta Select strain was compared to its randomly bred base population (control) to evaluate improvements made through 
selection.  Three trials comparing the Delta Select and control lines were conducted during the 2018 growing season: Trial 1) 
fingerlings of both strains were tagged with PIT tags and reared communally in four replicate one acre earthen ponds and all fish 
were measured for growth and a sub-sample of each strain was processed to determine carcass yield (100*carcass weight/whole 
weight); Trial 2) fingerlings were stocked in 1 acre earthen ponds at 8,000 head per acre (16 ponds of Delta Selects and 12 
ponds of controls) and measured for growth, survival, FCR and carcass yield; and Trial 3) fingerlings were stocked in 0.25 acre 
ponds at 8,000 head per acre (3 ponds of each strain) and measured for measured for growth, survival, FCR and carcass yield. 

Results varied among the 3 production trials.  In the communal rearing trial the Delta Select strain fish were larger at harvest 
than the controls ( 957g vs. 636g) and a higher carcass yield (66.1% vs. 65.2%); in the one acre pond trials the Delta Selects 
were larger at harvest than the controls, had better survival, and better feed conversion; and in the 0.25 acre pond trials the Delta 
Selects and controls were not different for any traits measured.

The conflicting results may have been due to differences in production environments and experimental design.  Delta Selects 
grew faster than the control fish in the communal rearing and one acre pond trials, while the differences in harvest weight were 
not significant in the 0.25 acre pond study.  Some type of genotype by pond size interaction may have been the cause of the 
lack of growth differences in small ponds.  The communal rearing study was the only study that showed the expected higher 
carcass yield for Delta Selects vs. controls.  Pond-to-pond variation in carcass yield associated with differences among pond 
environments may have masked differences in carcass yield in the studies where strains were grown in separate ponds.   
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Detritus is a frequent component of bivalve growth and environmental modelling efforts; however, it is often poorly defined 
representing a “black box” of remaining material indirectly calculated from other sources. Models also view detritus as 
homogenous and rarely take into account differences in sources, which affect the bioavailability and nutritional value for 
consumers. There is a need to better define and understand how different detritus sources affect their use and importance in 
supporting bivalves both in the context of sustainable growth and environmental interactions of aquaculture. 

The goal of the current study is to identify the temporal variation of detrital inputs from major primary producers (phytoplankton, 
macroalgae and Spartina alterniflora) and their contribution to the diet of Mytilus edulis. Supplementary diet potential of each 
detrital source for mussel aquaculture was assessed based on availability and quality, estimated with C:N and lipid content. 
Detrital contribution to particulate organic matter (POM) and mussel diets was determined using stable isotopes δ13C and δ15N 
along with lipid and fatty acid biomarkers. Mussels were collected by hand and particulates <100 µm were sampled from the 
water column between May and Dec of 2016 and 2017 in Saco Bay, ME USA.

The average δ13C signature of POM varied throughout the study during fall it closely resembled that of S. alterniflora (-13.0 ± 
0.8‰) and in the summer it resembled phytoplankton and zooplankton (-22.7 ± 1.2‰) except during early July when it more 
closely resembled macroalgae inputs (-18.8 ± 1.4‰). Mussel δ13C varied little throughout the study period (-19.8 ± 1.2‰) 
averaging between that of phytoplankton and macroalgae (Fig. 1).    

S. alterniflora detritus shows the least potential for aquaculture use due to a high C:N (29.1 ± 10.5) and poor timing (i.e. it is 
present when the primary diet of phytoplankton is abundant). Because of a lower C:N (22.8 ± 8.8), more ideal timing and the 
variety of ways to enter the water column macroalgal detritus shows the most promise for further consideration to improve 
aquaculture site selection. Understanding macroalgal use by bivalves will better inform how to integrate bivalve aquaculture 
into ecosystems, food webs and sustainable ecological aquaculture.
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Oysters represent one of the most important aquaculture markets, yet global trends in the oyster culture industry have not 
been well assessed. In this paper, we will investigate long-run trends in oyster production and consumption, focusing on the 
impact of aquaculture and trade on the global market. Global oyster aquaculture production temporal trends mirror aquaculture 
production for most other species, with significant production increases beginning in the 1970s. Asia, specifically China, 
accounts for approximately 86% of global oyster culture production. France, Japan, South Korea, and USA account for most 
of the remaining production in both weight (metric tons) and value (USD). When compared to the massive increase in Chinese 
production since the 1970s, production in other countries has remained relatively stable. However, the importance of aquaculture 
growth remains high for many countries, such as the USA, where there has been a significant decline in wild oyster reefs and 
associated wild landings.

Innovations in aquaculture and the ability to raise oysters with more marketable attributes have led to a larger focus on the 
half-shell market. American imports consist largely of fresh farmed Canadian oysters almost exclusively consumed on the half 
shell. French consumption consists almost entirely of domestic, cultured oysters on the half shell. With an increase in demand 
for oysters on the half shell, aquaculture allows for the opportunity to provide a premium product that can fill this niche. 
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We see a policy shift toward area-based forms of management in the aquaculture sector. These approaches recognize that 
aquaculture risks reach beyond farm boundaries and need to be addressed at an area-level. However, existing accounts of 
state-led area management have illustrated the challenges which lie in organizing long-lasting, shared risk management outside 
individual farm boundaries, particularly in the South East Asian context where aquaculture landscapes are often still dominated 
by smallholder farming systems. This raises questions about the public sector’s capacity to manage aquaculture risks at an area-
level, and to facilitate the shared management of risks amongst aquaculture farmers. 

The objective of the research is to investigate how state-led area-based management arrangements constitute institutions 
for collective management of aquaculture, and in what way these arrangements respond to risk. We investigate this through 
studying the origin of Thailand’s Plang Yai approach, aimed at facilitating aquaculture improvements amongst smallholders in 
large areas, and its application in the aquaculture sector. Data were collected through semi-structured interviews with policy 
officers in the central government, and a case study of two Plang Yai initiatives: a shrimp farming area in Kung Krabaen Bay, 
Chantaburi, and a tilapia farming area in Panthong, Chonburi. A focus group with farmers, and interviews with NGOs, value 
chain actors, provincial and local government, researchers and farmer group representatives, were conducted at each case study 
site. 

Preliminary results indicate that Plang Yai approaches often take place in areas with existing institutions which work toward 
collective management of aquaculture production, thereby increasing the potential for collaboration between farmers. The 
government works by combining farm-level improvements, through Thai GAP certification, with the facilitation of cooperative 
formation, which can lead to risk-sharing through collective input purchase and collective output of sales. Another important 
element in Plang Yai is the government’s role in encouraging collaboration between farmer groups and private companies such 
as processors and buyers. Though the two cases illustrate important contributions of government involvement in these areas, 
particularly in terms of improvements in water management and access to water, little is done to actually facilitate farm-to-farm 
communication and the sharing of production risks such as disease.
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TO MANAGE, CONSERVE AND RESTORE OYSTER PRODUCTION IN LOUISIANA

Carolina M. Bourque* and Patrick Banks
 
Louisiana Department of Wildlife and Fisheries
200 Dulles Drive, Lafayette LA 70506
cbourque@wlf.la.gov

The Louisiana Department of Wildlife & Fisheries (LDWF) has been using oyster rehabilitation techniques since 1917 to 
enhance oyster resources in Louisiana. The main goals for oyster recovery in Louisiana are to return to levels of oyster 
production at or above the long-term means, to provide a stable resource for the oyster industry, and to establish and maintain 
an abundant population that is capable of recovering from detrimental environmental conditions and/or other pressures. Current 
oyster rehabilitation projects include cultch planting, harvest limits, shell budget development, biological monitoring, oyster 
hatchery production, strict enforcement of harvest laws, and remote setting. Cultch material, when placed in oyster spawning 
areas, provides a substrate for free floating oyster larvae to attach and grow. LDWF has placed over 1.5 million cubic yards of 
cultch material on nearly 30,000 acres over 100 years.  Successful results (20 seed oysters per square meter) are usually seen 
in as little as six months after cultch placement. LDWF has completed six cultch plant projects since 2012 that were funded 
through Oil Spill Early Restoration funds (average of 236 acres per cultch plant, totaling approximately 1,416 acres of total 
reef, with an average cost of $1.4 million). Four additional cultch plants, funded by State and/or other funds, were completed 
since 2012 (average of 55 acres per cultch plant, totaling approximately 220 acres of reef). LDWF is currently working on a 
100-acre cultch plant (under construction as of August of 2018), and intends to place cultch material on approximately 400 
acres of reef area in other areas of the state in 2019. In addition, four broodstock reefs are proposed for construction in areas 
lacking natural recruitment. LDWF also works in partnerships with different organizations providing hatchery-raised oyster 
larvae on different cultch plants, oyster reefs, living shorelines, artificial reefs and others. 



139
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john.bowzer@adm.com

 
Sustainable and cost effective alternative sources of long-chain omega-3 fatty acids, docosahexaenoic acid (DHA) and 
eicosapentaenoic acid (EPA), in aquafeeds continues to be a driving focus in the industry. Traditional plant ingredients lack 
adequate levels of these nutrients.  Therefore, supplementation of aquaculture diets with omega-3 rich ingredients is required 
to provide proper growth and health.  Additionally, consumers expect these fatty acids in the fillets for their associated health 
benefits. Algae sources are a promising option to provide these long-chain fatty acids in plant based diets.  In response, ADM 
research developed DHA Natur, a high-quality micro algae source of DHA through controlled fermentation processes.  

Although research in practical diets of aquatic and terrestrial species have been conducted with DHA Natur, consolidating 
the literature into an overview provides a better perspective of its application and value in feeds.  In studies with salmon and 
shrimp, DHA Natur has shown comparable growth performance and omega-3 fatty acid deposition into the tissues as traditional 
marine based control feeds.  In practical applications, DHA Natur can be used to supplement plant based feeds to ensure 
adequate levels of long-chain omega-3 fatty acids.

Collectively, the research demonstrates the functionality of DHA Natur as an alternative long-chain omega-3 fatty acid source in 
a variety of applications that supports production performance and fillet deposition. This presentation will provide an overview 
of the research conducted to determine the practical inclusion levels and discuss its potential in the diets of finfish and shrimp. 



140

EMBODIED RESOURCES IN AQUACULTURE PRODUCTION: EXAMPLES FROM SHRIMP 
AQUACULTURE

Claude E. Boyd
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Auburn University, Auburn, Alabama 36849 USA
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In aquaculture, the farmer uses definite amounts of land, water, fertilizers, feeds, and energy to produce a specific quantity 
of aquaculture product. Resource use usually is estimated from amounts of resources applied to the pond or other culture 
system to produce 1 metric ton or other quantity of the culture species. The waste discharge resulting from each metric ton of 
production also may be estimated. However, resource use and waste discharge per unit of production calculated in this manner 
disregards resources required to produce fertilizers, liming materials, feeds, energy, and other material inputs necessary for the 
aquaculture crop. Fertilizer production is energy intensive, and production of feed ingredients requires land, water, nutrients, 
and energy. Feeds for many aquaculture species also contain fish meal made from marine fish. The production of aquaculture 
inputs also have negative environmental impacts associated with them. Efforts to estimate amounts of embodied resources and 
embodied environmental impacts are necessary for accurate assessments of the role of aquaculture in resource consumption and 
environmental degradation. The use of life cycle analysis (LCA) is becoming popular in aquaculture, but LCA is too general 
to be of much benefit for assessing resource use at the farm level. Guidelines for realistic assessments of direct and embodied 
resource use in aquaculture are presented based on experience with Asian shrimp farming.
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THE NORTH CAROLINA SHELLFISH INITIATIVE - RESTORATION, PROTECTION, AND 
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Jacob Boyd*, Charles R. Weirich, Erin Fleckenstein, Todd Miller, Stephen Murphey, and Kenneth Riley
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Officially launched in 2018, the North Carolina Shellfish Initiative (NCSI) became the sixth state in the U.S. and first in the 
southeast to align with the National Oceanic Atmospheric Administration’s (NOAA) National Shellfish Initiative to increase 
shellfish populations across the nation. The success of the initiative hinges on the commitments and partnerships forged 
between the North Carolina Coastal Federation, North Carolina Department of Environmental Quality/Division of Marine 
Fisheries (NCDMF), North Carolina Sea Grant, North Carolina Shellfish Growers Association, NOAA, and many in academia 
and non-governmental organizations.

The NCDMF is responsible for the stewardship and sustainability of the state’s marine and estuarine resources for the benefit 
and health for all North Carolinians. In doing so, NCDMF manages shellfish resource development, habitat enhancement, 
benthic mapping, shellfish leasing, and water quality for shellfish growing areas. Habitat enhancement programs within 
NCDMF include the Artificial Reef Program, Oyster Sanctuary Program, and Oyster Rehabilitation Program. The Shellfish 
Lease and Franchise Program is also managed by NCDMF for the purposes of commercial shellfish cultivation, aquaculture, 
and mariculture within the State of North Carolina.

In collaboration with the NCSI partners, the NCDMF uses an inter-disciplinary, science-based approach to plan shellfish 
restoration and water quality protection efforts.  These efforts include determining the appropriate size and distribution of 
restoration projects such as oyster sanctuaries and cultch plantings and increasing protection for identified waterbodies through 
modeling, mapping, monitoring, and adaptive management. Other collaboration efforts include developing strategies for the 
sustainable growth of the mariculture industry throughout the state. Management considerations such as public trust matters, 
shellfish disease, and appropriation of resources are among the top priorities for NCDMF in helping to foster a sustainable 
mariculture industry.

Ensuring sustainable shellfish management, protecting water quality, and enhancing shellfish restoration opportunities are key 
to adequately protecting, promoting, and restoring shellfish throughout North Carolina’s marine and estuarine environments. 
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ALKALINITY, PH, AND LIMING IN SHRIMP PONDS
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The pH in shrimp pond waters, as in waters of other ponds, is controlled by carbon dioxide concentration. The carbon dioxide 
concentration is influenced mainly by the rate of photosynthesis by aquatic plants relative to the rate of community respiration. 
The pH rises when carbon dioxide decreases, and when pH reaches 8.3, there is no free carbon dioxide. Aquatic plants must 
then get inorganic carbon for photosynthesis from bicarbonate (2HCO3

- ↔ CO2 + CO3
2- + H2O). The carbonate released in this 

process hydrolyzes and causes pH to continue to rise. The pH usually rises in daytime when the rate of photosynthesis exceeds 
respiration. At night, photosynthesis stops and respiration continues, causing carbon dioxide concentration to increase and pH 
to decrease. This is perfectly natural and the fluctuation in pH is seldom harmful to culture animals. Nevertheless, many shrimp 
farmers add lime to ponds almost daily to try to prevent pH change.

A modification of the Henderson-Hasselbalch equation can be used to illustrate the pH fluctuation in pond water.

The daily pH fluctuation will be greatest in waters with low bicarbonate concentration. Because bicarbonate is the main base 
causing alkalinity, low alkalinity waters tend to have the greatest daily pH fluctuation. Such ponds may be limed to increase 
alkalinity. But, liming ponds to increase alkalinity is futile in water where alkalinity is already high enough to bring about 
calcium carbonate saturation – the situation in most shrimp ponds. In fact, agricultural limestone and lime will not dissolve in 
water saturated with calcium carbonate.

Shrimp farmers generally worry too much about pH. They also waste a lot of money on liming materials that do not dissolve. Of 
course, in lined ponds without water exchange, and especially in biofloc ponds, liming material must be applied frequently to 
avoid extreme alkalinity loss from acidity caused by nitrification. Sodium bicarbonate is soluble and is the best liming material 
for this purpose.
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IN THE WILD AND MODELING THE CONSEQUENCES OF INVASION FOR WILD 
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Ian R. Bradbury*, Emma V.A. Sylvester, Brendan F. Wringe. Steven J. Duffy, Lorraine C. Hamilton, 
Marco Castellani Eric C. Anderson, Paul Bentzen, Ian A. Fleming
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Throughout their native range, wild Atlantic salmon populations are threatened by hybridization and introgression with 
escapees from net-pen salmon aquaculture. Although domestic-wild hybrid offspring have shown reduced fitness in lab and 
field experiments, consequential impacts on population abundance and genetic integrity remain difficult to predict in the field, 
in part because the strength of selection against domestic offspring is often unknown and context-dependent. Here we follow 
a single large escape event of farmed Atlantic salmon in southern Newfoundland and monitor changes in the proportions of 
hybrids and feral individuals over time using genetically-based hybrid identification. Over a three-year period (2014-2016) 
following the escape, the overall proportion of wild parr increased consistently (71.6%, 75.1%, 87.5%), with subsequent 
declines in feral and hybrid parr. We quantify the strength of selection against individuals of aquaculture ancestry and explore 
the genetic and demographic consequences for populations in the region. Within-cohort changes in the relative proportions 
of feral, F1, and wild parr over time suggest reduced relative survival of feral and F1 parr compared to wild individuals over 
the first (0.15, 0.81, and 1), and second years of life (0.26, 0.83, and 1 for feral, F1, and wild, respectively). These relative 
survivorship estimates were used to inform an individual-based salmon eco-genetic model to project changes in adult abundance 
and overall allele frequency across three invasion scenarios ranging from short-term to long-term trickle invasion and three 
relative survival scenarios. Modeling results indicate that population abundance and time to recovery were greatly affected by 
relative survivorship and that models reflecting our estimates of relative survivorship indicate that continued escape events 
likely influence declines in population size dependent on the size and frequency of escapes. Overall this work demonstrates 
the importance of estimating the strength of selection against domestic offspring in the wild to predict the long-term impact of 
farmed salmon escape events on wild populations. 
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Throughout their native range, wild Atlantic salmon populations are threatened by hybridization and introgression with 
escapees from net-pen salmon aquaculture. Although domestic-wild hybrid offspring have shown reduced fitness in lab and 
field experiments, consequential impacts on population abundance and genetic integrity remain difficult to predict in the field, 
in part because the strength of selection against domestic offspring is often unknown and context-dependent. Here we follow 
a single large escape event of farmed Atlantic salmon in southern Newfoundland and monitor changes in the proportions of 
hybrids and feral individuals over time using genetically-based hybrid identification. Over a three-year period (2014-2016) 
following the escape, the overall proportion of wild parr increased consistently (71.6%, 75.1%, 87.5%), with subsequent 
declines in feral and hybrid parr. We quantify the strength of selection against individuals of aquaculture ancestry and explore 
the genetic and demographic consequences for populations in the region. Within-cohort changes in the relative proportions 
of feral, F1, and wild parr over time suggest reduced relative survival of feral and F1 parr compared to wild individuals over 
the first (0.15, 0.81, and 1), and second years of life (0.26, 0.83, and 1 for feral, F1, and wild, respectively). These relative 
survivorship estimates were used to inform an individual-based salmon eco-genetic model to project changes in adult abundance 
and overall allele frequency across three invasion scenarios ranging from short-term to long-term trickle invasion and three 
relative survival scenarios. Modeling results indicate that population abundance and time to recovery were greatly affected by 
relative survivorship and that models reflecting our estimates of relative survivorship indicate that continued escape events 
likely influence declines in population size dependent on the size and frequency of escapes. Overall this work demonstrates 
the importance of estimating the strength of selection against domestic offspring in the wild to predict the long-term impact of 
farmed salmon escape events on wild populations. 
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PROGRESSIVE IMPROVEMENTS IN SALMON RAS DESIGN

Ben Briese*, KC Hosler
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There has been recent movement in the industry towards large scale land based recirculating aquaculture systems (RAS).  This 
is in part due to net pen producers requiring larger salmon prior transferring them to the ocean and due to increased interest by 
investors to grow market sized fish on land.  With the move to large scale systems, processes that are adaptable and scalable are 
required to optimize operational efficiencies. The method in which these processes are integrated is critical to success.

This presentation will focus on the scalable, systems-based process string currently used in our innovative design solution.  An 
overview will be provided for three (3) processes; biofiltration, gas balancing and oxygenation.  This will include a comparison 
of alternate technologies and the way in which manipulation of key process variables and their locations in the system impact 
the final solution.  Designing to ensuring technologies complement each other produces a system in which optimal water 
quality, operability, capital cost and energy consumption is achieved.
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HISTORY OF LARGEMOUTH BASS CULTURE
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The largemouth bass (LMB) is native to North America and is the largest member of the Centrarchidae family. The LMB has 
been stocked into >25 countries as a popular sport-fish but more recently has become important in food-fish production with 
>150,000 MT produced worldwide. 

Efforts at LMB reproduction extend back to at least the mid-1800s. In the U.S., early culture techniques were adapted from 
those developed for salmonids in Europe. Documented work in the states was often kept in hatchery records or organizational 
reports, which were not in publications available to the general public. Over time, individual culturists developed their own 
techniques that were generally passed along orally. 

In 1897, the U.S. Commission of Fish and Fisheries published A Manual of Fish-Culture. Methods for propagating “black 
basses, crappies, and rock bass” were of sufficient interest to warrant a 25 page chapter in that manual. Many of the pond-based 
culture methods described in that chapter are still used in present day hatcheries. 

By the 1900s, black bass were being artificially propagated and stocked all over the U.S., including >25 states outside of their 
natural range. Then in the 1930s, the federal government supported the construction of both small impoundments on farms as 
well as large reservoirs, requiring millions of LMB fingerlings for stocking. Later reports indicate that in the U.S., >35 million 
LMB were stocked annually between 1966 and 1970. 

Production was primarily by government hatcheries and focused on small fingerlings (5-8 cm). Fisheries managers found that 
larger fingerlings (18-22 cm) were much more successful after stocking. In the 1960s and 1970s, Jack Snow and colleagues at 
the Marion National Fish Hatchery in Alabama developed a methodology to feed-train fish, in effort to produce large numbers 
of advanced and large LMB fingerlings at higher densities. 

In the 1970s, larger LMB began to be marketed as food-fish into ethnic Asian markets, primarily in Canada. Production of the 
LMB as food-fish in Taiwan began in 1983 and was initiated in China later that same year. Production has now spread to several 
provinces in China as new genetic strains have been developed. By 2013 in the U.S., the New York market was allowed to sell 
farm-raised largemouth bass. The current market (2018) for live largemouth bass worldwide is likely approaching 1,000,000kg/
year. 
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In the U.S., largemouth bass (LMB) food-fish are primarily marketed live to ethnic Asian populations in large cities. This helps 
to protects domestic LMB production as “live” is a product form not readily imported. However, offering only one product 
form limits the growth of LMB production in the U.S. In North America, most consumers prefer processed product forms such 
as fillets. 

To expand into more of a mass market in North America, product forms such as fillets or even value-added and/or ready to 
cook type products would need to be developed. The dress-out and fillet percentages for LMB (61% and 38%, respectively) 
are similar to those reported for channel catfish (59% and 40%). Engle et al. (2013) investigated the feasibility of producing 
LMB for a fillet market. They reported that individual fillets of 85-142 g or 142-198 g were the primary sizes utilized in the 
U.S. At 38% fillet yield, that would require whole fish weights of 447- 474 g for the smaller fillet category and 747-1,042 g for 
the larger fillets. While total fish harvest weights required for the smaller fillet category are achievable, efficient growth to sizes 
required for the larger fillets has proven difficult. Economic analysis by Engle et al. (2013) determined that production costs for 
LMB fillets would be $7.26-9.34/kg and that those prices would likely be too high for a feasible fillet market. They indicated 
that the primary drivers of the high production costs were fingerlings (their budget used $1.60/fish at a size of 57 g) and feed 
($1,323/MT). It is likely that both of these costs can be significantly reduced with additional research and development efforts.

Stored lipids are also important in terms of nutritional attributes of the final product and also for storage stability. LMB have 
very high levels of docosahexaenoic acid (DHA) (22:6 n-3) in eggs and muscle tissue. Along with eicosapentaenoic acid 
(EPA) (20A:5 n-3), these are the two primary fatty acids associated with human health benefits. The concentration of these 
important fatty acids as a percentage of total fatty acids is actually higher in LMB than it is in species such as salmon, which 
are recommended as good dietary sources. However, since salmon have higher total fat levels in the edible portion, salmon can 
deliver more EPA and DHA per standard portion (85 g). 

To develop product forms for LMB other than live, the primary focus should be on reducing overall production cost by reducing 
feed costs and fingerling costs.
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This presentation reviews the causes and multi-generational health implications of intensive pesticide use in banana production 
in Ecuador’s El Oro province and adjacent regions, ending with an exploration of potential solutions. Methods informing 
this account include transdisciplinary knowledge synthesis and qualitative fieldwork in El Oro. Causes of pesticide-intensive 
banana production and related health impacts include agro-ecological complexity, inequitable global banana markets, giant 
transnational fruit and chemical corporations, and local Ecuadorian elites. These factors combine to generate unfair patterns 
of occupational exposure, and damages to health and livelihoods in aquatic ecosystems downstream from banana farms. 
Efforts to remedy this situation by workers, policymakers and civil society organizations encounter both powerful political-
economic interests, and scientific complexity that complicates action to protect health. Understanding the social production and 
application of science on occupational and environmental health, endocrine disruption and agro-ecosystems can inform both 
future research, and action that better protects populations vulnerable to pesticide exposure and related health hazards.  
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Pinfish, Lagodon rhomboides, and pigfish, Orthopristis chrysoptera, are two popular marine fishes used by recreational fisherman 
as bait throughout the southeastern United States. Extensive research with each species has led to efficient culture methods 
and development of commercial aquaculture businesses for their production. Both species spawn naturally in captivity when 
appropriate environmental conditions are applied as well as after hormone administration. Recently, a new type II gonadotropin 
releasing hormone (GnRH IIa) has proven effective for induced spawning in channel catfish and has been proposed to be an 
effective alternative hormone for induced spawning in other species. Thus, the efficacy of varying dosages of GnRH IIa on 
induced spawning in pinfish and pigfish was evaluated.

Mature pinfish and pigfish were captured from the Indian River Lagoon system in southeastern Florida, quarantined, and 
conditioned on natural dietary items within outdoor, recirculating aquaculture systems. For each species, a single pair of 
broodfish were used to evaluate each dose of GnRH IIa (25, 50, 100, or 200 ug/kg female body weight (FBW)) as well as a 
positive control (Ovaprim® at 0.5 mL/kg FBW) and negative control (saline at 0.5 mL/kg FBW). All males that were paired 
with females given the varying treatments received a standard dose of Ovaprim® at 0.25 mL/kg BW to ensure spermiation. 
Broodfish pairs were monitored daily for spawns up to 120 hours post injection. Seven replicate broodfish pairs were examined 
for each dosage treatment for each species. Egg production, viability, and morphometrics along with larval quality and 
morphometrics were recorded for each spawn.

GnRH IIa was effective for spawning induction for both species at all tested dosages (Table 1). Egg production thus far appears 
higher but much more variable for GnRH IIa treated female pinfish and pigfish, and egg and larval quality for pigfish appears 
to be negatively impacted by GnRH IIa. All other findings will be presented and applications of GnRH IIa for spawning marine 
baitfish discussed. 
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More people now live in cities than ever before. By 2050, 70% of human populations will reside in urban areas. Ecological and 
health implications of global megatrends, including the food – energy – water nexus, present palpable challenges, particularly 
as countries collectively endeavor to realize the Global Goals for Sustainable Development (www.globalgoals.org). By 2050, 
it is estimated that global food production must increase by 50%, while 200% increases are needed in developing countries. 
Aquaculture, which is growing times faster than land-based agriculture, will play an important role to meet these needs. For 
example, in 2014 aquaculture surpassed global fisheries in providing fish for human consumption. It is important to note that 
global aquaculture activities can in urban and periurban regions with differential waste management capacity. Yet high population 
densities in urbanizing regions result in concentration of food, energy, water and other resource consumption. Urbanization also 
leads to concentration of chemical use, which inherently results in exposures to human populations and ecosystems receiving 
waste streams within and from these urban centers. In developing nations, where many of the megacities will continue to emerge 
over the next few decades, access to chemical products is occurring faster than public health interventions and environmental 
management systems are being implemented. Unfortunately, 80% of the global sewage production is not treated, but returned 
to the environment and thus reused for various purposes. These non-traditional reused waters are being recycled for agriculture, 
including aquaculture in areas experiencing rapid urbanization, yet implications for water security, food safety and international 
trade are not routinely examined. Clearly, urban water – food safety challenges represent an emerging frontier for protection 
of public health and the environment while ensure sustainable aquaculture practices. In the current presentation we draw from 
our ongoing efforts in Asia and North America to understand bioaccumulation of organic contaminants of emerging concern in 
common fish and shellfish used for aquaculture. For example, we have observed aquacultured bivalves to accumulate diverse 
contaminants of concern (e.g., pharmaceuticals, pesticides, flame retardants), apparently from landfill leachates and effluent 
discharges of marginal quality, in Hong Kong. Our findings from laboratory uptake and depuration studies with channel catfish 
and tilapia focus on contaminants with diverse physico-chemical properties (e.g., weak base medicine, phosphorus-based 
flame retardant, perfluorinated compound, cyanotoxin) and provide an approach to support bioaccumulation assessments for 
chemicals falling outside of applicability domains for nonionizable organic contaminants (Figure 1). In North America, we 
are examining intersections among water reuse practices, bioaccumulation and aquaculture for various products. Such efforts 
apparent warranted at the global scale.
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INCLUDING THE INTRODUCTION OF NEW PRINCIPLES SIMILAR TO PAS/IPRS 
(PARTITIONED AQUACULTURE SYSTEMS/IN POND RACEWAY SYSTEMS)

George B. Brooks, Jr., PhD*

NxT Horizon Group
P.O. Box 24982
Tempe Arizona 85285
george@nxthorizon.com

The advent of small aquaponics systems suitable for backyards like those described in the Food and Agriculture Organizations 
manual, “Small Scale Aquaponic Food Production” inspired a revolution in Aquaculture that may not have been technically 
feasible before, at least in the United States: The creation of thousands of small aquatic farms scattered across the nations rural 
and urban backyards. One significant complaint that could limit expansion of these small systems to new users is the perception 
they are expensive and complex to operate.

One process that may address this issue is Design Thinking (DT). Design Thinking is an approach to innovation that works to 
integrate the potential of technology and the requirements for economic success with the needs of people.

A method of Recirculating Aquaculture (RAS) that has improved the efficiency of commercial catfish culture, Partitioned 
Aquaculture Systems (PAS) sequester fish within a small area of a pond that is partitioned from the rest and supplied with a 
high flow of pumped water. The remainder of the pond serves as a growing area for bacteria that facilitate nitrification and algae 
to uptake nutrients and provide oxygen. In Pond Raceway Systems (IPRS) is a subset of PAS where the fish are separated into 
small specially designed raceways placed or floated within a pond or other body of water. 

This work describes how Design Thinking was used in a recent new Aquaponic system design project focused on reducing cost 
and complexity, and the pros and cons of the DT process that were encountered including: The requirement for prototyping 
encouraged refinement of the design to create increased social, economic and environmental benefits; for example the advantages 
of developing and applying new RAS principles to aquaponics similar to PAS/IPRS. Conversely, the need in agriculture to 
study preferably multiples of each prototype often over multiple growing seasons significantly increased developmental time 
and cost. 



152

THE EFFECT OF HYPERSALINITY ON THE NITRIFICATION EFFICIENCY OF A MOVING 
BED BIOFILM REACTOR
 

Liam Brosnahan*, Joseph T. Szczebak, Casey A. Murray, Bradford D. Bourque, Andrew L. Rhyne 
 
Center for Economic and Environmental Development
Roger Williams University
1 Old Ferry Road, Bristol, RI 02809
Lbrosnahan762@g.rwu.edu

A vital asset in the improvement of marine ornamental larval feeds was the commercialization of live brine shrimp production 
(Artemia spp.). Many studies report 30-55 ppt as the optimal salinity for commercial brine shrimp production yet the natural 
salinity range is considerably higher (50-270 ppt). Further, while most institutions rely on labor-intensive batch culture for brine 
shrimp production, an alternative is a recirculating aquarium system (RAS). A hypersaline continuous brine shrimp production 
system could reduce bacterial contamination of shrimp cultures as well as production time and labor associated with batch 
culture. However, little research exists on the performance of nitrifying bacteria under hypersaline high-intensity RAS. The 
efficiency of nitrifying bacteria at elevated salinities must be determined to assess the feasibility of a hypersaline closed system 
recirculating aquarium system. 

To determine the efficiency of nitrifying bacteria under hypersaline conditions, the ammonia removal rate of five moving bed 
biofilm reactors (polypropylene carboys filled with 12L of filtered seawater and 1.1 kg of polypropylene kaldnes media) were 
subjected to increasing salinity treatments (30, 45, 60, 75, 90 ppt) over the course of several months. Each carboy was dosed 
with 113.2 mL of concentrated nitrifying bacteria (71 mL Fritz Aquatic Fritz-Zyme 9, 10.5 mL Instant Ocean BIO-Spira, and 
31.7 mL API Quickstart) and 8 ppm ammonia. 

Temperature (°C), salinity (ppt), nitrogen (ammonia , nitrite, nitrate; ppm), pH, and alkalinity (ppm CaCO3) were analyzed 
daily and carboys were topped off with reverse osmosis (RO) water to keep salinity stable over the course of each treatment. 
When a carboy cycled (0 ppm ammonia), the salinity of the carboy was increased the next salinity step (15 ppt increments) over 
a 12 hr period using a brine drip and re-dosed with 8 ppm ammonia. 

If nitrification is not slowed at elevated salinities, a hypersaline closed system recirculating Artemia production system could 
be designed. Such a system would minimize bacterial infections associated with high density brine shrimp cultures  and would 
save production time and labor associated with frequent batch production.
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SHRIMP HEALTH MANAGEMENT: DISEASE PREVENTION BEGINS IN THE HATCHERY

Craig L. Browdy, Susan Laramore Diego Flores, and Peter Van Wyk 

Zeigler Aquaculture Research Center
Harbor Branch Oceanographic Institution Florida Atlantic University
5600 North US HWY 1, Fort Pierce, FL 34946

The management of shrimp health is a prerequisite for sustaining industry profitability.  Emergence of pathogens, global transfers 
and associated epidemic mortalities have plagued shrimp producers for decades. Shrimp hemocyte iridescent virus (SHIV) is 
the latest example of a new viral pathogen currently spreading in Asia.  Acute hepatopancreatic necrosis disease (AHPND) 
caused by secretion of the plasmid encoded binary toxin PirABvp from Vibrio parahaemolyticus has now been identified 
in other Vibrios with highly virulent strains causing mass mortalities as early as PL2. The microsporidian Enterocytozoon 
hepatopenaei (EHP) that causes slow growth and increased susceptibility to disease, is now found throughout Asia and has 
recently been identified in the Americas. The resistant spores of EHP are particularly difficult to eradicate, potentially building 
up in the culture environment over time. Complex strategies have been applied to controlling these pathogens by eradication 
and exclusion (Specific pathogen free SPF), by breeding for tolerance (all pathogen exposed APE) or both (specific pathogen 
tolerant SPT+SPF). The stocking of strong, healthy disease tolerant postlarvae (PL) remains a key prerequisite for successful 
shrimp production worldwide. 

Production of healthy PL requires the control of introduction and proliferation of pathogens during larval culture. In many parts 
of Latin America, broodstock are produced on farms where they are exposed to pathogens to increase selective pressure for 
tolerance.  Risks associated with transfer of disease into the hatchery through broodstock are accepted with varying degrees of 
quarantine and selection instituted to manage health. In other parts of the world, SPT/SPF stocks are used as a strategy to prevent 
disease introduction with the broodstock. Typically, hatcheries stocking SPF shrimp will apply varying degrees of diligence to 
biosecure facility designs, disinfection of incoming water and overall hygiene. Mounting evidence points to significant risks of 
disease introduction through use of live and fresh frozen feeds in hatcheries. Fresh and frozen bloodworms, squid, bivalves, and 
Artemia biomass have all been identified as vectors for one or more pathogens. In Asia, use of live polychaetes is widespread, 
increasing the fecundity of expensive SPF broodstock. However, live polychaetes have been demonstrated to be an important 
vector for many of the same pathogens meant to be excluded by the use of SPF broodstock. Live algae and Artemia can also 
be sources of potentially pathogenic bacteria. Strategies to reduce the risks associated with hatchery feeds include, careful 
screening or irradiation of frozen feeds, production of Artemia and algae in highly controlled systems, and the use of new and  
improved, live and frozen feed replacements. As formulated hatchery feeds and probiotics improve, the need for live and fresh 
feeds will be reduced, resulting in reduced decrease risks and improved larval health. Producing healthier faster growing PL 
requires investments in disease control.  In an increasingly competitive shrimp market, the most profitable farms will be those 
that understand the value of investing in strategies for enhanced PL quality to improve growth, survival and consistency of 
overall farm productivity. 
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THE FUTURE OF GULF OYSTER MANAGEMENT: STAKEHOLDER PREFERENCES FOR 
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Though oyster reefs are in decline globally, the Gulf of Mexico has been identified as a potential site for restoration and 
recovery. A diversity of stakeholder groups are impacted by declining oyster populations and have differing preferences for 
oyster management as well as the potential future outcomes of this natural resource. This survey study assesses the preferences, 
opinions, and values of four stakeholder groups on the Gulf Coast: oyster harvesters, scientists, natural resource managers, and 
seafood distributors. This study analyzes the relationship between participant preference for oyster management in their coastal 
area with communication preferences, environmental values, participation in management, resource dependency, and trust of 
other stakeholder groups. The results of this study will reveal generalizable findings on the factors that influence stakeholder 
engagement in management, communication preferences, and stakeholder preference for oyster management outcomes, 
including an assessment of the characteristics of innovation for each potential outcome.

RESTORATION OF THE EUROPEAN FLAT OYSTER Ostrea edulis- ARE WE AIMING FOR 
RESTORATION OF REEFS?

Janet H Brown* and Bernadette Pogoda,

Editor, The Grower, Association of Scottish Shellfish Growers, Scotland, UK 
Jan.brown@dsl.pipex.com

Ostrea edulis has been subject to ‘restoration’ for over 100 years. What is new now is that restoration efforts are aimed not just 
at the restoration of a fishery but for the ecosystem services they can provide.  These include habitat provision and increased 
biodiversity, and this is only possible if they are allowed to form structures from their aggregations through natural settlement 
- otherwise known as reefs. 

There is some argument however as to whether native oysters form reefs and this is a strongly held position particularly 
amongst people currently operating in oyster fisheries.  This presentation will explore why this remains a tenable argument 
based on current experience from such fisheries but will also show from historic documents and testimony as well as evidence 
from actual practice over the past 100 years, and more recent biological data that they will indeed form reefs.  Photographic 
evidence will support this and the biodiversity benefits that can result from these structures.
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SINGLE CELL PROTEINS CAN PARTIALLY REPLACE FISH MEAL PROTEIN IN THE 
PACIFIC WHITE SHRIMP Litopenaeus vannamei

Bru, Sophie*, Yuan Yuan, Karen Jensen, R.J. Barry, M.L. Powell, A.L. Lawrence, S. A. Watts 

Sophie Bru
University of Alabama at Birmingham
Birmingham, AL 35294
Spb73191@uab.edu

Fish meal (FM) is a high-quality protein source for fish and shrimp feeds. World fisheries for fishmeal are at maximum 
sustainable yield and alternative protein sources are needed as both demand and price increase. Single cell proteins (SCP) have 
been identified as potential replacement ingredients for fish meal protein. 

This study reports a bacterial source SCP (MRD-Pro) and yeast-based SCP (DY-Pro) as a fish meal replacement in an initial 
(Trial 1) and a confirmation trial (Trial 2). A control diet using a commercial formulation contained 21.4% FM as fed (total 
crude protein from all animal and plant sources was 33.7% as fed).  Three experimental diets contained 6.9% DY-Pro and 
15.3% FM, 6.9% MRD-Pro and 14.2% FM and 16.3% MRD-Pro and 4.4% FM with SCPs replacing FM on a Kjeldahl-
estimated protein equivalent basis. 

Groups of 20 shrimp were stocked into separate 80 L glass tanks (n=3 tanks/diet treatment). All tanks were held within a 
centralized RAS with synthetic seawater (Crystal Sea) at 28 C and 28 ppt salinity. Water quality was monitored daily and values 
did not fall below an acceptable range for all parameters over the course of each study. Trial 1 was stocked with shrimp at an 
initial weight of ca. 4g/individual and fed to apparent satiation for 28 days. Individuals received feed from automatic feeders 
every hour (feed was increased daily if one third or less of the tanks had food remaining at the morning observation). Trial 2 
shrimp were stocked with an initial weight of ca. 7g/individual and fed one of two rations. Those fed at satiation received a 
ration representing 2.5 g/wk weight gain at food conversion ratio (FCR) of 1.8. Those fed at sub-satiation received a reduced 
ration estimated to provide 2.0 g/wk weight gain with a FCR of 1.6 for 38 days. At the end of each trial, shrimp were weighed 
to determine final weight and FCR. 

Percent survival for trial 1 and trial 2 was 95.4% ± 4.78 and 95.93% ± 4.05, respectively. In Trial 1, shrimp fed diets with DY-
Pro and MRD-Pro trended higher in weekly weight gain (2.0-2.1 g/wk) and was similar in overall final weight (11.7-12.3 g) 
compared to the FM control diet (1.6 g/wk and 10.5g final weight). FCR trended lower in those fed DY-Pro or MRD-Pro (1.5-
1.6) compared to FM (1.9). In Trial 2, (ad libitum), both DY-Pro and MRD-Pro were similar in weekly weight gain (2.5-2.8 g/
wk) as well as final weight (19.9-21.1 g) compared to FM (2.4 g/wk and 19.5 g overall). Trial 2 confirmed that at sub-satiation, 
6.9 % MRD-Pro trended higher in weekly weight gain (2.2 g/wk) and was similar in final weight (18.3 g) compared to FM 
(1.9 g/wk and 17.7 g final weight). These data indicate that SCPs can replace part of a quality FM in shrimp commercial feed. 
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GROWTH RESPONSE AND HEALTH OF CULTURED BURBOT Lota lota

Timothy J. Bruce*, Luke P. Oliver, Brian C. Small, Ronald W. Hardy, Michael L. Brown, Steven R. Craig, 
and Kenneth D. Cain

Department of Fish and Wildlife Sciences 
875 Perimeter Dr. MS1136
University of Idaho
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tbruce@uidaho.edu

Burbot (Lota lota) are the only freshwater species in the cod family (Gadidae) and are a new species for commercial aquaculture. 
Dr. Ken Cain’s laboratory at the University of Idaho (UI) has previously developed and refined domestic culture methods in 
response to conservation needs and wild stock recovery. This technology is being optimized for commercial burbot production, 
as this “freshwater cod” may provide a means to expand and diversify salmonid and other aquaculture operations. Current 
efforts show that burbot are one of the most promising new freshwater species for commercialization. This past year burbot 
were produced in trout facilities in Idaho, and processed product was supplied to a local restaurant for initial evaluation of 
consumer acceptance and market potential. Customers who ordered burbot were asked to participate in a survey. From over 150 
customers who ordered burbot between March and July of 2017, 96% “would try burbot again”. This suggests that this species 
is highly marketable and has the potential to provide diversification for trout aquaculture. Burbot production would add value 
to our domestic market by offering a white fillet alternative to salmonids, diversifying production for producers entering the 
market, and allowing for the development of high value regional markets within the US. 

Given the commercial potential of this species, there is a need to further define dietary requirements and the potential to 
lower levels of dietary fish meal as we strive for more sustainable solutions for aquaculture expansion. Recent studies at UI 
have indicated that burbot grow well on commercial marine fish (cod) diets containing high levels of fish meal, and on trout 
diets with lower levels of fish meal; however, there is no information on the ability of this species to utilize plant protein 
sources, or if partial replacement of fish meal with soy protein would affect growth and/or health of this upcoming species. 
Several experimental feeding and challenge trials are planned for Spring through Fall 2019 and will evaluate species tolerance, 
digestibility, growth, and physiological responses to various soy protein ingredients (i.e., conventional soybean meal, soy 
protein concentrate, bioprocessed soybean meal). These trial outcomes will optimize soy protein inclusion rates for age-0 and 
age-1 burbot and complete a recommended soy-protein diet formulation for use in commercial production systems. Following 
product evaluation for growth performance, burbot that have been kept on soy diets long-term will be challenged with a bacterial 
pathogen (Aeromonas spp., isolated from burbot) to discern any diet-related changes to immune function or disease resistance. 
Utilizing soy-based protein sources for commercial burbot culture will expand the use of soy ingredients in aquaculture and 
provide producers with a more cost-effective alternative to high fishmeal diets.
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CULTURED BURBOT Lota lota
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Department of Fish and Wildlife Sciences 
875 Perimeter Dr. MS1136
University of Idaho
Moscow, ID, 83844-1136
tbruce@uidaho.edu

Burbot (Lota lota), or freshwater cod (Gadidae), are a potential new species for commercial aquaculture. These fish provide 
consumers with a flavorful white fillet and can be produced in similar culture conditions to rainbow trout, providing cold water 
producers with the potential to diversify commercial operations. As burbot culture expands, there is a need to further define 
pathogen susceptibility and characterize aspects of the burbot immune response in an effort to assess fish health. 

Previous research conducted at the University of Idaho (UI) has demonstrated that burbot are susceptible to viral (IHNv) and 
bacterial (Aeromonas spp.) pathogens, but in many cases, are more resilient than rainbow trout (Oncorhynchus mykiss). A 
recent clinical diagnostic case from a commercial facility isolated and identified Flavobacterium columnare from juvenile 
burbot. This isolate is currently being classified for genetic grouping via multiplex PCR and virulence is being assessed in 
vivo in both juvenile burbot and rainbow trout to compare mortality against other virulent rainbow trout F. columnare strains. 
Additionally, Aeromonas spp. isolates were identified via 16S rRNA sequencing (Table 1) and will be used to develop a burbot 
challenge model for Motile Aeromonas Septicemia (MAS), a disease often associated with stress and sub-optimal water quality.

In addition to ongoing pathogen challenge work in burbot, immunological assays to assess burbot health are being developed. 
Head kidney-derived leukocyte (HKL) isolation protocols have been optimized using methodologies and culture conditions 
previously developed for Atlantic cod (Gadhus morhua) and rainbow trout. Primary HKLs will be analyzed using flow 
cytometry to assess phagocytic response to stimulation via lipopolysaccharide extracted from A. salmonicida, Y. ruckeri, F. 
psychrophilum, and F. columnare, or bactericidal activity in direct contact with these live pathogens. The innate immune assays 
may further elucidate previous challenge findings regarding burbot health and disease susceptibility to aquaculture pathogens 
in production facilities.
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PARTITIONED POND AQUACULTURE:  SPLIT POND VS.  PARTITIONED AQUACULTURE 
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More than 90% of U.S. seafood consumption is imported, the majority coming from Asia. Aquaculture practices employed 
in Asia are environmentally unsustainable and unacceptable for use in the U.S.  Partitioned pond aquaculture offers great 
potential for expanded application of an improved aquaculture technology, with the potential to significantly impact U.S. 
seafood deficits, if successfully applied to domestic fish and shellfish aquaculture. Partitioned pond aquaculture offers perhaps 
the greatest potential to significantly expand U.S.-based seafood production with minimum environmental impact.

The Split Pond aquaculture system (SP) has captured the attention of catfish producers across the southern U.S. The SP 
represents a lower cost adaptation of Clemson University’s Partitioned Aquaculture System (PAS).  The original PAS design 
relied on slowly rotating paddlewheels to move water through a channelized pond, promoting accelerated algal growth rate and 
removal of ammonia nitrogen from culture water.  Target cultured fish (catfish) were confined to high density concrete raceways 
containing fountain aerators.  Tilapia co-culture in the PAS provided control of algal species dominance and algal density.  In 
contrast to the PAS, prototype SPs located at the “National Warmwater Aquaculture Center” in Stoneville Mississippi, consist 
of 1 acre, 6-ft deep earthen fish culture ponds linked to 4.6 acre 5-ft deep water treatment pond by way of cross-levee canals 
with a paddlewheel delivering 10,000-12,000 gpm water flow. Success of the partitioned pond concept has been demonstrated 
with catfish culture in the southeastern United States but expanded use of the technology for other species and locations has 
been slow.

A major limitation to widespread adoption of the partitioned pond technique is quantification and understanding of the impact 
of variations in systems design and operation. The original Clemson PAS utilized continuous paddlewheel water mixing 
supplemented with 3.0 hp/acre of fountain aeration resulting in catfish yields averaging 18,000 lb/acre-yr with fish confined 
to 5% of system volume within concrete raceways. The PAS water column is dominated by rapidly growing green algae at 
densities averaging 80 mg/l with a respiration of 25% of gross photosynthesis, with algal species and density controlled with 
tilapia, with little or no water column nitrification.  In contrast, the SP variant typically employs daytime paddlewheel mixing 
of water (only) with 5.7 hp/acre of supporting aeration with 80% of the water treatment zone being anaerobic at night.  Catfish 
yields range from 12,800-14,100 lb/acre-yr with fish confined to 30% of system volume in earthen ponds. SP water columns 
are dominated by rapidly growing blue green algae (cyanobacteria) at densities averaging 115 mg/l with 50%/day respiration of 
gross photosynthesis, and as much as 20% of added nitrogen being processed by water column nitrification. SP algal populations 
are primarily controlled by sedimentation and zooplankton grazing. The major advantage of the SP over the PAS is the reduced 
construction costs. Critical questions that need to be addressed to support widespread adoption of partitioned pond aquaculture: 
Does PAS raceway culture with higher degree of control justify higher PAS cost?  Is reduced cost of SP with lower degree of 
control of cyanobacterial dominance justified?  Is SP system behavior reproducible?  And, how does reduced cost, lower fish 
production and cash-flow with lower level of control in conventional ponds (at ~ 5,000 lbs/acre yield) compare to PAS or SP 
production and cost?  
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The advantages of algal biofuels is available in numerous technical papers and scientific symposia. However, deployment of 
cost effective algal bioenergy systems needs bridging applications yielding algal biomass while simultaneously providing 
more profitable products within the same aquatic footprint.  Higher value aquaculture production can justify capital costs 
of the physical systems. To maintain control of water quality within aquaculture systems, algal biomass must be continually 
harvested, the most cost effective method, use of filter-feeding aquatic organisms, such as tilapia or brine shrimp. The brine 
shrimp, Artemia, is ideally suited for rapid and efficient uptake and conversion of algal cultures into higher-value animal 
biomass. However, brine shrimp demonstrate growth and survival characteristics very different from other aquatic organisms. 
Quantitative understanding of these differences is critical to design and operation of successful brine shrimp culture. In 
particular, key design components and processes include, 1) Automated high density Artemia culture with continuous solids 
removal, 2) Optimum control of culture pH, and ammonia and CO2 levels and, 3) Continuous automated Artemia nauplii 
production. This presentation will provide an overview of system design and operational parameters obtained from successful 
operation of pilot-scale prototypes installed and demonstrated at the University of Missouri’s Bradford Research Farm

A 3,000 ft2 algal/aquaculture facility was installed under a greenhouse enclosure located at the University of Missouri’s 
Bradford Research Farm.  Highly productive marine diatom cultures were used to maintain water quality in algal culture/
aquaculture raceways from 2013-2015. The target aquaculture species was the pacific white shrimp, Litpenaeus vanname.  
Algal species composition was controlled with tilapia co-culture. A 100-liter automated brine shrimp reactor (ABSR) with 
air-pulsed screen was coupled to a nauplii collector. The ABSR is capable of producing sufficient nauplii to seed reactors 
capable of harvesting and converting 15,000 ft2 of algal production. Artemia sensitivity to ammonia is similar to other aquatic 
organisms at low pH (less than 7.0). However, Artemia are extraordinarily resistant to ammonia toxicity at high pH (greater 
than 8.0). Toxic impact of ammonia in Artemia culture with high-pH algal feed is best reduced by increasing algal feed-rate. 
Toxic impact of ammonia in Artemia culture with low-pH bacterial feed is best reduced by increasing aeration (decarbonation 
rate). Failure of Artemia cultures to prosper on bacterial feed may be due to ammonia toxicity at low culture pH.

 Economic projections suggest that sustainable seafood with animal feed and bioenergy co-production would yield 85% of cash 
flow provided by shrimp and/or fish sales, an additional 15% from animal feeds and approximately 5% from bioenergy/biofuels 
co-products, suggesting that higher-value seafood production can provide profit-driven systems enabling sustainable seafood 
animal feeds and bioenergy co-production. 
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THE CURRENT STATUS OF GENETIC ENGINEERING IN AQUACULTURE
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With the commercialization of the first genetically engineered food animal, the AquaBounty AquAdvantage Salmon, we have 
entered a new era in genetic engineering in aquaculture. Looking back, the first significant reports on the application of genetic 
engineering in animals appeared in the 1980s. In the ensuing decades, advances in methods for DNA delivery, control of 
transgene expression, and precise engineering of the genome have been substantial.  Fish and shellfish make appealing targets 
for genetic manipulation as they produce large numbers of eggs that are typically easily manipulated, and aquaculture has 
continually been a rapidly growing sector of food production with need for increased production efficiency. Accordingly, 
successful creation of transgenic lines has been reported for over 50 species of finfish and shellfish.   With the advances in 
genome editing in recent years, exciting new possibilities in both genetic engineering and the regulatory process are upon us. 
Genome editing is increasingly considered as “precision breeding”, and as part of the toolbox for genetic improvement. The 
current state of the art in genetic engineering in aquaculture is impressive and improving. 
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COMMERCIALIZATION OF GENETICALLY ENGINEERED TRAITS

John Buchanan*, Xavier Lauth, and Valerie Williams

The Center for Aquaculture Technologies
8395 Camino Santa Fe, Suite E
San Diego, CA 92911 

To satisfy increasing world-wide demand for seafood, significant gains in aquaculture productivity must be realized over 
coming decades. Genetic improvement, taking the form of selective breeding or genetic engineering, is a major focus area of 
research and can yield rapid benefits in efficient production in fish farming. A remarkable example of this improvement is the 
AquAdvantage salmon, recently approved by the USFDA as the first genetically engineered food animal. Incorporation of a 
transgene in this line of salmon has yielded dramatic improvement in growth rate and feed conversion.  

Selective breeding, broadly defined as the selection of broodstock for improvement in traits across time and generations, is 
sometimes thought of as an alternative tool to genetic engineering. Genetic engineering provides the potential for rapid and 
abrupt improvement in a trait. However, selective breeding is an important tool in combination with genetic engineering, with 
potential to both to improve the overall background of the genetically engineered organism and also to select for improving, 
consistent response to the engineered genetic change. 

There are two important points to consider for genetically engineered traits. 1) Selecting for improvements in a genetically 
engineered trait does yield further improvement over generations. We have documented that that transgenic lines of fish 
respond to selection and improvement in engineered traits remains heritable. 2) Introgression of engineered traits into existing 
commercial lines must be carefully considered. Gains made through traditional breeding must not be lost at the expense of 
adding engineered traits to existing high performance lines. In particular, gene editing will lead to novel traits for asymmetrical 
incorporation into breeding programs. We have developed models for this process. 



162

RECOMMENDATIONS FOR THE CONTROL OF Vibrio parahaemolyticus IN OYSTER 
SHELLSTOCK IN CANADA

Enrico Buenaventura*, Isabelle Dufresne and Amalia Martinez

Bureau of Microbial Hazards
Food Directorate
Health Products and Food Branch
Health Canada
Ottawa, Ontario, Canada
K1A 0K9
enrico.buenaventura@canada.ca

In the summer of 2015, an outbreak of Vibrio parahaemolyticus (Vp) gastroenteritis occurred in Canada implicating oysters 
harvested in the province of British Columbia, Canada. Health Canada (HC) provided a Health Risk Assessment that assessed 
oyster shellstock products intended for raw consumption meeting a criteria of less than 100 Vp MPN/g in five sub-samples; 
oysters meeting this criteria were not considered to represent a health risk situation. There were no reported illnesses for oyster 
products that met this revised guideline.  As a follow up to the outbreak, a Vibrio Workshop was held in December 2015 
that resulted in the formation of a National Working Group for the Control of Vp which consisted of representatives from 
industry as well as from the various levels of government with responsibilities in food safety related to bivalve molluscan 
shellfish. Recommendations from this working group are now published at the Vibrio landing page of the B.C. Centre for 
Disease Control. We describe the risk management trigger recommendations from this working group and provide examples 
of regulatory and industry practices and innovations that followed the working group control recommendations which likely 
prevented the reoccurrence of oyster related Vp gastroenteritis outbreak in the last three seasons from 2016 - 2018. 
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Tuna ranching is a global, high-value aquaculture activity.  Current feeding practices are impractical, unsustainable and pose 
serious ecological risks.  The daily feeding of copious quantities of fresh/frozen fish results in extremely high feed conversion 
rates.  Seasonal availability and quality variation of locally sourced baitfish highlight the need for a balanced, consistent quality 
feed.  Objectives for the present experiment were to compare performance and quality indicators of yellowfin tuna (YFT, 
Thunnus albacares) fed sardines or experimental compound feeds.

A twelve-week feeding trial was conducted in two 170 m3 concrete tanks arranged as a semi-closed recirculating system at the 
southern tip of the Azuero Peninsula of the Republic of Panama, in the Pacific Ocean.  Juvenile YFT, captured in the northwest 
Panama Bight via barbless hook and line, was placed in a live well and rapidly transported to the land-based facilities.  Fish 
were initially quarantined in 7 m3 tanks for 2 weeks and treated with formalin (200 ppm) against external parasites prior to 
transfer into the two trial tanks.  Experimental diets were formulated to contain ~ 22% crude protein, 16% lipid and 3% ash (by 
weight), on an as-is basis.  Average contents of these nutrients for baitfish were 19%, 12% and 4%, respectively.  Each tank was 
assigned to a different dietary treatment and each held 19 fish, weighing approximately 5 kg (average initial individual weight).  
Feed consumption, condition factor, percent weight gain, feed efficiency and other performance indicators were recorded.  
Sample tissues were collected at the start, at week 7 and at end of the experimental period.  Dorsal loins were collected and 
color, mercury, proximate composition, scombrotoxin levels, oxidative stability index and peroxide values were evaluated in 
the resulting steaks.  In addition, a blind sensory evaluation and a commercial taste assessment were performed on the main 
sashimi cuts obtained from fish fed either diet. 

Results on performance indicators, proximate composition of muscle and carcass as well as sensory evaluations will be 
presented.  

The formulated diets may offer feed management options that are compatible with the present operations and equipment 
available at commercial tuna farms.  Given the current forecasts for baitfish fisheries serving the tuna industry in various 
locations around the world, the formulated diets may offer a more economically-viable and sustainable alternative to baitfish 
feeding.  
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Cyanobacterial blooms have well documented negative effects in freshwater aquaculture through drastic changes in 
physiochemical conditions and through the production of secondary metabolites toxic to cultured fish. Of the numerous known 
cyanobacterial toxins, the hepatotoxin microcystin (MC) has been researched extensively. Despite this, there is little consensus 
regarding the conditions that influence MC concentrations in freshwater ecosystems. The objective of this research, therefore, is 
to identify the environmental parameters associated with MC using monitoring data from lakes and reservoirs around the world.

Environmental and MC (intracellular and total (intracellular + extracellular) MC) data were retrieved from a variety of sources, 
including published articles, the National Water Information System (U.S. Geological Survey), and the 2007 and 2012 National 
Lake Assessments (U.S. Environmental Protection Agency). After an extensive literature review, 143 datasets were included in 
the later meta-analyses. Correlation coefficients (i.e., effect size) were produced between select environmental parameters and 
MC from each dataset before being converted to Fisher’s-z and analyzed using the Restricted Maximum Likelihood method. 
Estimates of effect were generated for each parameter separately and combined in an overall model.

The overall model accounted for 1361 individual estimates of effect that incorporate data from 2126 waterbodies. The total 
effect size was low (0.078) with high heterogeneity observed (I2 = 90; Table 1). High heterogeneity may be attributed to the 
natural variation of environmental conditions in freshwater systems, which can include many cyanobacterial species (as well as 
clones within a species) that can, but may not, produce MC. When analyzed separately, parameters displayed both positive and 
negative estimates of effect. Results suggest that eutrophic systems that are warmer, alkaline, and with elevated concentrations 
of phosphorus will have greater incidents of MC. Managing such conditions may assist in the reduction of MC occurrences in 
freshwater aquaculture systems. 
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THE USE OF RT-PCR TO IDENTIFY POTENTIAL SOURCES OF Flavobacterium psychrophilum 
AND REDUCE INCIDENCE OF COLDWATER DISEASE AS PART OF AN INTEGRATED FISH 
HEALTH MANAGEMENT APPROACH

David R. Burbank*, Tyson R. Fehringer, and Eric C. Pankau

Eagle Fish Health Laboratory
Idaho Department of Fish and Game
Eagle, ID 83616
david.burbank@idfg.idaho.gov

American Falls Fish Hatchery, operated by Idaho Department of Fish and Game, is a Rainbow Trout (Oncorhynchus mykiss) 
production facility, raising fish for stocking into local waters.  Over the previous five years, epizootics of coldwater disease, 
caused by the bacteria Flavobacterium psychrophilum, have increased both in number and intensity.  As such, antibiotic 
use to reduce disease incidence also increased.  Although American Falls operates using a clean spring water source, it was 
hypothesized that the pathogen was being introduced through the incoming water supply, potentially sustained via biofilms.  
Along with dramatic improvements in biosecurity, water samples were taken throughout the facility to identify potential 
sources of F. psychrophilum.  These water samples were individually filtered using 0.45 µm filters and subsequently processed 
for DNA extraction using a DNeasy® PowerWater Kit (Qiagen), according to the manufacturer’s instructions.  Amplification 
and quantification of genetic material was conducted using a real-time PCR system (QuantStudio 3, Applied Biosystems).  
No positive samples were isolated from any water collected prior to contact with fish.  However, water samples taken from 
raceways full of fish ranged from 1000 to 200,000 GE/L, identifying this as the most likely source of infection for other fish.  
As a result of this work, juvenile fish moved from indoor early rearing to outdoor raceways were buffered from older fish by an 
empty raceway.  Water samples from raceways of these newly ponded fish were monitored for F. psychrophilum levels weekly 
and positive samples were only identified after fish were moved into the buffer raceway, establishing a pathway for infection.  
Through continued use of this tool, we were able to demonstrate that young/naïve fish were likely being infected by older fish 
through water transfer between raceways.  Establishing a buffer between these two groups of fish has allowed for the overall 
reduction of coldwater disease, as well as antibiotic use at this facility.  Furthermore, the quantification of bacteria helped to 
show hatchery staff where to focus biosecurity efforts and establish better biosecurity protocols.
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GENOME SEQUENCING OF THE OSTREID HERPESVIRUS 1 INFECTING OYSTERS IN 
TOMALES BAY, CALIFORNIA

Colleen A. Burge*, Stanley Langevin, Collin J. Closek, Carolyn S. Friedman 

Institute of Marine and Environmental Technology
University of Marine Baltimore County
Baltimore, MD 21202
colleenb@umbc.edu

An emerging infectious disease of Pacific oysters is the Ostreid herpesvirus 1 (OsHV-1) which is spreading globally. The 
OsHV-1 and its variants, are virulent and problematic viruses of larval, seed, and adult oysters. OsHV-1 was fully sequenced 
and characterized as a member of the Family Malacoherpesviridae. Multiple strains of OsHV-1 exist and may vary in virulence, 
with the OsHV-1 μvars being highly virulent. Understanding genome variability may be key in developing control mechanisms 
and improved diagnostic tools for limiting spread of global OsHV-1 strains. For most global variants of OsHV-1, gene or 
genome sequence data is limited to PCR-based sequencing. In the US, OsHV-1 has been observed only in 2 California bays, 
Tomales Bay and Drakes Estero, since the early 1990s where it causes severe (50-60%) losses of oyster seed most summers. In 
order to better understand both strain variation of OsHV-1 infecting oysters in Tomales Bay, we generated meta-genomic data 
(Illumina MiSeq) from individual infected oysters across several years. Nearly complete California OsHV-1 genome sequences 
were achieved from highly infected oysters. Comparisons of the California strain of OsHV-1 to available full genome indicate 
the genome is similar but not identical to one sequenced strain of OsHV-1. Data from our metagenomic sequencing support 
previously collected transcriptomic data for the California OsHV-1. Taken together, our results indicate that meta-genomic or 
transcriptomic sequencing may be a powerful tool in understanding strain variation of non-cultivated pathogens. 
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PERFORMANCE AND FEEDING REGIMEN OF HYBRID STRIPED BASS Monroe chrysops X 
Monroe saxatilus IN A RECIRCULATING AQUACULTURE SYSTEM

Shawn Burke* and Brian Catanzaro

Pentair Aquatic Eco-Systems Inc.
2395 Apopka Blvd. Apopka, FL 32703
Shawn.Burke@pentair.com

A Hybrid striped bass growth trial was conducted at the Pentair Aquatic Eco-Systems Inc. World Aquaculture Technology 
Engineering Research center (PAES W.A.T.E.R). The trial evaluated growth performance of reciprocal cross Hybrid striped 
bass (White bass female and Striped bass male) in a state-of-the-art recirculating aquaculture system (RAS). A robotic delivery 
system allowed for precision feeding and scheduling of daily feedings. A nutritionally complete feed with relatively high 
protein content was used for the duration of grow out.

The Hybrid striped bass chosen for this trial were obtained from reputable supplier in the United States. The 9,500 fry were 
shipped in 18 insulated boxes via next day air freight.  Fry were received at .75 grams and began feeding on a 1.5mm pellet.

A nursery pen was stocked with all 9,500 fry the day of receiving. After 28 days the 9,500 fish with an average individual 
weight of 11.12 grams were transferred to a single 32.5 m3 grow-out tank. Upon reaching 40 grams the fish were separated into 
four tanks containing equal densities. Each tank is capable of supporting a final density in excess of 70 kg/m3.  Throughout the 
trial a robotic feeder was programed to feed the fish every 3 hours. Feed was increased daily based off of calculated growth 
rates and observation. Throughout the trial the fish were sampled every 2 weeks to determine growth rates. Minor interruptions 
in the feeding schedule occurred during periods of maintenance and during sampling events. 

After an expected 190 day production cycle the fish will be harvested with a mean harvest size of 630 grams. Final density is 
expected to be 70.0 kg/m3 with an expected survival rate of 98% or greater. 

 The improved growth performance was attributed to the regularity of the feeding regime and consistent water quality parameters. 
This suggests that improved feeding schedules and ability to control the environment would reduce time required to reach 
market size. With 3 cohorts of Hybrid striped bass produced at PAES W.A.T.E.R. the fish have exhibited similar growth rates 
and FCR throughout production. Hybrid striped bass have the potential to become a viable species to grow in Recirculating 
Aquaculture. 
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AQUACULTURE IN AN URBANIZING WORLD: BIOACCUMULATION OF SELECT 
CONTAMINANTS OF EMERGING CONCERN IN EDIBLE BIVALVES

S. Rebekah Burket* and Bryan W. Brooks
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The World Health Organization predicts that 70% of all people will live in urban areas by 2050. Increasing urbanization presents 
unique challenges to sustainable environmental quality, particularly in urbanizing arid and semi-arid regions. Megacities, 
along with rapidly urbanizing medium and large-sized cities represent unique challenges for sustainable development and 
food security, while protecting public health and the environment. Growing demand for water and food in rapidly urbanizing 
environments can be mitigated with sustainable and responsible wastewater reuse. Demand for seafood and aquaculture 
products is increasing, particularly in Asia, and cultivation methods are often adjusted to accommodate higher organism density 
via the addition of antibiotics to feed stock. Wastewater reuse for agriculture and other purposes is driven by water scarcity and 
increased demand in densely populated areas. 

In developing and rapidly urbanizing areas, treated wastewater effluent from municipal wastewater treatment plants and 
landfills leachate are interacting with aquaculture, though the complete extent of use of these “nontraditional waters” for 
aquaculture is not known. Aquaculture, which is growing 3-5 times faster than terrestrial agriculture, will play an important 
role to meet future global food production needs. However, 80% of global sewage production is returned to the environment 
untreated. In developing nations, these non-traditional waters of diverse quality are being recycled for aquaculture, yet chemical 
residues are differentially studied. Pharmaceuticals released from wastewater treatment plant effluent discharges are reported 
to bioaccumulate in fish, however an understanding of bioaccumulation in bivalves is less defined. In this presentation, we 
examine pharmaceutical bioaccumulation in bivalves using isotope dilution LC-MS/MS, based on our work with field collected 
samples, in situ studies, experimental stream mesocosm experiments and laboratory partitioning investigations. Pharmaceutical 
residues are consistently detected in the field at low μg/kg levels. Additionally, pharmaceuticals are shown to rapidly accumulate 
in edible bivalve tissues. Future efforts are needed to better understand contaminant influences on aquaculture product safety, 
particularly in rapidly urbanizing regions of developing countries with limited wastewater infrastructure.
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GROWTH PERFORMANCE OF ATLANTIC SALMON (Salmo salar) FED DIETS CONTAINING 
SINGLE CELL PROTEIN INGREDIENTS

Gary Burr*, Brian Peterson, John Bowzer and Stephanie Block

USDA-ARS-National Cold Water Marine Aquaculture Center, 25 Salmon Farm Road, Franklin Maine 
04634

Atlantic salmon (Salmo salar) is an important cultured carnivorous species that has increasing amounts of alternative protein 
ingredients and oils included in the diet.  As salmon culture increases, the use of traditional feed ingredients is being supplemented 
with terrestrial protein ingredients, such as plant meals, plant protein concentrates and animal by-product meals.  Recently the 
interest and use of single cell protein ingredients (bacteria, fungus, and algae) has increased due to advances in technology.    

A 16-week feeding trial was conducted to test two single cell protein ingredients, PROPLEX T and PROPLEX DY (ADM; 
Decatur, IL), on growth performance in Atlantic salmon.  Experimental diets were formulated to satisfy the nutritional 
requirements of Atlantic salmon parr. The diets contained approximately 45% protein and 27% lipid and were formulated to 
contain 4% PROPLEX T, 5% PROPLEX DY, 4% PROPLEX T and 5% PROPLEX DY, 8% PROPLEX T and 5% PROPLEX 
DY and 0.6% of CitriStim. Each tank (n = 24) was stocked with 20 fish and quadruplicate tanks were fed one of the experimental 
diets.  Fish in each tank were bulk-weighed and counted every 4 weeks during the trial.  At the conclusion of the trial, 3 fish 
from each tank were homogenized for composition of proximate analysis.  The performance of the fish fed the different dietary 
treatments did not vary significantly (Table 1) (p > 0.05).  The average final weight ranged from 1257 g to 1351 g, percent 
gain 273% to 296%. Overall, there were no significant difference in body composition (p > 0.05). Adding single cell proteins 
PROPLEX T and PROPLEX DY to the diets of Atlantic salmon did not affect performance or proximate composition of the 
fish, supporting performance equivalent to control diets.
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FINE SCALE CHARACTERISTICS OF CATFISH AQUACULTURE PONDS INFLUENCING 
USE BY DOUBLE-CRESTED CORMORANTS Phalacrocorax auritus IN NORTHWEST 
MISSISSIPPI

Paul C. Burr*, Jimmy Avery, Garrett M. Street, Bronson K. Strickland, and Brian S. Dorr
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Commercial production of catfish (Ictalurus spp.) is the largest aquaculture industry in the nation, with the majority of 
production occurring in Mississippi. Human-wildlife conflict in Mississippi is a contentious issue between producers and 
fish-eating bird species through the consumption of cultured fish. Most notable of these avian species is the Double-crested 
Cormorant (Phalacrocorax auritus; hereafter, cormorant), which can cost producers millions of dollars annually. 

Understanding how cormorants select certain ponds over others can increase management efficiency directed at avian dispersal, 
aiding in the mitigation of further loss. We constructed occupancy models to model the probability of cormorant presence on 
catfish ponds against multiple variables associated with each ponds physical surroundings and internal conditions. We also 
explored cormorant use of aquaculture and natural habitat by estimating proportional use of each. We used logistic regression 
to model the proportion of cormorants on aquaculture compared to natural habitat and examined seasonal variation. Cormorant 
presence data was collected by flying 35 surveys over the winter months of 2015—2017, during which an average of 973 catfish 
ponds and 26 natural water bodies were observed each year.

Our results show ponds located farther away from trees and activity centers, such as farm workshops, have a higher probability 
of cormorant use. Larger ponds, and ponds nearer the edge of pond clusters also have an increased probability of use. Specific 
pond contents influenced cormorant use, including fish species cultured, pond systems, and fish types. From October through 
January cormorants distributed themselves more on natural habitat compared to what was proportionally available. However, 
cormorants’ proportional use of aquaculture steadily increased beginning in February (Figure 1). This temporal shift from 
natural habitat toward aquaculture coincides with cormorant spring migration, indicating a switch of foraging preference 
toward the more abundant catfish in preparation for their energetically demanding migration north. 



171

A CONCEPTUAL INTRODUCTION INTO SEAWEED PRODUCTION  

Alejandro H. Buschmann*, Carolina Camus, Sandra V. Pereda & María C. Hernández-González
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Seaweed farming is presently an activity that takes place predominantly in oriental countries. Currently, about 6 species can 
be considered as true crop seaweed as their cultivated biomass exceeds the one harvested from nature, providing over 94% of 
annual biomass utilized globally; however, the interest in starting up seaweed farming activities in the western world exists. 
From the initial interest for algae as food source and the polysaccharide industry, today there is a renewed interest for algal 
biomass for other uses such as compounds for the development of novel compounds that can be used as food, feed, cosmetics 
and pharmaceutical ingredients, biomass transformation using integral use of the biomass approaches for biofuels, plant growth 
promotors and special chemicals and their use for climate change and eutrophication biomitigation. This paper is an introduction 
to a special session on algal farming and their applications and will cover conceptual farming aspects starting from the `fertility 
site´ concept developed by Dr. Maxwell Doty. The challenges that this industry faces today, such as genetic breeding, diseases 
and environmental limitation, will be covered. In addition, the economic drivers will be discussed, especially the need for 
adding economic value to the biomass for attracting investors.

Towards the consolidation of a modern seaweed farming and processing industry, both cultivar improvement and market 
development, are necessary components for a seaweed industry based upon the sale of efficacious products. Research has 
progressed from the understanding of basic physiology, genetics and ecology of seaweed, to the development of selected 
cultivars. In-sea techniques were developed from this knowledge background to produce commodity biomass to supply a large 
market with products including foods. The evolution of a modern seaweed industry with a production of higher valued products 
will require proper breeding programs, the consistency and quality of the resulting biomass and more controlled culture systems 
to provide enhanced returns on the investment made to develop these systems. Currently the drive to develop efficacious 
seaweed products is generally research-driven, but it will require market-pull to achieve a global success.

Acknowledgement: This special session is part of the activities of the Center for Biotechnology and Bioinformatics (CeBiB) 
funded by the Basal Program of CONICYT-Chile (FB-0001).
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IMPROVED ENVIRONMENTAL PERFORMANCE THROUGH AREA-BASED MANAGEMENT 

Simon Bush*, Miranda Meuwissen, Peter Oosterveer, Sawitree Chamsai, Mariska Bottema, Ho Hong Lien, 
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This paper examines the potential for improved environmental performance of small holder aquaculture production through 
area-based management arrangements. Faced with systemic environmental risks related to disease and water quality small-
holder aquaculture farmers are among the most vulnerable primary producers in developing countries. Most governance 
arrangements aimed at mitigating the risk of these farmers, including certification, finance and insurance, and are focused on the 
scale of the farm. But the limited capacity of small-holder farmers means they are often unable to comply with the requirements 
of these arrangements. Based on a review of current literature across a range of food sectors we propose an integrated approach 
to area-based management of aquaculture that integrates collective action, risk assurance and transfer, and inclusive value 
chains. In doing so we set a new research agenda for the integrated governance of mitigating production risk and producer 
vulnerability in global food production. 
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EVALUATING SUBTIDAL OYSTER CAGE CULTURE SYSTEMS TO SOLVE UNIQUE 
AQUACULTURE ISSUES HAMPERING DEVELOPMENT OF OYSTER AQUACULTURE IN 
DELAWARE BAY
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Rutgers University
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New Jersey’s oyster fishermen once practiced extensive oyster aquaculture, transplanting wild submarket oysters to mid-Bay 
planting grounds for later harvest.  On a smaller scale, oysters were held on bulky wooden racks on the lower bay intertidal flats.  
Both practices were virtually eliminated in 1950s with the onset of MSX disease.  More recently, the development of hatchery-
produced disease resistant oysters has revitalized intensive intertidal oyster aquaculture, but subtidal culture on the traditional 
planting grounds has yet to advance, limited by the challenging physical conditions of the Bay and a lack of investment capital 
and demonstrated success.  With limited opportunities to expand intertidal production along with growing wildlife and user 
conflicts, industry initiatives are underway to revitalize production on the planting grounds using subtidal aquaculture methods.  
We report on efforts to demonstrate and evaluate the practical and economic feasibility of subtidal oyster culture methods for 
the challenging environmental conditions of Delaware Bay.  Oysters were grown in two types of subtidal cages at three upbay 
sites along a salinity gradient and at a single lower bay intertidal site using rack and bag methods.  Initial oyster growth was 
highest in subtidal cages maintained at the highest salinity, while mortality was lowest in oysters grown using intertidal rack 
and bag methods.  All methods were encouraging and demonstrated single season success.  Overwinter losses were, however, 
highly variable and severe following an unusual cold spell during which ice carried away all small cages.  Some large cages 
were tipped onto their sides allowing oysters to fall out of baskets within the cages.  Despite this, lessons learned pointed 
toward solutions and production models that could perform successfully to avoid losses experienced in this trial.  Continued 
infrastructure investment points to industry confidence in the future success of subtidal production methods in Delaware Bay.  
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Shellfish health management is typically structured along jurisdictional boundaries.  Fourteen states, many reliant on inter-state 
trade of larvae or spat, rear molluscan shellfish along the East Coast of the United States.  While growth has been rapid to keep 
pace with public demand, pathogens - and, by association, their management - have the potential to derail both population health 
and industry vitality.  In fact, both movement of pathogens with trade, as well as redundancy or delays in regulatory permitting 
of trade, can have unintended consequences.  Typically, trade (or movement) decisions are made at the state, or sometimes 
even more local, level.  Regulators are often constrained to operate on local (fragmented) knowledge, and, because mollusc 
disease risk and status do not adhere to jurisdictional boundaries, the industry may face redundant testing, conflicting demands, 
or delayed decisions.  As a response to this conundrum, a consortium of academic, regulatory and industry representatives 
have been working to advance shellfish health management along the East Coast of the United States through partnerships in 
information and decision support.  Central to this effort are mechanisms to enhance information exchange.  Recent focus has 
been on the design of a shared, interactive database for the storage and retrieval of regional health information that crosses 
jurisdictional and organizational bounds.  Additional efforts have focused on developing a program to certify hatcheries using 
best management practices to minimize risks of transferring pathogens with seed they produce.  We describe the importance 
of rapid and accurate information exchange for this growing industry, and the strategy underway to meet that goal.  Funding is 
provided by the NOAA Saltonstall-Kennedy Program and the NOAA Sea Grant Aquaculture Impediments Program.
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Delaware Bayshore beaches provide important spawning habitat to Atlantic horseshoe crabs (Limulus Polyphemus) from late 
April to mid-June with peak activity around new and full moons. Crabs can become stranded as the tide recedes, a portion 
of which may be flipped or trapped (aka impinged) and unable to return to the water unless they can right themselves or are 
freed from impingement.  The Wetlands Institute in Stone Harbor, New Jersey runs a program (ReTurn the Favor, RTF) to 
right flipped crabs and free impinged crabs as a public awareness effort that may help increase crab survival while identifying 
high impingement areas for management actions to reduce rates of impingement.  A few of these beaches are home to several 
New Jersey oyster farms and some conservation groups have expressed concern that farms may negatively impact spawning 
by impeding access to or increasing stranding on spawning beaches.  This study compared abundances of stranded horseshoe 
crabs along a stretch of beach with and without farms through the RTF volunteer effort.  During nesting seasons from 2016 to 
2018 we counted all stranded crabs along five adjacent beach segments three hours after high tide – RTF only counts flipped 
and impinged crabs.  Two segments had active farms, three did not.  Addition data from three prior decades was obtained to 
identify longer-term patterns.  Farms did not affect crab abundances or position regardless of gear density.  Crab abundance was 
more strongly associated with beach nesting quality, while a gabion wall was associated with and increased proportion flipped 
and impinged. We suggest that changes in beach morphology from the late 1970s to the present have had a dramatic impact 
on horseshoe crab activity in this region of Delaware Bay while the effects of the oyster farming on adult horseshoe crabs are 
inconsequential.   



176

EVOLVING ROLE OF AQUACULTURE EXTENSION IN UPCOUNTRY LIBERIA
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Since 2012, aquaculture assistance has been provided to a growing and increasingly diverse audience in Liberia. Initial 
participants included primarily faculty, staff and personnel associated with the United Methodist University of Liberia (UMU). 
Subsequently, assistance has been expanded to include prospective and practicing growers, personnel at the National Fisheries 
and Aquaculture Authority (NaFAA), and elected officials. Staff at the U.S. Embassy in Monrovia have been kept appraised of 
developments. A network essential to the sustainable growth of aquaculture in Liberia has been forged.

Early efforts focused on site selection and pond construction at one location. Subsequently, other locations were visited and 
training was expanded to include pond and fish management. Technical competency was fundamental to the project’s success 
and growth, but insufficient by itself. Cultural sensitivity, personalized/tailored interactions, and a protracted presence that 
included multiple visits supplemented by frequent electronic correspondences when absent using primarily email and images. 
To secure broad buy-in and sustainability it was essential to address and involve multiple audiences with real, personalized 
messages (a grower has different skills and interests vs. a fisheries specialist vs. a university student or faculty, vs. an elected 
official or administrator, vs. an Embassy staffer). Targeting and enlisting each of these diverse audiences requires good 
communication and interpersonal skills as well as the ability to think quickly on ones feet. Training has been facilitated by a 
sincere desire for aquaculture to succeed by all participants and their trust in the facilitator. Realistic goals have been identified 
and a metered approach, one step at a time, has been implemented. Current efforts include “Training of the Trainers” (TOT) 
with the objective of producing one competent extension agent for each of Liberia’s 15 counties and the goal of morphing the 
training experience into a curriculum offered by UMU College of Agriculture at Sinoe in Southeastern Liberia.
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European eel, Anguilla anguilla does not reproduce naturally in captivity due to complex hormonal control mechanisms that 
relate to their long migration patterns to native oceanic spawning areas. Such maturational barriers can be overcome through 
hormonally assisted reproduction, which led to first reports of European eel offspring obtained from artificially matured fish, 
over 30 years ago. Since then, eel research has gained scientific inquiry, especially regarding assisted reproduction. 

Starting in 2010, the international and multi-disciplinary research project “Reproduction of European eel: towards a self-
sustained aquaculture” (PRO-EEL), coordinated by the Technical University of Denmark (DTU Aqua) and financially supported 
by the European Commission’s 7th Framework Program, developed standardized protocols for captive eel reproduction, and 
thus moved the field from a state of reproductive failure towards a stable production of healthy gametes and viable offspring. 
Within this framework, standardized assisted reproductive techniques were developed including hormonal induction of 
gametogenesis, gamete handling strategies, and in vitro fertilization processes, following stripped spawning methodologies, 
which in combination led to high fertility. Additionally, first protocols were defined for embryonic and larval culture, where 
biophysical factors such as optimized light regimes, microbial control, salinity/salt composition, as well as recirculation 
techniques/technologies for embryos and larval rearing were addressed. Together, this led to the first description of the early 
ontogeny of European eel, however, with negligible survival to the feeding stage. This, innovative research has continued 
in the project “Eel Hatchery Technology for a Sustainable Aquaculture” (EEL-HATCH). Here, eel breeding technology has 
taken a further promising step through the establishment of a modern eel hatchery, which was built as part of the EEL-HATCH 
consortium, forming the basis for the next promising steps, regarding larval culture and first-feeding.  

In this presentation, our research will be reviewed, especially with regard to biotic and abiotic factors and their impacts on 
the “critical” early life stages (Figure 1). This involves experimental physiological studies and utilization of state-of-the-art 
molecular tools elucidating links between morphology and molecular mechanisms in the quest to identify suitable rearing 
conditions.  
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In the United States, catfish farming in Mississippi, Arkansas, Alabama, and Texas, accounts for nearly 70% of total freshwater 
aquaculture production, where the channel catfish ′ × blue catfish ′ hybrid constitutes the majority (50-75%) of the harvest. 
This is mainly because hybrid catfish are superior for pond culture, as they exhibit improved growth, disease resistance, and feed 
conversion, as well as tolerate low dissolved oxygen, and are easier to harvest. Although the hybrid industry has seen sustained 
growth, there are still challenges associated with inconsistent production of fry. Thus, in this study, we used a quantitative 
genetic breeding design to assess genetic, environmental, and gene by environmental interactions, which will allow us to detail 
the genetic architecture of fitness in the hatchery. For methods, sires were mated in all possible combinations with a set of dams 
and 5 sire × 4 dam families were generated. Offspring from each family were split into 2 temperature-controlled environments, 
based on conditions that mimic early (26.6oC) and late (32.2oC) seasonal rearing environments. Embryonic survival, hatching 
success, as well as larval morphology and deformities were quantified at various timepoints during early ontogeny. We then 
partitioned variation in early performance traits to additive genetic effects (sire effect), non-additive genetic effects (dam × sire 
interaction), maternal (difference between dam and sire variance), and other environmental effects. Together, this allows us to 
identify the families and hatchery techniques that may maximize successful hybrid production. 

There was a significant effect of temperature, such that larvae reared at 26.6oC had higher hatch (Fig. 1). The maternal effect 
was significant for hatch success and had the largest variance component in the model (Table 1). The paternal and paternal × 
temperature variance components were also significant (Table 1). Larvae reared at 26.6oC also had more yolk and body area 
at hatch (Fig. 1). Further data analyses are underway. Overall, this information has important implications for the long-term 
sustainable development of hybrid catfish for aquaculture purposes as well as for understanding genetic variation during early 
life history in fishes.
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In this study we applied a social-ecological systems (SES) framework to Cobscook Bay, Maine (Figure 1), a productive boreal 
macrotidal estuary under economic duress. We developed an integrated ecological-economic model to provide ecological 
and economic production potential estimates of other commercially important species in the region. We: 1) parameterized an 
Ecopath food web model with existing primary literature data to estimate the ecological production potential of shellfish; 2) 
developed several scenarios of ecological production — accomplished through either restoration or aquaculture; and 3) coupled 
the ecosystem food web model output with a regional input-output economic model using IMpact analysis for PLANning 
(IMPLAN) software. Our food web scenarios showed that shellfish biomass could be increased by 45 times without unbalancing 
the ecosystem food web with corresponding increases in economic activity. Our results suggest there is considerable ecological 
and economic potential for sustainable natural resource enhancement for the Cobscook Bay region. 

Fig. 1. The social-ecological system of Cobscook Bay, Maine. Cobscook Bay consists of a social template containing the fishing 
industry and marine markets. These function as a method to exchange money. Cobscook Bay also consists of a biophysical 
template that contains marine food webs that function for energy transformation and storage. The social and biophysical 
templates interact through ecosystem services or the food provided from the fisheries. Additionally, by rebuilding shellfish 
stocks, an investment is made from the social template to the biophysical template, assuming there will be additional ecosystem 
services.
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Coastal communities and ecosystems face challenges that threaten long-standing economic and cultural traditions. With a 
global population forecast of greater than 9 billion by 2050, coastal communities have an opportunity to address the grand 
challenges of conservation management and optimizing resource sustainability. Growth in coastal aquaculture necessary to 
meet global demand for marine proteins has the potential to put additional pressure on natural resources.  To understand the 
ecological carrying capacity of the system a food web modeling approach was used in conjunction with laboratory and field 
efforts to explore fundamental drivers to the modeled production potentials.

A mass-balance food web model was used to calculate ecological carrying capacity for bivalve shellfish in both aquaculture 
and restorative scenarios. The coastal bays examined had 1 to 2 orders of magnitude capacity for increase in bivalve production 
with little to no impact on existing food web ecology. In support of these findings, a careful field-based examination of food 
webs on bivalve farm sites using stable isotope analysis confirms that they have little impact on food web structure, despite 
quantification of higher species biodiversity of lower trophic level organisms at bivalve farm sites compared to analogous non-
farm sites (i.e. docks). 

These modeled high production potentials may be in part due to detritus - degraded particulate organic matter - subsidizing 
energy to these primary consumers beyond just new phytoplankton production. In particular, eroding macroalgae blades shed 
particulates that are the same size of those that can be filtered by bivalves. Different organic matter sources and their nutritional 
value to bivalves were quantified using lipid fatty acid analysis, stable isotope analysis and digestibility trials. 

Sustainable approaches to aquaculture that are essential for improving the way in which coastal zone resources are utilized 
so that they are not in conflict with other uses and user groups. This work will help inform on-going management and policy 
discussions about sustainable coastal aquaculture development.



181

EFFECTS OF A FUNCTIONAL FEED ON THE SKIN TRANSCRIPTOME OF ATLANTIC 
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Parasitic infection by sea lice has become one of the main threats to Atlantic salmon farming worldwide. Lice parasitism 
reduces appetite, thus impairing salmon growth performance, diminishes marketability due to skin injuries, and may increase 
mortality by secondary infections. 

We tested the dietary supplementation of an immunostimulant on Lepeophtheirus salmonis-infested Atlantic salmon. Prior to and 
four weeks after lice exposure (when pre-adult stage parasites were present), salmon were euthanized and dissected for dorsal 
skin samples. For each fish, 1 cm2 skin samples around a louse attachment site and an adjacent area with no signs of previous 
lice attachment were collected. Lice counts showed that the immunostimulant reduced lice infestation by a 15% compared with 
the control group (i.e., no dietary immunostimulant supplementation). Using a 44K salmonid oligonucleotide microarray, we 
explored the dietary modulation of the transcriptomic response to L. salmonis in salmon dorsal skin. Significant Analysis of 
Microarray (SAM) at 5% false discovery rate (FDR) identified: 5883 differentially expressed probes (DEPs) between infested 
and non-infested salmon (PRE); 7253 DEPs between attachment sites (ATT) on infested salmon and PRE; 838 DEPs between 
non-attachment sites (NA) on infested salmon and PRE; 5 DEPs between ATT and NA (Fig.1). GO enrichment analysis (5% 
FDR) identified 199 overrepresented GO terms representing biological processes based on the list of lice-responsive genes. 
Among them, we found terms representing metabolism, cell cycle processes, cellular component organization, and immune 
system. SAM analysis also revealed 5 and 67 diet-responsive DEP in the PRE and infested fish, respectively (Fig. 1). GO term 
enrichment analysis identified three overrepresented GO terms, two of them related to cellular response to platelet-derived 
growth factor. The microarray study found biomarkers of relevant cells for immune responses [B cells (cd9)] and tissue repair 
[fibroblasts (cd248)] that were up-regulated by the functional feed. Also, the functional feed repressed matrix metallopeptidase 
13 (mmp13) and induced metalloproteinase inhibitor 2 (timp2). Further analyses will be conducted to validate (RT-qPCR) and 
relate the gene expression changes to relevant phenotypic parameters (e.g., histology). We anticipate that the present study will 
help inform the formulation of functional feeds capable of improving Atlantic salmon resistance to L. salmonis.
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GENOME SEQUENCING AND DE NOVO ASSEMBLY OF TAMBAQUI (Colossoma macropomum) 
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The South American freshwater fish Tambaqui (Colossoma macropomum) is the most important native aquaculture species 
in Brazil.  Current production levels are above 150,000 mt per year. Recent efforts to domesticate, breed and raise the species 
in aquaculture systems has led to significant increases in production (>10-fold) over the last decade, and development of new 
technologies based on genomic tools and information could help further increase productivity and production growth rates. A 
Tambaqui genome assembly was generated with data produced from shotgun libraries from two different insert sizes and mate-
pair libraries with four different sizes sequenced (2x150bps) with a HiSeq2000 platform. A total of 124.8Gbp quality-filtered 
nucleotides were sequenced which amount to 85x mean genome coverage, considering previously published information 
(C-value = 1.5pg = 1.467Gbp). Initial sequence assembly was performed with SOAPdenovo and generated 8.920 scaffolds 
spanning 1.54 Gbps (N50 scaffold length: 2,041kb, L50 scaffold count: 162). Gene model predictions with MAKER2 using 
as extrinsic evidence protein and EST data from phylogenetically related taxa found 23,632 genes, ~20,000 shared with A. 
mexicanus. CEGMA analysis (prior to gap filling) detected 85% core genes completely assembled and 9% partially assembled. 
Tambaqui assembly scaffolds ordering and orientation was carried out using ALLMAPS software based on the available linkage 
map (LM) (Nunes et al. 2017). A total of 1440 scaffolds were placed in the map with 27 linkage groups (n=x=27), totaling 
1,508,696,562bp and 94% (6,788) of all mapped markers, with an average of 4.7 markers per megabase. Of the 6,788 mapped 
markers, ~93% were anchored, 84.9% in concordance with marker orientation, and 7.1% markers were unplaced. Obtained 
results reveal a high-quality NGS de novo Tambaqui genome assemble, providing a valuable tool for future genomic studies 
and the use of genomic tools for broodstock management and assisted genetic evaluations and breeding.
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Co-infection of rainbow trout with Infections Hematopoietic Necrosis Virus (IHNV) and Flavobacterium psychrophilum is 
known to occur, and it has been speculated that a combined infection can result in dramatic losses. Both pathogens can persist 
in fish in an asymptomatic carrier state, but the impact of co-infection has not been well characterized or documented. In 
this study, it was hypothesized that fish co-infected with F. psychrophilum and IHNV would exhibit greater mortality than 
fish infected with either pathogen alone. To test this, juvenile rainbow trout (3.5g) were co-infected with low doses of either 
IHNV or F. psychrophilum and at 2 days post-initial challenge, they were given a low dose of the reciprocal pathogen. This 
combined infection caused high mortality ranging from 76.2-100%, while mortality from a single pathogen infection with the 
same respective dose was low and ranged from 5-20% (Fig. 1). The onset of mortality was earlier in the co-infected group (3-4 
days) when compared with fish infected with F. psychrophilum alone (6 days) or IHNV (5 days), confirming the synergistic 
interaction between both pathogens. Co-infection led to a significant increase in the number of F. psychrophilum colony 
forming units (CFUs) and IHNV plaque forming units (PFUs) within liver, spleen and kidney tissues. This finding confirms that 
when present together in co-infected fish, both pathogens are more efficiently recovered from tissues when compared to fish 
infected with IHNV or F. psychrophilum alone. Furthermore, F. psychrophilum DNA primase and IHNV G protein genes were 
significantly increased in co-infected groups, which parallels the findings of increased systemic pathogen load. Histopathology 
and immunofluorescence characterization showed extensive or severe tissue necrosis and abundant pathogen presence 
intracellularly and extracellularly in hematopoietic tissue. This was pronounced in co-infected fish and likely contributed to 
the exacerbated clinical disease signs and higher mortality. This study provides novel insight into host-pathogen interactions 
related to co-infection by aquatic bacterial and viral pathogens and supports our hypothesis by demonstrating the significance 
of an IHNV and F. psychrophilum co-infection. Such findings confirm that mortality in fish exposed to both pathogens is greatly 
elevated compared to a single pathogen infection. 
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VARIATION IN SURVIVAL AND GROWTH RATES AMONG TRIPLOID EASTERN OYSTER 
Crassostrea virginica LARVAE OBTAINED FROM DIFFERENT TETRAPLOID LINES
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The influence of the tetraploid parent on triploid Crassostrea virginica larval traits obtained from a tetraploid x diploid cross 
was examined.  Triploid oyster larvae were obtained by crossing tetraploid males from two breeding populations (4n-GNL 
and 4n-VBOY) with diploid females from two wild populations in Louisiana, USA (SL and CL).  Larval traits of interest were 
hatching rate, survival to pediveliger, and growth rate.  

Maternal and paternal effects on hatching rate of triploid oysters were observed.  Hatching rates were greatest for offspring 
from the 4n-VBOY males (0.48 compared to 0.28 from 4n-GNL).  Maternal effects were observed in offspring with the 
4n-GNL male parent only.  Survival to the first pediveliger harvest was significantly affected only by the tetraploid parent.  
Triploid larvae obtained from 4n-VBOY had, on average, greater survival to the first harvest (0.036) than those obtained from 
4n-GNL (0.020).  Larvae from the 4n-VBOY parent developed to pediveligers 2-4 days earlier than those from the 4n-GNL 
parent.  The tetraploid parents had no effect on growth rate of pre-pediveliger stages or pediveliger larvae.

The observed differences attributable to the tetraploid parent suggest potential routes of selective breeding to add value to 
triploid larvae and make the hatchery production of triploid oyster larvae more efficient.  Among these were hatching rate, 
survival, time to pediveliger development, and duration of pediveliger harvest.  Improvements in these traits could increase 
hatchery production capacity and efficiency.



185

HYDRODYNAMIC EFFECTS ON OYSTER AQUACULTURE SYSTEMS 
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Hydrodynamics (i.e. interactions of fluid motion and solid bodies) affect oyster aquaculture within every phase of culture. It 
is also a factor that is not well understood and yet has many direct and indirect implications on the success of any particular 
oyster aquaculture endeavor. As the industry continues to grow, it is imperative that the influence of hydrodynamics on oyster 
aquaculture is thoroughly understood. 

Proper siting and management of aquaculture emplacements require a comprehensive understanding of the hydrodynamics 
involved and its impact on the cultured oysters. Unfortunately, literature is conflicting on the influence of hydrodynamics in 
regard to oyster feeding and growth. Feeding and growth limiting velocities are reported that range from 1 to above 22 cm s1. 
This is in contrast to thriving oyster reefs in a natural setting that exist and thrive above 15 cm s-1.

Upweller aquaculture systems are particularly influenced by flow that regulates food, oxygen, and water quality within the bed 
of oysters being cultured. Upweller systems have reported superficial velocities that range from 0.5 to 7.1 cm s-1. In practice, 
higher current velocities are desirable because they increase delivery of food to the oysters, improve water quality, and enhance 
dispersal of biodeposits. Upweller systems consist of a culture unit with a screened bottom that supports a bed of oysters, 
which approximates porous media in a packed bed reactor. This allows the application of packed bed reactor theory to upflow 
aquaculture systems.

A series of experiments were conducted using upflow tubes constructed from 2-inch (5 cm) polycarbonate tubes packed with 
juvenile oysters (1-2 cm) that were subjected to 6 superficial velocities (0.5, 1, 2, 4, 8, 16 cm s-1). The upflow tubes were 
designed to create a predictable and repeatable flow within a porous packed bed of solid material. The tubes had sampling ports 
along the porous bed zone which double as ports for measurement (i.e. differential pressure). The results from the physical and 
physical-biological experiments were used to calibrate axial dispersion models developed from packed bed reactor theory. The 
development of the axial dispersion parameters will allow for the design and optimization of upweller aquaculture systems. This 
presentation summarizes the findings of previous studies, details experiment methodology, model development and calibration, 
and provides results of hydrodynamic effects on growth and feeding of juvenile oysters within a packed bed. 
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Spray-dried red cells and spray-dried plasma (SDP) proteins, are safe source of animal protein available for the aquafeed 
industry, supplying high-quality feed ingredients for farmed animals. In gilthead sea bream, recent studies have indicated that 
the inclusion of SDP enhanced the intestinal and serum innate immune function, the activity of the intestinal antioxidative 
stress enzymes and promoted somatic growth. The aim of this study was to evaluate the supplementation of SDP on growth 
parameters in post-smolts Atlantic salmon. 

The trial was conducted at indoor facilities of the VESO-
Chile, Puerto Montt, Chile. Five hundred forty post-smolts 
Atlantic Salmon (91.5 g, BW) were distributed in 6 tanks 
maintaining equal biomass and fish density randomized 
in two treatment groups with 3 replications per treatment. 
Dietary treatments were 0% (control) or 3% SDP (AP920; 
APC Inc). Study length was 11 weeks. Control and SDP 
were fed to satiation for the entire study keeping a specific 
feeding rate range of 1.6-1.8. 

No fish died during the study. Fish welfare indexes were 
adequate to optimal. By the end of the study (11 weeks), 
biomass showed differences between treatments.  Group 
with SDP had increased weight and increased biomass 
compared to control group. In addition, SDP group showed 
a trend in higher SGR, TGC values compared to control 
group. Furthermore, the coefficient of variation was 
significantly improved in fish supplemented with SDP for 
all parameters measured.

In summary, these results indicate that the SDP-supplemented 
diet improved growth parameters in Atlantic salmon and 
homogenizes the size of the fish without affecting health 
parameters. 
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Manganism, a human disease similar to Parkinson’s, is caused by inhalation of manganese (Mn) fumes. It is a potential 
problem in areas of high industrial air pollution. The neurotoxic mechanism is not fully understood, but involves disruption 
of dopamine (DA) neurotransmission as opposed to neuronal degeneration. There are no effective treatments for manganism. 
Cilia of lateral cells of gill of Crassostrea virginica are controlled by serotonergic-dopaminergic innervation. DA causes 
cilio-inhibition; serotonin cilio-excitation. Our previous work showed post-synaptic DA receptors in lateral cells are D2 
type (D2R) and that Mn disrupts the DA induced cilio-inhibition. Activation of D1R signaling pathway stimulates protein 
kinase A-mediated phosphorylation of DARPP-32, whereas activation of D2R signaling pathway decreases cAMP, preventing 
phosphorylation and activation of DARPP-32. DARPP-32 is a protein phosphatase inhibitor that influences DA-mediated 
behaviors in animal models of neuropsychiatric and neurodegenerative disorders. DARPP-32 is critically involved in regulating 
electrophysiological, transcriptional and behavioral responses to physiological and pharmacological stimuli. DARPP-32 has 
not been well studied in bivalves and it is unknown if Mn affects it. In this study we hypothesize DARPP-32 can be visualized 
in gill by immunohistofluorescence. If so, we will determine if Mn affects its visualization. Briefly, gills were dissected, snap 
frozen, cryostat sectioned at 10µM, fixed with EDAC (N-Ethyl-N’-(3-dimethylaminopropyl) carbodiimide hydrochloride), 
treated with blockers, and incubated with 1° antibodies to DARPP-32 followed by 2° FITC-labeled antibodies. Sections were 
viewed on a Leica epilume fluorescence microscope with a Leica DFC400 camera, 50 watt mercury lamps and FITC excitation/
emission filters. All sections were photographed with the same camera setting at 200X and 400X. We found control gill had 
bright green fluorescence in the cytoplasm of lateral cells indicating the presence of DARPP-32. In other experiments gills 
were treated for 1 or 24 hours with 500µM of Mn. Fluorescence intensity (FI) of lateral cells was quantified using ImageJ from 
NIH. Results show FI in Mn treated cells was about 20% less after both 1 and 24 hour treatments. Zinc, which was used as a 
comparison control, caused essentially no changes in FI for all treatments. In other experiments gills were treated for 1 hour 
with DA in the presence or absence of Mn. DA treatment resulted in a decrease of FI of about 20% even when Mn was present. 
The study shows DARPP-32 is present in lateral cells of C. virginica and Mn as well as DA caused a significant decrease in its 
FI. This study provides new knowledge of the actions of Mn on the D2R pathway in bivalve gill. Future experiments will test 
if Mn negatively effects the physiological actions of DARPP-32 on lateral cilia activity.

This work was supported in part by grant 2R25GM06003 of the Bridge Program of NIGMS, NIH grant K12GM093854-07A1 
IRACDA Program of Rutgers University and 604060048 of PSC-CUNY.
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Tilapia was introduced into the Americas in early 1960. They were first imported from Israel to Auburn University in Alabama, 
United States of America (USA), from where they were distributed to several other states within the USA and to several 
Latin American and Caribbean (LAC) countries. Since then, there have been many further importations of stocks into LAC 
countries, notably genetically improved stocks from Stirling, Scotland, and from AIT, Thailand. Together, these introductions 
have provided a major opportunity to produce a cheap source of animal protein as well as being used for aquatic weed and 
mosquito control. 

In Mexico, tilapias arrived from the USA in 1964 into a specially created center for research and reproduction at El Temascal, 
Oaxaca. From there, tilapias were distributed to the most important reservoirs in Mexico where they were initially used as a 
resource for fishery development and enhancement and later on as an aquaculture species. In the 1970’s tilapia was introduced 
into El Infiernillo reservoir, Michoacan, and the resulting fishery became the most important tilapia producer in Latin America 
with a total production up to 20,000 tonnes annually (1985 - 1990). Mexico became the principal dissemination center for 
tilapia into the countries of Central and South America.

Tilapia are one of the biggest contributors to freshwater fish culture and it is expected that total global production for 2018 will 
be up to 6.3 million tonnes. Based on GlobeFish data for (2018), China (1.7 M tonnes), Egypt (780,000 tonnes) and Indonesia 
(1.25 M tonnes) are the top three production countries in the world. Excellent examples of success have also been shown in 
different LAC countries both in terms of aquaculture production and fisheries. The main tilapia producer countries in LAC 
are currently Honduras (90,000 tonnes), Colombia (60,000,000 tonnes), Ecuador (60,000 tonnes), Costa Rica (50,000 tonnes) 
Brazil (200,000 tonnes) and Mexico (75,000 Tonnes). 

In this presentation comparative performance data for tilapia production through aquaculture is described in different production 
systems such as floating cages and ponds. 
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Chile is one of the main producers of seaweeds in the world, however most of the production comes from harvesting natural 
seabeds and only 2.4% from cultivation. One of the most exploited resources is the giant kelp Macrocystis pyrifera, which is 
sell fresh for abalone feed and dry for alginate extraction. Beside the traditional uses, new markets are under development for 
this species that would increase the demand, justification for the development of a commercial cultivation system. Moreover, 
beside the high dependency of Chile from seaweeds obtained from wild stands, a new policy for the incentive of cultivation 
and repopulation of seaweeds was recently approved and implemented in the country, adding more interest to the development 
of sustainable culture systems. Due to the above, the objective of this work is to present the development of the aquafarming 
of M. pyrifera in southern Chile, focusing on determinants of productivity in cultivated systems. Two experimental plots, up to 
21 Ha, were designed and deployed in southern Chile (Quenac and Ancud) to test different environmental conditions. During a 
period of 3 years, sporophytes produced in an indoor hatchery were deployed monthly, at different densities, and followed until 
harvest. Environmental parameters and biomass was monitored on a monthly basis. Our findings demonstrate the feasibility of 
Macrocystis aquafarming in Chilean coasts. Important difference in yield were observed between the study areas, although our 
best production cycle reached 124 WMT/Ha. Particularities of each site explained in part these differences; however critical 
variables detected were light, nutrient concentrations, and presence of pests. 

The culture system was evaluated from an economic perspective, to determine the potentiality of a M. pyrifera aquafarming 
project to attract investors. The economic sensitivity analysis revealed that currently the cultivation is profitable in a 10-year 
evaluation period when the price is US$ 87 WMT, keeping the yield at 12,4 Kg/M in a 10 Ha cultivation system. 
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Mangrove forest ecosystems have been characterized in relation to microbial communities, ecosystem services and ecological 
impacts after conversion to other land uses. Its microbial communities are essential for biogeochemical cycles and biocycling 
of most nutrients. With the goal of identifying the microbial signatures, we used whole metagenome next generation sequencing 
to compare metagenomes from sediment samples from four different locations within a vast mangrove system in Kerala (India) 
to other known mangrove data, tropical rainforest and ocean sediment. Across the mangroves, Bacteria were the predominant 
organisms, with Proteobacteria as the dominant phylum, followed by Bacteroidetes, Firmicutes and Actinobacteria. Principal 
component analysis grouped the mangrove forests and the rainforest samples. At the highest taxonomic levels, the forest samples 
had similar taxonomic patterns and the ocean was distinctly different, with 12.9% of archeal sequencing reads in comparison 
to less than 5% of the forests. The groups also differ in Archaea composition, the predominant phylum was Euryarchaeota for 
forest and Taumarchaeota for ocean samples.

Mangrove forests provide many ecosystem services, including sequestering large quantities of carbon in soils. The conversion 
to shrimp ponds influence carbon stocks and potential greenhouse gas emissions, as shown in a comparison of eight mangrove 
forests and three shrimp ponds from the northeast region of Brazil. The mean carbon stock of the mangroves was 413 ± 94 Mg 
C/ha. The conversion resulted in losses of 58%–82% of the ecosystem carbon stocks and mean emissions of 1,390 Mg CO2e/
ha, 81% from soil. The losses were estimated to be 10-fold greater than emissions from slash and burn of the upland tropical 
dry forests from the northeast region (142.7 Mg CO2e/ha). This underscored the value of including of mangroves in climate 
change mitigation programs and suggested weighting its ecosystem services against the short-term values of production of an 
export food for developed nations.

Mangrove is one of the ecosystems studied by the Brazilian Microbiome Project, a local initiative that aims to coordinate 
national microbiome research, integrated with international initiatives, and provide user-friendly open source bioinformatics 
tools and human resources training for microbiome data analyses. The research aims to develop strategies to “(a) mitigate 
environmental greenhouse gas emissions; (b) increase the activity of beneficial microorganisms from humans to soils; (c) 
suppress pathogenic microorganisms in plants and humans; (d) understand the impact of pollutants in aquatic environments; 
and (e) create a rapid and efficient strategy for scientific and technological bioprospecting”. Due to ecological and economic 
roles of mangroves, we expect an increase in collaboration of research groups from different countries.



191
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Mud crab is considered a new species in aquaculture, widespread interest in its culture is increasing due to rising market value 
of mud crabs. At present shrimp feeds and trash fish are currently used as feed stuff for mud crabs, however, their prices are 
continually rising. Finding low cost feed supplies has been identified as one of the key challenges facing the rapid growth of 
the mud crab farming sector in Asian countries. To identify alternative feed in the culture of mud crab (Scylla serrata), five 
diets were tested as follows: GAS meat, trash fish, shrimp feed, GAS meat + trash fish, GAS meat + shrimp feed. This study 
compared the effect of the five diets to the growth and survival rate, % biochemical compositions and economic viability of 75 
pieces lean mud crabs fattened for 20 days. Mud crabs were stocked individually in plastic cases fitted in bamboo frames and 
installed in brackish water pond. Results showed that mean final weight, carapace length and width of mud crabs fed with GAS 
meat do not differ significantly (P>0.05) among other treatments. 100% survival rates were recorded on mud crabs fed with 
GAS meat, TrF and GAS meat + TrF. Protein content is highest in GAS+TrF – fed mud crabs. Cost- benefit analysis showed 
that GAS meat + TrF diet resulted to highest gain. In conclusion, golden apple snail (Pomacea canaliculata) meat is a potential 
feed source for the mud crab diet as an alternative to trash fish and shrimp feed.
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Aquaculture of largemouth bass (Microperterus salmoides) (LMB) has been a difficult sector to actuate due in large to the fact 
that historically, several states did not allow the raising or the selling of live LMB into the live food markets. It was thought of 
as a sport-fish only, and coveted by trophy anglers and sport anglers clubs. One of the most popular of freshwater fish in North 
America is the LMB, especially in the United States (US). This is due in part to the abundance of the species found throughout 
much of the continent and their reputation as a tough and entertaining fighter. As a farmed species, they are one of the highest 
valued freshwater aquaculture species. 

Largemouth bass are predominantly produced to supply recreational sport fish for stocking throughout much of North America 
and regionally in Europe and Asia, notably Japan. Market demand for LMB as a sport-fish encompasses all sizes from small 
fingerlings to trophy-size fish. Federal, state and private hatcheries throughout the US produces sport-fish to meet the demand 
for recreational use. Largemouth bass are also produced extensively as food fish, which are primarily marketed live in major 
cities with large ethnic Asian populations; fresh-on-ice fish can also be found in parts of Mexico. Market demand for the food-
fish market is typically for 0.45-0.90 kg fish with a desired minimum market size of 0.55 kg in the US. 

Since the 1970s there has been market research on several fish species of both wild caught and farmed fish. These studies where 
done within both academia and private research entities. This information on composition, pricing, and delivery for different 
species has helped several sectors of the aquaculture industry expand since 1970. However, there is very little research available 
on LMB specifically and potential market opportunities for the development of the industry into the 2020s.  

This study will focus on some of the marketing research done in the past that have identified consumer attributes, input from 
industry and offer information to assist individuals in the decision process. This will also apply research done within markets 
identified that sell live fish, while also describing the current market situation by identifying the cultural and specific demand 
criteria and apply these findings to the LMB potential within the food fish and sport-fish (supporting) industries.
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MORPHOLOGICAL AND BEHAVIORAL VARIATION AMONG BROODS OF BLUE CRAB 
Callinectes sapidus ZOEAE

Joseph C. Caracappa* and Daphne M. Munroe

Haskin Shellfish Research Laboratory
Rutgers University
Port Norris, NJ 08349
jcc290@hsrl.rutgers.edu

The blue crab, Callinectes sapidus, is an economically and ecologically important species in Mid-Atlantic estuaries that has 
experienced historic fluctuations in recruitment, partially due to factors influencing the development of crab larvae (zoeae). 
The external morphology zoeae has been shown to influence predation and locomotion of decapod larvae and is related to 
their ability to survive and successfully disperse. Furthermore, inter-brood morphological differences could result in differing 
success among offspring. The first goal of this study was to characterize blue crab zoeal morphology, to test whether inter-brood 
morphological differences exist, and to determine whether maternal size and fecundity are predictors of offspring morphology. 
The second goal was to identify potential relationships between zoeal morphology and swimming ability both within and 
between broods.

The zoeae of 21 individual crabs were hatched in the laboratory, photographed, and measured. Zoeae exhibited substantial 
morphological variability, with all 13 morphometrics showing significant inter-brood differences. Models of drag induced by 
swimming and sinking velocity, using observed morphologies, showed differences indicating varying swimming performance 
across broods (Figure 1). Maternal size and fecundity were not significant predictors of zoeal morphology. These inter-brood 
differences may result in differential survival and locomotion. 

An additional 6 crabs were hatched in the laboratory, where zoeae were recorded swimming in small aquaria. The swimming 
velocity and direction was calculated. Zoeae were also photographed and their morphology was measured. Swimming behavior 
varied substantially, and there were significant differences between larval broods’ swimming ability. Additionally, swimming 
ability may be correlated to some morphometrics. These results suggest that inter-brood differences in morphology may result 
in differences in larval swimming behavior, energetics, and dispersal.
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PATHOLOGY PERSPECTIVE ON POLYPLOID EASTERN OYSTERS, AND ITS RELEVANCE 
TO REGIONAL DISEASE MANAGEMENT

Ryan B. Carnegie

Virginia Institute of Marine Science
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Oyster aquaculture is growing rapidly in the Mid-Atlantic and Southeast regions of the U.S., and effective management of 
shellfish pathogens affecting oysters remains key to sustainable aquaculture development. A fundamental assumption on the 
part of the regulatory community has been that aquacultured oyster seed of larger size exposed for several months to natural 
waters endemic for pathogens such as Haplosporidium nelsoni (MSX) and Perkinsus marinus (dermo) could acquire hazardous 
levels of these pathogens, and would thus deserve special scrutiny in the context of interstate commerce—certainly relative to 
very small hatchery seed not yet exposed to unfiltered water. Commerce in larger seed or near-market to market-sized animals 
for replanting is common in the region. There are scarce published data, however, that speak to the biosecurity of this larger 
“seed”, particularly with regard to the polyploid oysters that are in wide use on farms today. This has led to policies requiring 
ad hoc disease analysis of all groups proposed for transfer, which is expensive and time-consuming for oysters of such size.

Results of such ad hoc analyses have suggested, to the contrary, that larger aquacultured seed often have surprisingly low levels 
of infection by major pathogens, which may relate to breeding for disease resistance reducing susceptibility of cultured oysters; 
planting en masse with initially low infection levels at some distance from foci of infection among wild oysters, reducing 
rates of transmission to farmed animals; or short harvest cycles not providing time for infections to reach high prevalences 
and advanced intensities. Inspired by these initial observations, we obtained funding from the FY18 Saltonstall-Kennedy 
Competition (NOAA NMFS) to systematically address the question of cultured polyploid oyster infection in Chesapeake Bay 
by evaluating triploid samples from Virginia and Maryland growers and tetraploid oysters from Virginia Institute of Marine 
Science broodstock holdings. Our hypothesis is that, for the reasons above, cultured oysters will have substantially lower 
infection levels than wild oysters; results of initial fall 2018 sampling in evaluation of this hypothesis will be presented here. 
If results meet expectations and are supported by subsequent 2019 work, we may argue that ad hoc disease analyses of seed 
proposed for interstate transfer are unnecessary. Rather, programmatic surveillance of wild populations in the area may instead 
be used to inform regulatory decisions by providing maximum estimates of local infection levels by major oyster pathogens. 
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INSIGHT INTO THE CONTEMPORARY DISEASE STATUS OF GULF OYSTER POPULATIONS
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Virginia Institute of Marine Science
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Oyster aquaculture development in the Gulf of Mexico is bringing increased interstate shipment of oyster broodstock, 
germplasm and seed, commerce which is essential to support aquaculture growth. The growing commerce and transplantation 
of cultured Gulf oysters raises questions, however, about what we know of the pathogen profiles of Gulf oysters, information 
that is essential to have if we are to maintain high biosecurity in the context of interstate transfers. 

There is a rich history of oyster disease research in the Gulf of Mexico. The 1940s discovery of the most important oyster 
pathogen in the U.S., Perkinsus marinus, occurred in Louisiana. The pioneering 1960s work on P. marinus ultrastructure and 
life cycles by Frank Perkins was conducted mostly with Apalachicola Bay, Florida, oysters. Sammy Ray’s work on oysters in 
Texas was continuous from the 1940s-2000s, and many others have studied oysters and P. marinus in particular around the 
Gulf, including the NOAA Status and Trends “Mussel Watch” program (1995-2010) from Florida to Texas. Yet our perspective 
remains limited on the general health status of Gulf oysters. P. marinus is the most impactful pathogen in the region, and 
Ray’s fluid thioglycollate method (RFTM) is a powerful, specific method for P. marinus detection. The focus on P. marinus 
and the reliance on RFTM, however, has left a blind spot with regard to other pathogens that could only be detected using 
histopathology, i.e. the evaluation of stained tissue sections. “Mussel Watch” did include histopathology, but on only five 
oysters per sample, making it effective for tracking trends in highly prevalent parasites like P. marinus but not for less prevalent 
conditions that would still be of high biosecurity relevance. We have limited knowledge, therefore, of whether potentially 
important pathogens or conditions may be present in the Gulf that, because of intersections of Gulf shellfish transfers with those 
of the Atlantic Coast, could have far wider relevance with regard to regional aquaculture biosecurity. 

While disease surveys have not been our objective, we have collected a number of Gulf oyster samples over recent years, from 
Florida to Texas, in pursuit of various projects, samples which present the opportunity to generate contemporary perspective on 
oyster disease status in the Gulf. Presentation of a preliminary Gulf oyster health assessment based on analysis of these samples 
will be the focus of this talk. 
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ISOTOPIC TURNOVER OF CARBON δ13C IN TAMBAQUI Colossoma macropomum JUVENILES 
FED WITH DIETS CONTAINING DIFFERENT LEVELS OF DIGESTIBLE PROTEIN  
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E-mail: dalton.carneiro@ unesp.br    

The use of natural stable isotopes is a safe alternative to evaluate the deposition of feed constituent elements. Furthemore, the 
method can accurately identify the different moments when fish start to use dietary nutrients, though the retention of carbon 
atoms in their tissues, enabling the study of the turnover rates of these elements in animal tissues during growth. The objective 
of the study was to assess growth and  the isotopic turnover of carbon in muscle tissue of tambaqui juveniles fed diets containing 
digestible protein levels. A total of 1750 fish (6.53 ± 0.43) was distributed in 35 tanks (430 L). Seven isoenergetic experimental diets (14.14 
MJ / kg) were formulated with digestible protein (DP) levels of 14, 17, 20, 23, 26, 29 and 32%. Muscle samples were analyzed in an isotope 
ratio mass spectrometer (IRMS/EA), with analytical error of the order of 0.2‰. The adjustment of the exponential model to the observed 
data was performed using the software Origin® 6.0 Professional (Microcal Software 1999). During 120 days of experiment, the animals 
grew over time, in all treatments (P <0.05) (Table 1). Along the evaluated periods, the protein levels of 29 and 32% stood out from the first 
biometric evaluation (30 days), with similar mean weights (P> 0.05) and higher than the other treatments (P <0.05). The ratio of isotopic 
changes in muscle tissue was influenced by the characteristics of the diets, and the carbon turnover rates were faster the higher the protein 
level. The experimental period of 120 days was sufficient for the fish to reflect the isotopic composition of the diets in all treatments (Fig.1). 
The isotopic half-life (T50) in animals fed 29 and 32% of DP was reached sooner, approximately 13.5 to 12.2 days for 13C 
(Figure 1). The experimental period (120 days) was sufficient for the fish to reach the isotopic equilibrium in all treatments. 
However, the percentage of diet isotopic contribution in the tissue, as a function of time, was different. In 63 days, it reached 
96 to 97% in fish fed diets 29 and 32% DP and 81 to 82 % in fish fed diets 14 and 17% DP. Therefore, the diet containing 29% 
DP showed to be more attractive for the productive performance of tambaqui juvenile in intensive rearing (with no zooplankton available), 
promoting faster turnover rate.
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ALGAE AS AQUAFEED: NEW DEVELOPMENTS IN THE U.S.
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Growing global demand for seafood continues to strain existing aquafeed supplies, driving up fish meal prices and spurring 
the search for sustainable alternatives. The use of plant-based protein sources for aquafeed has increased in response, but 
plant-derived sources typically lack several key nutritional components – including omega-3 fatty acids (DHA and EPA) 
and carotenoids such as astaxanthin – required by many aquaculture species. Many terrestrial crops also bring sustainability 
challenges of their own.

Algae are attracting increasing attention as a potential solution.  Algae do not require prime agricultural land, can be grown in 
salt water or wastewater, and several strains naturally produce many of the nutritional components lacking in terrestrial plants. 
Researchers and innovative algae businesses in the United States and around the world are working aggressively to develop 
algae-derived aquafeed ingredients to fill the global need. This presentation will survey the existing algae aquafeed landscape 
in the U.S. and progress being made to bring new sources of algae-based aquafeeds to market. 
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THINKING OUTSIDE THE BOX: LEVERAGING FUNCTIONAL REDUNDANCY TO SELECT 
ALTERNATIVE SPECIES FOR ECOSYSTEM RESTORATION
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Shellfish beds provide multiple ecosystem services to coastal ecosystems, including top-down control of phytoplankton blooms, 
creation of complex biogenic habitats, sequestration of nutrients, stabilizing sediments and buffering wave energy. However, 
many of the shellfish which provide these resources are commercially important, and exploitation can impact the services 
they provide through habitat destruction and overexploitation.  Great South Bay, New York, once one of the most productive 
estuaries in the nation, has experienced numerous shellfish population collapses.  Both eastern oysters and later hard clams 
dominated the bay throughout its history, but both fisheries collapsed due to overharvest. 

Luckily, multiple species perform similar functions in marine ecosystems, and since some of these redundant species are not 
harvested, they may be better target species for restoration projects aimed at improving water quality and other ecosystem 
services.  One such species is the suspension feeding gastropod Crepidula fornicata, commonly known as the slipper shell 
snail or the slipper limpet. This species is common in northeastern estuaries, where it creates large beds of complex, three-
dimensional habitat that provide refuge to a number of other fauna (Table 1).  The slipper limpet has also been demonstrated 
to efficiently filter harmful algal blooms, including the brown tide Aureococcus anophagefferens, which has plagued the Great 
South Bay for decades.  Further, this species has been demonstrated to be extremely resilient to varied water quality conditions 
and at least tolerant of projected ocean acidification conditions, making Crepidula fornicata a potentially useful restoration tool.  

Working with the New York Department of Environmental Conservation, we deployed a series of small scale Crepidula beds 
on unstructured bottoms at a severely brown tide-impacted site in Great South Bay. Here, we discuss some preliminary results 
from these restoration efforts using Crepidula as the target species. 
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DRIVING SUSTAINABILITY IN THE GULF OF CALIFORNIA: FISHERY MANAGEMENT 
AND OFFSHORE CULTIVATION FOR TOTOABA (Totoaba macdonaldi)
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Illegal fishing of totoaba (Totoaba macdonaldi), a critically endangered and heavily poached species in the Gulf of California, 
causes extensive environmental, biological, and social detriment. Offshore aquaculture is currently being developed in 
Mexico with the intent of restocking and as a possible market-based conservation approach. However, no comprehensive 
assessment exists for whether offshore cultivation of this species is a viable strategy to reduce poaching. This project provides 
a recommendation on how production and market factors may affect aquaculture’s ability to influence illegal harvest.  

Available data on wild stock population, illegal seizure statistics, and inferred aquaculture production scenarios were compiled 
as input parameters. Our application of the following three models yields informative results on the potential for conservation 
benefits from aquaculture: 1) Stock assessment, 2) Optimized rotation for aquaculture and, 3) A global model for static 
competition. Accounting for quantity sensitive markets (demand), production costs, growth parameters, market differentiation, 
supply chain constraints, and stakeholder concerns, the project’s outcome will help determine varying aquaculture production 
scenarios that could disincentivize illegal fishing of totoaba. 

The conclusions will provide valuable insights to policy makers about the viability of offshore cultivation as a market-based 
management strategy for discouraging the illegal take of marine species.
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QUANTIFYING MECHANICAL FILTRATION EFFICIENCY USING A STEREO MICROSCOPE 
AND INVERTED MICROSCOPE
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Mechanical filtration is a critical component of all recirculating aquaculture systems, but it is especially important for zebrafish 
systems housing priceless research animals that have taken millions of dollars and thousands of research hours to produce.  
Inadequate mechanical filtration can lead to genetic contamination caused by in-tank spawning with the resulting zebrafish 
embryos or larvae ending up in tanks where they do not belong.  Mechanical filtration deficiencies can also compromise colony 
health by decreasing the effectiveness of UV sterilizers, as well as endangering animals during system failures by increasing 
biological oxygen demand.  Here we describe a “first past” method of evaluating mechanical filtration by filtering water at 
the tank level, and looking at it under a dissecting microscope.  Based on the amount and size of plankton and other particles 
harvested in the sample, mechanical filtration effectiveness can be extrapolated (A).  

To More precisely evaluate the effectiveness of different types of mechanical filters we developed a system for measuring 
particle size and number using an inverted microscope.  Aliquots of pre and post filtration settled water samples were placed in 
an imaging dish and tiled using a  4X objective.  Image J (open source software) was used to identify and measure objects (B).
  
Both stereo microscopes for evaluating overall effectiveness, and inverted microscopes for more detailed analysis, are effective 
tools to help evaluate mechanical filter performance.
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EVALUATION OF A PUTATIVE BIOMARKER OF NUTRITIONAL STRESS IN RED 
DRUM Sciaenops ocellatus FED 60% SOYBEAN MEAL-BASED DIETS USING NMR-BASED 
METABOLOMICS
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Biomarker detection for nutritional stress has been developing rapidly, and the utilization of Nuclear Magnetic Resonance 
(NMR)-based metabolomics is a powerful, emerging technology.  In a previous feeding trial in our laboratory, we detected a 
positive correlation in the levels of formimino-glutamate (FIGLU) when red drum were fed soybean meal (SBM)-based feeds 
with inclusion levels up to 60%. FIGLU is a metabolite known to be a marker of vitamin B12 or folate deficiency in mammals, 
but to the best of our knowledge the association of FIGLU with nutritional deficiencies in fish has not been investigated yet.  
Therefore, a 12-week feeding trial was conducted to test the effects of four fishmeal-free experimental diets containing 60% 
soybean meal supplemented with vitamin B12, folate, or methionine (which could also indirectly induce an increase in FIGLU 
levels) and a combination of vitamin B12/folate/methionine on growth performance of juvenile red drum.

Feeds contained ~ 40 % total crude protein, ~ 11 % total crude lipid and were energetically balanced. A natural diet composed 
of cut fish, squid and shrimp was used as a positive reference, while an unsupplemented 60% soybean meal diet was utilized as 
the negative control.  Two additional diets were utilized: a fishmeal-containing diet (all SBM was replaced with fishmeal on a 
digestible protein basis), and a supplemented SBM 60% (SBM60 diet containing additional supplements (i.e. additional amino 
acids and minerals) typically added by our collaborators to plant-based feeds for other species.

Tissues (liver, muscle, heart, and intestine) and plasma samples were collected at weeks 0, 6, and 12, to monitor metabolic 
changes over the course of the feeding trial. Polar extracts of each tissue were analyzed by NMR spectroscopy. FIGLU levels 
were measured at the three different time points for all the SBM experimental diets and compared with the reference diets. 
FIGLU was not detected in fish that were fed the natural diet, whereas it was detected in fish fed the 60% SBM-based diets 
and, importantly, it was also detected in fish fed the fishmeal-based reference diet, thus allowing us to exclude the possibility 
that FIGLU could simply be a marker of soybean meal consumption in fish. All these diets underperformed compared with the 
natural diet based on fish average weights per time point, supporting the hypothesis that FIGLU is a marker of nutritional stress 
and could be used to optimize current feed formulations using targeted supplementation approaches.
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EXPLORING THE SEA CUCUMBER Cucumaria frondosa AS AN EMERGING AQUACULTURE 
CANDIDATE: THE GOOD AND THE BAD
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The sea cucumber Cucumaria frondosa (Figure 1A) occurs in dense populations off eastern Canada. It has been heavily 
harvested over the past 30 years for trade as seafood and pharmaceutical products. Investigations are now being conducted to 
examine this species as a candidate for aquaculture, especially considering the attributes that distinguish this species from other 
commercial sea cucumbers, such as its suspension-feeding diet and lecithotrophic development (i.e. production of non-feeding 
larvae). 

Results so far have established the life cycle and growth parameters, optimal holding conditions for adults and juveniles 
(Figure 1A, B), and the potential use of commercial feed and spawning triggers. Behavioural and morphological traits relevant 
to aquaculture have also been explored. Developmental studies have included gamete dispersion and fertilization, and the 
ability of propagules to swim, fuse together and respond to different environmental conditions until settlement. Also, key to 
production management is the identification of males and females. While most sea cucumber species must be sacrificed, a 
reliable external sexual dimorphism has recently been found in C. frondosa (Figure 1C and D). Work continues on assessing 
size at age metrics, variations in nutritional properties (seasonally and across organs), and on identifying biomolecules with 
desirable pharmacological effects (e.g. anti-bacterial, antioxidant, anti-cancer). 

Due to its phytoplankton diet, slow growth, annual reproductive cycle and lecithotrophic development, the aquaculture of C. 
frondosa seems to offer greater potential for nutraceutical and pharmaceutical than food markets. A shift towards low-volume 
high-value exploitation also seems more appropriate from the dual perspectives of conservation and cost-effectiveness.
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So-called ‘brown bodies’ were first defined in the 1960s as colorful aggregates of specialized cells (e.g. coelomocytes, 
amoebocytes) in the general cavity of echinoderms, with a putative role in the defense against pathogens. However, their mode 
of action and specific role remain poorly understood. Here, the possibility to use these cell aggregates as a tool to estimate 
stress level in captive-reared sea cucumber (Cucumaria frondosa) and as a source of renewable bioactive molecules is being 
evaluated.Surgical investigations revealed important quantities of these bright-red (rather than brown) masses in the pharyngeal 
bulb, Polian vesicle, tentacles, and ampullae of the podia (Figure 1 A, B, D, E). Comparisons between captive and wild sea 
cucumbers, and between healthy and damaged individuals were made. Microscopic examinations determined that aggregates 
are formed of thousands of cells, which are moving across anatomical compartments. Further studies using histological analysis, 
cells characterisation, and determination of pigment composition and biological roles of the cells were conducted following 
controlled laboratory experiments (focusing on the ambulacral system). Injection of traceable particles and subsequent serial 
dissections showed ‘brown/red bodies’ embedding the particles in the different organs (Figure 1 C, F). The possibility that they 
help expulse foreign material and their possible role in the remarkable healing and regeneration capacities of sea cucumbers 
are being examined.
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EFFECTS OF HIGH TEMPERATURES ON GROWTH PERFORMANCE, BODY COMPOSITION 
AND PHYSIOLOGICAL STRESS RESPONSES OF JUVENILE COMMON SNOOK Centropomus 
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The effect of high temperatures (28, 31, 34 and 37 °C) on growth, survival, body composition and physiological responses in 
juvenile common snook was investigated over 30 days. The experiment was performed in triplicate using four independent 
recirculating systems; with three 150-L tanks each one. Fish (3.4 ± 0.54 g) were fed four times daily to satiation. Samples were 
taken to determine growth parameters and tissue collected for analysis of cell proliferation (phosphohistone H3) and stress 
responses (glucose, cortisol and heat shock proteins, Hsp 70) 15 and 30 days after the beginning.

After 15 days, all fish survived. But after 30 days, the lowest 
survival (28.7%) was in fish held at 37 °C. The highest specific 
growth rates were observed at 31 and 34 °C (3.50 ± 0.69 and 
3.46 ± 0.73%, respectively). The feed conversion ratio and 
coefficient of variation of weight were not influenced (P > 0.05) 
by temperature (Table 1). 

There were no significant differences in cortisol and glucose 
levels, and body composition. Also, there was no influence 
of increasing temperature on cell proliferation in gills and 
heart. However, the immuno-histochemical response to heat 
stress (Hsp 70) revealed significant differences (P < 0.05) 
between 37 °C, with high cellular stress response, and the other 
temperatures.

The results suggest that the ideal temperature for these fish is 
above 28 °C and should not exceed 34 °C, coinciding with low 
values of Hsp70. Also, a second-order polynomial regression 
of weight gain (Figure 1) indicates 31.9 °C as the optimum 
temperature for growth of the common snook juvenile.
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We evaluated two grow-out phases of juvenile common snook under three different stocking densities: 10, 20 and 40 fish per 
m3, with four replicates. The experimental units were twelve 2.5 m3 net cages, with 12 mm of mesh size. In phase I, snooks 
with initial body weight 72.0 ± 7.1 g and total length 21.2 ± 0.7 cm were raised for 270 days (12/20/2013 to 09/18/2014). In 
phase II, snooks with initial body weight 204.6 ± 25.7 g and total length 29.2 ± 1.3 cm were raised for 202 days (09/30/2014 
to 04/20/2015). The experiment was carried out in the Sambaqui Cove, North Bay of Santa Catarina Island (latitude 27º 35’ S, 
Brazil).

The data obtained at the end of each phase were evaluated by means of regression models. Density increase did not influence 
survival rate in both grow-out phases, resulting in average 51.0% for phase I and 88.7% for phase II. The density of 20 fish per 
m3 provided the highest final body weight for both phase I (215.7 g) and phase II (364.7 g); as well as other growth parameters 
(Table 1). However, for total biomass and yield, 40 fish per m3 resulted in the highest values.

Considering that the experimental site was in a subtropical zone, water temperature was the main environmental factor that has 
limited growth. The highest growth rates were observed during summer, indicating that the initial grow-out of small juveniles 
should start in spring, when the water temperature is about 24 °C. Also, we observed that any fish management should be 
avoided when the temperature is below 20 °C, in order to keep them healthy. Based on regression analysis with final weight 
data (Figure 1), densities around 24 fish per m3 might be indicated for grow-out of common snook in the present conditions. 
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Abalones, which belong to the Haliotis genus and the Haliotidae family, are cultivated worldwide for their high commercial 
value. The rapid development of abalone farms has happened in a short time, given the decrease in wild populations and the 
increased demand for abalone supply. Abalone farms lack of a breeding program, and there is often crossbreeding between 
related organisms. This has generated high levels of inbreeding between individuals, which ultimately results in a decrease in 
the rates of fertilization, hatching, survival and an increase in deformities in larval stages. It is well documented that some hybrid 
crosses have hybrid vigor in traits of commercial interest such as survival, growth, illness resistance and thermal tolerance.

The main objective of this work was to generate viable progeny of the hybrid between female red abalone (R) and male pink 
abalone (C), called hybrid RC, and to evaluate its performance at two temperatures (18 and 22°C) as compared with the 
pure breed of red abalone (RR). Broodstock abalones of both species were conditioned for gonadal maturation during three 
months under temperature and specific diet regimes. At full gonad development selected broodstock were induced to spawn 
by the H2O2-TRIS and UV method. In vitro fertilization and larval cultures were carried out using the protocols previously 
development at the Abalone Laboratory of the Aquaculture Department of CICESE. At the age of five months-old, with an 
initial size of 6 mm, a subset of abalones of the RR control cross and the experimental RC cross were transferred to two 
temperatures by duplicate, and were kept for 14 weeks in these conditions fed with the ABKELP® formulated diet (25% protein 
level). Growth and survival were evaluated during this period; while, oxygen consumption was evaluated at the end of the 
exposure period in each condition. 

The results show that the pure RR abalones presents higher growth t lower temperature (18°C); and lower growth and survival 
with the highest oxygen consumption when maintained at high temperature (22°C). Whereas, the hybrid RC abalones growth 
better at higher temperature (22°C) than at lower temperature (18°C). And oxygen consumption was not significant among 
RR abalones at 18°C and hybrids RC at both temperatures. These results suggest a greater thermal tolerance in the hybrid 
abalone RC, compared to the pure RR abalones. This confers an advantage in the scenario of the gradual increase in seawater 
temperatures that had been observed in recent years in the Baja California Peninsula, and opens an opportunity to produce 
better abalone seed for the local abalone aquaculture industry.
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The cobia (Rachycentron canadum) is a large coastal pelagic fish. In offshore net cage systems, cobia can grow from fingerling 
to 4 to 6 kg marketable size in 1 year. Its white flesh is suitable for sashimi. Currently, the limited supply of trash fish has become 
the main constraint for cobia culture. The nutritionally complete, lower cost formulated diets (especially with reduced fish meal 
content) could be a promising substitute for trash fish as feed. Thus, sustainable protein sources for cobia feed are required. 
There are now insect repellents to replace animal protein sources. Grow up the insects are the right choice because of the high 
nutrition such giant bird worm (Zophobas morio) and common black cricket (Gryllus bimaculatus). The aim of this study is 
to approach the insect protein as a source for the cobia feed. The growth performance and apparent digestibility coefficients of 
dry matter and crude protein in fish meal, giant bird worm meal, and common black cricket meal were determined. A reference 
diet and test diets (consisting of 70% reference diet and 30% of the alternative insect protein source ingredients) were used with 
1.0% Cr2O3 as an indigestible marker. The cobia, averaging 80.84±2.82 g, was stocked in 500 L polyethylene plastic tanks at 
a density of 30 fishes per tank fed with three experimental feed as satiation 2 times per day for 8 weeks. Faces were collected 
from three replicate groups of fish by sedimentation at 3 h intervals. The giant bird worm meal and common black cricket meal 
were not affected to growth, feed conversion ratio and survival (P>0.05). The final weight and specific growth rate of cobia 
fed with fish meal feed, giant bird worm, and common black cricket were 111.77±8.65 to 123.72±10.86 g and 0.53±0.17 to 
0.60±0.17. Feed conversion ratio of cobia fed with fish meal feed, giant bird worm, and common black cricket were 0.11±0.03 
to 0.13±0.06. Survival rate was 100% for cobia fed with experimental feeds. As for dry matter and protein from both alternative 
insect sources was well digested by cobia. The growth and digestibility information could promote the use of giant bird worm 
meal and common black cricket meal substitutions in least-cost formulated diets for cobia. 
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EARLY LIFE STAGE PRODUCTION OF SUMMER FLOUNDER Paralichthys dentatus
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Many life-history traits of marine fishes are plastic in their expression under different environments, especially those traits 
expressed in the early life-stages (ELS) including embryos, larvae, and young juveniles.  In a natural context, this trait variation 
may be an immediate consequence of environmental driver(s) and/or represent an adaptive response to these drivers.  In an 
aquaculture context, this same plasticity can be used to identify performance optima with respect to growth, development, 
survival, and other performance metrics of interest.  By definition, these optima occur in a subset of the range of values of the 
environmental driver(s).  This optimal range can in turn be evaluated with respect to likelihood in nature and to economic costs 
of providing those conditions in captive rearing.  

A first step in this chain of inference is to move from testing the basic null hypothesis that treatment (here, environmental driver) 
has no effect on a biological response (e.g., ELS performance metric) to an advanced null-hypothesis study that examines the 
extent and shape of the response.  Here we describe approach that we have used to examine the biological responses of ELS 
to a large number of different levels of environmental factors including temperature, CO2, and dissolved oxygen.  These high-
frequency (H-F) systems reveal the shape of the biological responses that are not seen in traditional low-frequency (two to four 
treatment level) experimental designs.  

We provide examples of this approach and report on ELS responses of summer flounder Paralichthys dentatus to a wide 
range of temperature and CO2 levels.  Responses include fertilization rates, life-stage survival, growth, and age and size at 
developmental transitions (hatching, settlement).  Fertilization rate decreased with increasing temperature and increasing CO2; 
embryonic period duration decreased exponentially (development rate increased linearly) with increasing temperature; length 
at hatching decreased with increasing temperature; and larval ontogenetic rate increased but size at settlement decreased with 
increasing temperature and increasing CO2.  The ecological and, in an aquaculture context, economic consequences of these 
responses are currently being analyzed but it is the H-F methodological approach that reveals the functional form of these 
responses and thus makes such analyses possible.  



209

INTEGRATING AQUAPONICS INTO THE COLLEGE CURRICULUM: ROUND TWO 
REPORT

Zachariah Chambers*, Brandon Hall

Rose-Hulman Institute of Technology
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chambez@rose-hulman.edu

Last year at the Aquaculture 2018 conference Prof. Zac Chambers shared the preliminary work prepared by he and Brandon 
Hall on a common curriculum to teach aquaponics at both a four year technical college and a two year trade college.  Each 
instructor has taught their version at least twice and will present the resulting calendar, syllabus, and content examples.  Lessons 
learned will be shared and the plans for round three of the course will be presented.
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The University of New Hampshire developed and successfully tested a prototype integrated multi-trophic aquaculture (IMTA) 
raft in 2015 that brought steelhead trout, kelp, and mussels to the marketplace. This has led to the design of the next generation, 
commercial scale IMTA platform called the AquaFort (AF) to produce finfish and shellfish offshore. With this, we propose to 
increase United States seafood production through aquaculture training and deployment of the AF system at a permitted site 
offshore. The two-year program will recruit fishermen and farmers from ME, NH and MA to participate in workshops and daily 
operations of farming steelhead trout and blue mussels. During this period, the AF will be constructed and deployed, and two 
seasonal growout trials will be conducted. Participants will engage in “hands on” training and will learn how to assemble and 
deploy the AF system, transfer and care for the trout, collect mussel seed and bring product to market.  An economic analysis 
of the operation will inform the business opportunity presented to aquaculture entrepreneurs to facilitate financial investment in 
new businesses. We will address permitting challenges through formal workshops where participants will be assisted through 
the state and federal aquaculture permitting process. This vital component will inform participates on the regulatory process, 
site selection, environmental data collection and securing a successful lease.  By the end of the second year, we expect to 
have at least two farms fully permitted, have more than 20 participants/year, and have at least 400 visitors to the commercial 
demonstration site.  An extensive extension component will seed transfer of methods developed during the project throughout 
New England and beyond. This project will address significant barriers to finfish and related aquaculture seafood production in 
the Gulf of Maine, including economic viability (scaling to commercial size), availability of a trained workforce and permitting 
challenges. 
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The growing importance of domestic supermarket chains in Southeast Asia is influencing the governance structure and 
institutional dynamics in many agriculture sectors. This paper examines the coordination of the aquaculture value chain in these 
emerging markets through case studies on Thailand and Vietnam. Specifically, we study how they incorporate production and 
price risks in managing the aquaculture supply chain. The study shows that although there are multiple forms of coordination 
possible between supermarkets and its first tier supplier, the main form of coordination is modular. Supermarket chains take up 
the lead firm role in these aquaculture value chains. It was also shown that buyers pay limited attention to the production system 
aside from the product specification, quality, and safety. Risks in the supply side were dealt with through formal contracts, 
selecting highly qualified suppliers and regular monitoring of supplier’s capability. The paper concludes that in these emerging 
markets, supermarket chains transfer risks to other stakeholders in the aquaculture value chain and minimize cost of transaction 
in coordinating with numerous aquaculture smallholders via intermediaries. 
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Aquaculture extension professionals from North America, the Pacific Islands and Central America gathered in 2017 for the 
National Aquaculture Extension Conference (NAESC) in Boise, Idaho.  A conference held every years. A post-conference 
evaluation survey yielded a 79% response rate (52 completed surveys). This presentation focuses on one element of the survey: 
“Strategic Issues and actions that that the (aquaculture extension) network should focus on over the coming 5 years”

The survey of NAESC participants yielded over 120 areas of focus suggested by NAESC participants of which we categorized 
into six focus areas. These six focus areas are not typically the traditional technical/science/engineering/environmental gaps 
that aquaculture Extension professionals traditionally address daily, but rather the need to address the social/human dimensions 
of aquaculture in extension education programming. The NAESC planning team views these six focus areas as important 
capacities to enhance for Aquaculture Extension:

1)  Understanding Public Perception of Aquaculture to guide Extension Programming, 2) Need for Training the Next Generation 
of Extension Personnel and Enhancing Competency in the Tools of Extension, 3) Marketing the Roles of Extension, 4) Defining 
and implementing where Extension can be most effective on Regulatory Matters, 5) Improving Coordination and Collaboration 
through NAESC and 6) Improving and Enhancing Communications on Aquaculture to Address Public Perceptions of 
Aquaculture.

The survey stimulated follow-up discussions on the need to plan for the relatively large number of Aquaculture Extension 
Specialists that will be retiring in the next five years or so. Whether their positions are retained as specialists in the aquaculture 
field.  Potential follow-up actions include facilitating stakeholders (especially industry) and university administration to be 
proactive communicating the need to retain capacity in aquaculture personnel so these valuable positions are not lost to other 
subject areas or where appropriate, integrated as an essential theme of emerging subject areas. Some  actions discussed to  
address the retention and growth of Aquaculture extension capacity include: 1)  Evaluate and prioritize the most effective  roles 
for  extension which might include not just education and technical assistance , but as emphasized in the 2017 NAEC  survey, 
the need to address public  perceptions and barriers to aquaculture, 2) Evolve compelling stories on the many accomplishments 
and impacts because of investments in aquaculture extension, 3)Mentor trainings for new specialists, 4) Enhance programming 
to facilitate  interest and careers in aquaculture  from high school to college, 5) Evaluate social media for more effective 
aquaculture outreach and 6) Develop  FAQ’s and different ways to communicate them and make them accessible .

Though some of the survey responses include calls for advocacy and addressing misinformation about aquaculture, the 
Extension professional’s strengths are foremost as educators, as outreach and engagement specialists and trusted brokers of 
science-based knowledge to address education and applied research needs that inform stakeholders to make wise decisions on 
aquaculture and not as advocates.   
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Vibrio spp., the responsible of acute hepatopancreatic necrosis disease (AHPND) or early mortality syndrome (EMS), has 
become one of the most common and serious aquaculture pathogen that leads to severe economic losses worldwide as a 
consequence of the high mortality up to 100% in cultivated shrimp. For instance, actual studies have been reported diverse 
marine bacteria as potential alternative for disease control due to their capability to produce antimicrobial compounds against 
pathogenic bacteria. The present study aims to isolate, identify and evaluate the inhibitory activity of marine bacteria on 
pathogenic Vibrio spp. (AHPND/EMS).

We isolated and characterized 3 different bacterial strains (1ACL, 1B2G, and B1), from marine environment, by traditional 
and biochemical methods. In order to discern the behavior of the three strains, growth curve assays were carried out in Tryptic 
Soy Broth (MCD LAB) during 22 hours. Furthermore, they were identified by partial sequence of 16S rRNA gene. The 
Vibrio isolates (AHPND/EMS) were previously confirmed by Real Time PCR, IQ Real (GeneReach). Finally, to evaluate the 
antagonistic activity of candidate bacteria against different pathogenic Vibrio strains, cross streak method (CSM) and double 
layer technique (Dopazo) were performed on Mueller Hinton plates (MCD LAB); results were analyzed by STATGRAPHIC 
Centurion XVI v. 16.1.18.  

The analyzed bacteria strains (1ACL, 1B2G, and B1) belong to the genus Bacillus with high similitude to B. subtilis under 
BLAST analysis. All are Gram positive, catalase positive and oxidase positive (but B1, oxidase negative). All of them reach the 
stationary stage at 10 hours in Tryptic Soy Broth. Statistical results demonstrated that 1ACL and 1B2G have strong antagonistic 
activity, with no significant differences between them, against Vibrio parahaemolyticus and V. harveyi on the CSM in vitro 
tests (Figure 1). Although 1B2G manifested antagonistic activity against V. parahaemolyticus (Vp910) on the double layer 
technique, 1ACL showed the strongest antagonistic activity with statistical significant differences (Figure 2). B1 did not present 
significant inhibition in any case (Figure 1 and 2). Therefore, 1ACL and 1B2G are considered good candidates for their use as 
probiotics in aquaculture; however, more research is needed to characterize their bioactive compounds and in vivo trials. 
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Strains of Klebsiella pneumoniae are opportunistic bacterial pathogens found mainly in humans that colonize the gastrointestinal 
tract, urinary tract, central nervous system etc, and cause wide variety of infections. Many K. pneumoniae strains have been 
isolated from diverse environments, including soil and natural surface waters. K. pneumoniae also found to be the disease-
causing agent in both wild and farmed aquatic animals. Thus, zoonotic nature of K. pneumoniae is also a cause for concern. 

In this study, the efficacy of Klebsiella phage KPP-1 (isolated from natural water) as a bio-control agent against K. pneumoniae 
infection was investigated. We developed a K. pneumoniae infection model using zebrafish. In the phage treatment experiment, 
the adult zebrafish divided in to 3 groups and were injected intraperitoneally with K. pneumoniae at an infective dose of 5 x 108 
per fish. The bacterial control group was infected with only K. pneumoniae and the phage treated group was infected with the 
same amount of bacteria mixed (at MOI=1) with its infectious phage. 

Zebrafish displayed K. pneumoniae disease symptoms, such as haemorrhages in the eyes, fin bases and skin and an enlarged 
belly. Cumulative survival rate of K. pneumoniae-challenged fish group was 21%, while the phage treated group showed 67%. 
This shows a clear reduction in mortality (46%) in the phage-treated fish at 96 h post challenge of bacteria. It suggests that 
KPP-1 could be used as a potential biocontrol agent for aquatic animals and natural waters infected with K. pneumoniae. This in 
vivo K. pneumoniae-infection zebrafish model will useful for further studies of the molecular pathogenesis of K. pneumoniae, 
host-pathogen interactions, and expression analysis of immune genes and in vivo toxicity studies for phages. 
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The emergence of multidrug resistant pathogenic strains of A. hydrophila in humans, fish and other aquatic animals have been 
observed recent years. As a biocontrol measure for pathogenic A. hydrophila which causes Motile Aeromonas Septicaemia in 
zebrafish, we isolated and characterized a novel virulent bacteriophage (AHP-1). 

Morphological analysis by transmission electron microscopy revealed that AHP-1 belonged to Myoviridae family. The phage 
had moderate adsorption, displaying 81% adsorption by 25 min, and latent period of 30 min with burst size of 97 pfu/mL at 
an optimal multiplicity of infection (MOI) 0.1. AHP-1 was stable over a broad range of pH (4-11), temperature (4-50 oC) and 
salinity (0.1-3%). A number of major and minor virion structural protein bands were visualized on SDS page gel electrophoresis. 
Both time and MOI dependant in vitro growth inhibition of A. hydrophila was observed with AHP-1. Phage toxicity was tested 
and used concentrations were proved to be non-toxic for zebrafish larvae. Further in vivo studies are needed to understand the 
efficacy of newly isolated phage on A. hydrophila infection. 
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Edwardsiella ictaluri is a Gram-negative, facultative pathogen that causes enteric septicemia of catfish (ESC), an economically 
significant disease in farmed-raised channel catfish (Ictalurus punctatus). Edwardsiella ictaluri infects head-kidney-derived 
macrophages (HKDM) and enters an Edwardsiella containing vacuole (ECV) where its survival depends on the E. ictaluri 
encoded Type III Secretion System (T3SS). The E. ictaluri T3SS translocates nine effector proteins from within the ECV to the 
host cell cytoplasm where target protein binding occurs. The target protein of each of these effectors determines modifications 
to host cell physiology that are predicted to favor infection. Five of these nine effectors are leucine rich repeat (LRR) proteins. 
In order to increase understanding of E. ictaluri virulence, the target proteins of the LRR effectors, EseJ, EseL, and EseM were 
investigated. EseJ, EseL, and EseM are all LRR proteins, with 64-73% amino acid identity and 70-81% amino acid similarity, 
prohibiting the feasibility of using antibodies to detect each effector in a mixture of all effectors. For this study, each effector was 
tagged with a 3XFLAG epitope, which allowed an individual effector protein to be detected in a mixture using an anti-FLAG 
antibody. The virulence of each FLAG-tagged construct was confirmed in vivo to ensure no difference in virulence compared to 
wild-type E. ictaluri. Using the tagged effectors, co-immunoprecipitation of E. ictaluri effector proteins and whole cell lysates 
of head-kidney-derived macrophages (HKDM) with FLAG-antibody was used in an attempt to pull-down the target proteins 
for EseJ, EseL, and EseM. Knowledge of the roles of each E. ictaluri effector in pathogenesis will enhance understanding of 
the disease process in E. ictaluri, ultimately allowing for intelligent selection of gene candidates for mutagenesis for vaccine 
development. Once target proteins are identified, further studies investigating these targets will be conducted to better explain 
the functions of these proteins in the pathogenesis of E. ictaluri in channel catfish. 
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Biofouling creates problems for commercial growers by reducing survival, increasing time to harvest, manipulating shell 
shapes and restrict meat weight of oysters if not properly maintained. On-bottom production of oysters has traditionally been 
the most common oyster technique in the Gulf of Mexico and the negative effects of on-bottom production suggests a shift 
in oyster production from on-bottom to off-bottom production. Current biofouling management increases the cost of labor, 
thus decreasing grower profit. The most used off-bottom production techniques involve aerial drying and coatings (e.g. paint). 
OysterGro™ 6-slot off-bottom oyster cages were used in this project to test controlled aerial exposure and antifouling coatings 
on mortality, growth rates, shell ratio’s and condition indices on four sites in the northern Gulf of Mexico. The project assesses 
the effects of biofouling on costs of production. This project also compares aerial drying of floating cages in, once a week flips, 
one flip every two weeks and one flip every three weeks, treatments with and without antifouling coatings. Preliminary results 
suggest that the effects of coatings do not affect mortality but aerial exposures significantly (p>.001) do and bag position can 
potentially affect mortality rates. Ongoing research is investigating shell ratio’s and condition indices and the results of this 
study will give off-bottom oyster growers in the northern Gulf of Mexico a regionally adapted reference for techniques to 
manage biofouling.
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Hormone-induced spawning of channel catfish is the only reliable means to produce hybrid catfish in catfish hatcheries, fry 
production has increased from 5 million to 250 million fry in the last 15 years.  Channel catfish reproduce once during the 
spawning season, maturation is not synchronized and hence, individual fish has to be staged individually for maturity during 
the 6-10-week spawning season.  

The availability of gravid females depends on the age, sex ratio, husbandry and portion of the spawning season. The availability 
of gravid females is a bottleneck for consistent and reliable hybrid catfish fry production.  Approximately 60-70 % of broodfish 
stocked in ponds do not reach full-maturation and not engage in annual spawning activity.  Hence, the objective is to develop 
strategies for an increased and continued supply of gravid females during the spawning season.  

This study was conducted to determine the optimal sex ratios in broodfish ponds. Three-year-old mature channel catfish in four 
(female: male) sex ratios: 50:50; 75:25, 90:10 and 100:0 were randomly assigned to three replicated 0.25-acre pond per sex 
ratio.   Individual fish was staged for maturity in early, peak, and late spawning season in 12 ponds for years 2017 and 2018.  
Percent gravid females were higher either in sex ratios with higher males during the early season or a decreased percent of 
males in sex ratios in peak and late season (Figure 1).   Maturation of female catfish appears to improve with 1) presence of 
male catfish during the early portion of the spawning season, 2) absence or minimal presence of male catfish during the peak 
and late season.  

Strategies will be discussed for a continued and reliable supply of gravid channel catfish females during the 6-10-week spawning 
season for hybrid catfish fry production.
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California strain of Channel catfish has similar genetic integrity of Uvalde strain (USDA 103 strain) and has been raised 
in a commercial catfish farm in California for decades.  This strain can be uniquely identified by microsatellite markers to 
maintain the genetic integrity.  Anecdotal evidence suggest California strain of channel catfish are resistant to disease.  If 
genetic variation exists for ESC resistance, this trait can be further improved through selection and released to the US farm-
raised catfish industry.  

In 2014, approximately 100 mature female and 10 male channel catfish were individually selected from a 3-acre earthen 
pond that was previously stocked with 500 female and 200 male 3-year old catfish in a commercial catfish farm in California.   
Mature females were induced to spawn with 100 µg mLHRHa/Kg BW and the stripped eggs from 78 ovulating females 
were fertilized with pooled sperm from 10 mature catfish males.  Approximately 1 million stripped eggs were fertilized and 
incubated in McDonald jars at 28 ⁰C well water (pH = 8.2, DO = 5.6 ppm) for 5 days to produce over 700,000 sac fry. These 
sac fry were raised in hatching troughs for 2-3 weeks and then stocked in two fertilized 2.5-acre earthen ponds.  Approximately 
2,000 one-month old fish (0.5 g, 2.5 cm) were shipped from California hatchery to Mississippi.  The fish were quarantined, and 
genetic integrity was confirmed to be similar to USDA 103 strain. However, the original USDA 103 strain was propagated with 
7 families, whereas the California strain was derived from hundreds of families.  

The original parental generation of California strain was evaluated for growth (aquaria and ponds), and ESC disease challenge 
in 2014 and 2015. F1 generation of California strain was evaluated for growth (aquaria, blue tanks and ponds), reproduction 
and survival to ESC disease challenge in 2016 and 2017. Performance of California strain of catfish for two generations will 
be presented and discussed in the meeting.  This strain will be further improved by family and within family selection for 
performance traits.  

Suitability of this strain to oral vaccine, hybridization and intensive production will be evaluated in future. 
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Low-salinity inland ponds and indoor tanks are two alternative production strategies for shrimp. Though Pacific white shrimp, 
Litopenaeus vannamei exhibit a remarkable ability of tolerating a wide range of salinities, proper acclimation to an appropriate 
environment is critical. In the case of low salinity culture, post larvae are often transferred into systems for which the salinity has 
been adjusted with crystalline sea salt (CSS), which are formulated for salt-water aquariums. However, the price is not within 
a sustainable range considering the volume of salt necessary for the acclimation process or to operate an indoor recirculating 
aquaculture system which operates at considerably higher salinities (>10 g/L). Therefore, the current study was carried out 
with the objective of testing the efficacy of lower cost salt solutions to replace expensive crystalline sea salt. A 15-g/L low-cost 
salt mixture (LCSM) solution consisted of sodium chloride (11.31 g/L), magnesium chloride (0.855 g/L), magnesium sulfate 
(1.83 g/L), potassium chloride (0. 24 g/L), calcium chloride (0.69 g/L) and sodium bicarbonate (0.09 g/L) was prepared to 
yield sodium, calcium, potassium, and magnesium concentrations of 4474, 249, 126, and 588 mg/L, respectively which is 
comparable with the particular cation concentrations in 15g/L sea water. The growth trial of Pacific White shrimp (initial weight 
= 0.17 ± 0.01g and stocking density = 20 shrimps/tank) was carried out in 150 L plastic tanks, each equipped with a miniature 
fluidized bed bio-filter. CSS was incrementally replaced (2.5, 25, 50, 75 and 100 %) with LCSM at four replicates per treatment. 
Shrimp were fed four time/day using a standard ration over the 42-day growth trial. According to the statistical analysis, shrimp 
reared in treatment 3-6 (25, 50, 75 and 100% LCSM) had significantly higher growth performances over treatment 1 and 2 (100 
and 97.5% CSS) while no significant differences were observed in survival between the different ion solutions. Results reflect 
the potential use of LCSM to replace CSS with a significant advancement in growth of shrimps (Table 1) which could be an 
excellent solution to bring down the cost of production for indoor shrimp aquaculture (and acclimation process in low salinity 
inland ponds), thereby helping to further stimulate the growth of the industry.
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PHYSIOLOGICAL EVENTS OF HYPOPHYSATION IN FISH
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The seasonal reproductive activity in fish is followed 
by gonadal recrudescence after the vernal equinox, 
particularly in the tropical countries. Out of all the 
environmental factors photoperiod and temperature 
plays a crucial role in enhancing the gonadal 
development and subsequent maturity. Environmental 
signals are received by brain through extero - 
receptor. Hypothalamus on being stimulated release a 
decapeptide hormone, GnRH (Gonadotrophin releasing 
hormone) .GnRH in turn stimulates pituitary to release 
gonadotrophic hormone (GTH). GTH induces the 
synthesis and release of estradiol-17β from ovarian 
follicular cells or 11-ketostesterone from testicular 
Leydig cell at the initial stage. During maturation 
of germ cell, GTH induces 17α, 20β-dihydroxy-4- 
pregnene-3-one or maturation inducing hormone 
(MIH) from ovarian follicular cells, and testicular 
Ledyig cells. MIH, as it is a non genomic hormone, 
binds to the membrane receptor and induces the 
formation of maturation promoting factor (MPF). A 
complex between cdc 2 kinase and cyclin B protein. 
During pre maturation period MPF remains inactive 
but in post- maturation phase MIH activates MPF by 
amino-phosphorylation. All these series of events in the 
physiology of fishes are so perfectly coordinated that 
release of germ cells of both the sexes are synchronized 
in such perfect way to ensure fertilization. 
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EXAMINING IN SITU SETTING OF OYSTERS IN A SHALLOW TEXAS BAY
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Andrew J. Ropicki, and John Scarpa
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In Texas, oyster reef restoration has only occurred through addition of substrate, including oyster shell, clam shell, rock, or a 
mixture of these, (e.g., Goose Island State Park in Mission-Aransas Bay http://oysterrecycling.org/).  Substrate addition has 
been relied upon in Texas, as oyster larval supply is not considered to limit recruitment in the region. However, catastrophic 
natural (i.e., rainfall) or human-induced (i.e., chemical/oil spill) events can decimate a cohort that may take years to redevelop, 
especially if repeated catastrophic events occur, such as seen with the 2015 and 2016 excessive spring rains in Texas.  Therefore, 
there is a need to develop direct restoration methods where larval supply may be limited or there is a need to “jump start” a 
local population.

Common effective methods to restore oyster reefs include placing oyster seed (i.e., hatchery-produced oysters usually >10mm 
shell height) on a reef or seeding substrate with oysters (i.e., allowing settlement of larvae onto substrate) before deployment.  
Spat-on-shell is one form of seeded substrate.  Shell with spat (<1mm height) is then transported to the site for placement.  
Unfortunately, multiple handlings during transport may result in crushed spat and reduced oyster survival.  Additionally, as 
substrate traditionally used in remote setting (e.g. oyster and clam shell) becomes more scare, other substrates are being utilized 
at oyster restoration sites.  Costs for both acquiring shell, as well as seeding and subsequently transporting novel substrates, will 
likely grow, thus reducing logistical and economic benefits of applying remote setting methods to restore reefs. 

Alternate methods for direct restoration are the use of larvae release and in situ setting.  Larval release takes newly fertilized 
eggs or early D-larvae and releases them into the waterways as if they were spawned in the area.  This requires an excessive 
number of larvae added to make up for natural mortality (e.g., unfavorable advection, predation, starvation).  In situ setting, 
which is a form of remote setting, takes only competent larvae (i.e., larvae that are ready to metamorphose and settle) to the site 
and places them in enclosed areas for settlement on natural or deployed substrate.  This method has shown to produce setting 
efficiencies (spat produced per larvae added) comparable to traditional remote setting techniques, however, in situ (or direct) 
settlement methods need refinement to increase efficiency and universal applicability.

Therefore, the objectives of our research are to: 1) compare two substrates for successful settlement and survival from in situ 
setting, 2) determine if there is a seasonal effect on successful settlement and survival from in situ setting, 3) provide a cost 
analysis for an in situ setting protocol, and 4) conduct a workshop for stakeholders on in situ setting methods for restoration 
efforts in Texas.  Project support is from DOC/NOAA award (NA18OAR4170088) to TX Sea Grant and subaward (M1801874) 
to TAMU-CC.
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An 8-week feeding trial was conducted to evaluate the minimum dietary copper (Cu) requirement of red drum (Sciaenops 
ocellatus) and compare the bioavailability of two different copper sources -- inorganic copper sulfate (CuSO4) and organic 
copper-ethanolamine. A basal diet was formulated with red drum muscle and wheat gluten to provide 35% crude protein and 
was analyzed to contain 3.0 mg Cu/kg. Copper sulfate and copper-ethanolamine complex were each added to the basal diet 
at either 5, 10, or 20 mg Cu/kg of dry diet. A total of 17 fish, initially weighing 5.7 ± 0.18 g/fish were assigned to 21, 110-L 
glass aquaria connected as a closed-recirculating system maintained at 7 ppt. Each dietary treatment was randomly distributed 
in triplicate aquaria. Fish were fed twice daily at a representative percentage of body weight approaching apparent satiation. 

No significant differences were found in weight gain or feed efficiency of fish fed the various diets. However, red drum fed all 
copper-supplemented diets had significantly higher copper concentrations in liver and whole-body tissues than the fish fed the 
basal diet. Moreover, within the inorganic or organic copper treatments, the highest copper concentration was observed in fish 
fed the 10 mg Cu/kg diet (Fig. 1). Nevertheless, there were no significant differences in net copper retention of fish fed diets 
supplemented with neither inorganic nor organic copper. This study showed that there were no differences in bioavailability 
between dietary copper sulfate and copper-ethanolamine complex for the juvenile red drum. In addition, the minimum copper 
requirement of juvenile red drum appears to be lower than 3 mg Cu/kg diet. Furthermore, red drum can tolerate copper 
concentrations of at least 20 mg Cu/kg diet without any effects on growth performance.
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GENE BODY METHYLATION PLAYS A HOMEOSTATIC ROLE IN STRESS ADAPTATION 
OF EXTREMOPHILES
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Whether and how epigenetics may contribute to long-term adaptation remain open questions. Gene body methylation (gbM), a 
common epigenetic modification in both plants and animals, has been believed to modulate local adaptation, but the evidence 
for the role of gbM in long-term adaptation thus far has been lacking. Here we show that mangroves thriving in intertidal zones 
have acquired much more gbM in comparison with their terrestrial relatives, resulted from accelerated gain rate relative to loss 
rate. We identified thousands of genes with convergent gbM gains specific in mangroves (convBMM), presumably driven by 
positive selection. Despite considerable methylation changes induced by salt stress, mangrove maintained robust transcriptomes 
companied with a very good correlation between the salt-induced gains of gbM and the reduction in salt-responsive expression 
changes. convBMM genes showed a strong preference for stress-induced gbM gain, exhibited reduced expression changes 
under stress, and had little overlap with genes that are known to have undergone convergent sequence evolution. Our findings 
suggest that transgenerational inheritance of acquired gbM states play a homeostatic role that facilitates the long-term stress 
adaptation for extremophiles such as mangroves.
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Epigenetic mechanisms play a key role in acute stress responses. However, whether inducible epigenetic changes can be 
persisted in the long run and how epigenetics may facilitate long-term stress adaptation remain largely unknown. Here we 
use mangroves, a group of trees species adapted to extreme intertidal environments, to address these questions for gene body 
methylation (gbM), which is a common epigenetic modification in both plants and animals. 

Using whole-genome bisulfate sequencing, we found that mangrove species experienced accelerated gbM accumulation in 
comparison with their terrestrial relatives. More than one thousand genes underwent convergent gbM gains specific in mangroves 
(convBMM), presumably driven by positive selection. While high salinity induced considerable methylation changes, mangrove 
maintained robust transcriptomes in response to salt stress. Remarkably, the salt-induced gbM gains correlated well with the 
reduction in salt-responsive expression changes. convBMM genes showed a strong preference for gbM gain over loss under 
stress, and exhibited less expression changes than control genes without signatures of gbM convergence. Meanwhile, we found 
little overlap between convBMM genes and genes exhibiting signatures of convergent DNA sequence evolution in mangroves.

Our results suggest that inducible epigenetic changes can be evolutionarily persisted by natural selection as acquired adaptive 
traits per se. Our results also indicate that gbM plays an independent role in transcriptional homeostasis to cope with 
environmental stress. This may allow accelerated accumulation of genetic variation and eventually facilitate long-term stress 
adaptation. 
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EFFECT OF BROODSTOCK DENSITY AND SPAWNING SUBSTRATE SURFACE 
AREA ON REPRODUCTIVE OUTPUT OF GULF KILLFISH IN COMMERCIAL-SCALE 
RECIRCULATING AQUACULTURE SYSTEMS
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Gulf Killifish, Fundulus grandis, are a popular baitfish for recreational fisheries and candidates for commercial-scale culture; 
however, relatively low fecundity presents a production challenge. To advance techniques to maximize egg output, the effects 
of broodstock density and surface area of spawning mats were evaluated for egg output in commercial-scale recirculating 
aquaculture systems. 

An initial study was conducted where broodstock were stocked 
at two densities (45 fish/m³, 90 fish/m³) with eggs collected 
three times per week for 8 weeks. Broodstock held at 45 fish/m³ 
produced more eggs/female/d than broodstock held at 90 fish/m³; 
however, there was no difference between eggs/collection or total 
egg production (Table 1). Therefore, reproductive output may be 
limited by another factor, such as available spawning substrate. 

A second study was conducted where broodstock were stocked 
at a density of 100 fish/m³ in all tanks with 11,800 cm2 (1 
tier), 23,600 cm2 (2 tier), or 35,400 cm2 (3 tier) surface area of 
spawning mats for 8 weeks. Reproductive output did not vary 
between treatments with eggs/female/d, eggs /collection, or total 
eggs collected leading to the conclusion that increasing surface 
area of spawning material does not increase egg production. 
Interestingly, there were differences in average eggs per tier level 
per collection within the 2 tier and 3 tier treatments, with the 
first tier levels having the highest average number of eggs and 
the lowest tier levels having the lowest average number of eggs 
(Table 2). These studies indicate increasing broodstock density or 
surface area of spawning substrate does not increase reproductive 
output in Gulf Killifish broodstock in RAS. Based on these 
findings, a stocking density of 45 fish/m³ and a spawning mat 
surface area of 11,800 cm2 is recommended for commercial-scale 
RAS, due to similar egg production compared to higher stocking 
density and spawning mat surface area.
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LEPTIN AND THE INTEGRATION OF REPRODUCTION AND GROWTH IN THE 
MOZAMBIQUE TILAPIA Oreochromis mossambicus
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Structural growth and reproduction are physiologically demanding processes that require substantial energetic input, the lack 
of which can result in the suppression of one or both of these systems. In mammals, the pleiotropic peptide hormone leptin has 
been implicated in the integration of central and peripheral signals that mediate the function of and energy allocation between 
the brain-pituitary-gonadotropic and brain-pituitary-somatotropic axes. Although the integrative properties of leptin have been 
explored extensively in mammals, its role in the mediation of resource allocation between growth and reproduction in fishes 
has scarcely been examined and its regulation by sex steroids is poorly understood. The current study assesses (i) sex steroid 
regulation of leptin (lepa) and insulin-like growth factor (igf1) in hepatocytes, the primary source of circulating leptin and IGFs, 
and (ii) leptin effects on hepatic vitellogenin (vtga, vtgb, vtgc), insulin-like growth factor (igf1), and growth hormone receptor 
(ghr) gene expression. Recombinant tilapia leptin A (rtLepA), the dominant form of leptin in teleosts, was overexpressed in E. 
coli and purified via affinity chromatography. In primary tilapia hepatocyte culture, rtLepA significantly increased igf1 and ghr1 
transcript levels at concentrations of 1, 10, and 100 nM (P < 0.001, One-way ANOVA) while it significantly decreased vtgb 
and vtgc transcript levels at 10 and 100 nM (P < 0.01, One-way ANOVA). Testosterone and estradiol significantly decreased 
lepa transcript levels (P < 0.001, One-way ANOVA), but showed differential effects on  igf1 in which testosterone significantly 
increased igf1 transcript levels at 10 and 100 nM (P < 0.001, One-way ANOVA) while estradiol significantly decreased igf1 
transcript levels at 10 and 100 nM (P < 0.001, One-way ANOVA). These studies suggest for the first time that leptin suppresses 
vitellogenesis in fishes, opposite to the well-known effects of estradiol, while it enhances elements of the growth regulatory 
axis. We postulate that estradiol may enhance vitellogenesis and promote reproductive growth, in part, by antagonizing leptin 
synthesis. Estradiol and testosterone exert disparate effects on elements of the growth-regulatory axis, with estradiol suppressing 
and testosterone stimulating igf, consistent with the sexually dimorphic growth observed in tilapia where females grow more 
slowly than males. Interestingly, our work demonstrates leptin increases with stressors and hence it may suppress reproductive 
growth (vitellogenesis) during catabolic periods while preserving structural growth via enhancement of igf and ghr. It remains 
unclear if leptin alters gonadal steroid production and secretion or other elements of the brain-pituitary-gonadal axis, and this 
is a focus of our ongoing studies. 
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The giant clam, Tridacna squamosa, constitutes a clam-zooxanthellae symbiotic association. The host clam needs to increase 
the uptake of inorganic carbon (Ci) from the ambient seawater in light in order to support light-enhanced shell formation 
(calcification) involving the whitish inner mantle, and photosynthesis in the symbionts that reside mainly in its colorful outer 
mantle. The ctenidia (gills) of T. squamosa possess a light-dependent mechanism of exogenous Ci absorption, consisting of 
Dual-Domain Carbonic Anhydrase (DDCA), Vacuolar-type H+-ATPase (VHA), and Na+/H+ Exchanger 3-like (NHE3-like). 
The transcript and protein levels of DDCA/DDCA increase in the ctenidium of T. squamosa during light exposure, denoting its 
involvement in light-enhanced Ci absorption and assimilation. DDCA has two α-CA domains separated by a transmembrane 
region, and is localized apically in the ctenidial epithelial cells surrounding the tertiary water channels. The two catalytic 
domains can function collaboratively across the plasma membrane to facilitate the assimilation of exogenous Ci. The active 
site of the first α-CA domain is positioned in the external medium to catalyze the dehydration of exogenous HCO3

− to CO2 and 
to augment CO2 uptake. The second α-CA domain is located in the cytoplasm, where it can hydrate the absorbed CO2 back 
to HCO3

−. Notably, the conversion of exogenous HCO3
− to CO2 in the external medium through the reaction H+ + HCO3

− ó 
CO2 + H2O requires an increase in the excretion of endogenous H+ through the ctendium. Indeed, light exposure enhances the 
gene and protein expression levels of the VHA subunit A (ATP6V1A/ATP6V1A) in the ctenidium, and ATP6V1A is localized 
in the apical epithelia of the ctenidial filaments and tertiary water channels. Light exposure also enhances the gene and protein 
expression levels of ctenidial NHE3-like/NHE3-like, as NHE3-like has an apical localization in the epithelial cells of the 
ctenidial filaments as well. Taken together, the excess H+ produced through light-enhanced calcification can be excreted through 
VHA and NHE3-like to augment the conversion of HCO3

− to CO2 in the ambient seawater. Apparently, T. squamosa also possess 
an ancillary light-dependent mechanism of exogenous Ci absorption in the whitish inner mantle, which expresses an apical 
Carbonic Anhydrase 4–like (CA4-like), a cytoplasmic CA2-like and an apical βNHE-like in the seawater-facing epithelium. 
The increased absorption of exogenous Ci through this ancillary Ci uptake mechanism in the seawater-facing epithelium of 
the inner mantle may benefit particularly the calcification process, due to its close proximity to the shell-facing epithelium 
involved in shell formation. Overall, there could be a division of labor between the ctenidium-predominant DDCA, and the 
inner mantle-predominant CA4-like and CA2-like in T. squamosa. Working together, they supply Ci efficaciously to support 
the two Ci-competing light-enhanced processes of photosynthesis in the symbiotic zooxanthellae and shell-formation in the 
host clam. Understanding the molecular mechanisms of Ci absorption in giant clams may provide insights into their successful 
aquaculture and conservation.
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An 8-week feeding trial was conducted to effect of dietary probiotics on growth performance, non-specific immune responses 
in juvenile whiteleg shrimp. Fish averaging 1.41±0.05g(mean±SD) were randomly distributed into 24 rectangular 35L volumes 
tanks, and fed one of the six experiment diets in triplicate groups of 20 fish for 8 weeks. A basal diet without probiotics was 
used as a control(CON), and four other diets were formulated by supplementary three probiotics(1.0 x 107 CFU/g diet, 1.0 
x 108 CFU/g diet); B. subtilis 107 (BS7), B. subtilis 108 (BS8), P. pentosaceus 108 (PP8), L. lactis 108(LL8), and added CON 
+OTC0.4%(OTC) . After 8 weeks feeding trial, weight gain (WG), Specific growth rate (SGR), Feed efficiency (FE) and 
protein efficiency (PER) of fish fed BS8 and LL8 diet were significantly higher than CON diet (P < 0.05). However there were 
no significant differences among fish fed OTC, BS7 and PP8 diet (P > 0.05). Survival rate of fish fed LL8 diet was significantly 
higher than CON and OTC diets (P < 0.05). However there were no significant differences among fish fed BS7, BS8, PP8 diet (P 
> 0.05). SOD(Superoxide dismutase) activity of fish fed BS8 and PP8 diet were significantly higher than CON diet (P < 0.05). 
But no significant differences other experimental diets (P > 0.05). MPO(Myeloperoxidase) activity were not significantly 
different among fish fed the experimental diets (P > 0.05). Lysozyme activity of fish fed CON diet was significantly lower than 
other experimental diets (P > 0.05). Therefore, these result indicated that dietary probiotics consisting of B. subtilis 108 (BS8), 
L. lactis 108(LL8) could be more beneficial than control (CON) for growth performance, immune responses.



230
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Specific Pathogen Free (SPF) shrimp require that the shrimp be determined through a comprehensive quarantine process to 
prove the stocks are free of the specific pathogens targeted.  However, from the production point of view, all pathogens; both 
known and unknown should be targeted.  Once the shrimp have been declared SPF through this quarantine process, which 
takes a minimum time of 2 consecutive years of negative testing results; they must be reared and reproduced in an area referred 
to as the nucleus.  This area has a boundary and a buffer area that is surveilled and determined to be free of major pathogens 
endemic to the geographic area.  Within its boundaries, the strictest biosecurity measures are enforced as is required to keep all 
pathogens out.   This would include water, air, personal, equipment and feeds.  Finally, constant surveillance is required. PCR 
is required for known pathogens, histology for unknown ones, and then the observation of the shrimp themselves for clinical 
signs.   Only when this strict biosecurity and surveillance program are practiced, can the shrimp be recognized as SPF.   

GROWTH AND SURVIVAL OF MYOSTATIN GENE-EDITED CHANNEL CATFISH (Ictalurus 
punctatus)

Michael Coogan*, Tracy Qin, Baofeng Su, Veronica Alston, Karim Khalil, Ahmed Elaswad, 
Mohd Golam Quader Khan & Rex Dunham

Swingle 121
Auburn University
Auburn, AL  36849
Mpc0038@auburn.edu

Myostatin (MSTN) is a member of the transforming growth factor β (TGF-β) superfamily and important in the regulation 
of skeletal muscle growth in all vertebrates. Individuals with mutations in their myostatin-coding region have displayed 
significantly enhanced muscle growth, as seen in Belgian Blue and Piedmontese cattle. For this reason, myostatin, or growth 
and differentiation factor 8, is an economically important gene in food production. This study measured the effects of gene 
knockout of the myostatin gene, using CRISPR/Cas9, on growth and survival in channel catfish, Ictalurus punctatus.
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IMTA = CatIMTA + AnaIMTA AND THE LINK BETWEEN THE TWO TYPES OF IMTA IS 
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MACRO-ALGAE, MICRO-ALGAE AND AQUATIC PLANTS
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Because of societal obsession with observable organic “waste” accumulation at aquaculture sites, and associated regulations, 
we risk not understanding the implicit need for IMTA to be circular. 

To date, we have mostly focused on the catabolic (to throw downward, in Greek) aspects of IMTA: the set of ecosystemic 
and metabolic pathways that break complex organic molecules down to simpler inorganic molecules, while usually releasing 
energy. 

However, if we want IMTA to continue to operate (be sustainable), we have to compare it to a cascade, that continues to operate 
only if the natural cycle of water is occurring, or if hydraulic systems have been engineered to send the water back up. 

If we, one day, succeed in developing very efficient catabolic IMTA systems, we could end up with a large amount of inorganic 
molecules, visually not easy to document, but potentially exceeding their levels of being beneficial nutrients and used by 
nuisance species. Out of sight should not be out of mind. 

It is, consequently, very important to work on, understand and use efficiently the anabolic (to throw upward, in Greek) aspects 
of IMTA: the set of ecosystemic and metabolic pathways that construct complex organic molecules from simpler inorganic 
molecules, while usually consuming energy. 

The organisms capable of this conversion are cultivated, or naturally occurring, autotrophs, such as macro- and micro-algae and 
aquatic plants, which can form the crucial inorganic extractive component of IMTA (including aquaponics). 

It is important to put IMTA in its context of biologically inspired design, biomimicry, law of conservation of mass, circular 
economy and integrated coastal area management to understand its full long-term relevance and design appropriate regulations. 
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Thierry Chopin

Seaweed & Integrated Multi-Trophic Aquaculture Lab, Dept. of Biological Sciences, University of New 
Brunswick, 100 Tucker Park Road, Saint John, NB, E2L 4L5, Canada
tchopin@unbsj.ca

IMTA was never conceived to be only the cultivation of salmon, kelps, blue mussels and other invertebrates, in temperate 
waters, and only within the limits of existing finfish aquaculture sites. That is how we started in Canada, in order to be able to 
conduct experiments at sea, within the limitations of the regulations presently in place, rather than extrapolating from small 
tank experiments in laboratory conditions, which may not reflect what really occurs in the environment. This is only one of the 
variations on the central/overarching IMTA theme. However, there are many variations on IMTA.

A major rethinking is needed regarding the functioning of an “aquaculture farm” and innovative practices need to be developed. 
Western IMTA has generally developed within the restrictive limits of existing finfish sites, which does not reflect the 
ecosystem scales at which aquaculture farms really function. Because different nutrients (small particulate organic nutrients, 
large particulate organic nutrients, dissolved inorganic nutrients) need to be recaptured, different spatial and temporal strategies 
should be designed.

The “Integrated” in IMTA should be understood as cultivation in proximity, not considering absolute distances, but connectivity 
in terms of ecosystemic functionalities. This means that the different components of an IMTA system do not have to be right 
at the same location, but that entire bays/coastal areas/regions could be the units of IMTA management, within an Integrated 
Coastal Area Management (ICAM) strategy, hence challenging traditional aquaculture regulations/policies.

The placement of the different components of an IMTA system, and the scale at which it will be managed, will certainly trigger 
changes to regulations, as they were designed without IMTA in mind in most countries. Regulations governing aquaculture 
are often designed with a single species/group of species in mind, just like fishery regulations, and can inhibit a more holistic 
approach by not considering species interactions and an ecosystem-based management approach.
Because the IMTA concept is extremely flexible and can be applied worldwide to open-water and land-based systems, marine 
and freshwater environments, and temperate and tropical climates, there is no ultimate IMTA system to feed the world. Different 
climatic, environmental, biological, physical, chemical, economic, historical, societal, political and governance conditions will 
lead to different choices in the design of the best suited IMTA systems.

It is not enough to consider multiple species (like in polyculture); they have to be at multiple trophic levels, based on their 
complementary functions in the ecosystem. Species selection, combinations and proportions will be highly variable depending 
on the local conditions and biodiversity. The co-cultured species should be more than just biofilters; they should also be 
harvestable crops of economic value or potential. Nothing says that only one company should be in charge, producing all the 
IMTA components. There may need to be several companies coordinating their activities within the ICAM. 

The IMTA concept, being highly flexible and ever evolving, cannot, consequently, be reduced to a short bureaucratic definition, 
indicating species, type and number of infrastructures, distances, etc. when, in fact, it is its versatility that makes IMTA 
remarkable. 
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COMMERCIAL CATFISH PRODUCTION IN THE MISSISSIPPI DELTA

Terrel W. Christie*, J. Brian Davis, Brian S. Dorr, Katie C. Hanson-Dorr, Luke A. Roy, Anita M. Kelly, 
Carole R. Engle

Department of Wildlife, Fisheries, and Aquaculture 
Thompson Hall, Mississippi State University
Mississippi State, MS 39762
twc182@msstate.edu

Double-crested Cormorants (Phalacrocorax auritus) impact United States commercial aquaculture and are considered the 
greatest avian predators on catfish (Ictalurus spp.) aquaculture facilities. Cormorants are especially problematic in western 
Mississippi, the Delta, where catfish production is concentrated providing ideal wintering and foraging areas. Although 
cormorant/aquaculture dynamics have been studied, recent changes in aquaculture practices, regulatory policies and decreased 
overall hectares in production merit contemporary research. Therefore, we estimated abundance and distribution of cormorants 
at their night roosts and assessed diet related to catfish consumption. 

Aerial surveys of cormorant night roosts flown from October through April during two winters, 2016-2018, were used. 
Following each survey three active night roosts were randomly selected for harvesting cormorants for later necropsy and 
stomach contents assessment. We completed 25 total surveys and counted an average of 23,379 cormorants (range 5,026 to 
40,535) pooled over years (corrected for observer and method bias). A total of 728 cormorants from 27 different night roosts 
were collected across years.  

Survey count models estimated 4.2 and 5 million cormorant forage days in the Delta during winters 2016-2017 and 2017-
2018, respectively. Throughout the study, catfish comprised 33% of the prey biomass detected; shad (Dorosoma spp.) also 
were dominant (58%) prey species. Evidence suggests that the area of catfish aquaculture surrounding a night roost within 
a 15.7-km forage buffer and month are important predictors for a bird’s relative amount of catfish consumption (Figure 1). 
These results will inform wildlife managers regarding relationships between cormorant night roost locations in the Delta and 
disproportionate consumption of catfish, enhancing techniques to reduce fish losses on aquaculture facilities.
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FISH TO DISH COLLABORATIVE INTERNSHIP AND EDUCATION PROGRAM 

Michael Ciaramella* and Stephen Frattini

NY Sea Grant/ Cornell University 
146 Suffolk Hall, Stony Brook University 
Stony Brook, NY 11794-5002 
mc2544@cornell.edu

Seafood is a delicious and nutritious protein source with numerous health benefits. Growing populations and increased 
awareness of the nutritional value of consuming seafood has resulted in a growing demand globally. However, more than 90% 
of wild fish stocks are categorized as either overfished or fished at or close to sustainable limits (FAO 2016), thus emphasis on 
alternative species, enhanced management programs, and farm-raised seafood is important for meeting the growing demand.  
In order to continue advancing the industry, and increase production of domestic seafood, it is important to educate burgeoning 
generations on current and future sustainable harvest, farming, and processing technology/practices.  

There is a lack of formal training surrounding seafood, including fishing, processing, and Aquaculture throughout the country. 
This limits its potential for growth. Without a steady influx of skilled professionals the industry will struggle to advance and 
increase production, which will result in heavy reliance on foreign imports. This internship program introduced students to an 
industry with exceptional growth potential, with the hope of empowering them to pursue careers in seafood science, fisheries, 
and aquaculture. 

The program provided direct industry support, with interns housed at industry partners during busy summer months. The 
interns selected for the program received hands on training in their assigned sector of the seafood and aquaculture industry and 
obtained a Fish to Dish education on the industry as a whole. The project aims to aid in the development of a skilled student 
workforce capable of advancing and working in the industry in the future, while meeting a serious need for seafood and 
aquaculture specific education programs. This presentation will review the program model, explore best practices, and share 
insights into the development of similar collaborative industry internship programs.
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SEAFOOD SCIENCE AND AQUACULTURE: CURRICULUM DEVELOPMENT AND 
DISSEMINATION

Michael Ciaramella* and Jack Novak 

NY Sea Grant/ Cornell University 
146 Suffolk Hall, Stony Brook University 
Stony Brook, NY 11794-5002 
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Seafood represents a highly nutritious underutilized protein source. It is one of the most promising sectors of the food industry 
with the potential to increase the nation’s protein supply and feed a growing population.  Farm raised seafood is the fastest 
growing food sector worldwide.  However, American consumers are still unfamiliar and often foster negative views of 
aquaculture practices. Most consumers are also unaware of the extensive regulatory framework governing seafood production 
and the numerous regulations in place to ensure safe seafood is produced. It is important to provide the public with factual 
information to enlighten and inform present and future seafood consumers and producers.

Two curriculums and two lesson plans were developed by NY Sea Grant to help teachers incorporate seafood science and 
aquaculture lessons into their classrooms in a fun and interactive way. The curriculums provide the necessary knowledge base 
along with lessons to assist in incorporating the topics into the classroom in an engaging way.  The seafood science curriculum 
provides a general outline for food science and more specific information on seafood science. The 4 P’s of seafood science are 
introduced and meant to educate teachers on what it is a seafood scientist must do to Produce, Preserve, Protect and Perfect 
the seafood products they make. This curriculum was coupled with the “A Spin on Seafood” trivia activity (Image 1). The 
aquaculture curriculum provides a general overview of aquaculture, elaborating on seafood security; the stages of aquaculture; 
key considerations for a fish farmer; and the various types of aquaculture operations that are used. Coupled with the “Becoming 
an aquaculturist” activity, this lesson provides a hands on creative way to get students to think outside the box with a background 
story to excite and entice the students to create their own farm systems using common everyday items.

These resources are geared towards educating middle and high school students and teachers to promote a future of better 
informed seafood consumers. Not only will students who experience these curricula be more informed consumers, these 
resources are meant to introduce youth to new career opportunities with exceptional growth potential and inspire them to pursue 
careers in Seafood Science and Aquaculture. These resources and best practices for use and implementation will be explored. 
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EVALUATION OF PALATABILITY ENHANCERS IN PLANT-BASED DIETS WITH JUVENILE 
RED DRUM (Sciaenops ocellatus)

Grayson Clark, Delbert M. Gatlin III
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Texas A&M University System 
College Station, TX 77843
gmclark0324@tamu.edu

One of the largest challenges facing the field of aquaculture is identifying sustainable feedstuffs for fish growth.  Marine 
fishmeals have long been the primary source of protein in aquafeeds; however due to demand and reduced supplies they 
are becoming less realistic as long-term solutions for conventional aquaculture.  Plant-based protein feedstuffs are common 
byproducts of agriculture and can be inexpensive protein feedstuffs in aquafeeds, however reduced palatability has been noted 
with some carnivorous species like red drum (Sciaenops ocellatus).  

In efforts to find a solution to low palatability of plant-based diets, a comparative feeding trial was conducted under controlled 
conditions at Texas A&M University with juvenile red drum.  Several potential feed attractants including glycine, krill meal, 
menhaden fish solubles and citric acid were supplemented to the basal diet at 2% by weight while inosine monophosphate 
(IMP) was added at 0.5% by weight to a basal diet containing 40% crude protein and 10% lipid with 75% of the fishmeal protein 
replaced by plant feedstuffs.  

Juvenile red drum were raised in a recirculating aquaculture system in 38-L aquaria, all with the same brackish water (4 ppt).  
To ensure optimal growth of the fish, temperature, water quality, salinity and pH were monitored throughout the experiment 
and corrections were made when necessary.  Red drum were obtained from Texas Parks and Wildlife and conditioned in the 
experimental system for 1 week.  At the beginning of the trial, each aquarium was stocked with 10 fish averaging 23.3 g/fish.  
Each diet was fed to the fish in triplicate groups for 6 weeks.  The fish were group-weighed weekly and initially fed 4% of body 
weight divided into two feedings per day. Every 2 weeks the feed percentage for all diets was decreased by 1% to minimize 
overfeeding.

Glycine, krill meal, and fish solubles were completely ineffective compared to IMP and citric acid.  Fish fed the diet supplemented 
with IMP showed much better performance than any of the other treatments as fish in this treatment had significantly (P<0.05) 
higher weight gain and feed efficiency compared to the other treatments (Figure 1).  Fish fed the diet supplemented with IMP 
also had a markedly improved survival (83.3%) compared to those fed a diet with citric acid (63.3%) or basal diet (53.3%).  Fish 
fed the IMP diet showed over three times higher feed efficiency compared to fish fed the other diets.  Compositional analysis 
of fish fed the various diets is currently underway.  Based on the results which have been collected from this trial, IMP could 
be an effective feed attractant for red drum.



237

FORAGING ECOLOGY AND DISTRIBUTION OF SCAUP Aythya spp. ON ARKANSAS 
COMMERCIAL BAITFISH AND SPORTFISH FARMS

Stephen A. Clements*, Brian Davis, Brian S. Dorr, Katie C. Hanson-Dorr, Luke A. Roy, Anita M. Kelly, 
Carole Engle, Scott C. Barras
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Lesser scaup (Aythya Affinis) and greater scaup (Aythya marila) have recently been reported consuming substantial quantities 
of golden shiners (Notemigonus crysoleucas), fathead minnows (Pimephales promelas), goldfish (Carassius auratus), and 
Lepomis spp. produced on Arkansas commercial baitfish and sportfish farms. To mediate this predation, farmers implement 
extensive bird harassment programs that create additional costs to fish loss. Research investigating the foraging ecology and 
distribution of scaup on these farms can help farmers allocate their bird harassment efforts more efficiently. 

In winters 2016-2017 and 2017-2018 we conducted approximately 1,400 individual pond surveys to estimate abundance and 
distribution of scaup on farms during their regular wintering period (i.e. November-March). We also collected 561 foraging 
scaup and quantified the proportion of their diet obtained from fish. For all survey and collection ponds, we gathered information 
such as fish species, fish size, and pond size to enable a detailed analysis of scaup use. Generalized linear mixed models were 
developed to predict the distribution of scaup in relation to pond characteristics. To analyze scaup diets, we created a Bray-
Curtis similarity matrix for all scaup containing food items to conduct an analysis of similarities (ANOSIM).

Temperatures during our first winter were relatively mild. We therefore counted far fewer scaup during our first winter than the 
second, which reflected a more typical winter in terms of bird use (Figure 1). In addition to the difference in abundances, we 
witnessed a considerable increase in fish consumption from the first to the second winter, likely because of changes in winter 
temperature. Our distribution model predicted an increased probability of scaup use on larger ponds containing high densities 
of fish, while our diet analysis indicated increased fish consumption during colder winter periods. Our results can be used by 
farm managers to designate resources for bird harassment to particular locations and times of the winter when scaup are more 
likely to negatively impact their fish crop.
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EDITING THE DUPLICATED INSULIN-LIKE GROWTH FACTOR BINDING PROTEIN-2B 
GENE IN RAINBOW TROUT Oncorhynchus mykiss

Beth M. Cleveland*, Ginnosuke Yamaguchi, Lisa M. Radler, and Munetaka Shimizu  

National Center for Cool and Cold Water Aquaculture
USDA/ARS
Kearneysville, WV 25430
beth.cleveland@ars.usda.gov

In salmonids, the majority of circulating insulin-like growth factor-I (IGF-I) is bound to IGF binding proteins (IGFBP), with 
IGFBP-2b being the most abundant in circulation.  We used CRISPR/Cas9 methodology to disrupt expression of a functional 
IGFBP-2b protein by co-targeting for gene editing IGFBP-2b1 and IGFBP-2b2 subtypes, which represent salmonid-specific 
gene duplicates.  Twenty-four rainbow trout were produced with mutations in the IGFBP-2b1 and IGFBP-2b2 genes.  Mutant 
fish exhibited between 8 – 100% and 2 – 83% gene disruption for IGFBP-2b1 and IGFBP-2b2, respectively, with a positive 
correlation (P<0.001) in gene mutation rate between individual fish.  Analysis of IGFBP-2b protein indicated reductions in 
plasma IGFBP-2b abundance to between 0.04 – 0.96-fold of control levels (Fig 1).  Plasma IGF-I (Fig 2), body weight (Fig 3), 
and fork length were reduced in mutants at 8 and 10 months post-hatch, which supports that IGFBP-2b is significant for carrying 
IGF-I.  Despite reduced plasma IGF-I and IGFBP-2b in mutants, growth retardation in mutants was less severe between 10 
and 12 months post-hatch (P < 0.05), suggesting a compensatory growth response occurred.  These findings indicate that gene 
editing using CRISPR/Cas9 and ligand blotting is a feasible approach for characterizing protein-level functions of duplicated 
IGFBP genes in salmonids and is useful to unravel IGF-related endocrine mechanisms.
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CREATING BETTER EDUCATIONAL VIDEOS FOR EXTENSION AND OUTREACH

David Cline*

Extension Aquaculturist
203 Swingle Hall
Auburn University, AL 36849
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Welcome to the video age.  The spread of high speed internet access and simple video editing software makes the creation 
and delivery of online educational videos easier than ever.  YouTube videos provide an excellent mechanism for Extension 
specialists to share information and reach a large potential audience.  Putting a Power Point presentation in video format does 
not make the most of this medium.  The creation of good video content requires careful planning and practice.  The average 
attention span of most adults is 15 minutes and students approximately 7-10 minutes.  Most lecture presentations, however, last 
30 minutes to an hour.  How can you get your point across as quickly as possible?  We must learn to provide entertainment in 
addition to education.   YouTube suggests that the first 15 seconds of a video are critical for engagement and retention of the 
audience.

A central figure or “hero” and a story with a beginning, middle and end will go a long way towards retaining the attention of the 
audience.  Join us for a discussion these and other simple tips and techniques that can improve your ability to create watchable 
or perhaps even enjoyable educational Extension videos. 
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OYSTER REEF RESTORATION AND EDUCATION THROUGH OYSTER GARDENING
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The Mississippi Oyster Gardening Program is designed to promote oyster restoration on the Mississippi Gulf Coast. Through 
the program, volunteers with access to a pier are provided hanging gardens in which to grow their oysters. At the conclusion 
of each season, oysters are collected and planted onto restoration reefs on the Mississippi Coast. Each volunteer will end the 
season having grown around 1,100 oysters and having a direct impact on the ecological health of the Mississippi Sound. 

Education plays a major role in the program, and is achieved through a number of different avenues. Through the gardener 
recruitment process, presentations about the program and benefits of oyster gardening are made to environmental and community 
groups along the coast. Word of mouth is particularly important with recruitment, so the more visibility the program has within 
the community, the more successful it is. 

For the 2018 season, there were two high schools and three education centers participating in the program. This gave students, 
camp groups, and center visitors a hands-on opportunity to learn about oyster restoration and ecology. Between the two high 
schools, there are twelve student interns who are responsible for garden upkeep and oyster measurements.  These interns also 
assist with pre-season preparation and end of season oyster pick-up. By bringing the reef environment to their schools, students 
have the opportunity to connect to oyster reefs, and to understand their importance to the Gulf Coast.
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INDUSTRIAL-SCALE PRODUCTION OF MICROALGAE BIOMASS AND HIGH ADDED-
VALUE PRODUCTS FOR FEEDING APPLICATIONS

Nuno Coelho*
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Microalgae in Aquaculture are traditionally used solely for relatively specific applications (e.g. hatcheries, functional 
feeds…) due to low volume and high value microalgal biomass commercial products.

The ALGATEC Eco Business Park, promoted by A4F – Algae for future, in collaboration with LusoAmoreiras and Solvay, 
envisions the installation of a 14.2 ha integrated platform with microalgae production, processing and biorefining units, in 
an excellent geographical location in Europe, with high solar radiation, water sources and raw materials availability. The 
proximity to universities and research institutes will allow the development of a cluster to support the entrepreneurs and 
investors in the field of microalgae with the process of knowledge-transfer between applied research, industrial production, 
product development and commercialization. 

Presently, there are three microalgae production units being deployed at ALGATEC, one of which is the BIOFAT.PT unit: 
production of microalgae biomass and high added-value products (EPA, protein) for incorporation into feed formulations, 
targeting aquaculture, and as functional supplementation. This project is a direct consequence of the European project BIOFAT, 
supported by the European Union (FP7). The 10 ha unit represents an investment of 16.5 M€. The results obtained by the 
BIOFAT consortium made it possible to carry out several business plans for 10 ha units over several scenarios, some of which 
were, in the end, technically robust and very attractive from an economic and environmental point of view.

BIOFAT.PT envisages to produce not only biomass for direct aquaculture feeds, but also for the replacement of fish oil and fish 
meal in fish feed with added value by-products from the processing of the biomass produced in the unit. The BIOFAT.PT unit 
will allow the annual production of 270 tons of biomass of the microalga Nannochloropsis. From this biomass, 5 to 10 tons 
will be sold as complete biomass, with the rest being processed to produce 92 tons of EPA-rich microalgae oil comparable to 
the best fish oil, mainly for nutraceutical and cosmeceutical applications; 63 tons of hydrolyzed microalgae protein with an 
amino acid content comparable to the best fishmeal for pre-mix feed and finally 102 tons of a protein-balanced, fatty acid and 
carbohydrate balanced product for fish feed. The different products are directed to the segment of products 100% of vegetable 
origin.

The production of microalgae oils and proteins as substitutes for fish oils and fishmeal is intended to contribute to reducing the 
pressure on the exploitation of these by-products of the aquaculture industry and also to reduce their environmental impact.

BIOFAT.PT will represent a significant step in the sustainable, certified and large-scale production of an alternative from 
microalgae, at moderately high volumes and already attractive prices for aquafeed producers who wish to pioneer in making a 
difference within this sector.
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ADVANCES IN THE PAINTED RIVER PRAWN Macrobrachium carcinus HATCHERY 
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The painted river prawn Macrobrachium carcinus is the largest neotroical freshwater prawn and some specimens may reach 
more than 800g. This prawn occurs from Florida (USA) to Rio Grande do Sul (Brazil), being intensively exploited by artisanal 
fishing due of its large size and interest for local gastronomy. Currently, M. carcinus is classified as a vulnerable specie, with 
risk of extinction in several countries like Mexico and Brazil.

Macrobrachium carcinus has great potential for aquaculture, however, the previous experiences in hatchery showed a low 
larval survival (10-15 %) and low post-larvae productivity, due to the great aggressiveness and cannibalism found at all stages 
of development, and the absence of a specific hatchery protocol. Thus, this work presents the advances made in Brazil to 
develop a specific protocol to M. carcinus hatchery. 

50 larvae / L (pre-storage of 600 larvae / L is viable) were stored in 60 L tanks with an RAS (mechanical filter + biofilter + 
UV filter), brackish water (24 salinity) and maintained at a mean temperature of 28˚C by digital heaters. The larvae were fed 
with a wet diet made of crushed tuna (3x per day) and newly hatched Artemia nauplii (4 to 8 AN / mL / day) at night. This 
protocol resulted in healthy larvae (LCI 1.59 ± 0.16), first post-larvae on the 41st day of culture, final mean survival of 30.8 ± 
2.7% (some tanks showed 47.7% final survival) and productivity 15.5 PL / L. Despite of good results, more studies need to be 
conducted to enhance the viability of M. carcinus hatchery.
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DURING FLORIDA RED TIDE Karenia brevis BLOOMS
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In southwest Florida, multiple bivalve species are currently produced through aquaculture including hard clams, arks, oysters 
and Sunray Venus clams. The region is home to a successful shellfish hatchery and there are many active leases and product 
wholesalers between Tampa and Naples. Great growing conditions and existing industry expertise in southwest Florida offer a 
unique opportunity for the industry to continue to grow; however, the region is also susceptible to periodic harvest closures due 
to episodic algal blooms of the marine dinoflagellate Karenia brevis (Florida red tide).

Florida’s red tide blooms are a natural phenomenon that occur sporadically within the Gulf of Mexico. Extended or intense 
blooms of red tide may result in the accumulation of brevetoxin within bivalve tissues, which can cause neurotoxic shellfish 
poisoning (NSP) in humans. In Florida, shellfish harvesting is strictly managed by the Florida Department of Agriculture and 
Consumer Services, and harvest closures are initiated when K. brevis cell counts at specific stations exceed pre-designated 
levels.

The economic consequences associated with regulatory red tide closures have not previously been quantified, and the objective 
of this analysis was to provide a baseline estimate of the economic impact of shellfish industry closures during periods of red 
tide.

Economic impacts were assessed for the southwest Florida industry via a dealer-directed survey to identify differences in 
business activities during a significant red tide event (2015-2016) and the previous season (2014-2015). This survey was 
completed by all shellfish dealers in five southwest Florida counties (Manatee, Sarasota, Charlotte, Lee and Collier) who were 
active during the period examined, and solicited information about amount of product sold by species, sales destination, unit 
price and total sales value. Survey responses provided the data necessary for an IMPLAN analysis by the UF/IFAS Food and 
Resource Economics Department. 
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Interest in seaweed aquaculture in Southern New England continues to expand rapidly, however, lack of federal guidelines 
regulating food safety of domestically cultivated seaweeds remains a challenge for regulators concerned with public health. 
Although state guidelines for the production and processing of sugar kelp in Connecticut have been established, this is not 
yet the case for Gracilaria tikvahiae, an edible summer species native to Connecticut waters. G. tikvahiae was deployed 
on commercial farm sites that grow kelp and shellfish in Long Island Sound, every two weeks for a total of eight weeks. 
Freshwater dips were conducted to mitigate biofouling. Upon harvest, tissue samples were analyzed for various pathogens 
and chemicals which may pose a risk to human health. In addition, an analysis of dried G. tikvahiae was conducted to 
establish guidelines for commercial dehydration processing as well as a preliminary market analysis for the species. 
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The Mexican snook Centropomus poeyi, is a protandric hermaphrodite that constitutes important commercial and recreational 
fisheries in the Mexican coasts of the Gulf of Mexico. This species differs from other centropomids since spends most of 
its life history in fresh water, migrating to the marine environment only to spawn, returning immediately to fresh water. In 
our laboratory we have included this endemic species into aquacultural practices in order to develop specific protocols for 
spawning and larviculture. However, handling broodstock poses complications since females range from 5 to 10 kilograms 
generating high risk of loss and expenses during maintenance of the spawners. Therefore, we implemented experiments to 
produce single sex populations of C. poeyi utilizing two main protocols: 1) Providing estradiol (E2) in the food during early 
gonadal differentiation and 2) dosing small amounts of E2 using homemade implants in young male adults. Both strategies 
yielded protocols that allow lots of 100% viable reproductive females. 

Sex-reversed fish have remained as females, producing oocytes and were capable of spawning, while fish from the control groups 
remained as mature males. To this point, fish had been induced to spawn in two consecutive years responding successfully to 
implants containing 100 ug of LHRH. Spawning starts around 30-34 hours after implantation. These fish produced in average 
1,626 eggs per gram of female (±578.3). Most females had consecutive spawning events (two or three) separated approximately 
24 hours from each other. The fertilization rate varied widely from 3% to 85% and occasionally all the eggs were infertile. 

More research is needed to determine egg and larval quality, and juvenile performance during grow-out. However, there is no 
doubt that these protocols provide significant advances regarding broodstock management.
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HAS INTERNATIONAL AQUACULTURE CERTIFICATION RESULTED IN BETTER 
ENVIRONMENTAL AND SOCIAL OUTCOMES OF THE INDUSTRY?

Peter A Cook

University of Western Australia
Albany 6330
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It has often been suggested that voluntary sustainability standards can be an important tool for providing assurance that 
aquaculture products that are traded in complex, global supply chains have been produced in a way that ensures minimal 
environmental impact, and the ethical treatment of workers and communities. The development of a plethora of different 
certification schemes has led to a confusing situation where aquaculture operators are often uncertain about the merits of the 
various options. Many question the ongoing relevance of certification schemes and it is important, therefore, to understand what 
the various schemes deliver in terms of environmental and social outcomes.  

There are several different reasons why aquaculture producers, processors or marketers might want to associate themselves 
with sustainability claims. Whilst a price premium is not often obtained for certified product, aspects such as market access, 
managing reputational risks, obtaining a social license to operate, and responding to demands from customers, are often 
considered more important. 

In 2018, ISEAL commissioned a report, to assess the effectiveness of standards in driving the adoption of sustainability 
practices. Main conclusions of the report included that:
• There is evidence that certification and standards can contribute to the adoption of improved practices, typically expressed 

as a difference in practices between certified and non-certified entities.
• The same factors (listed above) that motivate individuals and organizations to seek certification are reported to drive the 

adoption of improved sustainability practices.

This presentation will attempt to compare some of the certification standards available to the aquaculture industry, and will 
discuss whether there is any evidence that they actually improve social and environmental impacts of aquaculture at the farm 
level.
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DEVELOPMENT OF THE OCEAN NOMAD (NAUTICAL OFFSHORE MACROALGAL 
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Macroalgae harvested along coastlines and in the open ocean have traditionally been used as food for human consumption, 
animal feed, and fertilizer. The United States ARPA-E1 MARINER Program (https://arpa-e.energy.gov/?q=arpa-e-programs/
mariner) estimates that the nation has suitable conditions and sufficient open ocean area in the Exclusive Economic Zone to 
produce at least 500 million dry metric tons of macroalgae per year, yielding approximately 2.7 quadrillion BTUs of energy in 
the form of liquid fuel, equivalent to ca. 10% of the nation’s annual transportation energy demand. PNNL is currently leading 
an ARPA-E MARINER project on designing an innovative offshore seaweed cultivation system.

We will present results regarding the design and techno-economics of a transformational Nautical Off-shore Macroalgal 
Autonomous Device (NOMAD), which is a free-floating sensor-equipped carbon-fiber seaweed longline (5 km) that is 
envisioned to be released from a seeding vessel far offshore the United States West Coast and collected by harvesting boats 
after six months of southbound journey (ca. 1500 km) along nutrient-rich ocean currents. By continuously releasing seeded 
NOMADs, our proposed seaweed cultivation system is in effect a 1500 kilometer long, interrupted seaweed line capable of 
generating a similar magnitude of biomass as a 1000 ha farm. Our NOMADs are scalable by many orders of magnitude.  

Free-floating lines will be used to avoid anchoring costs and the failures of earlier offshore growth trials. High-strength, 
extremely durable, recycled carbon fiber will be employed to minimize capital costs, longline degradation and failure, and risks 
to marine life.  The NOMADs will be equipped with buoys with GPS sensors to track their positions and with accelerometers 
and underwater light sensors to estimate, in real time, the biomass yield to optimize harvesting time.  The longline will be seeded 
with a binary culture of Nereocystis luetkeana (bull kelp) and Saccharina latissima (sugar kelp). State-of-the-art hydrodynamic 
modeling will be employed to design the NOMAD, and to identify offshore locations for release and harvest that result in 
optimum biomass yields as the NOMAD travels in nutrient-rich currents.  To minimize labor costs, fully automated high-speed 
seaweed seeding and harvesting machines will be designed, built, and performance tested. Pending availability of ARPA-E 
Phase II funding, the entire NOMAD concept will initially be field tested at the permitted PNNL research site in Sequim Bay, 
Washington, and later on the Strait of Juan de Fuca and off the Washington coast. 

 Advanced Research Projects Agency-Energy
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POWERING OFFSHORE MARINE AQUACULTURE WITH MARINE RENEWABLE ENERGY

Andrea Copping* and Michael Rust
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andrea.copping@pnnl.gov

If offshore aquaculture operations were powered by wave energy converters, both the offshore aquaculture industry and the 
marine renewables may have the opportunity to grow faster together than either could by itself and could inspire new approaches 
for both sectors.  Marine aquaculture can produce high-quality protein with no need for land, fresh water, or fertilizer.  Marine 
renewable energy generation – the capture of power from ocean waters in the form of waves, tides, ocean currents, and 
temperature differentials - can provide reliable emission-free power.  Both represent early stage ocean technologies that can 
greatly increase the quality of life for humans, while greatly shrinking environmental footprints for food and energy.  

Many nearshore aquaculture operations require energy for lighting and other essential needs however, as aquaculture grows 
and moves further offshore, autonomous processes will require reliable and increased power for the farm to be successful.  
Greater distances to shore will require energy to transport and perhaps refrigerate harvested product from farm to shore. 
Generation of energy from waves at sea has the potential to fulfil power needs for larger offshore aquaculture operations; co-
located wave energy converters could be sized to fit the needs of individual operations, ranging from a few watts for lighting 
and monitoring equipment, to kilowatts for feeders, video cameras, and recharging underwater vehicles, to megawatts for 
higher power needs such as recharging electric service vessels. The linkage of marine energy with aquaculture and other 
offshore industries will motivate development of rechargeable vessels that could be charged at sea and used within aquaculture 
farms, and between farms and shore. The use of electric boats for offshore aquaculture would result in zero greenhouse gas 
emissions, leading to a significantly lower LCA.  Renewable energy generated at sea could accelerate the development of 
aquaculture further from land by providing local power, while reducing the potential for water and air contamination from 
transporting, storing, or burning diesel fuel, as well as reducing the safety risks of transferring energy at sea. Reliable power 
will be needed as offshore farms replace human labor with robots and increased automation.  Wave power can also produce 
compressed air directly without the need to generate and store electricity; compressed air could be used to aerate, pump water, 
or adjust buoyancy in systems.   Storage of power on offshore farms would ensure that power is available on demand. Wave 
devices have been shown to damp the power of waves, further providing benefits in the form of less turbulent areas for siting 
aquaculture operations in their lee. Although other renewables could be harnessed to supply power for offshore aquaculture 
operations, marine renewables are extremely well suited as they can be collocated in close proximity to farms, have a low 
visual profile, can be submerged if appropriate, and there is no need to clean or lubricate moving parts in corrosive sea air. 
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ACCELERATING AQUACULTURE PRODUCTION IN EUROPE/U.S. BY DEVELOPING 
OCEAN FOOD SOCIAL-ECOLOGICAL SYSTEMS

Barry A. Costa-Pierce*, Kristina Snuttan Sundell
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University of New England
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Portland, ME 04105
bcostapierce@une.edu

Global aquaculture production is growing nearly everywhere except in Europe and the U.S. where important aquatic, natural 
and human resources for the sustainable development of aquaculture exist but where significant public and political opposition 
remain. New models are needed to enhance the social acceptance of aquaculture in these regions that account for the large 
groups of tourists/visitors “from away”, wealthy landowners resident and “from away”, and fishing and boating interests who are 
regularly an “afterthought” in the careful planning for the sustainable production of aquatic foods from innovative aquaculture 
businesses. Over the last 5 years we have worked with the University of Maine on the NSF EPSCoR “Sustainable Ecological 
Aquaculture Network” (SEANET), and in Sweden with the University of Gothenburg’s Swedish Mariculture Research Center 
on alternative development models for new, knowledge-based “ocean foods” businesses. Two examples that scope from Maine 
to Sweden are discussed for shellfish and seaweed aquaculture farms. Significant aquaculture growth in both locations over the 
past 5 years has been at the small business scale where value chains are compressed, products carry knowledge-based brands 
and stories and have not only high economic values but also high sustainability values. We have used ecological aquaculture 
is the basis for our partnerships as community-based economic development, using this rubric as an alternative model of 
aquaculture that uses ecology as the paradigm for aquaculture development that is informed by advances outside of traditional 
aquatic/marine sciences to incorporate transdisciplinary knowledge in social ecology, agroecology, ecosystems design, systems 
ecology, ecological engineering, and industrial ecology. Ecological aquaculture incorporates at the outset not as an afterthought 
careful planning for not only the sustainable production of aquatic foods but also for innovation, community development, 
and the wider social, economic, and environmental contexts of aquaculture that scope both locally and globally. There are a 
few principles we have used: (1) Ecological aquaculture systems (EAS) are “aquaculture ecosystems” that mimic the form 
and functions of natural ecosystems designed to deliver not only economic and social profits but also restoration values, (2) 
EAS create “aquaculture communities” that educate tourists/visitors, wealthy landowners, and develops partnerships with 
fishing businesses using livelihood approaches where aquaculture complements, not replaces fishing; (3) EAS are “recycling 
economies” part of “blue bioeconomies” practicing full use and nutrient management by using ecosystems design, reuse and 
recycling, and do not discharge any nutrient or chemical pollution causing irreversible damages to natural aquatic or terrestrial 
ecosystems; (4) EAS uses as much as possible native species/strains and if not does not contribute to “biological” pollution, 
and (5) EAS are a global partner, producing information for the world, avoiding the proprietary. Ecological aquaculture, the 
production of aquatic proteins essential to human health and wellness, is an integral part of our common planetary wisdom and 
cultural heritage; an essential part of our past and a vital part of our future evolution as a sophisticated species living in Peace 
with the Earth’s invaluable aquatic ecosystems.
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FAO (2012) stated that “Fisheries and aquaculture interact with increasing intensity as fishers shift from fishing to aquaculture 
and by competing in the same markets with similar products. The need to integrate planning and management of the two sectors 
seems vital to their future development and sustainability.” We have developed a new Professional Science Master’s (PSM) 
degree in Ocean Food Systems at the University of New England that is twinned with a new Nordic Master’s degree in the 
Sustainable Use of Marine Bioresources at the University of Gothenburg, Sweden that includes partner institutions in Sweden, 
Iceland, and Norway. The degrees recruit advanced students who wish to work with professionals in the seafood industry and 
academia on industry priorities. The overall goal is to train the next generation of seafood leaders to tackle “wicked problems” 
that affect the combined economies of capture fisheries and aquaculture production systems, create inefficiencies in value 
chains, and accelerate problems in food systems governance, and civil societies. Generous funding to support students enrolling 
in the Ocean Food Systems program has been provided by the Henry L. and Grace Doherty Foundation.

The 34-credit UNE PSM is founded upon the Code of Conduct for Responsible Fisheries and the Ecosystem Approach to 
Aquaculture, and Sustainable Development Goals. Students are involved in innovative fisheries/aquaculture partnerships and 
encouraged to investigate interactions between modern fisheries and aquaculture systems. Students will develop creative ideas/
methods that not only enhance overall aquatic food production using the “aquaculture toolbox” but assist the restoration of 
capture fisheries and marine/aquatic ecosystems. The 2-week intensives in rural Maine and Scandinavia will expose students 
to existing production system designs, engineering, and value-driven ocean/aquatic economies but also involve experts who 
examine the qualities of ocean foods as premier, nutrient-dense foods essential for human health and wellness. The principles 
and practices of “ecological aquaculture” will be emphasized as a “pracademic” that combines the social-ecological wisdom 
of aquafarming and fishing peoples and academics. The methods of “team science” will be used to develop skills in building 
diverse partnerships with fishermen, farmers, and civil societies. We intend to develop leadership skills necessary to evolve a 
new generation of seafood ecosystems that produce not only higher net economic benefits, but also deliver an increased social 
contract for the expansion of ocean food systems in rural areas throughout the North Atlantic.
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In 1793 the French chemist Antoine Lavoisier wrote that science and the useful arts needed to develop a team approach to meld 
diverse contributions from different disciplines. Over 200 years later, Illman (2007) stated that, “History may look back on 
these last couple of decades as a time when science grew up and took on real-world problems instead of sticking to the safe and 
tidy world of the tractable, in which studies are undertaken because they are doable, even if not directly useful.” FAO predict 
aquaculture will grow to 91 MMT by 2030 but will be still dominated by Asia, accounting for 87% of total world production. 
However, such global statistics are inadequate to inform regional policy-makers who too often use these aggregated global data 
to validate their perceptions either that fisheries are an ancient profession of a dying generation destroying aquatic ecosystems 
everywhere, or that aquaculture is the savior of seafood or the next tragedy of the commons. We understand the need to 
understand and plan for local to global value chains but a new methodology is needed in high cost areas of the world where 
the social contract fro aquaculture needs accelerating. We introduce an ecosystems ecology approach to identify collaborative 
research priorities between applied academic and industries. It involves a “Taxonomy of Seafood Systems” (TSS) to identify 
the full diversity of fisheries and aquaculture production systems and their local to global value chains. The TSS offers insights 
into the need for more comprehensive social-ecological approaches to identify top priorities in ocean food systems and marine 
conservation research. The TSS is then used to structure data acquisition and establish functional connections between systems. 
We are using these processes to structure partnership developments and local/regional to global training of graduate students in 
a new, international Master’s Program in Ocean Food Systems at the University of New England, the University of Akureyri and 
Holar University College in Iceland which is “twinned” with the Sustainable Production and Utilization of Marine Bioresources 
Master’s at the University of Gothenburg, Sweden, who will coordinate Nordic universities in Iceland and Norway. Our goal is 
to train the next generation of ocean food systems leaders in the ecosystems approach to aquaculture and the use of ecosystems 
ecology design thinking to deliver working models of more sustainable aquaculture developments that are connected closely to 
fisheries, marine ecosystems, and communities.
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THE SUSTAINABLE ECOLOGICAL AQUACULTURE NETWORK (SEANET) IN MAINE: 
IMPACTS TO THE UNIVERSITY OF NEW ENGLAND (UNE) FROM THE LARGEST 
AQUACULTURE GRANT EVER GIVEN BY THE NATIONAL SCIENCE FOUNDATION
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In 2015, the University of Maine and the University of New England (UNE) received a 5-year, $20 million National Science 
Foundation (NSF) Experimental Program to Stimulate Competitive Research (EPSCoR) grant to build capacity for sustainable 
aquaculture research and education in Maine. In this talk, we detail the numerous direct and indirect impacts from this award 
to the UNE on the development of research and field infrastructure, faculty and staff hires, new and strengthened academic 
programs, undergraduate and graduate research accomplishments, and the creation of a new institute that extends UNE’s 
aquaculture science and education capabilities to many Nordic nations. We also describe our interactions and accomplishments 
resulting from the SEANET community and industry partners especially the research-intensive farm network. We present 
data showing the NSF investment through the University of Maine to UNE exceeded a 2:1 return, and greatly strengthened 
Maine’s growing aquaculture research and business development community. EPSCoR ends in 2019. But now UNE has a 
developing national and global center of expertise and training in the applied marine sciences that has the ecosystems approach 
to aquaculture as one of its central focal areas. We also have a new institute in our principle commercial city of Portland 
called UNE NORTH: The Institute for North Atlantic Studies that has a new Master’s degree starting in in 2019 in “Ocean 
Food Systems”; the main goal of which is to train the next generation of aquaculture and food systems leaders in ecological 
aquaculture and in the ecosystems approach to aquaculture. Graduates will become leaders who become entrepreneurs who 
can look for jobs or create jobs with their own innovations. They will know what it takes to be valued partners with growing 
aquaculture businesses in shellfish, sea vegetables, and with the newly announced land-based salmon farms. These graduates 
will see clearly the business – and lifestyle - sense of connecting closely to fisheries livelihoods, marine ecosystems, and 
working waterfront communities.
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ZOOTECHNICAL PERFORMANCE AND GUT HISTOMORPHOLOGY OF 
EUROPEAN SEA BASS Dicentrarchus labrax L. JUVENILES FED DIETS WITH 
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The present work describes the effects of partial or total replacement of fish meal (FM) by freeze- dried biomass of two microalgae, 
Nannochloropsis sp. and Chlorella sp., (provided by Buggypower, Lda.) in diets for European sea bass (Dicentrarchus labrax, 
L.) juveniles. Six isonitrogenous (crude protein, 50% dry matter - DM) and isolipidic (crude lipids, 19% DM) experimental 
diets were formulated: a positive control (PC) diet, with FM (30%) as main protein source and fish oil (FO) as the only lipid 
source; a negative control (NC) diet, plant protein based and with low FM (15%) level, and with fish and vegetable oils (40/60) 
as lipid sources; four diets based on the NC but replacing 7.5 or 15% FM by Nannochloropsis sp. meal (diets Nanno7.5 and 
Nanno15, respectively) or by Chlorella sp. meal (diets Chl7.5 and Chl15, respectively). Growth performance, feed utilization, 
diet digestibility, and gut histomorphology were evaluated in fish fed the experimental diets during 12 weeks. Fish were 
sampled after 1 and 12 weeks to collect histological samples.

Diets including Chlorella sp. (at both levels) and 15% Nannochloropsis sp. exerted a negative effect on European sea bass, 
resulting in decreased growth and feed utilization, and increased mortality. Further, histomorphology analyses demonstrated 
changes in gut submucosa, increased number of intraepithelial lymphocytes (IELs) and enterocytes (ENTs) in the distal intestine 
of fish fed these diets. On the other hand, Nannochloropis sp. replacing 7.5% FM, did not have any significant effects in growth, 
daily growth index, feed intake, feed efficiency, protein efficiency ratio, mortality, and gut histomorphology compared to 
NC group. Diet digestibility was similar among experimental groups, except for diet Chl15 that showed decreased apparent 
digestibility coefficient of dry matter, protein, and lipids.

Overall, partial or total dietary FM replacement by Chlorella sp. and total dietary FM replacement by Nannochloropsis sp. were 
not suitable for European sea bass. Dietary Nannochloropsis sp. at 7.5% seemed to have potential for FM replacement, without 
affecting gut histomorphology.
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Global population growth and changing diets increase the importance, and challenges, of reducing the environmental impacts 
of food production. Farmed seafood is a relatively efficient way to produce protein, but aquaculture feeds remain resource 
intensive and have substantial opportunity for improvement. The use of crops, such as soy, has become a ubiquitous replacement 
for fishmeal and oil throughout the feed industry. While these trends have shifted feeds to use less fish, crop use in feeds divert 
supply away from direct human consumption and create new environmental challenges in food production. Single cell proteins 
(SCPs), including bacteria yeast and microalgae, have recently emerged as replacements for plant-based proteins in fish feeds. 
The ability to grow these cells quickly in controlled and space efficient labs, combined with their low desirability as human 
food, make them promising novel aquaculture feed ingredients. But will they actually be able to ease stress on our most 
important resources?
 
Here, we use life cycle assessment (LCA) to compare fishmeal, soy, and three emerging SCP ingredients: methanotrophic 
bacteria (Methylococcus capsulatus (Bath)), common yeast (Saccharomyces cerevisiae), microalgae (Nannochloropsis 
gaditana). All ingredients are modeled at the industrial production scale at the level of one 1kg of protein and are compared 
based on seven resource and emissions metrics.

Overall, the impacts from the novel SCP ingredients were lower or similar to those of the soy across all studied environmental 
metrics, except for a few key impact indicators. Yeast performs better than soy in all metrics except primary production 
requirements and with methane as a feed input, bacteria meal has the highest climate change impact. Innovations in SCP food 
sources (ie. methane and sugar sources) are emerging that will to make these processes even more sustainable in the future. 
Overall, the results of this study suggest that incorporating SCP ingredients into salmon feeds can help reduce the environmental 
impacts of aquaculture production. Continued improvements in SCP production would result in significant resource savings for 
the fish farming industry.

To help industry make better decisions about the sustainability of feed ingredients we are designing a tool to assess the 
environmental, nutritional and economic impacts of different feed compositions, incorporating new feed ingredients as they 
emerge. 
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New technologies can solve your problems.  Two problems that exist in aquaculture facilities are 1) measuring and tracking 
fish health, and 2) knowing when to process freshly harvested fish (after rigor mortis). Bioelectrical impedance analysis (BIA) 
may provide solutions by measuring the cells of the fish. BIA has been in the medical and biological fields for 20+ years and 
have been used to track health, muscle contractions and overall tissue condition. The objective of this research was to use 
bioelectrical impedance analysis (BIA) as a means to quickly and easily measure health and rigor status.   BIA was measured 
using a Certified Quality Reader (CQR) (Seafood Analytics, Detroit Michigan) on Trout, salmon, mahi mahi, and tilapia during 
both pre and post harvest phases at Federal and State fish hatcheries.  Results indicated that BIA values were lower in stressed, 
non fed fish, and changed with degree and stage of rigor mortis (Figure 1). New technologies such as BIA may provide indices 
that will improve efficiencies, planning and improve value of aquaculture products.
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The food-fish market for largemouth bass (Microperterus salmoides) is somewhat unique in that the fish are typically marketed 
live to the consmer. This requires that the physiological condition of the fish following harvest and transport to market is 
sufficient to endure the additional step associated with marketing from retail display tanks over a period of several days to 
weeks. Fish are subject to aerial exposure, crowding, net handling, and environment changes during harvest and loading for 
transport. These handling processes have the potential to cause stress. The severity of the stress response and the length of time 
before homeostasis is regained are directly related to the duration of the stressor and the characteristics of the recovery water. 

Research on largemouth bass has shown that plasma glucose and corticosteroid values are good indicators of stress during 
application of acute stressors, whereas chloride and osmolality are more useful indicators of long-term stress. “Delayed 
mortality” might occur days or even weeks after transport depending on the underlying cause and severity. Some mortality 
during and following largemouth bass transport is common and generally accepted as “the nature of the business” if mortalities 
are less than 1% of the total load. Producers frequently add 1-2% extra fish by weight to compensate for losses due to mortality 
and “shrinkage” associated with bodily waste elimination.
  
During the summer months, largemouth bass are typically not harvested for food fish sales due to increased stress and mortality 
associated with warmer waters in conjunction with harvest, holding and the transport necessary to supply distant live markets. 
Producers primarily market their fish only when pond water temperatures have stabilized below 18oC. Live haulers typically 
add evaporated salt to hauling containers at 2-3 g/L (ppt) to aid in osmoregulation. Since fish are cold blooded, lowering water 
temperatures reduces metabolic activity, oxygen consumption and waste excretion and increases the oxygen carrying capacity 
of water.  As a general protocol the water temperature should not be reduced more than 1oC every 15 minutes and not exceed 
12oC over a 24-hour period for largemouth bass. 
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Largemouth bass, Micropterus salmoides, fingerlings have been produced by state and federal hatcheries since the 1890’s 
for stocking programs. Unlike channel catfish Ictalurus punctatus and rainbow trout Oncorhynchus mykiss, newly-hatched 
largemouth bass fry (swim-up stage) cannot be easily trained to accept prepared diets. Therefore, bass fry are usually raised in 
fertilized nursery ponds until they reach 25-50 mm TL (1-2 g). Fry stocking densities in ponds are commonly 125,000-500,000 
fry/ha to produce 25-50 mm fingerlings. In well managed ponds, growth rates of 1.0-1.5 mm/d and target lengths of 38 mm can 
be achieved in 30-45 days after fry stocking. Previously, fingerlings were then transferred to grow-out ponds where they were 
raised to larger sizes on forage fish. However, this extensive production method requires many ponds for bass and forage fish, 
as it requires approximately 5-10 kg forage fish to produce a 1 kg bass.  

Studies have examined largemouth bass production on artificial feeds since the 1960’s. Today many federal, state, and private 
hatcheries produce 10-15 cm fingerlings on feed for stock enhancement programs and for further grow-out of food-fish. To 
economically produce large numbers of fish of this size requires that fingerlings be feed-trained to accept artificial feeds. This 
allows much higher stocking densities which produces more advanced fingerlings from finite pond resources. Feed training is 
the production phase where pond-reared juveniles are crowded into tanks at high densities and presented highly palatable food 
items at frequent intervals. Juveniles are gradually transitioned to a 100% artificial feed over 10-14 d. 

Several studies have tested different initial food items, such as ground fish, fish eggs, moist pellets, and freeze dried krill for 
feed-training largemouth bass fingerlings. Over time, domestication of cultured stocks of largemouth bass and advances in 
artificial diets has improved success during feed training to the point that currently most fingerling producers do not use feeding 
stimulants or “training” diets. Most food fish producers purchase feed trained fingerlings from hatcheries in southern states that 
specialize in sportfish production for recreational pond stocking.   
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The defamation or contamination of food products represents human health risks, but also represents a loss or waste of food 
if it is not consumed. Additionally, the natural resources utilized to produce the food products are also wasted. Thus, food that 
is refused from import may represent considerable waste of natural resources. The discussion on import refusals and natural 
resource use will focus on how to utilize the United States Food and Drug Administration’s Import Refusal database and how 
those refusal figures can be interpreted through a lens of natural resource use efficiency. 
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Aquaculture is one of the world’s fastest growing food sectors and is attracting the interest of investors from Silicon Valley to 
the world’s richest sovereign wealth funds - from Norway to the United Arab Emirates. 

Salmon farmers have enjoyed an incredible spell of sky-high profits as Asia’s middle classes become significant consumers, 
despite operating difficulties with sea lice and growing opposition from communities in farming areas. In a bid to overcome the 
lack of supply from the small group of producer nations, investors are backing land-based farms in areas of high consumption, 
from California to Japan. 

Major players in shrimp such as Thailand’s Charoen Pokphand Foods are innovating too, taking disease-prone intensive shrimp 
farming indoors. The key for that industry will be if producers such as CP Foods can command a premium price over the big 
volume players that are emerging in India. 

In whitefish, pangasius heralds great promise, and Vietnam is rapidly increasing supplies to serve the Chinese market, which 
has become more important than the United States. Can the market for tilapia, a fish that has got a bad reputation among US 
consumers, achieve its full potential? Can new technology in cage designs take mariculture to a new level, or science provide 
answers to farming species that have been difficult to master, including blue-fin tuna?

Finally, will an unprecedented interest in aquaculture, framed by concern over pollution in the world’s ocean, unleash a new 
source of capital for the industry? Are aquaculture entrepreneurs on the verge of being able to tap mainstream finance sources 
for the first time? How can investors navigate the high-risk world of aquaculture where fish can be lost in a storm, chemical 
spill or unforeseen disease? 

These are questions that we seek to answer in a five-part series entitled Aquaculture Frontiers, which addresses some of the 
biggest industry questions. Matt Craze, the founder of Spheric Research, has worked closely with Undercurrent News, the 
world’s most-read seafood news site, to bring unique insights into the state of aquaculture today. The presentation will give 
some early findings from the five-part study. 
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The Alabama catfish industry is facing an oversupply issue, as evidenced by falling prices paid to producers. Adding to this 
problem is an over-abundance of “big fish” currently on farm inventories.  These farms typically utilize watershed ponds that 
are deeper than levee ponds and can be difficult to partially harvest effectively, particularly when ponds are irregular in shape 
and pond bottoms have not been re-worked for long periods of time. Multiple batch production systems are the norm and 
require frequent partial harvests to increase yields and reduce detrimental issues, such as catfish escaping the seine and growing 
into the “big fish” size category. Catfish processors have defined “big fish” as catfish greater than 4 pounds. Once this threshold 
weight has been reached, catfish are too large for the mechanized cutting lines at the processing plants and must be hand filleted 
at the expense of more time, labor and removing line workers from their regular work. Catfish processors pay varying amounts 
for 4-6 pound “big fish” and can range from nothing to $0.50 to $0.60 per pound as processors have limited markets for this size 
catfish. Farmers are not receiving any compensation for fish larger than 6 pounds, which are deemed unacceptable and logged 
as “weigh backs”.  Much of the “big fish” problem can be linked to inefficiencies related to seining and seining frequency 
but there are other important factors such as market demand conditions, pond type, and pond renovation schedules. Despite 
widespread adoption of hybrid catfish, there is scant scientific documentation of age as it relates to growth within the catfish 
production system, with large hybrids being reported to exceed 50 lbs in some instances. 

Therefore, we undertook this study to determine ways to reduce “big fish” in pond inventories and have begun by determining 
the age of “big fish”, how long fish have been in the pond and the economic cost to the industry. To age catfish, we collected 50 
fish from each harvest event to determine the age of different size classes (range: 1.5 – 34.0 lb) in commercial ponds to provide 
information on catfish age at harvest. We documented catfish length, weight, sex, and collected otoliths from each individual 
fish sampled to determine their growth rate with respect to age. Otoliths were extracted following the methods of Buckmeier et 
al (2002) and read by two independent readers to determine age (Maceina and Sammons 2006). Mean length-weight at age will 
be compared between ponds and species using an analysis of variance (ANOVA) and growth rate analysis using an Analysis 
of Covariance (ANOCOVA) method to compare the slopes of total length to log10 age regressions (Sammons et al. In Press). 
Collectively, the information garnered in this study will provide much needed information that can be used to reduce the “big 
fish” problem by providing farmers information on fish ages, harvest efficiency and pond inventories, and developing helpful, 
economical scenarios to mitigate this issue. 
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Catalina Sea Ranch, LLC (CSR) is the first offshore aquaculture facility in United States Federal waters. The 100-acre farm 
cultivates mussels as a cash crop, and is located 6 miles from the coast of Southern California, with land-based facilities at the 
Port of Los Angeles.

In order to obtain the first federal offshore permit, CSR agreed to a comprehensive monitoring program to assess the 
environmental impact of its aquaculture facility over time. These monitoring efforts, and the positive data collected from them, 
have demonstrated the sustainability and regenerative properties of mussel aquaculture. As part of this monitoring program, 
CSR utilizes a state of the art NOMAD buoy, which allows for real-time monitoring and transmission of ocean characteristics, 
meteorological data and ranch status, to shore-side databases via cellular network. This system will be the hub of the Ocean 
Internet of ThingsTM, and the data collected will provide information on growth rate and health of mussels.

CSR has partnered with leading experts and universities in oceanography and monitoring to collect further data to better 
understand the effect of mussel aquaculture on the environment, inform planning and design for expansion, and comply with 
regulatory requirements regarding Harmful Algal Blooms (HABs) and biotoxins in mussel tissue.

Further advances in offshore mussel aquaculture at CSR include improvements to husbandry to accommodate offshore 
conditions, inventory management, and research conducted on cryopreservation, and selective breeding for a higher performing 
mussel. 

After five years in development, CSR began harvesting in July 2018, producing about 2 million pounds annually, for scaling 
to 20 million annually from an impending 1,000-acre expansion. With U.S. offshore aquaculture on the verge of rapid growth, 
CSR is setting an industry precedent and standards for the employing science and technology to advance sustainable and 
regenerative offshore aquaculture techniques for mussels.
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HEPATOPANCREAS TISSUE BIOPSY: AN INVASIVE BUT NON-LETHAL SAMPLING 
METHOD FOR THE DETECTION OF Enterocytozoon hepatopenaei IN SHRIMP

Roberto Cruz-Flores*, Hung Mai and Arun K. Dhar
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Tucson, AZ 85721
robertocruz@email.arizona.edu

The detection of enteric pathogens in shrimp involves the sacrifice of the host to obtained tissue samples for histological and 
molecular diagnosis. The practice is expensive when assessing the Specific Pathogen Free (SPF) status of broodstocks. In this 
study we describe an invasive non-lethal sampling method to obtain tissue from the hepatopancreas (HP) of Penaeus vannamei 
to detect the microsporidian pathogen Enterocytozoon hepatopenaei (EHP) by qPCR and electron transmission microscopy 
(TEM).

Twenty EHP infected shrimp from Thailand and 10 SPF shrimp were 
used for this study. The sampling methodology consisted of using 
a 1 ml TB syringe with a 25G X 5/8 needle, the carapace over the 
HP of the shrimp was sterilized with 70% ETOH before the needle 
was inserted in the later lateral part of the center of the HP. A single 
draw was made from the HP and half of the content of the needle 
was expelled in a 1.5 ml tube (stored in liquid nitrogen) and the 
remaining half was expelled in 3% glutaraldehyde. After the biopsy 
collection the shrimp were placed in the appropriate holding tanks. 
All the animals were sacrificed after 7 days and samples were taken 
for qPCR, histology and TEM. All the biopsy samples from the EHP 
infected shrimp were positive by qPCR. Further, spores and plasmodia 
were detected by TEM from the biopsy samples of the EHP affected 
shrimp (Figure 1). The presence of EHP in the experimental animals 
was corroborated by histology, qPCR, in situ hybridization and TEM 
in HP samples upon sacrificing the animals at the end of the study. 
The biopsy and tissue samples of the SPF shrimp were negative for 
EHP. These results indicate that the described method is adequate for 
non-lethal sampling of HP tissue to test for enteric pathogens.
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Formalin-fixed, paraffin-embedded (FFPE) tissue samples 
stowed in diagnostic pathology archives represent a priceless 
biobank. The limitations of these samples are that nucleic acids 
are more difficult to extract from FFPE tissue. This is due to the 
need to dissolve away the paraffin and to neutralize covalent 
protein-DNA interactions that result from the process of fixation. 
However, an additional obstacle is present when extracting 
nucleic acids from aquatic organisms. This is due to the acid 
hydrolysis that further contributes to nucleic acid degradation 
due to the use of Davidson´s fixative that contains acetic acid. In 
this study, we report modifications to a FFPE DNA Purification 
kit (Norgen Biotek Corp) to extract DNA from Davidson fixed 
shrimp tissue infected with Vibrio parahaemolyticus causing 
Acute Hepatopancreatic Necrosis Disease (AHPND) and 
Infectious Hypodermal and Hematopoietic Necrosis Virus 
(IHHNV). 

The DNA was extracted from 5 tissue sections of 5 µm in 
thickness from each sample. The quantity of DNA varied from 
164.3-600 ng/µl with a 260/280 ratio in the range of 1.87-
2.00. The extracted DNA was used to detect Photorhabdus 
insect-related (Pir) toxin genes, PirA and PirB from Vibrio 
parahaemolyticus by duplex PCR and SYBR Green qPCR 
(Figure 1 A-B). IHHNV was detected by PCR (Figure 1 C). 
The identity of the pathogens was confirmed by sequencing the 
amplicons that show 100% identity with the target sequence 
in the NCBI database in both cases. These results indicate that 
Davidson-fixed shrimp tissue samples can be used to extract 
high quality DNA for pathogen discovery and to study the 
origin and evolution of shrimp pathogens. 
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THE EFFECTS OF COASTAL HYPOXIA ON THE FERTILITY OF ATLANTIC SILVERSIDE 
Menidia menidia
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The world’s oceans are increasingly subjected to anthropogenic influences that impact marine ecosystems and their inhabitants, 
including wild populations, their captive counterparts in aquaculture, and prey for both groups. One such anthropogenic stressor 
is low dissolved oxygen (DO) that forms hypoxic zones in coastal estuaries. These productive ecosystems are often used by fish 
as spawning and nursery areas which naturally fluctuate in DO on seasonal and even diel scales.  Input of watershed run-off 
with excessive agricultural nutrient loads and often the close proximity of human habitation exacerbate the temporal range and 
extent of hypoxia. The anticipated increase of hypoxic zones with climate change underscores the urgency of understanding 
how this stressor will affect our living marine resources. Previous research indicates that vulnerable early life-stages of fishes are 
susceptible to hypoxic conditions now, yet little information exists on the effects of this environmental stressor on fertilization 
in finfish. 

Atlantic silverside (Menidia menidia), the focal species here, is 
an abundant, Atlantic Coast forage fish on which many estuarine-
inhabiting piscivorous finfish depend.  Its life history and husbandry 
are well known, it inhabits hypoxia-prone estuaries during its 
summer spawning season, and it is a trophically and ecologically 
important indicator species. The gametes of wild-caught Atlantic 
silverside were collected and exposed to a wide range of DO levels 
in two experiments.  In Experiment #1, eggs and milt were mixed 
in water from 12 different DO levels ranging from 5.2 to 1.5 mg 
O2/ L, and scored for fertilization success.  In Experiment #2, milt 
was diluted in water from 4 different DO levels ranging from 5.2 
to 1.5mg O2/L, and scored for sperm motility. 

The use of a large number of DO treatment levels in these 
experiments revealed the sensitivity and magnitude of change 
in fertilization success and sperm motility. Fertilization success 
declined linearly with increasing hypoxia (Figure 1). The duration 
of sperm motility also decreased with increasing hypoxia but 
in an asymptotic fashion (Figure 2).  Considering the aerobic 
requirements of sperm, the decline in motility duration could be 
a mechanism for the decline in fertilization success. As hypoxia 
increases, less O2 is available to hydrolyze ATP needed for 
flagellar propulsion of sperm that is necessary to reach and fertilize 
eggs. These results suggest the potential of a very early mortality 
bottleneck in this species which may be generalizable to other fish 
taxa.
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RESISTANCE VERSUS RESILIENCE; CONSERVATION OF THE EUROPEAN OYSTER IN 
THE PRESENCE OF DISEASE

Sarah C. Culloty* and Sharon L. Lynch
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The native European oyster Ostrea edulis has been challenged by a number of parasites over the past 30 years which have 
contributed to its decline throughout Europe.  This has resulted in a dramatic reduction in the numbers of this species produced 
and a focus on the production of other oyster species.  In the face of significant losses by parasites, efforts have focused on 
understanding epidemiology, host:parasite interactions and opportunities to reduce parasite impact, predominantly by breeding 
for resistance.  While much effort went into this approach and some positive results were obtained, impacts were localised and 
stocks of this oyster are still low in terms of numbers and densities.  However, most interestingly while the initial introduction 
of parasites caused heavy losses, since then the oyster has persisted as has the parasite.  It appears that the host:parasite 
interaction has changed in that intervening timescale.  The presentation will overview the evolution of this relationship and 
where we are now in terms of next steps in the conservation and revival of Ostrea edulis.
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POTENTIAL OF GREAT EGRETS TO SPREAD Edwardsiella piscicida

Fred L. Cunningham*, Katie C. Hanson, Lorelei Ford, Lanna Durst, Raleigh Middleton, Larry A. Hanson

*USDA/APHIS/WS/NWRC, PO Box 6099, Mississippi State, MS, 39762
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Edwardsiella ictaluri and E. tarda are considered the primary species of Edwardsiella to cause disease outbreaks in North 
American catfish aquaculture. Genetic analysis has determined that most isolates designated as E. tarda were actually a new 
species, E. piscicida.  There has been an increase in E. piscicida diagnostic cases in recent years possibly due to an increase 
in hybrid (Channel x blue) catfish production. The objective of this study was to determine if Great Egrets (Ardea alba) shed 
viable E. piscicida when fed catfish infected with the bacteria. Six (6) Great Egrets were captured at aquaculture facilities in 
Mississippi using soft catch leg hold traps. Prior to start of the trial Great Egrets were confirmed to be negative for E. piscicida 
via fecal cultures.  For the challenge study fish were injected intraperitoneal with 0.5 ml of 10e8 colony forming units (CFU) 
of E. piscicida and placed in a feeding tank for each bird.

Feces was collected (day 0) then 3 birds were fed E. piscicida infected fish and 3 birds were fed non-infected fish for 3 
consecutive days (day 1-3).  After day 3 all birds were fed non-infected fish. Feces from each bird was sampled daily for the 
ten days of the study (day 0-9).  

Great Egrets fed infected fish shed viable E. piscicida bacteria for multiple days, (Table 1), after last consuming the infected 
fish. Great Egrets in the control group did not shed the bacteria. Given that Great Egrets can shed viable E. piscicida after 
consuming diseased fish, we hypothesize that they could also serve as a reservoir for E. piscicida and could spread the pathogen 
while predating fish in catfish ponds.  Additional research is needed to determine if this shedding could cause disease in these 
ponds. 
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PRODUCTION OF THE FIRST GYNOGENETIC WALLEYE Sander vitreus

Konrad Dabrowski, Mackenzie Miller, and John Grayson 
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The objective of this study was to develop a procedure to produce all-female progeny of walleye (Sander vitreus) through 
gynogenesis and sex reversal. Gametes were collected from walleye in the Maumee River, Lake Erie, and transported to 
Columbus, Ohio where experiments were performed. In order to secure efficient production of meiotic gynogenotes, we 
attempted to use irradiated heterologous sperm of yellow perch (Perca flavescens) and applied pressure shock. Fertilization in 
hybrids was very high (92 + 3%) but most embryos died at the closing of the blastopore. Gynogenetic walleye eyed-stage embryo 
survival was exceptionally high (2,173 + 494/100 g of eggs, or approximately 5.7 + 1.3%). Larvae and juvenile progenies from 
3 females (control walleye and gynogenotes) were raised on live Artemia nauplii as described earlier (Dabrowski et al. 2018. 
NAJA 80) and then transitioned to a formulated feed. 

The first batch of gynogenotes (0.44 + 0.1 g and 41.8 + 0.04 mm; Figure) was divided into two groups fed either control or 
methyltestosterone (30 mg MT/kG) treated Otohime S1 diet for 60 days. Progenies from individual females varied in size 
(Figure), but corresponded with the size that was associated with sex differentiation in this species (Malison et al. 1998. 
NAJA 60:20). Fish were marked by fin-clipping and raised in a “common garden” design and fed control or MT-treated diets. 
The results of sex ratios of these groups will be examined by histology at the advanced stage of gametogenesis in 1-year old 
gynogens and control walleye.
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REPRODUCTION, DEVELOPMENT, AND GROWTH OF CICHLID HYBRID
BACKCROSSES OF R E D  PARROT  FEMALE  AND  MALES  OF  Vieja  melanura, Cichlasoma. 
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Morphological diversity, fertility, survival, and growth 
of backcrosses of Central American cichlid hybrids were 
investigated to address both production in captivity and 
predict success in invading new environments (Texas, 
Florida). Surprisingly little attention in the scientific 
literature has been devoted to the fertility and viability of 
these high-priced ornamental fish hybrids that frequently 
are released or escape to the wild.

The original hybrid (red parrot, P) has a high survival 
rate and females are fertile as 1 year old (35-40 g 
individual weight). We followed growth and maturation of 
different morphs of backcross hybrids, P x A. citrinellum 
(M), P x C. urophthalmus (U) and P x V. melanura (S). 
Coloration patterns and body shape.. strikingly different 
among siblings (Fig. 1), and in all crosses “parrot” type 
had significantly slower growth than “normal” cichlid 
shape (Fig. 2). We examined gonads and attempted to 
perform in vitro fertilization of the backcrosses to better 
understand the role of hybridization in the speciation 
process of cichlids.
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AND OFFSPRING QUALITY OF ZEBRAFISH – MODEL STUDIES
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Feed sustainability through use of fishmeal and fish oil as feed ingredients is a questionable practice in the aquaculture industry. 
Our search for low cost feed ingredients as an alternative to fishmeal focuses on fish waste following processing by fermentation 
with a dairy by-product. We explore the process where nutritional value of fish waste can be enriched by fermentation and 
utilizing zebrafish as a model species, characterized by fast growth and short generation time.  A feeding trial is being conducted 
to evaluate the effect of fermented fish waste and other protein-carrying ingredients as a total replacement of fishmeal on the 
survival and growth of two strains of 42 days post-fertilization (dpf) zebrafish. Initial mean weight of fish was 88±10 mg (strain 
1) and 99± 20 mg (strain 2). Fish were stocked randomly at density of 17-18 fish per 30 L aquarium. One commercial diet 
(Otohime B1) and 5 formulated feeds (32.3-53% protein) were fed to zebrafish, in duplicate, six times per day. Water quality 
(oxygen, pH, salinity, ammonia) was monitored daily. After 36 days of feeding, fish in each tank were individually weighted. 
Fish fed commercial diet had the highest mean weight for combined zebrafish strains (502+90 mg), followed by fish fed diet 
containing fermented fish waste without added bacteria (338 + 32 mg), fermented fish waste with added bacteria (302 + 10 
mg), hydrolyzed soluble fish protein concentrate (CPSP-G) (293 +56 mg), and then freeze-dried fish waste (262 + 13mg). The 
lowest mean weight was observed in fish fed soybean meal-containing diet (242 + 32mg). Survival was 100% for all treatments. 
Fish reached sexual maturity over the course of the feeding experiments. Group spawnings are currently being carried out to 
estimate the mean fecundity per female, fertility (2-4 and 24 hpf), and larval survival and growth until 21 dpf for each diet 
treatment across both strains. We conclude, at present, that fermented fish waste processed under these novel conditions can be 
the major protein source in diets for zebrafish. 
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Aquaculture companies have experienced a strong growth over the last decades, providing modernization and innovation to a 
seafood industry struggling to increase supply due to biological limits (Asche, 2008). This aquaculture revolution has doubled 
global seafood supply (FAO, 2018). The recent growth in seafood supply underlines the importance of aquaculture, as future 
growth is dependent on future innovation in aquaculture production. Consequently, aquaculture companies are appealing to 
investors and seafood competitors, trying to profit from the demand for seafood and its potential growth. Moreover, mergers 
between companies, both horizontally and vertically, occurs to improve efficiency and innovation in the industry, as well as 
increasing companies’ ability to manage future uncertainty.

Misund and Nygård (2018) show that the valuation of Norwegian salmon companies can be explained by economic fundamentals. 
Furthermore, they find an increase in this relationship after 2012. In general, the future value of any company depends on its 
future discounted cash flows. A seafood company is therefore dependent on its income, through price and production, and 
production cost, or productivity. Some of the factors can be controlled internally (production, productivity and to some extent 
cost), while others are externally set, in particular the commodity price and input costs. This paper use seafood price to explain 
fluctuations in company value over time. Company value is set by seafood companies trading on a stock exchange.

Further, the paper considers the effect from price volatility on company valuation. One of the benefits of aquaculture compared 
to wild capture, is its ability to plan production and provide a more stable supply. This has a positive effect on stabilizing prices, 
as several papers (Dahl and Oglend, 2014; Asche et al., 2015; Dahl, 2017) find that aquaculture production reduces price 
volatility. Consequently, there may be a premium to aquaculture companies compared to other seafood companies. 
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Fish health and growth performance, along with production costs, are affected by many variables including feed. Catfish feed 
can account for more than 50% of the variable costs of operating a commercial farm. The Alabama catfish industry is currently 
using two commercial diets (28% and 32% protein) in which the primary protein source is derived from soybean meal and 
a porcine-based meat and bone meal. Prior to the use of porcine meat and bone meal, menhaden fish meal was the primary 
animal based protein source in catfish feed.  However, as the price of menhaden fish meal has increased considerably over the 
last decade, feed mills and farmers have sought out alternative protein sources including porcine-based meat and bone meal to 
prevent feed prices from rising to unsustainable levels. Recently, an additional alternative fish-based protein source has become 
available derived from invasive carp harvested from natural river systems in the Midwestern United States. This alternative 
fish-based protein source appears to have excellent potential for use by the catfish industry but it has not been extensively 
tested at the commercial level.  Hence, the objective of this trial was to evaluate the performance of a carp-based fish meal 
compared to three traditional feed formulations used by farmers to produce channel catfish.  A results-oriented demonstration 
is being carried out in three separate in-pond raceway systems on a commercial farm in west Alabama.  In-pond raceway cells 
(4 cells per raceway unit) were stocked with channel catfish (41 g mean initial weight) at 1,230 fish per raceway cell (7.2 m3).  
Throughout the trial experimental fish were offered one of four commercial diets produced by the Alabama Catfish Feed Mill 
(Uniontown, Alabama) including diets containing 28% protein meat and bone meal, 32% protein meat and bone meal, 32% 
protein menhaden fish meal, and 32% protein carp meal.  Catfish were fed twice daily following a 90% satiation approach 
where satiation feeding was determined every 7-10 days.  The in-pond raceway systems were stocked in March of 2018 and 
will be harvested in September 2018.  At the end of the trial survival, growth, weight gain (%), food conversion ratio, and total 
production will be determined.  Results of this trial will provide valuable information on catfish performance utilizing a carp-
based fish meal as an alternative to porcine meat and bone meal.  
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THE IMPACT OF RAW MATERIAL SELECTION ON APPARENT DIGESTIBILITY, THE GUT 
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Replacement of fishmeal (FM) by alternative protein and energy sources is necessary to ensure the sustainability of the 
aquaculture industry. Although our basic understanding of many raw materials has increased, comprehensive studies examining 
the effect of alternative raw materials on the gut microbiome and host metabolism of fish remain limited. This paper presents 
the results of a digestibility experiment using sub-adult Yellowtail Kingfish (Seriola lalandi: body weight ≈ 574g), that was also 
designed to evaluate the impact of feeding different raw materials on the intestinal microbiota and expression of genes involved 
in digestive function. The raw materials evaluated included premium fish meal, poultry by-product meal (PBM), faba bean 
meal (FBM) and corn gluten meal (CGM). Apparent digestibility coefficients (ADCs) were determined using the reference 
(Ref) diet substitution method (70% Ref: 30% raw material) and yttrium oxide (Y2O3) as the inert marker. Faecal material was 
collected from fish by stripping. Intestinal bacterial communities were characterized by next generation sequencing of 16S 
bacterial rRNA. The predicted microbial function was analyzed using PICRUSt which indicated there were differences in the 
Kyoto Encyclopedia of Genes and Genome (KEGG) categories across the diets. The expression of genes was assessed using 
CLC RNA-sequencing workflows. The results indicate that YTK fed the CGM-based diet had significantly lower ADC of dry 
matter, protein and gross energy compared to the same parameters in fish fed diets containing FM, PBM and FBM. Fish fed 
diets containing CGM also had reduced intestinal microbial diversity compared to fish fed other raw materials. Generally the 
overall composition and function of the intestinal microbial communities varied in direct response to the raw materials the fish 
were consuming and the intestinal microbiota was dominated by Proteobacteria. With respect to predicted functional pathways, 
seventy-three functional KEGG categories were differentially represented across diets, with fish fed CGM showing lower 
abundance in pathways related to digestive function such as protein digestion and absorbance, hypotaurine metabolism and 
bile secretion. Moreover, the expression of digestive enzyme-encoding genes (e.g. trypsin, chymotrypsin, and proteases) was 
down-regulated in the intestines of fish fed CGM. Taken together, the results of the present study indicate that CGM should not 
be included in aquafeeds for farmed sub-adult YTK. In summary, the results of the microbiome and transcriptome approaches 
compliment and support the results obtained in the digestibility experiment. The use of microbiome and transcriptome 
approaches has provided a deeper insight into the underlying effects of raw material selection on the nutrition and digestive 
health of YTK. As such these tools will grow to play an important role in the assessment and selection of raw materials for 
different species. To our knowledge, this is the first study to systematically investigate the effect of alternative raw materials on 
digestibility, intestinal microbiota and gene expression in farmed YTK.
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The Eastern oyster (Crassostrea virginica) fishery in Florida once thrived, producing 6.47 million pounds of wild-harvested 
oysters in 1984 and 15% of the national harvest. Atypical environmental conditions and policy changes resulted in a decrease of 
wild stocks and reduced harvests to approximately 815,000 pounds by 2015. State regulatory approval of water column use for 
off-bottom culture gear incentivized the Florida oyster industry to adjust from primarily wild-harvest to aquaculture production. 
Off-bottom gear provides protection from predators, eliminates burial in sediments, and tumbles the oysters to develop a more 
marketable shape.

Along the west coast of Florida, four counties utilize off-bottom oyster aquaculture due to ideal water quality: 1) Escambia, 2) 
Franklin, 3) Levy, and 4) Wakulla. Each county has unique probabilities of potential environmental risks, such as hurricanes 
and low and high salinity events. Producers also experience market risk through variability in output prices. This project sought 
to determine how risk affects the profitability of oyster aquaculture in these four counties. Online databases, historical market 
prices, grower logbooks, and grower interviews were used to characterize the probabilities of each kind of risk and resultant 
effects on production and profits. Four scenarios were simulated over a 5-year planning horizon for each county to compare the 
effects of each environmental and market risk variables on net income and Net Present Value.

Simulation results indicate that the modeled aquaculture operation is not profitable in any county in Year 1. In the absence 
of environmental and market risk, operations in all counties have a positive expected net income after Year 2 and a 100% 
probability of a positive net income after Year 3. In the presence of all environmental and market risk variables, operations in 
all counties but Levy County have the potential for a negative net income for Years 1 through 5. In addition, operations in Levy 
County have the highest expected net income and smallest spread of potential net income values while operations in Escambia 
County have the lowest expected net income and greatest spread in the presence of all risk variables (Figure 1). 
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The digestive tract microbiome has a significant role in health, digestion and development. In healthy organisms, the microbiome 
is considered to improve health by promoting the uptake of essential nutrients for development, regulating the immune system, 
and helping to prevent pathogenic infection. On the other hand, shifts in the microbiome that lead to imbalance, known as a 
state of dysbiosis, are associated with a number of diseases and adverse health conditions. The importance of the digestive tract 
microbiome in abalone, a commercially important aquaculture species, has not been well established. 

The aim of this research was to identify the core microbiome, in 
terms of diversity and plasticity, of Australian abalone throughout 
the aquaculture grow-out cycle. Metagenomic approaches were used 
to sequence the intestinal microbiome of commercially cultured 
green lip (Haliotis laevigata) and hybrid (Haliotis laevigata x H. 
rubra) abalone. The community composition and plasticity of the 
microbiome were examined throughout the first year of development 
and during periods of optimal growth and temperature stress. 

The intestinal microbiome adapted to experimental treatments (e.g., 
temperature and diet). However, there was a core group of genera, 
including Vibrio spp., Psychrilyobacter spp., and Mycoplasma 
spp., that consistently populated the intestines of adult and juvenile 
abalone. This research provides novel and practical information for 
researchers and farmers.

The microbiome of Australian aquacultured hybrid abalone. a) 
Principal coordinates analysis plot of Bray-Curtis distance by 
seasonal treatment groups. b) Relative abundance of the top 10 
genera over a 12-month period.
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ORAL VACCINE EVALUATION IN LUMPFISH LARVAL

Thi Tra My Dang*, Setu Chakraborty, Trung Cao, Hajarooba Gnanagobal, 
Ignacio Vasquez – Solis de Ovando, Ahmed Hossein, Danny Boyce, Jillian Westcott, Javier Santander 

Memorial University of Newfoundland, Faculty of Sciences, Department of Ocean Sciences, Marine 
Microbial Pathogenesis and Vaccinology Laboratory AX3005, 0 Marine Lab Rd, Logy Bay, NL, A1K 3E6, 
Canada
Phone: 1-709-8643245
E-mail: tmtdang@mun.ca 

Bio-encapsulated oral vaccines are easy to use and reduce fish stress during immunization. Aeromonas salmonicida and Vibrio 
anguillarum are common pathogens that cause severe disease in Lumpfish (Cyclopterus lumpus). In this study, we develop 
a method to bio-encapsulated Aeromonas salmonicida and Vibrio anguillarum bacterins in Artemia salina live-feed in order 
to orally immunize Lumpfish larval. To evaluate effective bio-encapsulation, A. salina was fed with fluorecent labeled A. 
salmonicida and V. anguillarum bacterins combine with and without feed enrichment. Samples of A. salina feed bacterins were 
taken at 1, 3, 5, 24, 36, 48 hours post inoculation. The presence of bacterins in the gut of A. salina was determined by confocal 
microscopy and estimated by a scoring system. The highest amount of bacterin was detected at 3 hours post inoculation. Bio-
encapsulation was stable for 7 days at 4°C. Preliminary data showed that the bio-encapsulated bacterins were successfully 
deliver to the lumpfish gut. These bio-encapsulated bacterins are currently under evaluation in lumpfish vaccine studies.  
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THE STATUS OF SOUTHERN FLOUNDER Paralichthys lethostigma AND SUMMER FLOUNDER, 
Paralichthys dentatus AS EXPERIMENTAL SPECIES FOR US MARINE AQUACULTURE

Harry V. Daniels

Department of Applied Ecology
North Carolina State University
Raleigh, North Carolina 27695 USA
harry_daniels@ncsu.edu

Interest in commercial foodfish production of both southern flounder (Paralichthys lethostigma) and summer flounder (P. 
dentatus) began in the mid 1990’s at several universities, marine fisheries agencies, and research institutes on the East coast 
of the US.  Initial research efforts focused on developing methods for controlled reproduction of broodstock and for mass 
production of fingerlings.  Later work on commercial technology for growout mainly involved the design and use of recirculating 
aquaculture systems (RAS) for land-based production in tanks.  Foodfish production of summer flounder first met with some 
commercial success as several private companies began marketing their cultured fish to the live fish markets.  However, 
importation of live flounder from Asia led to a depression of prices to the level where it was no longer economically feasible 
for US producers. More recently, state marine fisheries agencies, notably Texas and Alabama, are launching stock enhancement 
programs for southern flounder to support the recreational harvest of this popular fish.  Some biological constraints common 
to both these flatfish pose unique challenges for producers of flounder for either foodfish or stock enhancement.  Chief among 
these challenges is the strong degree of sexual dimorphism that occurs with the southern flounder and to a lesser degree with 
the summer flounder.  Male flounder are much smaller than the females and rarely reach market size, effectively lowering 
the proportion of fish that are sold at the highest price.  Additionally, the tendency toward male-skewed populations further 
contributes to the negative effect of dimorphism on production economics.  The causes of sexual dimorphism are fairly well 
known, but are difficult to control.    Economically viable foodfish production of both southern and summer flounder will be 
greatly improved when methods to control sexual dimorphism are developed.
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DECISION SUPPORT FOR DEVELOPMENT OF OYSTER MARICULTURE WITHIN AN 
ESTUARINE RESERVE

Elizabeth Darrow*, Troy Alphin, Martin Posey, Susanne Brander, Brandon Puckett, Suzanne Bricker, 
João Ferreira, Jessica Kinsella, Madison Lytle, Kelsey Billet, Alhambra Cubillo

Center for Marine Science
University of North Carolina Wilmington
Wilmington, NC 28409
darrowe@uncw.edu 

Approximately one-third of National Estuarine Research Reserves (NERRs) have existing shellfish farms within their 
boundaries. In 2015, two shellfish leases were approved within the Masonboro Island component of the North Carolina National 
Estuarine Research Reserve (NCNERR). Upon realizing that data on potential environmental impacts in southeastern NC were 
limited, NCNERR asked for and were granted a one-year moratorium on further shellfish leases pending further study. This led 
to a collaborative study to collect data on environmental and ecological effects of shellfish mariculture and ecological carrying 
capacity of this environment, with the goal of supporting informed decisions about future shellfish leases within the NCNERR 
boundaries, southeastern North Carolina, and Reserves in general. Since these leases were approved, interpretation of North 
Carolina regulations on leases in this area has changed, and political pressure has increased. 

When determining the net impacts of oyster mariculture, it will be important for managers to evaluate potential tradeoffs (user 
conflicts, economic gain, development of local industry, potential positive and negative effects on water quality and species 
interactions). To this end, our project goal is to produce key scientific data and carrying capacity model predictions to be 
incorporated into a decision-support tool that will guide end users in evaluating appropriate locations and scales of shellfish 
mariculture operations. This decision-support tool, based on similar successful tools used in Spain and Long Island Sound, 
Connecticut is a guide for resource managers and decision-makers. The decision-support tool incorporates three stages for 
evaluation by managers of shellfish mariculture site suitability based on: 1) geographic constraints (i.e., bottom type, water 
depth, locations of existing mariculture or seagrass beds); 2) criteria for environmental/ecological effects and scientific data to 
evaluate these criteria; and 3) farm-based ecological carrying capacity model predictions, to evaluate potential site productivity. 
Decisions on acceptable geographic constraints, environmental and ecological criteria, and production levels will be made 
by resource managers with the support of scientific outputs, and weighed against socioeconomic factors such as potential 
economic impacts and recreational/commercial uses of the NCNERR. 

The two major outcomes of this project will be the support of decision-making processes among end users, and stronger 
relationships among diverse groups interested in shellfish mariculture in NC (growers, regulators, industry groups, and resource 
managers). Preliminary results indicate that environmental impacts of currently existing leases are limited, but that user conflicts 
may be a greater concern to managers.
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PROFITABLE CATFISH FARMING USING AN URBAN MODEL

Siddhartha Dasgupta*, Richard Bryant, and Victoria Odesanmi

Aquaculture Research Center
Kentucky State University
103 Athletic Drive
Frankfort, KY 40601
Siddhartha.dasgupta@kysu.edu 

Despite many attempts at aquaculture success, Kentucky remains a state with very limited production.  The last two decades 
had seen many farmers enter and leave the industry after a few seasons of production.  In most cases, there is evidence 
of misjudgment with respect to the production and marketing realities and mismanagement of agricultural risks.  Surviving 
aquaculture farmers in Kentucky were those who had successfully incorporated aquaculture into the urban agriculture scene 
and those who had been profitable in wholesale markets.  This project investigates profitability of an urban catfish enterprise 
in Kentucky.

A small-scale urban/peri-urban aquaculture farm consists of one or more small ponds (0.04 ha to 0.10 ha) is used in this 
business model in conjunction with local markets for live channel or hybrid catfish.  Live catfish was the preferred product 
because Kentucky has a small and sustained demand for live catfish, that is hypothesized to sustain several urban/peri-urban 
farms.  

An economic analysis was conducted to test the hypothesis that the production and marketing parameters, outlined above, 
will lead to a profitable aquaculture business  Data were collected to reflect the true costs of pond construction, water use, and 
the transportation costs of fingerlings and live fish.  The results show that a small farm operating a single 0.04 ha pond will 
produce 402 kg (884 pounds) of live catfish per year, on average, when stocked at 16,250/ha, at a cost of $11.86/kg ($5.39/lb), 
on average, while the volume of production will increase to 526 kg/year, on average, and the cost of production will decrease 
to $9.64/kg ($4.38/lb), on average, if the stocking density was increased to 21,288 /ha.  Similar results were also obtained for 
farms with multiple small ponds. 

The above results were merged with local marketing data obtained from experimental auctions of whole catfish among Hispanic 
consumers in Kentucky.  The marketing data showed that 78% of participating Hispanic consumers had a strong preference for 
whole and live catfish, with 63% of the respondents willing to pay at least $11/kg for these products.  

The results of this project indicated that while small-scale urban/peri-urban catfish farming is more costly than comparable 
production at a larger scale in predominantly rural areas of the United States, small-scale catfish production is profitable if it is 
complemented by urban markets for live or whole fish.
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POST-SMOLT ATLANTIC SALMON Salmo salar MATURATION AND GROWTH IN 
OZONATED VERSUS NON-OZONATED FRESHWATER RECIRCULATION AQUACULTURE 
SYSTEMS

John Davidson, Steven Summerfelt, and Christopher Good
  
The Conservation Fund Freshwater Institute
1098 Turner Road
Shepherdstown, WV 25443

A significant concern for the commercial production of market-size Atlantic salmon Salmo salar in land-based recirculation 
aquaculture systems (RAS) is precocious male maturation. Early maturation is undesirable due to reduced growth rates, 
diminished product quality (fillet color and composition), and decreased revenue related to market disqualification of price 
premiums. Solutions to early salmon maturation in RAS are being explored. Several studies have shown that sex steroid 
hormones accumulate in RAS, and it has been hypothesized that these accumulating hormones could cue early maturation. 
Recent research indicates that water ozonation in RAS containing sexually mature Atlantic salmon decreases key sex hormones 
(estradiol, 11-ketotestosterone) that may contribute to maturation signalling. The present study was conducted to determine 
whether water ozonation in RAS impacts sexual maturation and growth performance in post-smolt Atlantic salmon through 
reduction of waterborne hormone levels. 

An 8-month study was conducted using six replicated freshwater RAS (9.5 m3); three operated with ozone to achieve oxidative 
reduction potential (ORP) < 320 mV and three operated without ozonation. Each RAS was stocked with 500 Atlantic salmon 
(~200 g), including 250 from each of two pre-smolt photoperiod treatments. A 2-wk acclimation period was provided, and the 
study began when fish were 296 ± 4 g. A 12:12 (light/dark) photoperiod was employed throughout the study, but approximately 
5 lux was maintained at night to facilitate around-the-clock feeding and constant water quality conditions. Length, weights, 
welfare scores, feed conversion ratio, and other performance metrics were collected bimonthly. Water samples for hormone 
analysis were collected monthly, and gonadosomatic index, blood chemistry, head-on-gutted yield, and fillet attributes were 
assessed at the midpoint and end of the study. 

At the time of abstract submission, the trial was halfway complete. To date, ozone created significant differences in water quality 
between treatments, as expected. True color, certain dissolved metals, and heterotrophic bacteria counts were significantly lower 
(P< 0.05) in the water of ozonated RAS. Fish in the non-ozonated RAS began to consume less feed one month into the study. 
After 4 months, salmon in RAS with and without ozone were 1051 ± 36 and 928 ± 4 g, respectively. Early male maturation was 
evident in both treatments after 4 months. There was no significant difference in percent maturation or gonadosomatic index 
between treatments indicating that the potential influence of ozone on waterborne hormones was not enough to inhibit early 
maturation. A full report from the 8-month study will be provided at the meeting. 
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IMPACT AND RESPONSE OF THE MUSSEL INDUSTRY TO AQUATIC INVASIVE TUNICATES

John DP Davidson, Jeff Davidson*

Atlantic Veterinary College, University of Prince Edward Island
550 University Ave
Charlottetown, PE
C1A 4P3, Canada
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The impact of invasive tunicates on the blue mussel, Mytilus edulis (Linnaeus, 1758) aquaculture industry on Prince Edward 
Island (PEI), has proven to be quite detrimental, arguably its greatest challenge since the establishment of the industry in 
the early 1980’s. Four exotic tunicate species have been identified in PEI waters: Ciona intestinalis (Linnaeus, 1767) (Vase 
tunicate), Styela clava (Herdman, 1881) (Clubbed tunicate), Botryllus schlosseri (Pallas, 1766) (Golden Star tunicate) and 
Botrylloides violaceus (Oka, 1927) (Violet tunicate).  

C. intestinalis has become the dominant species causing the most significant economic impact to the mussel aquaculture 
industry. This tunicate fouls mussel socks suspended on long lines in the water, increasing the weight of the lines and reducing 
the weight and number of mussels, resulting in decreased overall productivity and profitability.

The industry has experimented with various mitigation strategies to decrease the impact of these infestations. Presently, high 
pressure water treatment has been adopted as the treatment of choice against C. intestinalis. Ideally, an integrated biofouling 
management approach should be considered. 

This presentation will review the treatment strategies tested, and explore areas of research to mitigate the effects of invasive 
tunicates on mussel aquaculture in the future. 
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COMPARISON OF FISHMEAL-FREE AND FISHMEAL-BASED DIETS FED TO WALLEYE 
Sander vitreus IN REPLICATE RAS 

John Davidson*, Frederic Barrows, Brandon Gottsacker, Robert Summerfelt,  Christopher Good, 
Gregory Fischer, and Steven Summerfelt

The Conservation Fund’s Freshwater Institute
1098 Turner Road
Shepherdstown, WV 25443
jdavidson@conservationfund.org

Walleye is a niche-market species that has potential for profitable production in recirculation aquaculture systems (RAS). 
Walleye are a popular sport fish in states and provinces bordering the Great Lakes, where they are also provided as food-fish by 
a limited capture fishery. Fingerling size walleye are cultured for stock supplementation, but less is known about the feasibility 
of culturing food-size walleye, particularly in RAS. In addition, little information is available regarding feeding alternate 
ingredient, fishmeal-free diets to walleye. Thus, a study was conducted to compare the effects of feeding a fishmeal-free diet 
versus a traditional fish-meal based diet on walleye performance, water quality, and waste production in replicate RAS.

Specially formulated fishmeal-free (FMF) and fishmeal-based (FM) diets were fed to walleye in triplicate RAS (9.5 m3). The 
FMF diet used proteins derived from poultry meal, soy protein concentrate, and corn protein concentrate, and lipids from 
menhaden oil and poultry oil. The FM diet used proteins from fishmeal, poultry meal, soybean meal, and blood meal, and lipids 
from menhaden oil. Each diet was formulated with a protein/ fat ratio of approximately 42/18. The study began when fish were 
85 g and continued for 9 months. Each RAS was operated with a 99.9 % recycle rate and a mean system hydraulic retention 
time of 135 days or 4.5 months.

Walleye performance was similar (P > 0.05) between the FMF and FM diets: mean fish weight at study’s end was 589 ± 15 and 
571 ± 26 g; thermal growth coefficient was 0.83 ± 0.02 and 0.82 ± 0.01; condition factor was 1.03 ± 0.02 and 1.05 ± 0.02; and 
feed conversion ratio was 1.27 ± 0.03 and 1.32 ± 0.02, respectively. Survival was > 98.5 % for both treatments. Phosphorous 
levels were more than two times greater in RAS water where walleye were fed the FM diet (P < 0.05), and total nitrogen was 
also significantly greater in these RAS. True color and UV transmittance measurements indicated slightly clearer water in 
RAS associated with the FMF diet. Waste production (kg waste produced/ kg feed) was similar between treatments except for 
phosphorous, which was greater (P < 0.05) in RAS effluents of the FM diet treatment. Product quality data indicated similar 
whole-body and fillet proximate composition between treatments; however, gonadosomatic index and the ratio of Omega 6:3 
fatty acids were greater (P < 0.05) for walleye fed the FMF diet. 

To the authors’ knowledge this was the first study to report acceptable walleye performance when feeding a diet devoid of 
fishmeal and while culturing this species beyond fingerling size in RAS. Reduced phosphorous discharge related to feeding this 
fishmeal-free diet could increase the feasibility of RAS facilities meeting stringent discharge standards and could reduce the 
capital investment required for waste treatment.
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TRACE ELEMENT PROFILING AND TRACEABILITY – WHERE WE ARE AND WHAT’S 
NEXT

Robert P. Davis*, Claude E. Boyd, and D. Allen Davis
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Auburn Alabama, 36849
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There is a growing desire for traceability and accountability in seafood supply chains among consumers and the private sector. 
Additionally, the lack of traceability in much of the farmed seafood sector has enabled inappropriate environmental practices 
such as habitat conversion, water pollution, and unnecessary antibiotic usage. Transshipping masks the origin of products and 
is thought to be common in the shrimp supply chains (see Figure 1). We need tools that easily identify fraudulent product and 
leverage the industry towards greater accountability. Trace element profiling is a technique that is being developed as a tool 
to investigate fraudulent trade. Trace element profiling involves analyzing tissues for a suite of elements which can then be 
used to determine the origin of the sample based on ratios of elements. Trace element profiling has been commonly used in 
fisheries to determine the origins of migratory fish and has been investigated for a variety of agriculture products such as wine, 
cocoa beans, olive oil, and tea.  To date, trace element profiling has been successfully used to identify the geographic origin, 
culture method, and farmed vs. wild caught origins in a variety of seafood products. It has been applied to shrimp, salmon, and 
a variety of other fish and invertebrates, but is still in investigational stages of research in seafood products. Moving forward, 
applications with samples from importing retailers available to consumers need to be investigated to determine the applicability 
of trace element profiling as a tool in supply chain management.  The challenges and next steps of this application will be 
discussed here.                                         
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ENVIRONMENTAL AND GENETIC DETERMINANTS OF Vibrio parahaemolyticus 
ABUNDANCE AND VIBRIOSIS IN WASHINGTON STATE

Benjamin Davis*, Jason Sun, Aspen Flynn, Erika Atherly, Frank Curriero

Johns Hopkins Bloomberg School of Public Health | 615 N Wolfe St, Baltimore, MD 21205
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Vibrio parahaemolyticus naturally occurs in brackish waters and is one of the leading causes of seafood-borne illness in the 
United States. Given the natural presence of the bacterium, an improved understanding of its environmental determinants 
is necessary for future preventative measures in shellfish harvesting. Reported associations between environmental factors 
and V. parahaemolyticus abundance have been limited in Washington, despite the region being a major source of reported 
vibriosis illnesses in the United States. In addition, less attention has been given to characterizing associations between shellfish 
harvesting conditions and the epidemiological traceback of vibriosis cases to the original harvest locations and time. Recent 
work addresses both research gaps by using V. parahaemolyticus monitoring and vibriosis traceback data collected by the 
Washington State Department of Health (WDOH).

WDOH has been collecting weekly shellfish samples during 
summer months at approximately 25 locations since 2006; 
single-source vibriosis traceback efforts began in 2008. For 
analysis, a subset of data from 2013 to 2016 was used, resulting 
in a sample size of N=945 for V. parahaemolyticus monitoring 
and N=113 for successful tracebacks. A suite of spatiotemporal 
statistical analyses was considered to determine how harvest 
temperature and salinity were associated with abundance of 
total V. parahaemolyticus and pathogenic markers: TLH, TDH, 
TRH, and a ratio TDH:TLH. For traceback data, monitoring sites 
were treated as “controls” (i.e. harvesting sites that did not result 
in a reportable single-source vibriosis illness) to compare how 
differences in environmental factors and bacterium abundance 
impacted the odds of an illness being reported.

Results identified an expected positive association between 
temperature and V. parahaemolyticus, except for TDH:TLH 
which surprisingly displayed a negative association. No 
significant association was identified between salinity and any 
genetic marker.  

In contrast for vibriosis traceback data, high salinity was 
associated with higher odds of reported vibriosis. Furthermore, 
a statistical interaction was identified between TDH and TLH, 
showing that the highest odds of vibriosis occurred when the 
ratio of TDH:TLH was large. While previous work has not 
identified a clear connection between environmental pathogenic 
markers and clinical isolates of V. parahaemolyticus, the current 
findings suggest that the proportion of these markers may indicate 
conditions in which contaminated oysters are more likely to 
result in gastrointestinal illness, and that such proportions may occur in relatively cooler waters. Future work will continue to 
explore these findings by using the full set of data collected by WDOH and considering additional spatiotemporal analyses to 
better characterize changes in these associations across harvesting location and time of year.
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DETERMINING THE NUTRITIONAL VALUE FOR SEA VEGETABLES GROWN IN AN IMTA 
AQUACULTURE SYSTEM

Megan Davis*, Jennifer Conway, M. Dennis Hanisak, and Paul S. Wills
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34946
Mdavi105@fau.edu

For the past 6 years, the FAU Harbor Branch Oceanographic Institute’s Integrated Multi-Trophic Aquaculture (IMTA) system 
has cultured vast amounts of sea vegetables. Two of these are seaweeds: Sea Lettuce (Ulva lactuca) and Gracilaria (Gracilaria 
tikvahiae); and two are halophyte plants: Sea Asparagus (Salicornia bigelovii), and Sea Purslane (Sesuvium portulacastrum). 
The sea vegetables effectively remove the nutrients that are produced from the marine fish, shrimp and other species grown in the 
IMTA system. As the sea vegetables are removing nutrients from the water they in turn yield highly productive and desirable 
crops.

The goal of this study was to determine the nutritional value, potential contaminates, and an example of what would be needed 
for certification for marketing the sea vegetables. Each sea vegetable was removed from the culture tanks with no processing 
(e.g., rinsing) and analyzed both as a fresh product and a dried product (dried at 60oC). Serving sizes were determined for 
each species and product form. The FDA nutrition facts label including iodine was developed for each species and product 
type (see example for Sea Lettuce in Figure 1). The class 1 metals analyzed for each species and product form included total 
arsenic, cadmium, lead and mercury. There was no lead and mercury detected, however, there were very low amounts of total 
arsenic and total cadmium detected in the seaweeds. The microbiological assays tested included coliform, E. coli, yeast and 
mold, aerobic plate count, Listeria, and Salmonella. The E. coli was <3 MPN/g for all species and Listeria and Salmonella were 
negative. For the two seaweeds and fresh sea asparagus the coliform counts were in acceptable ranges <3 MPN/g, however, it 
was high for the fresh sea purslane. Although there was yeast and mold detected in dried Gracilaria and fresh sea asparagus, it 
was extremely high in the fresh and dried sea purslane likely due to lack of rinsing this product.

This information is valuable to assist potential producers with product development and marketing of these IMTA aquaculture 
sea vegetables, which will help to grow new aquaculture sea vegetable industries in Florida.
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TOOLS FOR OFFSHORE AQUACULTURE: THE MACROALGAE CULTIVATION MODELING 
SYSTEM (MACMODS)

Kristen Davis*, Marcelo Chamecki, Jim McWilliams, Martha Sutula, Raphael Kudela, Javier Infante, 
Christina Frieder, Yan Chao, and Daniel Duahajre

Henry Samueli School of Engineering
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Irvine, CA 92697
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The offshore macroalgal industry will require tools to site farms, evaluate designs, assess cultivation techniques, and evaluate 
farm impact on coastal ecosystems. Yet such tools need to capture the complex interplay of the farm with currents, waves, 
turbulence, ever-changing nutrient and light fields, and biological processes. We are developing a flexible MacroAlgae 
Cultivation MODeling System (MACMODS) that integrates a regional ocean model, a fine-scale hydrodynamic model, and 
a macroalgal growth model. The power of MACMODS is enhanced resolution of complex hydrodynamical and biological 
processes that could allow for more robust assessments of offshore macroalgal farms. Here we will present the computational 
framework of MACMODS and provide an assessment of offshore macroalgal farming potential for southern California.
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HOW TO FAIL IN RESEARCH: PET PEEVES AND PROBLEMS - THE BEST TALK YOU 
SHOULD MISS

D. Allen Davis 

School of Fisheries, Aquaculture and Aquatic Sciences 
Auburn University, AL, USA 36849-5419 
hsg0009@auburn.edu  

After 30 years of research, I am still waiting for my brilliant discovery, a Nobel prize (in Aquaculture) or even better the 
winning power ball lottery ticket. As we wait for our moment of glory, maybe we should take a moment to review the pillars 
of science. In this short presentation, I plan to boor you with irrelevant facts, inappropriate analogies, arbitrary interpretation 
of data and completed disregard for scientific methods. Clearly this is the working of a great review paper. Well maybe not. 
My only goal will be to make you think, question your methods and ask why am I doing this? Clearly standard operating 
procedures are critical to research, ensure the proper care of animals and facilitate research. However, we need to challenge 
current concepts, methods and thinking about all the possible outcomes. If we strive to continually improve methods, question 
the current systems and be creative in our techniques we are more likely to provide new and improved insight into our fields. 

DOMESTICATION OF MICROALGAE FOR AQUACULTURE FEED APPLICATIONS

Aubrey Davis   
 
MicroBio Engineering Inc. 
P.O. Box 15821 
San Luis Obispo, CA 93406
AubreyDavis@MicroBioEngineering.com

Filter feeders (such as bivalves, rotifers,  shrimp larvae, etc.) require live, or suitably preserved whole cell feeds, with 
microalgae being the preferred food in such applications. Suitable microalgal strains for cultivation are those that exhibit fast 
growth rates and high productivities, while suitability as feeds requires a high content of long-chain omega-3 fatty acids and 
ease in digestibility. Diatoms meet these requirements and are cultivated for feed applications in hatcheries. They also have 
potential for the large-scale production of bulk aquafeeds, to replace fish-oils in aquaculture production. Major limitations in 
current technologies for microalgae feed production, both at small- and large-scale, include the need to increase production 
rates in terms of both total biomass and content of protein and omega-3 fatty acids, as well as stable cultivation. Techniques 
for diatom domestication, molecular, including non-GMO, and classical breeding technologies will need to be developed. 
Diatom breeding would allow development of high yielding strains with tailored nutritional profiles for specific aquaculture 
applications, increasing feed values and reducing production costs. The current state-of-the-art in this field will be presented 
and future research directions outlined.
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BUILDING A DIGITAL COPEPOD: AN INDIVIDUAL-BASED MODEL (IBM) TO OPTIMIZE 
THE CULTURE AND USE OF THE COPEPODS Parvocalanus crassirostris AND Acartia tonsa

Adam Daw*, Reginald Blaylock, and Eric Saillant
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Copepods have proved critical to the successful initial feeding of fish species with small larvae such as grouper, snapper, 
and many marine ornamentals. However, large-scale production of copepods for use as live feeds is inefficient due in part to 
low tolerance to high density culture and high variability in production performance. The observed variability in production 
results in part from the complex developmental cycle of copepods that involves 12 stages, their plastic response to differing 
environmental conditions among culture batches and protocols, and variation among individuals within a population. Thus, a 
holistic approach that allows for the integration of these many parameters is required to optimize production.

The objective of this work is to develop an individual-based model (IBM) for two commonly used copepod species, Acartia 
tonsa and Parvocalanus crassirostris. An IBM allows each individual in the modeled population to behave differently for 
a better account of variability within a population in the prediction of culture responses and production traits. The model 
employed in this work is derived from a stage-based plankton population model that explicitly considers individual copepods 
as they develop through a series of life stages. Development rate, sex ratio, egg production, hatch rate, adult life span, and sex-
specific mortality rates are modeled as functions of temperature. Functions and associated probability distributions for each trait 
are parameterized based on the results of replicated(n=3) experiments conducted at five temperatures (20, 22.5, 25, 27.5, 29.5 
°C) in which traits were monitored.  During simulations, model trait values for an individual copepod are picked from these 
distributions accounting for a fitness value assigned to each individual at hatching.

Work in progress focuses on determining probability distributions for traits as a function of temperature and implementing the 
model for test-culture scenarios for which empirical data are available to validate model predictions. To further evaluate the 
model, a sensitivity analysis will be conducted to identify how variation in each parameter influences the amount of variation 
in the overall model.

This model will allow testing the effects of complex temperature scenarios that could occur in practical production situations 
on copepod growth and reproduction. Other environmental parameters currently being tested in empirical studies, including 
salinity, diet and density, will be added to the model, which will ultimately allow users to anticipate the effects of changes in 
environmental conditions on production traits and adjust culture management in real time.
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EFFICACY OF DIETARY NUCLEOTIDE SUPPLEMENTS AS GROWTH PROMOTER AND 
IMMUNE-MODULATING NUTRIENT FOR HYBRID STRIPED BASS Morone chrysops X 
Morone saxatilis

Clement R. de Cruz*, Fernando Y. Yamamoto, Sergio Castillo, and Delbert M. Gatlin III

Department of Wildlife and Fisheries Sciences
Texas A&M University
College Station, TX 77843
decruz87@tamu.edu

Nucleotides are not considered dietary essential nutrients given that de novo synthesis and salvage pathways exist in fish. 
However, during stressful events, sufficient amounts of nucleotides may not be synthesized which makes them conditionally 
essential. A 9-week feeding trial was conducted to investigate the effects of supplementing various nucleotides at 5 mg 
kg-1 on growth performance and immunity of the hybrid striped bass (HSB). The study consisted of seven treatments with 
three replicates groups of 14 juvenile HSB (5.6 ± 0.1 g/fish) fed each diet. Five diets were formulated to contain adenosine 
monophosphate (AMP), inosine monophosphate (IMP), guanosine monophosphate (GMP), cytidine monophosphate (CMP) 
and uridine monophosphate (UMP), all provided by Chem Impex. Two additional diets were formulated containing AMP 
from Sigma (AMP SIG.), and a diet without supplementation served as the basal diet. Results showed that fish fed the diet 
supplemented with AMP SIG. had the highest weight gain that was different (P<0.05) from the other diets except from the 
other AMP treatment. In term of immunity, differences were detected in extracellular oxidative radical production, total plasma 
protein, total immunoglobulin (Total Ig), and proliferation of B lymphocytes. Overall, AMP and IMP supplementation showed 
significant (P<0.05) improvements in immune responses.

An acute stress challenge experiment was conducted to investigate the potential synergistic effects of AMP and IMP from 
two suppliers (Chem Impex and Sigma) each supplied singularly or in combination at 5 mg kg-1 on immunosuppression after 
handling. Triplicate groups of fish were fed the diets for 9 weeks after which they were subjected to acute stress (n=6/treatment) 
by exposing them to air for 1 minute. Blood samples were collected at 0 h (pre-stress), 0.5 h (after stress) and 12 h (post stress) 
to assess indicators of stress and innate immune system activity. Hematocrit values of fish fed all the nucleotide-supplemented 
diets were statistically higher than that of fish fed the basal diet during pre-stress and post-stress (Figure 1). Total Ig values 
showed all the treatments were not statistically different at pre-stress; however, the treatment of AMP from Chem Impex was 
statistically higher than the basal diet during post-stress, suggesting that the fish were able to recover from immunosuppression 
faster (Figure 2). These studies provide evidence that supplementing AMP has the ability to improve weight gain as well as 
modulate immune response and immunosuppression of hybrid striped bass.
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IMPORTANCE OF DIETARY TAURINE AND SELENIUM ON GROWTH AND SURVIVAL OF 
ATLANTIC BLUEFIN TUNA Thunnus thynnus LARVAE

Fernando de la Gándara*, Aurelio Ortega, Fernando Méndez, Douglas R. Tocher, Mónica Betancor, 
Silvia Martínez-Llorens and Gabriel Mourente

Planta Experimental de Cultivos Marinos, Instituto Español de Oceanografía (IEO), 30860, Puerto de 
Mazarrón (Murcia), Spain
fernando.delagandara@ieo.es

One of the most important bottleneck in the farming of Atlantic bluefin tuna (ABT) is the growth and survival during the 
larval rearing phase, mainly related with the diet quality. For the last ten years the Spanish Institute of Oceanography (IEO) in 
Mazarrón (Murcia, SE Spain) has developed a technique for ABT larval rearing and juvenile production. Taurine and selenium 
are essential water soluble compounds in live preys and inert diets for ABT larvae and juveniles. To know the importance of 
dietary taurine and selenium on growth and survival of ABT larvae, two experiments have been carried out with different 
taurine (Exp1) and selenium (Selplex®) (Exp2) doses added to rotifers enriched with ALGAMAC 3050®. Both experiments 
were finished at 14 days post hatching. ABT fertilized eggs were collected from captive breeders spawning spontaneously 
in floating cages in the area. The eggs, transported to the IEO facilities, were quantified, cleaned, selected by buoyancy and 
distributed randomly in 1400 L fiber cylindrical glass tanks at a density of 10 ABT eggs per liter, whereas prey density was 
maintained at 5 rotifers per mL. Temperature ranges were: 24.0±0.5ºC and 26.0±0.5ºC for Exp1 and Exp2, respectively. Fig 1 
shows the growth results in size for both experiments at 14 dph. Survival in both cases was close to 10% with no significant 
differences due to the different treatments. The lowest growth in size was observed in larvae fed dose 0 in both experiments

Standard length average (mm ± confidence intervals) in Exp1 and Exp2 at 14 dph. Letters indicate statistically significant 
differences (95%)
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REVEALED COMPARATIVE ADVANTAGE IN ORNAMENTAL FISH EXPORT BY THE 
UNITED STATES

Uttam Deb* and Kamal Gosh

Aquaculture/Fisheries Center
University of Arkansas at Pine Bluff
Pine Bluff, AR 71601
debu@uapb.edu
 

Live ornamental fish are an important export item for the United States of America. In 2017, USA exported ornamental fish 
worth 10.3 million dollars to 48 countries and territories of the world (Fig. 1). This study has analyzed trends in ornamental fish 
exports and identified countries where USA had revealed comparative advantage (RCA) in export of ornamental fish. Value of 
ornamental fish exported by USA has increased from $6.93 million in 2001 to $10.31 million in 2017. Major export destinations 
are:  Canada (39% of total export) followed by Hong Kong (9%), China (8%), UK (8%), Brazil (6%), Germany (4%), Japan 
(4%), Netherlands (4%) South Korea (3%) and Taiwan (2%). Results showed that the USA had RCA in export of ornamental 
fish to Canada, Hong Kong, United Kingdom and Japan in all the study years (2001-2017). The USA has gained RCA in export 
of ornamental fish to Netherlands and Taiwan since 2003 and to Germany since 2004. In case of China, RCA fluctuated across 
years but prevailed in the recent three years. According to the Aquaculture Census 2013, top three ornamental fish producing 
states of the USA are: Florida ($27.128 million), Missouri ($1.690 million) and Arkansas ($1.598 million). 

Major ornamental fish produced in the USA are: Freshwater egg layers, Freshwater live bearers, Goldfish and Koi. A major 
challenge in ornamental fish export is stringent regulation related to export of live fish. Arkansas Baitfish and Ornamental Fish 
Certification Program contributes to ease this challenge. 

The UAPB Fish Health Certification laboratory located in Lonoke, approved by USDA Animal Plant Health Inspection Service 
(APHIS), has been conducting diagnostic testing in support of export health certification of aquaculture species. 
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REWILDING OYSTERS – THE RESTORATION AND SUSTAINABLE MANAGEMENT OF 
THE EUROPEAN FLAT OYSTER Ostrea edulis IN ESSEX, UK

Alison Debney*, Graham Baker, William Baker, Dominic Bailey, Allan Bird, Thomas Cameron, 
Rob Dyer, Philine zu Ermgassen, Tim Glover, Richard Haward, Lisa Jenner, Rebecca Korda, 
Rachel Langtree, Graham Larkin and Mike Neale

Zoological Society of London 
Regents Park
NW1 4RY, UK
Alison.debney@zsl.org

Natural reefs of oysters are globally imperilled, with an estimated 85% loss of habitat worldwide. Furthermore, those populations 
remaining are generally considered in poor condition. The European native oyster species Ostrea edulis, once the basis of a 
thriving fishery, is characterised by low growth rate and poor recruitment success making it a particularly vulnerable species. 
O. edulis oyster populations in the UK have declined by more than 95% since the mid-1800s due to historic over-harvesting, 
disease, competition from invasive species and predators. Oyster beds, despite being an important habitat for both biodiversity 
and the ecosystem services they provide, are now one of the most threatened marine habitats in Europe. 

Essex Native Oyster Restoration Initiative (ENORI) is collaboration between oystermen, scientists, conservationists and the 
UK government to restore native oysters in Essex, UK.  Our shared vision is for the Essex estuaries to have self-sustaining 
populations of native oysters that provide ecosystem services, sustainable fisheries and increased biodiversity whilst recognising 
their cultural importance.  

Championed by ENORI, in 2013, the Blackwater, Crouch, Roach and Colne Estuaries Marine Conservation Zone, Essex, 
was designated by the UK Government, with the conservation objectives of recovering both native oyster beds (the habitat) 
and native oysters (the population) - this is the only protected area in the UK designated for native oyster beds and at 284km2 
is thought to be the largest protected area for native oysters in Europe.  Now enshrined in law, two approaches have been 
developed to deliver the conservation objectives: i) a voluntary no-take zone (200ha) to restore native oyster beds through the 
creation of a ‘Mother Oyster’ sanctuary by relaying mature oysters and improvements to the substrate by the addition of cultch; 
ii) in the remaining 282km2, adaptive management measures to drive the recovery of a sustainable wild oyster fishery which can 
demonstrate  sufficient resilience to allow a temporary depletion in condition by oyster offtake.  
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HSP70 AND OXIDATIVE STRESS IN THE GREENSHELLTM MUSSEL Perna canaliculus 

Natalí J. Delorme*, Zoë Hilton, David J. Burritt, Samantha Gale, Tom Wheeler, Norman Ragg 

Cawthron Institute 
Private Bag 2,
Nelson 7042, New Zealand
Natali.Delorme@cawthron.org.nz

GreenshellTM mussels (Perna canaliculus) are one of New Zealand’s most important aquaculture species, with a value over 
US$250 million a year. It is of particular interest that this industry relies mostly on wild caught spat (Fig. 1), which supplies 
around 80% of the total seed used by the industry, with the remaining seed being produced in the hatchery. Regardless of the 
spat source, retention of mussel spat is currently a bottleneck for the industry since great losses of spat are observed after 
they are deployed into the farms. It is unknown whether these losses are related to the natural behaviour of the mussel spat, 
which can easily detach from the ropes and drift, or related to spat mortality. A certain issue is that mussel spat are transported 
without water, sometimes for extended periods (i.e., 20-48 hrs), until they reach their destination on the grow-out farms. This 
emersion stress may have negative implications for the performance of mussel spat, causing them to drift or die after they are 
re-immersed in water when they are deployed onto the farms. 

Transport of live shellfish has always implicated stress for the animals, with scientists and industry trying to mitigate and 
reduce the stress and mortalities associated with it. Research on stress in Greenshell mussels has mainly focused on the post-
harvest of adult mussels in order to keep the animals alive and in good condition until they reach their final market. However, 
a critical first step is to characterise the stress and the effect that transport can have on performance and retention of mussel 
spat. Therefore, our focus is to understand the dynamics of production of heat shock proteins (HSP70) and examine a suite of 
oxidative stress markers including protein carbonyls, lipid hydroperoxides and enzymatic antioxidants in hatchery produced 
GreenshellTM mussel spat during simulated transport and subsequent re-immersion in water.
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LEGACY HABITAT SUITABILITY OF EASTERN OYSTERS Crassostrea virginica IN 
LOUISIANA: A PRELUDE TO MISSISSIPPI RIVER DELTA FRESHWATER DIVERSIONS

Tasia V. Denapolis* and Thomas M. Soniat

Department of Biological Sciences
University of New Orleans
2000 Lakeshore Drive
New Orleans, LA 70148
tviosca@my.uno.edu

The coastal zone of Louisiana is threatened by habitat loss, storm surges and saltwater intrusion. To build marshland, dampen 
storm surges and control saltwater intrusion, massive diversions of water and sediment from the Mississippi River into the 
Barataria and Breton estuaries are proposed. An increased flux of sediment and fresh water will shift the suitable zone for oyster 
cultivation down-estuary.  Suitable zones for oyster cultivation from 1967 to 2016 were delineated using an oyster Habitat 
Suitability Index (HSI). The HSI, calculated as an annual value, is based on three variables crucial to oyster sustainability: 
average annual salinity, minimum monthly salinity, and average salinity during the spawning season. Legacy HSI visualizations 
(see also www.oystersentinel.org) show annual fluctuations in the distribution of zones suitable for oyster cultivation prior to 
the proposed diversions. Hydrographic models of the effects of future diversions on the distribution of salinity, coupled with 
the HSI, enable predictions of suitable locations for oyster cultivation post-diversion. 
 

FOUNDATION OF FEED FORMULATION

Dong-Fang Deng*, Ian Forster

University of Wisconsin-Milwaukee, 600 East Greenfield Avenue, Milwaukee, WI 53204, USA
dengd@uwm.edu

Proper feed formulation is critical for the success of aquatic feed nutrition research. Conducting nutrition research in aquatic 
conditions presents special challenges for diet formulations related to ensuring that the research animal is ingesting what the 
researcher thinks it is. Important aspects for discussion include palatability, diet stability and nutrient leaching, ingredient 
digestibility and nutrient bioavailability, adequacy of nutrient composition characterization (e.g., proximate vs true values of 
protein), and importance of nutrient balance among experimental diets. 

In this presentation, we will open discussions on considerations toward a rationale a feed formulation to address a specific 
question in aquaculture nutrition research. Using studies on carbohydrate nutrition and feed additive research as examples, 
we will discuss basic criteria important for appropriate feed formulation based on 1) ingredient selection; 2) feed processing 
method; and 3) physical quality control of feed pellets. 
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EFFECTS OF DIFFERENT DIETARY CARBOHYDRATES ON GROWTH PERFORMANCE, 
HEALTH AND METABOLISM OF YELLOW PERCH (Perca flavescens)

Dong-Fang Deng*, Ming Jiang, Huihong Zhao, Annamarie Lofald, Ryan Newton, Swee Teh, 
Brian Shepherd, Silas Hung, Fred P. Binkowski

University of Wisconsin-Milwaukee, 600 East Greenfield Avenue, Milwaukee, WI 53204, USA
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Yellow perch (Perca flavescens) are an important food fish and ecological species in the Midwestern United States. Fatty 
liver and over accumulation of visceral lipid, often exceeding 10% body weight, are routinely observed in yellow perch fed 
commercial feeds. The objective of this study was to investigate effects of different carbohydrates on yellow perch growth 
performance, health and metabolomic responses. 

Yellow perch (initial body weight, 13.1±1.6 g) were fed a control diet containing no carbohydrate (protein, 54%; lipid, 12.5%) 
and three diets (protein, 41%; lipid, 12.4%) containing 20% starch from either corn, potato or wheat to replace fishmeal in 
the control diet. The feeding trial was conducted in an indoor system with flow-through water at 22 °C and lasted for eight 
weeks.  The results showed that fish fed different test diets had similar growth and feed conversion ratio (FCR)(P>0.05). 
Protein efficiency ratio and protein retention were significantly higher in fish fed the test diet containing carbohydrates than 
those fed the control diet. Fish fed wheat starch had the highest hepatosomatic index (HSI), and significantly higher level of 
visceral lipid (VSI) and whole body lipid than those fed other test diets (P<0.05). The liver lipid content was the highest, but 
protein content was the lowest, in fish fed the wheat starch diet among all fish. Feeding 20% wheat starch diet to yellow perch 
resulted in significantly higher lesion score in the liver, increased hepatocyte diameter and decreased number of Kupffer cells 
in liver tissue histology sections. Score of principle component analysis (PCA) for liver metabolites was significantly separated 
between the fish fed the control diet and wheat starch diet. Fish fed potato starch or corn starch diet were shown to have an 
overlap score of PCA with fish fed the control diet. Results of this study demonstrate that dietary starch from corn or potato has 
no adverse effects on yellow perch, but dietary supplementation with wheat starch at 20% impairs yellow perch physiology.  
The mechanism related to these findings will be discussed in the presentation. 
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I’LL TAKE A SLICE AND PLEASE PASS THE SALT: CHEMICAL CONTROL OF BURROWING 
SHRIMP ON SHELLFISH BEDS IN WASHINGTON STATE
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For several years, we have studied the toxicity of imidacloprid (IMI) on juvenile and adult burrowing shrimp (ghost shrimp, 
Neotropea californiensis) in the laboratory in an effort to improve operational efficacy in Willapa Bay and Grays Harbor, 
Washington. The shrimp destabilize sediments resulting in poor survival and low yields of the commercially harvested Pacific 
oyster (Crassostrea gigas). In addition, we have investigated alternatives to IMI in response to concerns over its use to 
control the shrimp. Our tests with IMI indicate adult ghost shrimp are overtly affected (immobilized) when exposed to IMI at 
concentrations up to 1 million ppb active ingredient (a.i.) in artificial seawater (SW), but not killed and subsequently recover 
– likely because their primary neurophysiology does not match the mode of action of IMI.  Subsequently, we have studied 
emamectin benzoate (EB) and non-iodized table salt (TS) as alternatives to IMI.  We targeted juvenile shrimp because they 
are likely more sensitive than adults and reside within the upper 10-15 cm of the sediment facilitating control. EB, the active 
ingredient in Slice®, is currently registered for use in marine waters for the control of sea lice on farmed salmon. In a 96-h test 
(static 48-h renewal), we exposed juveniles (mean carapace length = 2.1 mm) to concentrations of EB ranging from 10 to 100 
ppb a.i. to determine the median lethal concentration (LC50).  All shrimp exposed to 100 ppb died within 24 h. The 96-h LC50 
was 18.8 ppb compared to >12,000 ppb for IMI.  EB may provide more effective control than IMI because it targets the primary 
neurophysiology of the shrimp. For TS, we exposed juveniles (mean carapace length = 2.5 mm) to 19 ppt (ambient salinity, 
control) or 25, 30, 36, 43, 52, and 62 ppt in natural SW for 6 h (duration of a low tide) and then transferred survivors to 19 ppt 
for 42 h.   All shrimp at <30 ppt survived, whereas 75% exposed to 36 ppt and 100% at >43 ppt died within 6 h.  In a subsequent 
test (ambient salinity = 25 ppt, mean carapace length = 2.8 mm, shown on right), all shrimp exposed to 52 ppt died within 2 h.  
Although promising, further tests are planned with EB and TS to determine effective concentrations within sediment, assess 
potential non-target effects, and evaluate environmental fate. 
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SPOTTED SEATROUT STOCK ENHANCEMENT IN SOUTH CAROLINA
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The South Carolina Department of Natural Resources Marine Resources Research Institute has conducted stock enhancement 
research since 1989 with four species of fish including red drum (Sciaenops ocellatus), striped bass (Morone saxatilis), cobia 
(Rachycentron canadum), and most recently spotted seatrout (Cynoscion nebulosus). Stock enhancement has been used as a 
fisheries management tool to augment wild populations in the wake of abrupt population declines following natural disruptions, 
such as winter kill events. However, because there is a little available information on the feasibility of stocking spotted seatrout, 
a thorough, methodical, and responsible approach was applied to pilot-scale stock enhancement releases of spotted seatrout, 
which began in 2012. The objectives of the study were to: produce small juvenile spotted seatrout (~30-35 mm TL) from 
unique and identifiable genetic families; release small juveniles during both early (May-June) and late (October) portions of the 
natural spawning period to evaluate the effects of season-of-release on hatchery contribution; growout early-spawned juvenile 
spotted seatrout to produce large juveniles (~120 mm TL); and release large juveniles in early fall to evaluate the effectiveness 
of stocking smaller numbers of fish at an advanced size.

To evaluate the best practices for stocking juvenile spotted seatrout, ~2.2 million juveniles were released between 2012 and 
2017. All fish were genetically identifiable by family group using microsatellite-based parentage analysis. Spotted seatrout 
were collected from a trammel net and electrofishing surveys that utilizes a stratified random sampling design throughout 
the Charleston Harbor estuary each year during the study. A total of 5,012 fin clip samples were genotyped from spotted 
seatrout collected in the Charleston Harbor system during monthly independent random sampling. As a result of their protracted 
spawning season from May-September, and sexually dimorphic growth rates, size overlaps between spotted seatrout yearclasses 
occur and ordinal regression modeling was used to assign unknown age fish to a yearclass. Contribution of stocked fish to wild 
yearclasses within the system ranged from 1.2-50.4%. Contribution in the first 12 months was often overestimated until the wild 
yearclass was fully recruited to the sampling gear. Once the entire yearclass had recruited to the gear contribution appeared to 
stabilize and be more representative of overall contribution to the yearclass. Seatrout released early in the season appeared to 
make the highest contribution with most collections occurring within 5 km of the release sites.
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PERFECT VIBRIO STORM

Angelo DePaola
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Natural and human forces have converged on the US oyster industry to spawn a perfect vibrio storm increasing illness rates 
beyond those for any other major pathogen in the food supply. Vibrio parahaemolyticus (Vp) and V. vulnificus (Vv) cause the 
majority of seafood-associated morbidity and mortality, respectively, and most illnesses are linked to raw oyster consumption. 
Factors at the intersection of ever increasing foodborne vibriosis rates are presented below.  Vibrios readily acquire genes and 
gene clusters such as pathogenicity islands from other bacteria and phages leading to the emergence of Vp outbreak strains 
with attack rates orders of magnitude greater than risk assessment estimates. Warming climate has expanded the seasonal 
and geographical range of Vp and Vv. The greatest threat arises when an outbreak strain emerges or is introduced to high 
latitude shellfish growing areas during warm climate anomalies such as in the 2004 Alaska Vp outbreak or the Vp epidemic 
in southern Chile. Globalization has greatly increased international trade and cargo ship traffic, which can spread pathogenic 
vibrios across oceans via ballast water discharge. Cargo ship ballast water was first recognized as a source for introducing the 
Latin American epidemic strain of V. cholerae to Mobile Bay in 1991. Ballast discharge is also suspected to be a vehicle for 
O3:K6 pandemic Vp strain as many of the outbreaks occurred near international ports. Even though vibrios are known to be 
among the fastest growing organisms, oysters were typically held at warm ambient temperatures for hours after harvest before 
refrigeration. Market surveys of live US oysters in 1998-99 and 2007 frequently observed Vp and Vv levels in Gulf and Mid-
Atlantic samples greater than 100,000 per gram, which are the maximum levels obtained with extended temperature abuse 
of oysters intended without killing the oysters. Shifting patterns to raw consumption during summer months have increased 
exposure corresponding to peak tourism in coastal areas. An aging US population may be more susceptible due to underlying 
chronic conditions. FDA’s attempt in 2009 to unilaterally mandate post-harvest processing of Gulf oysters during warm months 
fractured their relationship with state control authorities and industry. This resulted in diminished regulatory oversight for a 
number of years and there were frequent reports of non-compliance, especially with the switching unrestricted “white tags” for 
restricted use “green tags” with Gulf oysters. 

Estimated under-reporting rates for foodborne vibriosis gastroenteritis (i.e. Vp) are >150:1 and among the highest for any 
pathogen in the food supply. Reporting is likely improving due to outbreaks have increased recognition of foodborne vibriosis 
especially in coastal areas where most cases are reported. Diagnostics advancements such as real-time PCR culture independent 
assays are being more widely applied for vibrio detection among clinical laboratories. Illness rates are based on the US 
population estimates. Estimates based on population may not be an accurate reflection of risk per serving if meals of raw 
oysters during the vibrio risk season are increasing at a greater rate than the population. Vp and Vv control plans in 2008 and 
2010 have mandated more stringent refrigeration controls nationally and regions like the Pacific NW and NE Atlantic have 
adopted immediate cooling (10C within one hour).  In CT Vp illnesses have declined 95% from peak illnesses reports in 2013 
when immediate cooling was implemented in 2014. It is important to determine illness attribution causes and trends to more 
accurately assess effectiveness of new or proposed controls and to inform appropriate allocation of limited risk management 
controls resources.  
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Two large Vibrio parahaemolyticus illness outbreaks occurred in Washington State in years when environmental conditions 
favored growth of Vibrio (1997 and 2006). Annual case counts are variable, ranging from 9 to 80 cases reported, with a mixture 
of locally acquired and travel associated exposures.  These outbreaks and continued sporadic illnesses in Washington and 
other states have focused considerable attention by the Interstate Shellfish Sanitation Conference, shellfish growers and health 
officials on harvesting and handling controls to reduce illnesses. 

Following the 2006 outbreak, in 2007 Washington State adopted its first Vibrio Control Plan in regulation.  It established 
harvest and transport requirements for oysters intended for raw consumption during the months of May through September 
and required training for dealers. In 2015 the regulations were revised to address changes in the Interstate Shellfish Sanitation 
(ISSC) Model Ordinance (MO).  The new rules transitioned from the 2007 requirements that were largely triggered reactively 
in response to illness occurrences to proactively placing time to temperature controls based on risk levels assigned to growing 
areas that are determined by illness history and ambient vibrio monitoring data.  The higher the risk category, the stricter the 
time to temperature controls are with controls ratcheting up as water and air temperatures climb during the vibrio season. Also, 
in an effort to better determine efficacy of the controls and evaluate the risk per serving growers are now required to report their 
production of oysters destined for raw consumption. After yet another season of unacceptably high sporadic illnesses in 2018 
Washington State is embarking on yet another rule revision.

Frustrated by ongoing sporadic illnesses despite adherence to strict temperature controls growers are collaborating with 
researchers and public health officials to continue to seek methods to reduce the vibrio risk during summer months.  The 
Holy Grail is a post-harvest process that reduces or eliminates Vibrio parahaemolyticus while leaving the oyster alive and 
organoleptically unaltered.  One of the more promising methods to date appears to be chilled live holding either in situ below 
the thermocline or in land based refrigerated live holding systems.
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DYNAMIC FINITE ELEMENT MODELING OF A MACROALGAE LONGLINE SEGMENT
 

Tobias Dewhurst*, David W. Fredriksson, Andrew Drach, Adam T. St. Gelais, Barry Costa-Pierce, 
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tjdewhurst@mainemarinecomposites.com

Successful design and operation of a macroalgae farm depends on an accurate understanding of system behavior in waves and 
currents. Dynamic finite element modeling techniques can be used to quantify the response of aquaculture gear components 
to operational and extreme environmental conditions. In this study, tank tests of a physical model of a 1-m section of a kelp 
longline with 3-m long kelp fronds (Figure 1.A) were replicated using a Finite Element Analysis (FEA) approach (Figure 1.B). 
Normal and tangential drag coefficients, as well as added mass coefficients, were derived from tow tank and forced oscillation 
testing of the physical model. These coefficients were implemented in the dynamic FEA model using a modified Morison 
formulation. Structural properties of the physical kelp model were also incorporated. Results from the numerical model showed 
good agreement with the experimental results. A multi-variate sensitivity study was applied to understand the effects of the 
hydrodynamic and structural parameters on the resultant forces. Finally, the RMS error between numerical and experimental 
results was quantified for a series of simplifying assumptions applied in the numerical model. These assumptions included 
neglecting the hydrodynamic coefficients’ dependence on tow speeds and Keulegan–Carpenter number and incrementally 
decreasing the resolution of the finite element model. Thus, the minimum required model complexity was established. The result 
is a validated numerical representation of kelp on a longline that can be used by engineers to analyze and design macroalgae 
farms. 
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c Independent, 500 Fosters Point Rd, West Bath, ME 04530 USA

A three-by-three grid of submersible mussel rafts was analyzed using an experimentally validated dynamic numerical modeling 
approach. When submerged, the rafts’ pontoons are flooded, and they are held vertically by lines attached to surface floats and 
horizontally by a mooring grid. The rafts’ decreased waterplane area and increased inertia reduce the heave and pitch natural 
frequencies so that they are below the frequencies associated with the greatest wave energy. This has been found to significantly 
reduce the motion of the rafts compared to the surfaced configuration.   

The nine submersible rafts were anchored with 16 anchors and mooring lines (Figure 1). These mooring lines were connected to 
a grid of adjacent rectangular bays, with each corner (node) supported by a grid float. Each bay contains a raft connected to the 
submerged nodes of the grid by four bridle lines. The dynamics of the full system were modeled using a combined multibody 
and Finite Element Analysis (FEA) approach with dynamic loads computed using a modified Morison formulation. This model 
was implemented in the commercial code Orcaflex. A similar model for a single submersible raft was previously validated 
with full-scale field experiments. The full dynamic system was simulated in the maximum expected waves and currents as 
well as in typical conditions. Mean and maximum tensions in each grid line were quantified. Accelerations and velocities at the 
mussel rope attachment points were also examined, since these relate to mussel drop-off. The mooring grid was then optimized 
to simultaneously improve structural robustness by increasing load sharing between tension members and minimize vertical 
motions of the mussel rope attachment points. 
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The objective of this paper is to measure the degree of integration of seafood markets in Bangladesh over products/species, 
horizontal/regional markets, and vertical markets/value-chains. Weekly prices of most commonly consumed inland finfish were 
collected at retail and wholesale levels from six major regional markets for the periods between October 2011to June 2015. We 
analyze the degree of integration of prices using principal components analysis (PCA) in a moving-window (rolling/recursive) 
estimation, and develop an index of market integration across products and geographical markets. Results indicate variations 
in the degree of integration depending on the definition of markets.

Bangladesh has a vast and diverse seafood market composed of   mostly   unorganized agents, with long and complex chains 
of supply operations. Diversity and idiosyncratic local characteristics may play larger role in some markets, for example in the 
capital city of Dhaka, compared to a smaller town in interior Bangladesh. Therefore, a priori we expect that all markets may not 
be equally and completely integrated, and the degree of integration might change over time.

The PCA as a method to measure market integration has several advantages such as: the ability to account for different 
dimensions of integration; theory-based inferences; and robustness to the presence of outliers. We develop an index of market 
integration using the first principal component (PC1) in a rolling-window PCA. The PC1 captures the largest variation in the 
price data. This index is based on the idea that if the market is integrated, most of the price movements may be explained by a 
single factor/component. The size of the window is set at 156 weeks (3 years) to allow for sufficient data in each subsample to 
capture market dynamics as well as the influence of exogenous variables. 

Figure (1) shows the time plot of rolling-window estimates of PC1 of wholesale and retail prices of all sampled product prices 
for the Dhaka market. The plot shows a general positive trend in integration especially for the retail market, indicating better 
integration over time.

Similar analysis of other markets using rolling PCA showed variations in the pattern of integration.
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Modelling the supply side of fisheries is crucial in many policy evaluation scenarios. Supply modeling is complicated by the 
increasing constraints on production, especially in the wild-caught fisheries sector. Despite the substantial policy relevance 
of the supply functions and supply elasticities in fisheries, there are not many studies in the public domain that measure the 
elasticities of supply of diverse array of wild-caught fishery/aquaculture sectors. Given the increasingly dominant role of 
weather, climate and environmental variables in determining fishery productivity, there is a need to better understand the supply 
side of fisheries. In this study, we review the available literature on supply functions and elasticities on seafood products. 
Through this review we synthesize the findings and find avenues for further research.

The supply function maps the quantity supplied of a product as function of the price of the product, prices of inputs, and other 
exogenous factors. Given this definition of the supply function, there are some important differences between the supply 
functions of wild-caught fisheries and aquaculture. Production of wild-caught fisheries is more stochastic than aquaculture. 
Aquaculture production conforms better to the theory of the firm than do wild-caught fisheries.

In this review, we performed a thorough search of literature to collect supply elasticities in fisheries and aquaculture industries. 
In contrast to studies on seafood demand, there is substantially less literature on the supply side of fisheries. This is especially 
true of studies on supply elasticities, and more so in terms of cross-price supply elasticities, and elasticities with respect to 
inputs such as feed, land area, fuel and labor.

We could find 20 studies that estimated seafood supply elasticities. The twenty studies in total contained 127 supply elasticities 
for capture fisheries and 131 elasticities for farmed products, thus providing almost equal representation to the two major 
subsectors. Table 1 shows the frequency distribution (histogram) of these elasticities. For both capture and aquaculture, 
elasticities show a right-skew. The bin 0-to-0.5 contains the maximum number of observations for both capture and farm. The 
table shows more responsive supply for aquaculture compared to capture fisheries.

We conduct descriptive analyses of supply elasticities in the fisheries/aquaculture economics literature. We compare and 
contrast findings from the twenty studies to synthesize commonalities and divergences in results, and explore avenues for 
further research. 
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Epigenetic mechanisms are influenced by various environmental factors (including nutrition) and can produce heritable changes 
in gene expression without changing the underlying DNA sequence itself. In particular, diet is known to induce epigenetic 
changes that can have both positive and negative implications for health and growth in mammals (McKay and Mathers, 2011). 
Over the past decade, there has been a large increase in the use of plant-based proteins in aquafeeds, which currently amount 
up to 70% in salmon feeds. Wheat gluten is considered as a promising replacement for fishmeal due to the high protein content 
and high digestibility, low fiber content and absence of anti-nutritional factors (Apper-Bossard et al., 2013). Several studies 
have reported that inclusion of wheat gluten has varying effects on growth performance of farmed fish, depending on the 
percentage of inclusion and fish species. However, the molecular effects of a wheat gluten diet on fish is poorly understood 
and virtually nothing is known about associated alterations to their epigenome. Therefore, this study aimed to investigate the 
nutriepigenomic effects of wheat gluten-based diet on liver of on-growing Atlantic salmon.

A diet containing 30% of wheat gluten was evaluated in comparison with a standard diet of marine protein. The feeding trial 
was conducted at Nofima’s Sunndalsøra research station in triplicate tanks for nine weeks until the fish had doubled in weight. 
A genome-wide analysis of DNA methylation patterns was performed by reduced representation bisulfite sequencing (RRBS) 
to examine the global epigenetic alterations in the liver. Bisulfite-specific DNA mapping to the salmon genome was carried out 
using Bismark and and differential methylation calling and annotation using methylKit and HOMMER revealed a number of 
differentially methylated regions with potential impact on several metabolic pathways. The findings of this study show for the 
first time that inclusion of wheat gluten in the diet can induce epigenetic modifications in the liver of Atlantic salmon. 
.
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Seafood fraud is a major concern in the supply chain with species substitution and Country of Origin (COO) non-compliances 
seen very commonly among products. The Federal Food, Drug, and Cosmetic Act limits the sale of only Ictalurids (Ictalurus 
furcatus and I. punctatus) under the name ‘catfish’, but catfish belonging to the family Pangasiidae (Swai, Basa, Tra, Pangasius) 
are largely imported to U.S. markets and substituted for the high quality U.S. farm raised catfish products. Siluriformes 
being one of the largest orders comprises around 3000 catfish species which are distributed worldwide. This species richness 
increases the potential for species substitution. The Country of Origin Labeling (COOL) law requires large retailers to provide 
accurate information regarding Country of Origin and Method of Production (MOP). The present study will investigate the 
level of species substitution and mislabeling among U. S. farm raised catfish products in the southern states, mainly Mississippi, 
Arkansas, Alabama, Texas, and Tennessee. Catfish samples will be collected from different supermarkets, restaurants, fish 
markets and chain retail stores and molecularly analyzed for the species by real time-PCR using commercially available catfish 
assay kits. Monitoring of catfish products by employing these rapid and sensitive molecular assays will identify seafood fraud 
and in turn aid the regulatory agencies to advocate better management strategies. This will also help consumers to make 
informed purchasing decision.
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Polydorid worms are well-known parasites of marine bivalves that chemically bore into the calcium carbonate shells of their 
hosts, forming burrows. Oysters respond by covering these burrows with additional nacre, creating the signature mud blister. 
Due to the unsightly nature and foul taste of the mud blisters if punctured, Polydora sp. potentially reduces the half-shell market 
value of farm-raised oysters. 

The existing literature regarding parasitic polydorids primarily focuses on techniques to prevent infestation of farm-raised oysters 
while few studies address physiological consequences of the host. The present study tested the hypotheses that Crassostrea 
virginica oysters experience oxidative stress when infested with polydorid worms, and infestation by polydorids can be negated 
by exposing aquaculture cages to freshwater and air. We evaluated the degree of parasitic Polydora sp. infestation of oysters in 
three different shellfish aquaculture cage exposure treatments (filtered seawater, air, and a combination of freshwater and air) 
on UNCW’s aquaculture demonstration lease. The prevalence and degree of infestation were determined using photo analyses. 
Proportional coverage of mud blisters and C. virginica condition index were quantified monthly at the time of deployment, 
November 2017 (oysters 5 months old), until October 2018. Relative expression of the oxidative stress gene C. virginica 
alternative oxidase b (CvAOXb) was quantified using qPCR techniques. Protein carbonylation and lipid peroxidation of host 
tissue was quantified using dot blot techniques. Relative gene expression and macromolecule oxidation within the host was 
assessed when blister worm prevalence was ~50%. The results of these analyses will be presented.
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To date, only five ornamental wrasse species have been successfully cultured and no commercial production exists. The melanurus 
and yellow wrasses (Halichoeres melanurus and H. chrysus, respectively) were chosen as candidates for development of culture 
methodologies due to their popularity in the aquarium trade and short larval duration. The objective of this investigation was to 
elucidate crucial elements of broodstock management and larviculture methodologies that would contribute to the development 
of empirically based culture protocols and ultimate commercial production of these valuable marine ornamental species.

Results from initial larviculture trials indicated that melanurus wrasse larvae initiated feeding, swimbladder inflation, flexion, 
and metamorphosis at 3, 10, 15, and 37 days post hatch (DPH), respectively, with 0.5% survival through metamorphosis. First 
generation wrasses began spawning at ~8 months of age, signifying closure of the life cycle. For both wrasse species, an inverse 
relationship was found between water temperature and embryo incubation period with incubation temperatures of 25 and 28 °C 
yielding higher survival and smaller larvae at hatch. Assessments of melanurus and yellow wrasse larvae prior to first feeding 
established that algal densities greater than or equal to 50,000 cells mL-1 or artificial shading resulting in ~300 lux, enhanced 
growth and survival. Melanurus wrasse first feeding trials revealed that algal densities of 300,000 and 500,000 cells mL-1, 
provision of Parvocalanus crassirostris nauplii (< 75 µm), and prey densities greater than or equal to 5.0 items mL-1 resulted 
in elevated larval feeding success. Yellow wrasse first feeding culture trials examining similar parameters did not elucidate any 
advantageous culture protocols, indicating the necessity for further exploration of these parameters and others affecting larval 
first feeding success. Continued investigation into larviculture techniques influencing growth, survival, and feeding success 
should establish methodologies leading to commercial production protocols for these and other marine ornamental species.
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Reproductive dysfunction is a common occurrence in the aquaculture of numerous species of ornamental fish. Administration 
of exogenous hormones may help overcome this impediment. The spawning aid cGnRH IIa (D-Arg6, Pro9-NHet) has garnered 
recent interest as an alternative GnRH subtype which offers increased biological activity, reliability, and may ultimately help 
to increase on farm productivity and expand the diversity of species able to be cultured. The objective of this study was to 
evaluate the efficacy of cGnRH IIa for induction spawning of four ornamental species, Upside-Down Catfish Synodontis 
nigriventris, Featherfin Squeaker Synodontis eupterus, Redtail Sharkminnow Epalzeorhynchos bicolor, and Rainbow Shark 
Epalzeorhynchos frenatum.

Induction spawning regimes for this study mirrored commercial practices. Dosages of 50, 100, and 200 μg/kg of the hormone 
cGnRH IIa were compared to the ornamental industry standard Ovaprim® (10 μg/kg sGnRHa). Ovulation success, fecundity, 
fertilization success, embryo diameter, hatch success, and broodstock mortality were analyzed to assess any effects of hormone 
and dose on spawning performance. All species exhibited similar ovulation performance across hormone treatments except for 
E. frenatum injected with Ovaprim (17% ovulation). Poor ovulation success excluded the E. frenatum Ovaprim treatment from 
subsequent analyses. In general, fertilization and hatch success were comparable at the tested concentrations for both analogs 
among species. Embryo and larval morphometric measurements were also similar among treatments across all four species. 
Taken together, these results suggest cGnRH IIa to be a safe and reliable option for induction spawning of ornamental species. 
Further investigation is needed to recommend an optimal species-specific dose of cGnRH IIa. However, results currently 
indicate encouraging spawning performance when compared to the industry standard. 
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Vietnam is one of the world largest aquaculture producers. At the same time it is one of the 10 most vulnerable countries to 
climate change. However, we poorly know how global climate change and here particularly warming impacts Vietnamese 
aquaculture, especially on species such as copepods used as live feeds for rearing fish larvae. To address this issue, we conducted 
a comprehensive study investigating effects of global warming on the performance of a tropical copepod Pseudodiaptomus 
annandalei. This copepod species was chosen as it is a promising live feed in aquaculture due to a high nutritional value and 
a high tolerance to environmental conditions. We assessed the impacts of temperature (25, 30, 34 and 35°C) on essential 
parameters for biomass production such as life history traits, grazing rate, reproduction, and culture density. Temperatures were 
chosen covering the typical temperatures in outdoor aquaculture ponds in the coastal regions of central Vietnam. We found 
that extreme warming negatively affected all measured traits including a longer development time, a smaller size and biomass 
at maturity, a lower fecundity, hatching success and naupliar production. There were no signals of increased thermal tolerance 
when P. annandalei was reared at an elevated temperature (34°C) across three generations. In Southeast Asian countries, 
copepods are mainly cultured and collected in outdoor ponds where temperature occasionally goes up to 35°C and that extreme 
temperatures are predicted to occur more frequently in the coming years due to global warming. Together with our observation 
that the density of P. annandalei is extremely low during the summer period, our results illustrate that global warming may 
seriously affect the biomass production of copepods in outdoor ponds. Technical adjustments are critically important to avoid 
extreme temperatures in aquaculture systems for mass culture of P. annandalei, and aquaculture in general.
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The Ostreid Herpesvirus-1 (OsHV-1) is a widely distributed virus that causes Pacific oyster (Crassostrea gigas) mortalities 
in Europe, Australia, New Zealand, China, Japan, Mexico, and the United States. In the United States, a virus, similar to 
the reference OsHV-1 strain, is only known to exist in Tomales, Drakes, and Bodega Bays, California. No oysters bred for 
herpes resistance are available in the United States. The rapid dissemination of the virus, as seen by the spread of the OsHV-1 
microvariant (µvar), which is genetically distinct from the reference and thought to cause greater mortality, from Europe to 
Australia and New Zealand, presents a risk to the West Coast Pacific oyster industry. Our objective was to determine if elite 
Molluscan Broodstock Program (MBP) families, which have been selected for increased yields since 1996, have heritable 
variation in resistance to both the Tomales Bay strain and French µvar and whether the breeding values for resistance to both 
strains are correlated.

Three-month-old spat from 71 biparental MBP families were tested for their resistance to the Tomales Bay strain in the field and 
the French µvar in the laboratory with plate and bath assays. The plate assay consisted of placing spat in six-well plates with 
20°C seawater containing either 106 or 107 viral copies/ml. In the bath assay, spat in mesh bags were placed in 20°C seawater 
containing either 105 or 107 viral copies/ml. A hierarchical Bayesian model was used to compute heritabities and breeding 
values of family mortalities for each assay using pedigree information. Family mortalities to the Tomales Bay strain in the field 
and to the high dose of the French µvar in the plate assay were significantly heritable with posterior modes of 0.64 and 0.71, 
respectively. The correlation between the breeding values of these two phenotypes was 0.16. The high heritabilites suggest 
that breeding for resistance to both strains of OsHV-1 through selection based on breeding values (Fig 1) will likely generate 
herpes-resistant families, and the slight positive correlation suggests that breeding for resistance to one strain can provide 
partial resistance to another strain. The genetic evaluations conducted in these experiments are the first steps to safeguarding 
the West Coast oyster industry from the possible outbreak of OsHV-1 µvar.
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This study investigated the effects of vitamin C supplement on growth performance, body proximate composition and 
haematological parameters of waigieu sea perch (Psammoperca waigiensis) at the juvenile stage. Juveniles (90 individuals 
with the average initial weight of 33±0.1 g and length of 14.±0.1 cm, means ± SE) were stocked at the density of 10 individuals/
tank (200 L/tank) during 30 days and fed with different levels of supplemented feed with vitamin C concentration of 0, 150, and 
400 mg/kg. Each treatment had three replicates. Fish was fed twice a day at 8:00 and 16:00hr. The growth and hematological 
parameters were determined at the end of the experiment. The results revealed that there was no significant difference in 
survival among the experimental groups. However, fish fed with 400mg/kg had significantly higher specific growth rate, 
protein efficiency ratio; and significantly better feed conversion ratio than non-supplemented fish. Haematological parameters 
increased with increasing vitamin C levels in the diet. The proximate compositions such as average crude protein, crude lipid 
and moisture of the experimental fish supplement with vitamin C showed significantly better than that of non-supplemented 
treatment. Our data show that vitamin C is essential for waigieu seaperch haematological and growth performance parameters.
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Aquaponics is the linking of aquaculture to hydroponics to take advantage of the nutrient dense environment in aquaculture 
and using it to assist in growing plants.  The wastewater from the aquaculture contains large amounts of nitrites, which are 
essential in the growth and production of plants and depending on the design the water may be returned to the fish tank. There 
is a food safety concern among the system, but there have been minimal studies completed as of now.   Due to the concern of 
foodborne pathogens, such as Escherichia coli, Salmonella, Listeria monocytogenes in the fish waste it is essential to ensure 
these pathogens are not a threat to the Ready-To-Eat produce.  This study evaluated the microbial content, in particular, 
the threat of foodborne pathogens from the water containing Nile Tilapia in the production tank used for irrigation and the 
soil used for tomato and cucumber growth every two weeks for a year.  Also, the produce was tested for the presence of L. 
monocytogenes. and Salmonella spp.   

Water effluents from the tilapia fish tank and the plant soils were collected, with five replicates for water samples and 15 
replicates for soil samples. E. coli and coliform populations were detected in the water samples using 3M E. coli/ coliform 
Petrifilm plates using the methods described by EPA method 1103.1 and 3M Petrifilm Interpretation Guide. L. monocytogenes 
and Salmonella spp. were monitored on tomatoes and cucumbers using plating methods as described by the FDA, and confirmed 
by PCR.

The E. coli Geometric Mean (GM) and Standard Threshold Value (STV) can be seen in Table 1; the FDA requires a limit of 
E. coli in agricultural water being a GM of less than 126 CFU/ 100 mL and a STV of less than 410 CFU/ 100 mL.  Coliform 
populations had a similar trend to E.coli, with the highest and lowest populations having a GM of 1,820 and 3 CFU/100 mL, 
respectively. Populations of E. coli and coliforms in soil effluent were typically higher than in water. In 580 samples of tomatoes 
and cucumbers over the year, L. monocytogenes was detected in five cucumber and one tomato samples; Salmonella spp. was 
not found in any produce samples. The generic E. coli population in irrigation water is lower than the regulation limits of 126 
CFU/100mL (GM) and 410 CFU/mL (STV) set by the U.S. FDA’s Produce Safety Rule. 
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A wide variety of wildlife can cause significant losses of commercially produced aquaculture products depending on the 
location and type of farm. However, the most problematic type of wildlife typically are birds. Cormorants, wading birds, 
pelicans, and even ducks and blackbirds forage at commercial catfish, crawfish, baitfish, ornamental fish, and trout farms. Most 
birds are protected by state and federal laws, so fish farmers must rely on nonlethal techniques to accomplish control objectives 
or must obtain special permits. A federal depredation permit allows a farmer to capture or kill birds to reduce damage or to 
protect other interests such as human health and safety or personal property. 

A fundamental aspect of all wildlife control to protect aquaculture resources is do the benefits of control outweigh the costs. There 
are costs associated with obtaining permits for wildlife control, however these are minor relative to control costs themselves. 
For example permit costs to control birds on catfish aqculture in Mississippi are about $125.00 (U.S.)/year. Whereas average 
annual wildlife control costs on Mississippi catfish aquaculture farms (104 ha) were estimated at $43,049 (2017 U.S. dollars). 
Savings to producers can be substantial for effective wildlife control programs. For trout aquaculture in California annual 
losses at 2 hatcheries were $50,000 to $60,000. After exclusion, production increased 25 to 30% at both facilities and the return 
on investment was realized within 3 to 4 years. For catfish aquaculture in Mississippi on a 104 ha farm, savings over average 
control costs range from -$416 to $1,796 per ha annually, depending on farm practices and predation level (Figure 1).   

Producers can optimize current control efforts by understanding and considering the costs, and limitations of different 
techniques and by developing integrated strategies for their use. Wildlife control methods typically fall into a few major 
categories: exclusion or barriers, frightening and dispersal methods, lethal control, and changes in culture practices. The 
different aquaculture products and production methods used and the wildlife species causing damage will determine the best 
methods to use. Other than complete exclusion, most wildlife damage problems require an integrated approach to be successful.  
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Manipulation of fish feces has become an important research topic for both recirculating aquaculture systems (RAS) and open 
net pen aquaculture. Denser, more stable feces are easier to collect in RAS, and these same characteristics may limit the dispersal 
of feces in net pen aquaculture. Binders have been used in aquaculture feeds to enhance pellet water stability, but their impacts 
on digestibility and fecal quality are unknown. The use of guar gum and sodium alginate could lead to development of feeds 
producing feces with higher water stability, higher density, and decreased dispersal ability. Five diets were created, a control 
and four experimental with either guar gum (GG) or sodium alginate (SA) at 0.5% and 1.5% concentrations (Table 1). These 
diets were fed to triplicate groups of juvenile Chinook salmon in seawater for 6 weeks. Fish growth rates showed no significant 
difference (ANOVA; all p>0.05) in weight across diet treatments (Figure 1). Results will be presented for both diets and feces 
of physical analysis: water stability; annular flume testing and chemical analysis; protein, energy and total lipid content. Fish 
growth rate, survival, feed conversion rate and tissue quality will be analyzed to determine any potential implications to fish 
health as a result of ingesting these binders. Preliminary results suggest that the incorporation of these binders into feed has no 
negative impact fish health, supporting the further use of these binders as a means to increase fecal stability. 
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With over 300 000 additional people to feed every day on the planet, while the food production from land has reached capacity 
and that our diet are more demanding, producing sustainable food for the world of tomorrow will be a real challenge. 
 
Still, whilst ocean covers 70% of the planet, they contribute to less than 10% of our food diet. Amongst the various ocean 
production opportunities, seaweeds could be a revolution for the food supply chain. Competition for maritime space is on the 
rise from a number of sources, including tourism, transportation, energy production, fishing and aquaculture. One solution is to 
share this space between multiple activities, which raises significant safety issues.

Through the development of the offshore hydrocarbons industry, Lloyd’s Register, a global leader on business assurance in the ocean 
since 1760, has created a pool of unrivalled expertise for the deployment of projects ranging in complexity from the simple to the 
incredibly complex. This expertise now has a role to play as aquacultural farming looks to realise the potential of offshore operations.   

In the meantime, Lloyd’s Register is global leader when it comes to Food Safety certification notably for seafood (ASC, MSC, 
etc…)

Lloyd’s Register Foundation, owning Lloyd’s Register Group, is a charity that helps to protect life and property. In 2015, 
LR Foundation started a very disruptive project with Wageningen University (SOMOS) to develop seaweeds production in 
offshore wind farm area in order to contribute to a more Responsible food supply chain.

Although seaweed has been used as food for centuries, logistics, multiple uses of the sea space, and lack of standards on safety 
have limited large scale production. Still, intensive farming presents significant opportunities as seaweeds : 
• is a very sustainable  source of protein (2% of the ocean would  feed 12Bn people in proteins)
• is the only vegetal to grow in salt water but can produce fresh water. 
 c) Absorb carbon dioxide and could mitigate global warming impact; As animal feed, it would cut drastically methane 
emissions from the cows (GHG emissions from cows equals those from all cars on the planet...)
 d) Residue can create energy through biomass similar to oil.
 e) Has also proved to be an efficient and biodegradable substitute to plastic packagings that are damaging so much our 
ecosystem today

The presentation will detail Multi Use of the oceans through a seaweed case study  in order to :
 1) Promote parallel activities and benefit from existing offshore infrastructure
 2) Mitigate safety issues both from food & workers perspective through the development of specific standards
 3) Support the constitution of a  seaweed supply chain  and offsore autonomous production platform for Energy,  
Feed & Food to improve resilience & sustainabilility in food supply chain   
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THE STATUS OF WHITE SEABASS Atractoscion nobilis AS A COMMERCIALLY READY 
SPECIES FOR MARINE US AQUACULTURE

Mark Drawbridge*, Michael Shane, Eric McIntire, and Connie Silbernagel

Hubbs - SeaWorld Research Institute
2595 Ingraham St.
San Diego, CA 92109, USA
mdrawbr@hswri.org

The white seabass is a member of the family Sciaenidae, which includes croakers and drums.  Along the west coast of the USA, 
white seabass is the largest croaker and very popular as a sport and food fish.  The culture of this species has a history of more 
than 30 years, with the primary interest to date being for stocking as supported by fishermen.  Growout to a market size and test 
marketing of cultured seabass has been done from sea cages in California and Baja California, Mexico.

White seabass are induced to spawn by manipulating photoperiod and water temperature within a range of 10-14 hr of light 
and 14-18°C, respectively.  Females mature in 4-5 years and may grow to 44 kg.  Eggs are spawned in batches of 100K eggs 
per kg of female body weight, with 7-10 day “resting” intervals.  The eggs are relatively large (1.2 mm diameter) and pelagic.  
The hatchery phase for seabass uses standard intensive methods for marine fish starting with enriched Artemia.  Application of 
green-water and feeding of rotifers is not required.  Culture systems are designed to reuse the water and maintain good control 
over water temperature and biosecurity.  Survival rates from egg to fully weaned juvenile at 50 dph are consistently high at 
20-40%.  Among the more common infectious diseases affecting white seabass are (1) protozoans, primarily Ichthyobodo 
sp., Uronema sp., Hexamita sp., Cryptocaryon irritans; (2) bacteria, primarily Vibrio spp. and Flexibacter maritimus; and (3) 
invertebrate parasites, primarily monogenean trematodes and copepods (Caligus sp.).  Viruses such as herpes-type and viral 
nervous necrosis (VNN) have also been identified.  White seabass are highly susceptible to gas bubble disease even at total 
dissolved gas levels of at or below 102%.

The aquaculture potential for white seabass is generally good, although growth rates are relatively slow in cooler ocean waters.  
At 18 months fish have ranged from 0.6 to 1.0 kg depending on water temperature.  An established market exists for wild fish, 
but due to fishing regulations their size is larger (2.0 kg minimum) and seasonal (early summer).  Once the ocean is available 
for cage culture in the USA, those interested in farming white seabass will benefit from selective breeding programs and 
development and approval of more health management tools.
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ROLES OF IGFBPS IN REGULATING IGF ACTIONS: NEW INSIGHTS FROM FISH STUDIES

Cunming Duan*

Department of Molecular, Cellular and Developmental Biology, University of Michigan
Ann Arbor, MI 48109
cduan@umich.edu

Insulin-like Growth Factors (IGFs) are key growth-promoting signaling peptides that act as both endocrine hormones and 
autocrine/paracrine growth factors. In the bloodstream and in local tissues, IGFs are bound by one of the members of the IGF 
binding protein (IGFBP) family. These proteins bind to IGF with an equal or greater affinity than the IGF1 receptor and are in 
a key position to regulate IGF signaling activity globally and locally. Binding to an IGFBP increases the half-life of IGF in the 
circulation and prevents the potential binding to the insulin receptor. Although IGFBPs share significant sequence homology, 
they each have unique structural features. These IGFBP genes also have different modes of regulation and distinct expression 
patterns. Some IGFBPs have been found to bind to their own receptors or to translocate into the interior compartments of cells 
where they may execute IGF-independent actions. Recent studies using teleost fish models reveals the roles of IGF binding 
proteins in specifying local IGF action, and lead to the discovery of new players in this evolutionarily ancient hormonal 
pathway. These new findings will be reported and discussed. 
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CHARACTERIZATION OF A vasa HOMOLOG IN STRIPED CATFISH Pangasianodon
hypophthalmus AND ITS EXPRESSION IN GONADS 

Rungsun Duangkaew*, Surintorn Boonanuntanasarn, and Goro Yoshizaki

School of Animal Production Technology
Institute of Agricultural Technology
Suranaree University of Technology 
111 University Avenue, Muang
Nakhon Ratchasima 30000, Thailand
rungsun.dk@outlook.com

The vasa gene has been widely used as germline marker for reproductive development in a number of fish. Therefore, in this 
study, vasa gene was cloned and characterized as Phy-vasa in striped catfish, Pangasianodon hypophthalmus. The full-length 
cDNA of 2,591 bp of Phy-vasa contained 119 bp of a 5’-UTR, 1,989 bp of an ORF encoding a putative 662 amino acids, and 483 
bp of a 3’-UTR. Phy- vasa comprised of predicted region that shared consensus motifs with the vasa genes in teleosts, including 
arginine- and glycine- rich repeats, ATPase motifs, and DEAD box. Phylogenetic tree was constructed and demonstrated 
that Phy-vasa was clustered in the vasa family. Using reverse transcription polymerase chain reaction, Phy-vasa mRNA was 
expressed only in gonads, suggesting that Phy-vasa specifically expressed in germ cell lineage. By in situ hybridization, the 
positive signal of Phy-vasa mRNA was detectable in various stages of germ cells of mature gonad using antisense RNA probe 
whereas no signal was observed when sense RNA probe was used. This finding indicated that the Phy-vasa could be used as 
germline marker. In addition, during early gonad development in larvae, by in situ hybridization, primordial germ cells (PGCs) 
were characterized. Moreover, early gonadal development in fish larvae were demonstrated. Taken together, Phy- vasa could 
be used as germline marker for development of gonad in mature and larvae striped catfish. 
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UNDERSTANDING SUNSHINE HYBRID STRIPED BASS (FEMALE Morone chrysops x MALE 
M. saxatilis) GROWTH USING METABOLOMIC ANALYSIS OF LIVER TISSUES

Erin E. Ducharme*, Sarah A. Rajab, Linnea K. Andersen, Andrew S. McGinty, Michael Hopper, 
Russell J. Borski, Curry Woods III, David L. Berlinsky, Linas Kenter, and Benjamin J. Reading

North Carolina State University
Department of Applied Ecology and Pamlico Aquaculture Field Laboratory
eeduchar@ncsu.edu and bjreadin@ncsu.edu 

In every cohort of cultured fish, individual growth variation prevents a subset of animals from attaining marketable size within 
an appropriate production period. These animals are considered “runts”. The aim of this study was to better understand the 
profile of small molecules (metabolites) in the liver tissue of hybrid striped bass in order to detect physiological patterns 
relevant to growth performance. Three year-old striped bass males of differing size and genetic origin were crossed with 
white bass females to produce half-sibling hybrid offspring that were reared communally in earthen ponds. Fingerlings were 
sorted into “top grade” and “runt” groups based on projected growth to market size. Fish were harvested at 14 months of age 
(N=752 fish, total length 324 + 29 mm, weight: 526 + 145 g, all values given as average + standard deviation). A subset from 
each group (N=20 fish each) were selected based on significantly different final weights: top grade (total length: 347 + 19 mm; 
weight: 656 + 121 g) and runts (total length: 293 + 19 mm; weight: 391 + 83 g) (P < 0.0001, Student’s t). Liver tissues were 
sampled and subjected to a global metabolomics panel from which 653 metabolites were identified, quantified, and analyzed 
by decision tree machine learning. Bile acids and biliary derivatives were prevalent and elevated in fish from the runt group. 
Other important and related metabolites, including bilirubin and biliverdin, also were present in the liver of runt group fish. Our 
findings suggest that hybrid striped bass with poor growth in aquaculture exhibit some form of liver dysfunction, associated 
with biliary dyskinesia, impaired cholesterol or steroid metabolism, and muscle wasting, perhaps related to stress. The causes 
of this dysfunction, whether it be genetic, dietary, or husbandry factors, remain unclear, but are the topic of current and future 
research. 
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GROWTH AND SURVIVAL OF PACIFIC OYSTER SEED IN US WEST COAST ESTUARIES: 
BEYOND    THE HATCHERY - HOW IMPORTANT IS SEED SOURCE AND ESTUARY 
PLANTOUT LOCATION?

Brett Dumbauld*, Evan Durland, Konstantin Divilov, Kelly Muething, Ylva Durland, 
Erin Graham Dan Sund, Dacey Mercer, Chris Langdon

*USDA - ARS, Hatfield Marine Science Center, Oregon State University, OR, USA

Pacific oysters have been the mainstay of the US West coast shellfish aquaculture industry for nearly 100 years.  They were 
initially raised directly from seed (1st year juveniles that had set naturally on cultch shell) imported directly from Japan, then 
raised from seed caught in several locations where they spawned naturally along this coast and known as “wild caught seed”, 
but are currently almost entirely sourced from seed produced in shellfish hatcheries.  Recent oyster larval mortality events in 
hatcheries have been linked directly to changes in seawater chemistry with high PCO2 conditions and acidic water already being 
experienced along the U.S. West Coast where strong seasonal upwelling may also be linked to reduced natural sets of oysters.

Results from experiments where survival of oyster larvae raised from crosses of “wild” parental broodstock collected in 
Willapa Bay was compared to that of larvae raised from controlled crosses made by the Molluscan Broodstock Program (MBP) 
at Oregon State University indicated that MBP larvae outperform wild types in favorable (low pCO2) conditions.  Under 
commercial hatchery conditions (with buffered seawater, pH ~8.3 and Warag >2) MBP larvae produced more than twice the 
number of settled spat compared with wild larvae.  While this advantage also occurred but to a lesser degree under unfavorable 
(high pCO2) conditions, the selective breeding program is currently designed to optimize size and yield at harvest and it is 
yet unclear how these larvae perform as seed in the estuary under such unfavorable conditions.  Data from previous studies 
in these estuaries suggested that growth and survival of oyster seed varies along an estuarine gradient with fastest growth, but 
lower survival occurring near the estuary mouth and that the presence of seagrass might also favorably buffer poor carbonate 
chemistry in estuaries.  Results from a preliminary experiment conducted in 2016 where MBP seed was planted both inside and 
outside eelgrass along such a gradient in Netarts Bay however suggests that eelgrass might actually reduce seed growth at some 
locations (Figure 1).  Results from a similar experiment conducted in Willapa Bay during 2018 and comparing the performance 
of both MBP and Willapa “Wild” seed will be presented.  



320

EFFECTS OF DONOR-RECIPIENT DEVELOPMENTAL STAGE AND STEM CELL 
PREPARATION ON TRANSPLANTATION AND XENOGENESIS SUCCESS IN CATFISH

Rex A. Dunham*, Veronica Alston, Darshika Hettiarachchi, Khoi Vo, Muyassar Abualreesh, 
Jeremy Gurbatow, Max Bangs, Chia Chen Weng Chen, & Ian A.E. Butts

School of Fisheries, Aquaculture, and Aquatic Sciences 
Auburn University, AL, USA 36849
dunhara@auburn.edu

The long-term goal is to develop xenogenesis (method of reproduction in which successive generations differ from each other) 
resulting in xenogens (organism comprised of elements typically foreign to its species) to increase efficiency of reproduction 
for catfish hybridization, and secondarily for other applications, such as to increase efficiency of reproduction in difficult to 
spawn species, like blue catfish. Previously, we isolated embryonic stem (ES) cells, spermatogonia A (spermatogonial stem 
cells, SSCs), and accomplished interspecific transplantation from a diploid donor catfish into triploid, host catfish surrogates. 
Triploid xenogenic channel catfish were created that produced blue catfish sperm that could be mated with channel catfish 
females to produce channel catfish female X blue catfish male hybrids. However, colonization of blue catfish stem cells was 
low as a small percentage of channel catfish were xenogenic and some had low fertility. Thus, we need to improve efficiency 
of xenogen production by improving cell implantation and proliferation to produce xenogenic broodstock with good fertility 
for large-scale applications. 

A series of experiments were conducted, resulting in the first production of white catfish xenogens, and use of unsorted cells 
gave slightly higher transplantation rates. PKH26 dye was used as a cell marker, and average survival rate of fry injected 
without PKH26 was 48.7%, while rate of fry injected with dye was 68.1%. However, PKH26 reduced cell viability. Females 
and males produced similar numbers of germ stem cells. Gentle, but longer centrifugation yielded greater numbers of live 
SSCs. Larger catfish yielded greater numbers of stem cells, but larger gonads yielded only a slight increase in stem cell number 
with 250g blue catfish being the best for efficient stem cell yield. ROCKi increased cell viability, but cells should be used on 
the day of isolation.
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REPEATABILITY OF INCIDENCE AND TIME OF OVULATION, FECUNDITY AND 
FERTILITY IN CHANNEL CATFISH FEMALES INDUCED TO OVULATE FOR PRODUCTION 
OF HYBRID CATFISH FRY

Rex A. Dunham*, Zachary Taylor, Dalton Robinson, Michael Coogan, James North, Jeremy Gurbatow, 
Nour El Husseini, Abdallah Salah, Ramjie Odin, Domenique Olesen, Nagaraj Chatakondi, Brian Bosworth 
and Peter Allen

School of Fisheries, Aquaculture, and Aquatic Sciences
Auburn University, AL, USA 36849
dunhara@auburn.edu 

The primary question to be answered is “If a channel catfish female injected with luteinizing hormone releasing hormone 
analogue (LHRHa) ovulates or does not ovulate the first year she is injected, does that predict her reproductive performance 
when injected with LHRHa the following year?” This information is needed by farmers producing channel catfish, Ictalurus 
punctatus, female X blue catfish, I. furcatus, male hybrid fry to allow efficient brood stock management decisions. Experiments 
were conducted at two locations, Auburn University, Alabama (AU) and at USDA-ARS, Stoneville, Mississippi (USDA), to 
determine geographic variation in this two-year response.

Three-hundred and 241 channel catfish females were injected with 100 ug/kg female body weight LHRHa at AU and USDA, 
respectively, in 2017. The spawning season was unusually cool in Alabama and 59.6% of the females ovulated, however, 
ovulation rate was 81.3% in Mississippi. Post-spawning mortality was heavy, although very few floating carcasses were 
observed, and 43.7% and 50.0% of the females were available for spawning in 2018 at AU and USDA, respectively. 

A total of 89.3% of these surviving fish ovulated at AU in 2018 with an ovulation rate of 92.7% for females ovulating in 2017 
and 86.8% for those that did not ovulate in 2017. Similarly, 75% of the fish that ovulated at USDA the first year and survived 
also ovulated the second year. An additional 23 females were evaluated in 2018 at AU that spawned in 2016, but were not used 
in 2017, and they had an ovulation rate of 78.3%. A total of 133 females were used for the first time at USDA in 2018 as controls 
with an ovulation rate of 79.6%.

Females that did not ovulate in 2017 at AU had a survival rate of 62.8%. Females that did ovulate in 2017 and went through 
the stress of hand stripping had a lower (P=0.0001) survival, 30.7%, than the non-ovulaters.  Based on ovulation rate only, 
surviving females are good for hybrid embryo production for at least 2 years. A complication is managing brood stock densities 
because of potential high mortality that is not detected.

Ovulation is only one factor for measuring the value of repeat spawning of channel catfish females, and the most important 
parameter is fry output. Analysis of fry output is ongoing.
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COMPARISON OF TRANSGENIC STERILIZATION AND GENE EDITING TO CONTROL 
REPRODUCTION IN CATFISH

Rex A. Dunham*, Guyu Qin, Cuiyu Lu, Hanbo Li and Baofeng Su

School of Fisheries, Aquaculture, and Aquatic Sciences
Auburn University, AL, USA 36849
dunhara@auburn.edu 

Channel catfish were reversibly sterilized using either transgenic sterilization or gene editing followed by hormone therapy.  
The advantages and disadvantages of these techniques are discussed.

PERFORMANCE OF DESATURASE AND GROWTH HORMONE GENE TRANSGENIC 
CATFISH

Rex A. Dunham*, Yingqi Huang, Yiliu Zhang, Abdallah Salah and Baofeng Su

School of Fisheries, Aquaculture, and Aquatic Sciences
Auburn University, AL, USA 36849
dunhara@auburn.edu 

The objectives of this study were to determine the effectiveness of the Masou salmon delta5-desaturase transgene driven by a 
beta-actin promoter for improving n-3 fatty acid production in F1 transgenic channel catfish, Ictalurus punctatus, together with 
proximate analysis, as well as to determine pleiotropic effects of disease resistance. Transgenic fish showed a 33% increase 
in n-3 fatty acid level, and a 15% decrease in  n-6 fatty acids level. Masou salmon delta5-desaturase transgene driven by a 
beta-actin promoter affected n-3 fatty acid production in a positive direction. Insertion of the masou salmon delta5-desaturase 
transgene into channel catfish had major effects on metabolism, physiology, body composition and growth of channel catfish. 
A major goal of increasing the percentage of n-3 fatty acids was achieved, but the objective of increasing total n-3 fatty acids 
was not. Body composition was altered, pleiotropic effects on performance traits were observed and the transgene appeared to 
increase uniformity of these traits.

The growth rate and sexual maturity score of growth hormone transgenic channel catfish, transgenic sterilization channel 
catfish, and non-transgenic channel catfish at high density, similar to a modular catfish culture system. Fish were harvested at 4 
years of age and at 5 years of age after being communally grown in the same pond. Sex-age interactions were observed. CAB 
(tilapia GnRH antisense transgene) females had the highest observed early body weight, but were the smallest genetic type of 
female at final harvest. PAB (rainbow trout GnRH antisense transgenic) had the highest observed body weight at final harvest 
for females. GAD (goldfish glutamate decarboxylase transgene) had the highest early body weight for males. AFP (channel 
catfish growth hormone gene transgenic) had the highest observed final body weight and the highest observed body weight 
gain between years 4 and 5. Sexual maturity was highly and positively correlated with growth rate.  GnRH antisense transgenic 
channel catfish had reduced growth rate and sexual development. Alternative genetic sterilization techniques or the current 
technology coupled with selection may be needed to overcome this negative pleiotropic effect.  
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METABOLOMIC CHARACTERISATION OF PHYSIOLOGICAL RESILIENCE IN 
SELECTIVELY BRED GREENSHELL™ Perna canaliculus MUSSELS

Brendon Dunphy*, Katya Ruggiero, Louis Ranjard, Jamie Powell, Leonardo Zamora, Norman Ragg

School of Biological Sciences/Institute of Marine Sciences, The University of Auckland, Private Bag 
92019, Auckland, 1142, NZ
Email: b.dunphy@auckland.ac.nz

To meet market demand in a changing world, the New Zealand aquaculture industry is seeking to ‘domesticate’ the Greenshell™ 
mussel (Perna canaliculus). Development of selectively bred families offering a wide range of phenotypes has been progressing 
well at the Cawthron Institute. A fruitful area of research has been the phenotypic screening to identify resilient family lines; 
which is then matched with a detailed understanding of the physiological traits underpinning such resilience. 

The task here is huge, requiring the recruitment of multiple ‘omic platforms and bioinformatics expertise to facilitate a rapid 
discovery and decision making process. Nonetheless, by using GC-MS to analyse low molecular weight metabolites in mussel 
tissues (metabolomics) and multivariate analyses we have been able to unpick common metabolic strategies (Table 1) to stress.  

Metabolic responses of resilient phenotypes: Despite two contrasting abiotic stressors (temperature, emersion) mussels in 
each treatment exhibited a predictable and similar response. Namely, lower succinic acid production was characteristic of 
resilient individuals/families (Table 1) indicating that maintenance of aerobic metabolism underpins physiological resilience. 
Furthermore, in the case of prolonged emersion, resilient families showed a more rapid switch from aerobic to anaerobic 
metabolism as duration of emersion increased, coupled with greater levels of shell gaping (Table 1). 

By combining whole organism and metabolic measures, we are afforded a more global understanding of physiological resilience. 
Such traits also provide useful biomarkers for future shellfish breeding programmes looking to both sustain and increase market 
share of bivalve species as we head into an uncertain future. 
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DEVELOPING A MOBILE APP, CLINICAL DATABASE, AND LEARNING GAMES FOR FISH 
DISEASE DIAGNOSTICS

R. M. Durborow*, S. D. Atkinson

Aquaculture Research Center
Kentucky State University
Frankfort, KY 40601
Robert.Durborow@kysu.edu

Kentucky State University and Oregon State University are developing a mobile application (App) with associated clinical 
Database and learning games to facilitate identification and treatment of fish disease cases encountered in the field. The clinical 
database will enable fish disease diagnostic laboratories to organize disease records to allow for searches and epidemiology 
work; standardization of the database among laboratories will facilitate capabilities for regionally coordinated epidemiological 
work. The App and learning games can be used as teaching tools to aid in fish disease education. The Database will complement 
the App by using learning machine technology (an artificial intelligence agent) to inform the App on patterns of disease 
occurrence and treatment efficacy. This will aid App users to identify problems they find in the field and decide on treatment 
recommendations that have the highest likelihood of succeeding. The following flow diagram illustrates the objectives of this 
USDA-funded project. 



325

DIFFERENCES IN REPRODUCTIVE OUTPUT AND GROWTH BETWEEN WILD AND 
DOMESTICATED AFRICAN CLAWED FROGS Xenopus laevis 

Allison Durland Donahou*, Quenton M. Tuckett, Joseph Laich, Jeffrey E. Hill

School of Natural Resources and Environment, Fisheries and Aquatic Sciences Program 
Tropical Aquaculture Laboratory 
University of Florida 
Ruskin, FL 33570
adurland@ufl.edu

Domestication can alter life history traits due to the relaxation of environmental pressures, such as food scarcity and predation. 
The goals of culturing an organism for profit can lead to altered life history traits – selection for the largest, most fecund, fastest 
growing individuals can alter reproductive output and growth. Changes in life history traits due to domestication were analyzed 
in a model organism: the African Clawed Frog Xenopus laevis. This species has historically been cultured for use in pregnancy 
testing and as a model organism for research laboratories. Currently, there is a pet hobbyist market for X. laevis. 

Domesticated broodstock of X. laevis were obtained from a local Florida breeder and wild broodstock were collected directly 
from the native range in South Africa. Reproductive output and growth were analyzed to determine if there are differences in 
life history traits between domesticated and wild X. laevis. Spawning techniques were similar to those used in the industry. 
Thirty pairs (15 wild and 15 domestic) of X. laevis were induced to spawn using chorionic gonadotropin and a change in water 
temperature. The number and size of eggs from each pair were recorded. Tadpoles from these spawns were combined into one 
group (wild and domestic separately) and then used to examine growth. Twenty tanks (10 wild and 10 domestic), each with 30 
tadpoles, were fed the same quantity of a specialized tadpole feed. Growth of tadpoles was measured over twelve days. 

Preliminary results indicated that there was no difference in relative fecundity between domesticated and wild X. laevis. However, 
the average egg size was significantly larger for wild than for domesticated X. laevis. This indicates that the reproductive output 
by number of eggs of domesticated and wild X. laevis may be the same, but larger egg size indicates a competitive advantage 
of wild offspring survival in the natural environment. Wild tadpoles grew faster than domesticated tadpoles under the same 
conditions. Domestication does not seem to have affected the reproductive output of X. laevis, but faster growth combined with 
potentially higher egg quality indicates that domestication has reduced the fitness of X. laevis tadpoles.
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SOUTH CAROLINA OYSTER SHELL RECYCLING PROGRAM: PAST, PRESENT AND 
FUTURE

Ben Dyar *, Trent Austin, Michael Hodges

South Carolina Dept. of Natural Resources
217 Fort Johnson Rd.
Charleston, SC 29412

Although the South Carolina Department of Natural Resources’ (SCDNR) shell recycling program collects approximately 30K 
bushels annually, enough shell to cover 70% of the state’s annual management planting needs, SCDNR must still purchase 
out-of-state shell. Due to the necessity to increase future management planting quotas, purchasing this shell poses increasing 
financial and logistical challenges which has created a fundamental need for an increase in recapturing used oyster shell within 
South Carolina. Planting/returning oyster shell back onto state managed shellfish grounds is one of only two tools currently 
available to shellfish managers to properly manage these grounds and is critical to the sustainability of South Carolina’s oyster 
populations.  

Canneries and oyster companies operating in the early part of the 1900’s realized the importance of returning shell to harvested 
oyster reefs, but after 1986, when the last cannery operating in the state shut down, the readily available source of shell was no 
longer being regularly put back on the oyster grounds.  Recognizing that without shell planting South Carolina could potentially 
develop a deficit in habitat for oyster settlement and that little of the shucked shell was making it back to the water, SCDNR 
started its own oyster seed relay and shell planting program in the early 1980s. However, due to increasing costs of purchased 
shell and low funding, DNR often faced a chronic shortage of oyster shell for planting.  In order to address the shortage of 
shells, DNR initiated a recycling program in 2000 with funds from the newly enacted Saltwater Recreational Fishing Stamp/
License. Today a massive volume of shell is available annually for recycling within South Carolina. The state has an interest in 
utilizing new tools, outreach and legislative changes to increase shell recycling with South Carolina.
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TRANSCRIPTIONAL ANALYSIS OF IMMUNE RESPONSE GENES IN ZEBRAFISH UPON 
FEEDING OF SPIRULINA (Spirulina maxima) PECTIN 

S. L. Edirisinghe*, S.H.S. Dananjaya, Chulhong Oh, Do-Hyung Kang, and Mahanama De Zoysa

College of Veterinary Medicine, Chungnam National University, Daejeon 34134, Republic of Korea
*Email:shan.lakmal09011@gmail.com

The aquaculture industry requires promoting of new ingredients with immunomodulatory effects.  Zebrafish (Danio rerio) 
is a well-established vertebrate animal model in wide range of research areas including immunology and nutritional studies. 
Currently, treatment for disease control using antibiotic-medicated food is a general practice in aquaculture. However, it has 
led to develop antibiotic resistance pathogens which are difficult to control using most of the available antibiotics. In order to 
find novel source for biocompatible immunostimulants  for aquaculture, we investigated the effects of pectin extracted from 
Spirulina (Spirulina maxima) on immune responses in the gut of zebrafish.

Spirulina pectin based diet (4% of body weight) was fed to adult zebrafish (3 months old) for six weeks. qRT-PCR results 
showed that immune related genes such as Mucin (Muc 5.3, 5.2 and 2.1), chemokines (Ccl34a.4, Cxcl-18b and Ccl346a), 
antioxidants (superoxide dismutase; sod-1 and catalase; cat) were significantly (p > 0.05) induced in the gut of Spirulina pectin 
supplemented zebrafish. Non-significant differences (p > 0.05) were noticed in cytokine expression profiles such as interleukins 
(il-6, il-10, il-12), tumor necrosis factor alpha (TNF-α), in Spirulina pectin gut compared to control group. Overall results 
revealed that Spirulina pectin could be potential nutritional supplement to enhance the immune responses in fish.
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IMPACT OF PALM OIL MILL EFFLUENT ON RIVER AWEMU IN IJERO-EKITI, EKITI 
STATE, NIGERIA

Edward J. B.,1 Agunbiade R. O.,1 and Ayodele A. P.,1

1Department of Zoology and Environmental Biology
Faculty of Science, Ekiti State University Ado-Ekiti 
Ekiti  State, Nigeria
josephine.edward@eksu.edu.ng

This study was carried out with an emphasis on the effects of palm oil mill effluent (POME) on the quality of River Awemu water 
between June 2015 and September 2015.  Temperature, pH, turbidity, conductivity, alkalinity, total hardness, total suspended 
solids, total dissolved oxygen, biochemical oxygen demand, major nutrients (NO3, PO4) and heavy metals metals (Pb, Mg & 
K) were determined in 32 water samples collected from upper stream and lower stream locations along the river using standard 
laboratory procedures of APHA (1998). Data obtained were subjected to descriptive statistical analysis.  

Results showed significant variations in most of the chemical variables amongst the sampled points. Comparison of the 
variables in both the river and POME samples with the standard limit of WHO and NSDWQ for water and effluent showed 
great variations in pH, turbidity, temperature, alkalinity, TDS, TSS, TS, Metals & Nutrients. This shows that the river is polluted 
and not suitable for human use. The need for quality and environmental conservation through sustainable development of rivers 
in Ekiti State and Nigeria is highly imperative.
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INTEGRATING ECOSYSTEM SERVICE CONSIDERATIONS WITHIN A GIS-BASED 
HABITAT SUITABILITY INDEX FOR OYSTER RESTORATION

Seth J. Theuerkauf, David B. Eggleston*, and Brandon J. Puckett

North Carolina State University
Center for Marine Sciences and Technology
Department of marine, Earth and Atmospheric Sciences
Morehead City, NC 28557
eggleston@ncsu.edu

Geospatial habitat suitability index (HSI) models have emerged as powerful tools that integrate pertinent spatial information 
to guide habitat restoration efforts, yet have rarely accounted for spatial variation in ecosystem service provision. In this 
study, satellite-derived chlorophyll a concentrations for Pamlico Sound, North Carolina, USA were applied in conjunction 
with data on water flow velocities and dissolved oxygen concentrations to identify potential restoration locations that would 
maximize the oyster reef-associated ecosystem service of water filtration. These water quality services were integrated 
within an existing ‘Metapopulation Persistence’, GIS-based HSI model containing biophysical (e.g., salinity, oyster larval 
connectivity) and logistical (e.g., distance to nearest restoration material stockpile site) factors to identify suitable locations for 
oyster restoration that maximize long-term persistence of restored oyster populations and water filtration ecosystem service 
provision. We compared the ‘Water Filtration’ optimized HSI with the HSI optimized for ‘Metapopulation Persistence,’ as well 
as a hybrid model that optimized for both water filtration and metapopulation persistence. This approach identified optimal 
restoration locations (i.e., locations corresponding to the top 1% of suitability scores) that were consistent among the three HSI 
scenarios (i.e., “win-win” locations), as well as optimal locations unique to a given HSI scenario (i.e., “tradeoff” locations). The 
modeling framework used in this study can provide guidance to restoration practitioners to maximize the cost-efficiency and 
ecosystem services value of habitat restoration efforts. Furthermore, the functional relationships between oyster water filtration 
and chlorophyll a concentrations, water flow velocities, and dissolved oxygen developed in this study can guide field- and lab-
testing of hypotheses related to optimal conditions for oyster reef restoration to maximize water quality enhancement benefits.
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Understanding how fish cope with elevated ammonia, a common water quality issue in aquaculture systems, is very useful to 
fish managers and fish culturists. However, ammonia induced toxicity as well as defensive mechanisms against high ambient 
ammonia are not well documented at present for the largemouth bass (Micropterus salmoides). In the US, this is valued as a 
candidate fish species for both culture and sport fisheries.

The present study aimed to assess the effects of high environmental ammonia (HEA) on the physio-biochemical performance 
as well as nitrogen excretory fitness of largemouth bass. 96 h-LC50 of largemouth bass juveniles to (total) ammonia was 
calculated by Probit analysis and determined to be 33.24 mg/L in test conditions of 25°C and pH 7.8. Fish were then exposed 
to HEA (5.5 mg/L ammonia, representing 25% of the determined 96 h-LC50 value) for 3, 7, 14, 21 and 28 days. To get insights 
on the defensive strategies to cope with ammonia toxicity, temporal assessment of HEA on oxygen consumption rate (MO2), 
ammonia and urea dynamics; muscle water content (MWC), energy budget as well as branchial mRNA expression of Rhesus 
(Rh) glycoproteins were assessed. Results show that ammonia excretion rate (Jamm) was significantly inhibited after 7 days of 
HEA exposure, whereas during 14-21 days Jamm was fully restored to control. At the last exposure period (28 days), the fish were 
able to elevate Jamm, thereby preventing the build-up of ammonia in plasma. This coincided with the up-regulation of Rhcg2 
expression, suggesting its putative role as ammonia transporter. In addition, largemouth bass appeared to be partially capable of 
switching to urea synthesis to detoxify ammonia, but were inefficient in eliminating urea externally. An elevation in MWC at 
14 days connotes a temporary compromise in the osmo-regulatory capacity. MO2 was reduced during HEA exposure, possibly 
to depress the catabolism of endogenous ammonia production. This was manifested by augmented protein content in liver as 
well as re-establishment of depleted glycogen to a resting level. Overall, our data suggest that largemouth bass can adapt to 
the chronic sub-lethal ammonia exposure by activating various components of ammonia excretory and associated metabolic 
pathways.
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In the United States, commonly the well water used for aquaculture contain high concentrations of iron. Currently, the effects 
of chronic iron exposure and the physiological responses associated with it are not well documented for the largemouth bass 
(Micropterus salmoides). In the US, this is a valuable fish species for both culture and sport fisheries.

The present study aimed to assess the effects of high iron concentrations on the physio-biochemical performance as well as 
nitrogen excretory fitness of largemouth bass. 96 h-LC50 of largemouth bass juveniles to iron was calculated by Probit analysis 
and determined to be 22.29 mg/L in test conditions of 25°C, pH 7.8, hardness 200 mg/L CaCO3. Fish were then exposed to 
elevated iron (5.57 mg/L Fe3+, representing 25% of the determined 96 h-LC50 value) for 3, 7, 14, 21 and 28 days with concurrent 
controls. Temporal assessment of elevated iron exposure on oxygen consumption rate (MO2), ammonia and urea dynamics, 
muscle water content (MWC), and energy budget were assessed. 

Results show that ammonia excretion rate (Jamm) under iron exposure was significantly reduced within 3 days of exposure. 
However, day 7 showed a significant increase in Jamm followed by another reduction below basal level (Fig. 1). In addition, 
largemouth bass juveniles appeared to rely primarily on ureagenesis to remove nitrogenous wastes with urea constituting 
between 46 – 102% of the total nitrogenous waste. An elevation in MWC at 7 days connotes a temporary compromise in 
the osmo-regulatory capacity. MO2 appeared mostly unaffected at this concentration of iron exposure with the exception of a 
marked increase at day 7 correlating with the spike in MWC. Additionally, the available energy store in the liver decreased 
throughout the exposure. Overall, our data suggest that largemouth bass can cope with the chronic sub-lethal iron exposure at 
the expense of internal energy stores. 
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Manganese (Mn) is a neurotoxin causing manganism, a Parkinson’s-like disease. Manganism causes disruption of dopamine 
(DA) neurotransmission, but the mechanism is not fully resolved.

Lateral cell cilia of gill of Crassostrea virginica are controlled by serotonin-dopamine innervations. DA slows cilia beating; 
serotonin speeds them up. Our lab showed post-synaptic DA receptors in lateral cells are D2-type (D2R) and that Mn disrupts 
the DA induced cilio-inhibition.

D2R are G protein-coupled receptors. D2R activation splits the Gi/o protein into Gβγ and Gαi/o subunits. Gαi/o inhibits adenylyl 
cyclase. Gβγ activates phospholipase C (PLC), opens GIRK channels, and closes L-type Ca2+ channels. Continued activation of 
G protein-coupled receptors results in β-Arrestin binding, which desensitize them and targets them for internalization. Neither 
β-arrestin nor Gβγ has been well studied in bivalves, and the effects of Mn on them is unknown. We hypothesize β-arrestin 
and Gβγ can be visualized in oyster gill by immunohistofluorescence, and if so, we will determine if Mn or DA effects their 
visualization in the lateral cells. Briefly, gills were dissected, snap frozen, cryostat sectioned at 10 µm, fixed with EDAC 
(N-Ethyl-N’-(3-dimethylaminopropyl) carbodiimide hydrochloride), treated with blockers, and incubated with 1° antibodies 
for β-Arrestin or for Gβγ, then FITC labelled 2° antibodies. Sections were viewed on a Leica epilume fluorescence microscope 
with a Leica DFC400 camera, 50 watt mercury lamps and FITC excitation/emission filters. All sections were photographed 
with the same camera setting at 200X and 400X. Results showed that control sections had bright green fluorescence in the 
cytoplasm and along the plasma membrane of lateral cells indicating the presence of β-arrestin and Gβγ. In other experiments 
gills were treated for 1 or 24 hours with500µM of Mn. Fluorescence intensity (FI) was quantified using ImageJ from NIH. 
Results show that compared to controls, Mn treatments caused a decreased FI for both β-arrestin and Gβγ of about 10% in the 1 
hour treatments and 15% in the 24 hour treatment. Zn, which was used as a comparison caused either no, or a slight (less than 
5%) decrease in FI for both β-arrestin and Gβγ.  In other experiments where gills were treated for 1 hour with DA or DA plus 
Mn, DA had no effect on the FI of β-arrestin compared to controls. However DA treatment increased the FI intensity of Gβγ 
by more than 25%, even when Mn was present. The study shows β-Arrestin and Gβγ are present in lateral cells of C. virginica 
and Mn caused a small but significant reduction in their FI. DA treatments increased Gβγ FI, but not β-arrestin FI. This study 
provides new knowledge of the actions of Mn on the D2R pathway in bivalve gill. Our future experiments will test if Mn 
negatively effects the physiological actions of β-arrestin and Gβγ on lateral cell cilia activity.

This work was supported in part by grant 2R25GM06003 of the Bridge Program of NIGMS, NIH grant K12GM093854-07A1 
IRACDA Program of Rutgers University and 604060048 of PSC-CUNY.
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EFFECT OF SODIUM BUTRATE SUPPLEMENTATION ON THE WATER QUALITY UNDER 
BIOFLOC SYSTEMS
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This study was design to evaluate the effects of dietary supplementation with sodium butyrate (SB) on water quality and 
zooplankton community under biofloc system conditions. Twelve 55-L tanks were each stocked with 13 fish/tank (8±2g mean 
initial weight) and reared over a 4-wk period. A 2×2 factorial experiment arrangement of two levels of crude protein (CP) (40, 
30 %) with two levels of sodium butyrate (0.0, 2.0 %): P40SB0.0, P40SB2, P30SB0.0and P30SB2 were designed. At the end of the 
experiment, dissolved oxygen (DO), pH and temperature (Temp) values recorded for all the treatments were within the normal 
ranges. Fish fed P40SB0.0  diet recorded  the lowest significant NH3 values. The lowest NH3, total suspended solids (TSS) and 

floc volume (FV) values were recorded for fish fed P30SB2 diet. Zooplankton community and biofloc composition samples to be 
analyzed.It could be concluded that dietary supplementation with sodium butyrate improved water quality parameters under a 
biofloc system conditions. 
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Several novel alternative protein products have been proposed as solutions to meet the increased demand for protein in the near 
future. Arbiom offers the next generation of technology for global aquaculture and livestock industries, delivering science-
backed performance across several dimensions of a novel protein ingredient: nutritional value, economic value, traceability 
value, and sustainability value. However, a thorough understanding of the material handling properties of novel ingredients is 
required prior to use in commercial feed formulation and milling operations.

Here, we summarize the results of a study evaluating the material handling characteristics of Arbiom’s high-protein torula yeast 
ingredient, which has enhanced amino acid content, high digestibility, and rich beta glucan content. 

The bulk density, Hausner ratio, and angle of repose of the raw material were evaluated. An initial experiment was conducted 
to assess the physicochemical properties of diets containing torula yeast. A 4 × 3 factorial arrangement was used to create 
twelve hybrid striped bass diets that consisted of no yeast, followed by 5, 10, and 20% inclusion, respectively. Extruder barrel 
temperature at exit represented the second treatment group. The three barrel temperatures were 100, 120, and 140°C, and yeast 
replaced a combination of fishmeal and soybean meal as a protein source. The target pellet size was four millimeters. 

The angle of repose and Hausner ratio suggest that yeast had good flowability and did not require external agitation for 
movement. Inclusion of torula yeast linearly increased the water absorption index (WAI) of extruded pellets, but had no effect 
on sinking velocity or water solubility index (WSI). Further, inclusion rate had no effect on expansion ratio up to 10%. No 
significant barrel temperature effects were observed for WAI or WSI. However, a significant interaction effect was observed for 
expansion ratio, where a significant inclusion by temperature interaction was observed; driven primarily by the 20% inclusion 
level. 

In conclusion, initial assessments of a novel high-protein torula yeast ingredient suggests that incorporation into extruded 
aquaculture feeds will be similar or superior to existing conventional protein ingredients utilized by feed manufacturers. 



335

GROWTH COMPARISON OF Vibrio parahaemolyticus STRAINS IN LIVE OYSTERS AND 
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Vibrio parahaemolyticus is a gram-negative pathogenic bacterium that is responsible for the majority of seafood-related 
gastroenteritis in the United States. The FDA V. parahaemolyticus risk assessment (2005) aimed to model the post-harvest 
growth of V. parahaemolyticus in oysters as a function of air temperature at time of harvest and length of time that oysters 
remain unrefrigerated. This model, while useful, has raised questions about strain growth differences in oysters and whether or 
not pathogenic strains grow differently than non-pathogenic strains. Infections originating from cooler waters in the northeast 
U.S. are typically rare, but recent studies in these regions have shown an increase in infections attributed to the ecological 
introduction of pathogenic sequence type (ST) 36 strains, which are endemic to the relatively cold waters of the Pacific 
Northwest. Our work aims to understand possible strain growth differences between these pathogenic invasive strains and 
environmental strains, particularly at lower temperatures.

To investigate strain growth in oysters, live eastern oysters (Crassostrea virginica) harvested from winter waters in MD were 
injected with a combination of 4 ST36 V. parahaemolyticus strains and subsequently incubated at a range of temperatures 
15-30°C over the course of 10 hours. Additionally, the same protocol was performed with a combination of 3 non-ST36 
environmentally isolated strains injected into oysters to serve as a comparison for ST36 strain growth rates. V. parahaemolyticus 
cell concentrations in oyster tissue were estimated at 4 time-points throughout incubation using the most probable number 
(MPN) enrichment method for V. parahaemolyticus enumeration. This method was coupled with PCR confirmation for the 
species level gene tlh, virulence genes tdh and trh as well as the pathogenesis related protein prp gene. The prp gene, while 
not specific to Vibrio spp., served as a distinctive marker for the ST36 strains used in this study that test positive for all 4 of 
these genetic markers. A separate lab in Seattle, WA concurrently performed a similar protocol using naturally infected Pacific 
oysters (Crassostrea gigas) harvested from WA. These oysters were incubated and processed without bacterial injection and V. 
parahaemolyticus concentrations estimated using the MPN method and PCR confirmation for the presence of tlh, tdh, and trh 
genes. From PCR confirmed cell concentration estimates, growth curves were constructed for ST36 and environmental strain 
growth in live oysters. These curves serve as a comparison to current literature on V. parahaemolyticus growth rates in oysters 
and the FDA post-harvest model. Additionally, similar temperature trials were performed on the individual strains and the strain 
cocktails in broth culture to observe growth rates independent of the oyster matrix. Results of this work will be presented at 
the conference.  



336
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Commercial aquaculture feeds for farmed fish rely heavily on fish meal as the primary source of protein, which requires 
the unsustainable harvest of fish and other marine organisms. This study examined the suitability of KnipBio meal (KB), a 
commercially viable, sustainable, single cell bacteria protein product as an alternative protein source in aquaculture feeds. Two 
feed trials were performed on fingerling rainbow trout (Onchorhynchus mykiss) using various strains and inclusion rates of KB. 
Trial 1 used a fishmeal-based diet with a control and five treatment diets. Trial 2 used a poultry-based diet with a control and 
five treatment diets. 

Eyed rainbow trout eggs were obtained from Cold Springs Trout Farm 
(UT, USA) or Riverence Trout Farm (WA, USA) and hatched in the 
Roger Williams University Marine Lab. Fry were raised on USDA 
commercial starter feed for 14 days, then transferred to a recirculating 
experimental system comprised of 60 2.5L tanks containing 20 fish per 
tank. Each tank was fed to satiation 2-3 times daily for 28 days. All 
feed containers (one per tank) were weighed daily before and after the 
initial and final feeds, respectively. At day 14, 50% of the population 
was euthanized, photographed, weighed (g), and measured (mm). This 
process was repeated for the remaining population on day 28.  

Fish fed KB diets in Trial 1 with inclusion rates of <15% showed no 
significant difference in weight gain compared to the control (p>0.05). 
KB diets with inclusion rates of >20% showed significantly less weight 
gain compared to the control (p<0.001) (Fig 1A). Fish fed KB diets in 
Trial 2 (inclusion rates of 7.5 or 15%) showed a weight gain significantly 
greater than the control (p<0.001) (Fig 1B). These results suggest that 
KnipBio meal has the potential to be a suitable alternative protein source 
in aquaculture feeds. 
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MEASUREMENT OF SEDIMENT ELEVATION CHANGES DUE TO LIVING SHORELINE 
OYSTER REEFS

Vincent Encomio1,2* and Glenn Coldren2

1University of Florida Institute of Food and Agricultural Sciences / FL Sea Grant, Stuart, FL
2Florida Oceanographic Society, Stuart, FL
vencomio@ufl.edu

Within the St. Lucie Estuary and southern Indian River Lagoon in Florida, several living shoreline sites have been established 
to provide habitat and protect eroding shorelines, due to storms, persistent wave action, and elevated, seasonal water levels. 
Almost all the living shoreline reefs at these sites are intertidal oyster reefs constructed from recycled and containerized oyster 
shell. Oyster reefs act as natural buffers, protecting shorelines through wave energy absorption, reduced erosion and sediment 
trapping. Restoration of oyster reefs aims to improve ecosystem function and, as part of living shoreline restoration, slow and/
or reverse erosion. Surface elevation tables (SETs) are a fine scale method used to examine sediment elevation changes used 
extensively in intertidal wetlands.  Small changes in sediment elevation can alter species occurrence and interactions, driving 
ecosystem function. However, few studies have examined the effects of intertidal oyster reefs on sediment elevation and the 
effectiveness of SETs in these high energy systems. Using SETs, we tested the effects of restored oyster reefs on adjacent 
sediment elevation. Initial results indicate that surface elevation was positively affected by the presence of restored oyster reefs. 
However, between sampling variability was greater than what is found in lower energy wetland systems indicating a need for 
more frequent sampling in these systems. The challenges in restoration design and planning of living shoreline reefs to sustain 
shoreline protection in the face of rising sea levels will also be discussed. 
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Interest in largemouth bass (LMB) has increased around the world. In the absence of a database of commercial LMB farm costs, 
data from research studies were used to estimate costs to produce LMB in ponds for sale as foodfish. A 32-ha farm was modeled 
using long-term fixed costs (buildings, sheds, ponds, and equipment) from surveys of commercial U.S. fish farms. Production 
parameter values (yield, growth, feed conversion ratio, survival) were taken from LMB production studies. Standard methods 
were used to develop full cost budgets for several scenarios with standard valuation methods used to assign values to inputs. 
Opportunity costs for unpaid family labor, land, and ponds were included to assess long-term economic viability. 

Unlike many other commercial-scale foodfish production cost structures, a very high percentage of total costs was composed of 
variable costs (Table 1). In the case of LMB production, the very high cost of both fingerlings and feed exceeded the annual fixed 
costs associated with land, pond, building, and equipment infrastructure for the business. Fingerlings, in particular, contributed 
a much greater proportionate cost than for many other types of foodfish (Table 2). For fingerling production, largemouth bass 
hatcheries have reported substantial variation in yields of 5-cm fish in this phase of production. The substantial risk involved 
with poor production years in this phase increases overall fingerling cost because hatchery operators must earn enough to cover 
those types of potential losses. Overall, production costs of largemouth bass for foodfish ranged from $7.64/kg to $14.48/kg. 
Several of the scenarios analyzed resulted in production costs per kg less than reported market prices of $10.00/kg, suggesting 
profitability, but others exceeded reported market prices and were not profitable. Cost estimates did not include marketing 
costs (transportation, advertising, etc.) that must be added to production costs when assessing economic feasibility. There is a 
strong need for research that would reduce the variability of survival of LMB fingerlings and lead to reduced fingerling costs. 
Commercial production of largemouth bass entails substantial financial risk at both the farm level and in supplying fish to live 
markets. Careful planning is required to identify strategies to manage the risk of producing and marketing live LMB fish. 
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Baitfish and catfish farmers have reported increased pressure and losses from fish-eating birds in recent years, prompting the 
Southern Regional Aquaculture Center to fund a project to study losses on Arkansas baitfish farms and Mississippi catfish 
farms. Past emphasis on economic effects of such depredation was on the value of fish lost due to depredation; however, 
farmers also incur costs as they actively attempt to prevent depredation through bird-scaring techniques. A questionnaire was 
developed and e-mailed to all baitfish and catfish farms participating in the study to collect data on expenditures on firearms, 
ammunition, pyrotechnics, optics, eye and ear protection, exclusion devices, levee repairs, gravel, and expenses of trucks and 
drivers. On baitfish farms, manpower composed 56% of the cost of scaring birds, followed by 32% for the costs of truck usage, 
9% for levee upkeep, 2% for firearms and ammunition, and only 1% of costs were for pyrotechnics and exclusion devices (Fig. 
1). On average, for the 2016-2017 bird-scaring season, baitfish farmers reported an average per-acre cost of $246/acre (range of 
$24/acre to $956/acre). On catfish farms, manpower composed 48% of the costs of scaring birds, followed by 29% for the costs 
of truck usage, 15% for levee upkeep, firearms and ammunition 7%, and only 1% of costs were for pyrotechnics and exclusion 
devices (Fig. 2). On average, for the 2016-2017 bird-scaring season, catfish farmers reported an average per-acre cost of $200/
acre (range of $15/acre to $553/acre), an increase of 10% from the previous year.
 
This is the first study to develop on-farm costs of attempts by farmers to prevent losses due to bird depredation. Results 
demonstrate that the greatest costs are for the trucks and manpower used to chase birds and that farmers are spending more 
money and more time than previously thought in efforts to scare birds from their ponds. When results of field studies on fish 
losses are completed, the value of the fish lost will be added to the bird-scaring costs for full costs of bird depredation on catfish 
and baitfish farms. 
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The U.S farm-raised catfish industry is the largest sector of U.S. aquaculture, with 27% of total production (USDA-NASS 
2014). Its contraction from 2004 to 2011 had a substantial negative effect on U.S. production. While much discussed, the 
contraction was due largely to the industry’s own success that triggered investment in Vietnam to capture markets developed by 
the U.S. industry. Evidence for its success includes 6.4% annual growth rate from 1994 to 1999. Most remarkable is that such 
growth was accompanied by stable prices. New market development by The Catfish Institute increased demand sufficiently to 
avoid price decreases.

The U.S. farm-raised catfish industry is a home-grown industry. It was developed primarily with equity capital of farmers in 
Mississippi, Arkansas, and Alabama who often built their own ponds. Cost structures changed as the industry grew. Catfish 
budgets show decreased cost/lb between the 1982 and 1988 budgets, likely due to increased stocking and feeding rates. By 
the 1990s, increased use of electric aerators raised electricity costs on farms, but chemical usage and costs decreased. The 
1996 catfish budgets reflect increased intensification of stocking, feeding, and aeration, but also show increased costs/lb given 
production inefficiencies inherent in multi-batch production methods.  By the 2007 budgets, bird depredation costs began to 
appear, as migratory birds increasingly found convenient sources of food in catfish ponds. 

By 2001, the success of the U.S. industry began to attract serious attention from companies in Vietnam. Using photos, themes, 
and logos that closely mimicked those of U.S. catfish companies, pangasius sales climbed quickly. In time, a number of 
Vietnamese companies were found to be guilty of “dumping” (selling below fair market price). While there has been much 
commentary related to the lower prices of Vietnamese pangasius products, it has become clear that a key factor is the lack of 
enforcement of environmental management and food safety standards. While Vietnamese wages are less, labor is not a major 
cost of catfish production. 

What is important to understand about the contraction of the U.S. catfish industry is that there were several contributing factors 
other than imports. These included: 1) bottom of the 10-year catfish price cycle in 2002; 2) downturn in the U.S. economy 
from early 2001; and 3) September 11, 2001 bombing of the World Trade Center that depressed away-from-home spending by 
consumers that affected seafood markets. The combined effect led to three consecutive years during which the price paid to 
catfish farmers remained below costs of production. By 2008, however, balance sheets had largely recovered on catfish farms, 
only to face a near doubling in feed prices that contributed to further contraction. Since 2014, there has been slow but sustained 
growth in U.S. catfish production, of 2.3% per year through 2017. Farm-level production innovations and changes in the overall 
structure of the industry have emerged. The U.S. catfish industry has exhibited over time the level of resolve and resilience 
necessary to withstand the adversity that inevitably affects all aquaculture industries. U.S. catfish farmers continue to provide 
quality seafood products to U.S. consumers. 
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Lateral cell cilia of gill of Crassostrea virginica are controlled by serotonergic-dopaminergic innervations from their ganglia. 
Dopamine is the neurotransmitter causing cilio-inhibition, serotonin cilio-excitation. Previous work of our lab showed the 
post-synaptic dopamine receptors present in lateral cells are D2-type. Dopamine D2 receptors (D2R) are G protein-coupled 
metabotropic receptors. Ligand binding to D2R splits its Gi/o protein into the Gβγ and Gαi/o subunits. Gαi/o inhibits adenylyl 
cyclase; while Gβγ opens GIRK channels, closes L-type Ca2+ channels and activates phospholipase C (PLC). The inhibition of 
adenylyl cyclase and subsequent lowering of cAMP is known to slow lateral cilia; however, the role of PLC in the signaling 
pathway has not been well studied with respect to control of lateral cilia. Using immunohistofluorescence, our lab visualized 
PLC in lateral cell. In this study we hypothesized that the PLC component of the D2 pathway also plays a role in the cilio-
inhibition. To test this we utilized PLC activators and inhibitors on excised gill to determine their effects on lateral cilia. Cilia 
beating rates were measured using stroboscopic microscopy. In control gill, applying a dose response of dopamine (10-6 - 10-

3M) is cilio-inhibitory, decreasing beating rates of lateral cilia to 0. Applying m-3M3FBS (10-5 - 10-4M), a PLC activator, caused 
a moderate decrease in cilia beating rates. Applying U73122 (10-4M), a phosphatidylinositol 4,5-bisphosphate specific PLC 
inhibitor, did not alter cilia beating rates by itself, but did effect the dose response to dopamine (10-5 - 10-3M). In the presence 
of the inhibitor, while the 10-5M dose of dopamine caused the expected decrease in cilia beating rates, the addition of higher 
doses of dopamine was unable to reduce beating rates any further. As expected, the drug D609, a PLC inhibitor but specific 
for phosphatidylcholine, had no effects on cilia beating rates or the actions of dopamine. The results of this study supports our 
hypothesis that the PLC component of the D2R signal transduction pathway plays a role in the inhibitory control of gill lateral 
cilia. The results show that both components of the D2R pathway, the adenylyl cyclase component and the PLC component 
are involved in controlling lateral cilia beating. In humans the D2R signal transduction pathway is significantly involved in the 
actions of antidepressants, neuroleptics, and drugs of abuse, as well as implicated in neuropsychiatric and neurodegenerative 
disorders. This physiology study is helpful in furthering the understanding of the pathway and should help to generate further 
investigations.

This work was supported in part by grant 2R25GM06003 of the Bridge Program of NIGMS, NIH grant K12GM093854-07A1 
IRACDA Program of Rutgers University and 604060048 of PSC-CUNY. 
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SEDATION OF CLOWNFISH, Amphiprion ocellaris, USING AQUIS-S 20E

Even L*, Rys J, Meyer B, Evans L, and Reyes-Tomassini J. 
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Anesthetics serve a variety of purposes in commercial aquaculture, including sedation of fish. In the United States MS-222 is 
the only anesthetic approved for use in aquaculture. MS-222 is a suspected carcinogen and can cause serious retinal damage to 
humans. AquiS-20E is an alternative anesthetic derived from clove oil.

We tested the effectiveness and safety of Aqui-S20E at a dose of 250mg/L or 300mg/L against MS-222 at a dose of 75mg/L 
or 100mg/L, to induce sedation in the marine clownfish, Amphriprion ocellaris. Sedation was achieved when the fish was no 
longer able to right itself in the water and no longer responded to external stimuli. We tested if the fish had achieved sedation 
by gentling pulling on its caudal fin. Similarly, fish achieved recovery when they were able to swim upright and when they 
responded to the stimulus of chasing with a net by trying to avoid the net.

Sedation with AquiS-20E occurred faster than sedation with MS-222 regardless of dose. Recovery of fish sedated with an 
AquiS-20E dose of 300mg/L took the longest. On average, it took fish longer to recover with AquiS-20E than it took to induce 
them, while for MS-222 recovery was always faster than induction. We did not observe any mortalities or reduction in feeding 
within 24 hours following sedation with either anesthetic. We conclude that AquiS-20E is an effective and safe anesthetic for 
the quick sedation of clownfish. 
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THE STATUS OF SPOTTED WOLFFISH, Anarhichas minor, AS AN EXPERIMENTAL SPECIES 
FOR MARINE US AQUACULTURE 

Elizabeth A. Fairchild* and Nathalie Le François
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Spotted wolffish, Anarhichas minor, though classified as an experimental species for US aquaculture, is being cultured 
elsewhere; commercial production exists in Norway and active and collaborative R&D is occurring between Sweden, Norway, 
Iceland. and Canada through WolfNet, a network coordinated from Nord University, Bodo, Norway. The life cycle of spotted 
wolffish has been completed in captivity. The relative ease of culturing spotted wolffish is due, in part, to its lack of a prolonged 
larval phase (5-6 mm eggs from which large larvae hatch with no requirement for live feed), low susceptibility to disease, wide 
tolerance of salinities, and high tolerance to stocking density, as well as its adaptability to various grow out tanks and systems 
(e.g., shallow raceways, circular tanks, sea cages, recirculating systems). Nutritional requirements of spotted wolffish, generally, 
are well established and there are a variety of available feeds. Unlike most commercialized fishes, spotted wolffish has a lengthy 
incubation phase (900 degree days) requiring eggs to be monitored carefully to prevent fungal and bacterial infections. To reach 
market size of 1-3 kg fish, it takes roughly 3 years. Currently, there are no captive spotted wolffish aquaculture programs in the 
US, thus commercializing spotted wolffish would require the appropriate infrastructure for rearing a cold water marine species 
and the long-term (5+ years) investment to jumpstart a program or business. The lack of a directed fishery in the northwest 
Atlantic results in a high value niche market to satisfy consumer demand for spotted wolffish. Currently this demand is supplied 
by imports only, most of which originate from Iceland (wild harvests) or Norway (farmed fish). If production costs can be 
kept low, which seems likely given its good growth in recirc systems and under high densities, spotted wolffish is a promising 
marine species to commercialize in the US. 
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EFFECTS OF DIETARY STARCH LEVEL ON POST-ADSORPTIVE CARBOHYDRATE 
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Development of specialized feeds for carnivorous marine species such as sablefish (Anoplopoma fimbria) in which fishmeal 
and oil from marine sources are replaced by more sustainable plant-based materials is a high priority for the aquaculture 
industry. Juvenile sablefish efficiently utilize plant proteins and lipids, but research in our laboratory suggests that dietary 
carbohydrate in the form of starch may play a pivotal role not only in lipid deposition, but also in the utilization of dietary lipid 
and protein for energy and growth. Starch from wheat and other grains are highly digestible sources of dietary energy in many 
marine carnivores, sparing protein and supporting improved growth when used at low levels, but may depress performance and 
stimulate lipid biosynthesis when dietary levels exceed metabolic requirements for glucose. Typical salmon feeds containing 
moderate levels of starch (~ 15%) support acceptable growth in farmed sablefish but the extent to which they impact utilization 
of and deposition of lipids is unknown. The goal of this study was therefore to examine the effects of dietary starch content 
on post-adsorptive carbohydrate metabolism and the de novo synthesis and tissue-specific deposition of lipids in this species. 

In this study, we formulated an ingredient-limited diet based on marine fishmeal and fish oil with Low (6%), Medium (15%) 
and High (29%) levels wheat starch. In an 8-week trial, the test diets along with a commercial reference feed (~15% starch) 
were fed to excess to duplicate groups of sablefish (initial weight 633 g) in 1110 L circular tanks supplied with 11 Lmin-1 of 
ambient temperature seawater (xxx °C). Fish tissues were sampled periodically for proximate composition, histology, and 
evaluation of nutrient routing pathways via transcriptomic and stable isotope ratio analysis. 

Fish readily accepted the experimental feeds and acceptable growth averaging 4.8 g/day was obtained with all diets. Thus 
far, we have determined that dietary starch content did not affect dressed carcass yield which averaged 89% after 8 weeks of 
feeding. Elevated liver-to-body weight ratios (HSI) and liver glycogen levels were observed in fish given the Medium starch, 
High starch and reference diets, but not the Low starch diet. Transcriptomic and stable isotope analyses are nearing completion, 
the results of which will be presented.
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EFFECT OF SALINITY ON GAMETOGENESIS, SPAWNING AND GAMETE QUALITY IN 
THE ATLANTIC CROAKER Micropogonias undulatus
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Atlantic croaker is a highly prized bait for a variety of game fish but the natural supply of croaker bait is limited during fall and 
winter. Aquaculture of Atlantic croaker, allowing controlled timing of culture batches and size at harvest, could fill the demand 
when wild-caught specimens are scarce. Successful attempts to 
culture the species have involved high salinity (~30 ‰) during 
hatchery phases, consistent with conditions in offshore spawning 
habitats. Juveniles can be grown at low salinity (down to less 
than 5‰) typical of estuarine habitats used by the species at that 
stage. Completing the culture cycle at low salinity is of interest 
along the Mississippi Gulf coast where high salinity water is 
not available. Accordingly, this study examined maturation and 
spawning of captive broodstock maintained at different salinity.

Broodstock groups were maintained at 30, 20, or 10‰ through 
the summer and fall of 2017. Each treatment involved two 
replicate tanks each containing 3 males and 6 females. Females 
and males were induced with a single injection of 10 and 5 
′g.kg-L LHRHa respectively on November 20 (first replicate 
for each treatment) and 27 (second replicate). Ovulation 
occurred between 33.5 and 39.5h post induction and was 
followed with strip spawning and in vitro fertilization. 

Sperm activation curves generated using Computer 
Assisted Sperm Analysis were similar among treatments. 
Fecundity, fertility, and hatch rates of spawns were low for the 
10 ‰ group and highest for the 20 ‰ group. Highest fertilization 
was obtained when fertilization and incubation were performed 
at 20‰ or 30‰, however, the best hatch rates were obtained 
at 30‰ due to negative buoyancy of embryos at lower salinity 
(neutral buoyancy of embryos was 25‰ for all groups). These 
results suggest that broodstock can be conditioned at 20‰ but 
embryos should be incubated at 25‰ or higher.
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CAN U.S. IMPORT REGULATIONS REDUCE IUU FISHING AND IMPROVE PRODUCTION 
PRACTICES IN AQUACULTURE?
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Illegal, unreported or unregulated (IUU) fishing remains important challenges to the sustainability of a number of fish stocks, 
including cod, crabs and shrimp. The strongest initiative to combat such practices was recently taken by the U.S. in requiring 
chain-of-custody documentation of 17 species if they are to be imported to the U.S., showing these species to not be IUU. 
The fact that the U.S. is the world´s largest seafood importer makes it possible that this will provide incentives to improve 
management. However, there is a global market for many species, and as improved management is costly, it is not obvious that 
the incentives will be strong enough to foster any real change on the water. If the U.S. does not have market power, one are 
likely to observe a change in trade patterns, and costs associated with the documentation being transferred to U.S. consumers. In 
this paper, a residual supply approach will be used to investigate whether the U.S. has buyer power for the species (e.g. shrimp) 
where the U.S. market is the largest. 
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IN-POND RACEWAY PRODUCTION OF STOCKER AND FOODSIZE HYBRID CATFISH
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In-pond raceways systems (IPRS) consist of multiple fixed or floating fish culture units in which aerated water is circulated 
between the pond and raceways, are stocked at a high density and occupy less than 2 -3% of the pond area. Due to the efficient 
feed conversion ratio (FCR), effective pond water circulation and more control of the production process, IPRS can support 
a higher fish yield compared to conventionally managed catfish ponds (8,000 kg/ha) having FCRs above 2.0. In IPRS, annual 
fish production can be greater than 15,000 kg/ha with FCR’s below 1.6. The goal of this study was to verify if hybrid catfish 
(channel catfish, Ictalurus punctatus, ♀ x blue catfish, I. furcatus, ♂) can be raised in IPRS units to a commercial size (908 g) 
in one growing season at a yield of 18,000 lb/acre. A large and small floating IPRS unit were placed into each of four 0.4 ha 
ponds, with the former growing fish to foodsize and the latter growing fingerlings to stocker size (for next year’s growout). The 
growout IPRS raceways in ponds B1 and B2 are 64 m3 (4.9 m x 10.7 m x 1.2 m deep), and 45 m3 (3.1 m x 12.2 m x 1.22 m) in 
ponds B3 and B4. The fingerling-to-stocker units are 14 m3 (1.8 m x 5.8 m x 1.30 m) and are in ponds B1, B2, B3 and B4, next 
to the growout units). 

Each pond has a total of 5 HP of aeration: a 1.5 and 1.0 HP blowers for the two IPRS units, plus a 1.5 HP and a 1.0 HP blower 
for the two in-pond water mover-destratification units. Results from the initiation of the trial and partial production results from 
an August sampling are summarized in Table 1. Fingerlings for the growout units were stocked in April 2018 and for the stocker 
generator unit in July 2018. They were fed a 35% and 32% CP commercial catfish pellet twice a day. Water quality parameters 
have been in acceptable ranges. At day 130 sampling showed the estimated biomass almost reached the amount of kgs produced 
in traditional pond production systems. Total production at the sampling date (stocker weight plus growout weight) were 
11,429 kg/ha for B1, 9,721 kg/ha for B2, 9,200 kg/ha for B3 and 10,470 kg/ha for B4 kg/ha, more than the average produced 
by traditional pond production systems. Full trial results post –harvest will be presented at WAS. 
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INDUCED SPAWNING OF Heterotis niloticus USING NATURAL HORMONE FROM PITUITARY 
GLAND OF Clarias gariepinus AND SYNTHETIC HORMONE (OVATIDE)
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The spawning experiment of Heterotis niloticus using a natural hormone (Pituitary gland extract of Clarias gariepinus) and 
a synthetic hormone (Ovatide) was carried out between May and July, 2018. The mean weight of the brooders was 1.11kg; 
their mean standard length was 42.76cm while their mean total length was 46.46cm. The average condition factor of the 
brooders was 1.588515. The result showed that brooders in the control treatment produced the highest number of hatchlings 
(6178); next to it was the treatment with pituitary gland extract of Clarias gariepinus (5671), then treatment with ovatide 
(4694). Survivability at ten (10) days after hatching was highest in treatment with pituitary extract (66.3%), followed by the 
control (63.01%) and lastly, treatment with ovatide (57%). Survivability at twenty (20) days after hatching was also highest 
in treatment with pituitary extract (70.4%), followed by the control (66.1%) and the treatment with ovatide (64.9%). In the 
same manner, treatment with pituitary gland extract had the highest values for survivability at thirty (30) days after hatching 
(81.5%) followed by the control (78.1%) and then treatment with ovatide (76.9%). Hence, results obtained from the estimation 
of total percentage survivability indicated that the treatment with pituitary extract had the overall highest survivability (36.77%) 
followed by the control treatment (32.51%) and lastly treatment with ovatide (28.46%). Analysis of variance (ANOVA) showed 
that there was no significant difference (p=0.084) in the number of hatchlings between the control group and the groups treated 
with pituitary gland extract but the number of hatchlings produced from the group treated with ovatide  was significantly 
different from the other two treatments. Also, there was significant difference (p=0.041) in the percentage survivability across 
all the three treatments at 10 days after hatching (DAH). Although the survivability of the treatment with pituitary gland 
(65.20%) was significantly higher than that from the treatment with ovatide (55.25%), the treatment with ovatide was not 
significantly different from that of the control (61.41%) even though it was lower. The survivability of fry at 20 and 30days 
after hatching was not significantly different (p=0.634 and p=0.499 respectively) across the treatments and between any of 
the pairs of treatment. The total percentage survivability was not significantly different (p=0.149) across the three treatments. 
However, significant difference existed between the group treated with ovatide (27.54%) and the rest of the treatment groups 
(31.34% for control and 34.21% for pituitary gland extract). In addition, correlation of the morphological characteristics and the 
results obtained from number of hatchlings produced, survivability of fry at 10, 20 and 30 days after hatching as well as total 
percentage survivability indicated that none of the correlations was statistically significant.
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INTEGRATING VACCINES, DISINFECTION, AND MICROBIOLOGY INTO AN INTEGRATED 
FISH HEALTH BIOSECURITY PROGRAM
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Biosecurity of any aquaculture operation requires a multifaceted approach aimed at protecting the health and well-being of a 
given cultured species and minimizing the risk of production disruptions of an operation. Risk-based surveillance allows for the 
examination of these factors and subsequent allocation of efforts and resources to effectively and efficiently reduce the potential 
for disease. Actions to control disease in cultured stock may take the form of stock selection for resistant genetics, vaccination 
to boost immunity, minimization of risk factors that predispose to disease conditions, reduction of infectious pressures, 
and vigilant surveillance and early treatment. With the constant advancements in vaccination technology, microbiological 
surveillance methods, and disinfection quality, it becomes a challenge to decipher the plethora of options available to a given 
aquaculture operation. This presentation will provide a concise and consolidated analysis of fish vaccines and advancements, 
new and applicable disinfection products, and microbiological techniques with the goal of educating listeners on how to best 
utilize these tools to implement a complete preventative health plan suited to their individual facility’s challenges and needs. 

FISH AND PORCINE MUCUS STIMULATE F. columnare BIOFILM FORMATION 

Bradley D. Farmer*, Miles D. Lange and Jason Abernathy

United States Department of Agriculture
Agricultural Research Service
Harry K. Dupree Stuttgart National Aquaculture Research Center
Stuttgart, AR, 72160, USA

Flavobacterium columnare is the bacterium responsible for producing the fish disease known as columnaris. Columnaris 
disease has had a significant impact on the production of different freshwater finfish species. Because of these losses, efforts to 
understand the biological processes of F. columnare including the development of biofilms and their contribution to disease are 
ongoing. The current work sought to evaluate the effect of mucus derived from different sources on the formation of biofilms 
among different F. columnare isolates.  F. columnare has long been observed to cause extensive lesions on the skin and gills 
through circumventing the mucus layer which then allows biofilm formation to occur.  Our data indicates the addition of fish and 
porcine mucus at varying concentrations significantly stimulates F. columnare biofilm formation. This result could be observed 
among both Genomovar I and II F. columnare isolates. We have previously demonstrated that differential gene expression is 
observed between the planktonic and biofilm cells when stimulated with fish mucus. This work will no doubt serve as a basis 
for future studies on understanding how bacterial cell signaling leads to the development of biofilms and ultimately in the in 
vivo progression of columnaris disease. 
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EFFECT OF LIGHT POLLUTION ON DIURNAL RHYTHM OF MELATONIN IN Catla catla AND 
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Over the last few decades the use of artificial light at night (ALAN) for outdoor illumination has been exceeded worldwide. 
ALAN has caused disruption in natural light and dark periods in metropolitan, semi urban areas and animal farms including 
aquaculture research facilities.   These modified day lengths have profound effects on internal body clocks regulated by 
melatonin. ALAN at indoor research facilities might interfere with the results of scientific trials which have been neglected 
so far.

Present study investigated the effects of ALAN on 
diurnal profile of melatonin at indoor facility/laboratory 
(artificial light group: AL) compared with that at outdoor 
farm (natural light group: NL) in Catla Catla and Labeo 
rohita. Light intensity was measured to be 5 and 156 lux 
at farm and indoor facility, respectively. Blood samples 
were collected over the period of 24 hours. Levels of 
melatonin in NL group of both species started increasing 
at sunset (107.44 ± 0.10 pg/ml in labeo; 103.05 ± 
1.23 pg/ml in catla). Highest levels were observed at 
midnight (180.90 ± 0.21 pg/ml in labeo; 175.06 ± 1.30 
pg/ml in catla). Hormone profile started decreasing 
after sunrise and the minimum values were observed 
at mid-day. Diurnal profile of melatonin did not show 
any significant variability (P > 0.5) in AL group in both 
species and remained low over the period of 24 hours. 
This study concluded that ALAN in laboratories and 
indoor aquaculture facilities disrupts the hypothalamus-
pituitary-pineal (HPP axis) and might affect the 
physiological activities regulated by melatonin in fish.   
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INTERNATIONAL BIOSECURITY MANAGEMENT : IS IT TIME FOR A RETHINK?

Dan Fegan*

SyAqua Siam Inc. Bangkok, Thailand

International management of animal health, including that of aquatic animals, is coordinated by the World Animal Health 
Organisation (OIE). The Sanitary and Phytosanitary (SPS) Agreement of the World Trade Organisation formally recognizes 
the OIE as the official body responsible for ensuring harmonization through common standards and requires all countries to 
base their SPS measures on OIE standards. These standards and the SPS Agreement are intended to promote safe movement 
of aquatic animals and their products and ensure that health regulations are not used as a barrier to trade. The OIE requires 
mandatory reporting of any outbreaks or change in the epidemiological situation of major diseases of international significance 
(“notifiable diseases”) and of any change in the animal disease situation of a member state. This includes outbreaks of new 
diseases, changes in disease status or diseases new to a country, zone or region.   

Management of aquaculture biosecurity requires controls and coordination at all levels – pond, farm, district, country, region, 
country and international. This has been recognized since the first large scale epidemics of shrimp virus disease in the mid-
1990’s. Until the early 2000’s there was no coordination of reporting of shrimp diseases other than informal information 
exchange at industry and government level.

At the time of the first shrimp disease outbreaks the OIE was seriously hampered by a lack of expertise and veterinarians 
qualified in aquatic animal diseases in regions where these diseases were prevalent. Few countries, especially in the developing 
regions, had any system for reporting of diseases in aquatic animals. Where such information was available was usually within 
fisheries departments rather than the organisations reporting to the OIE delegate.          

Early efforts to develop a more formal reporting system were pioneered in the Asia Pacific region by the Network of Aquaculture 
Centres In Asia Pacific (NACA), the Food and Agriculture Organisation of the United Nations (FAO) and the OIE. Working 
with a number of governments, academics and the private sector a rudimentary reporting system was established for the Asia 
Pacific region and efforts were made to bring aquatic animal disease reporting into line with that of livestock. The OIE’s 
Aquatic Animal Health Manual and Code were updated to include major diseases of aquatic animals throughout the world.          

Using these measures, trade in aquatic animals and their products should continue to take place freely between countries or 
zones of equal status. Early reporting of diseases, even where these are not notifiable, should allow for rapid response to prevent 
the international transmission of diseases. This would help the relevant authorities to work together to develop controls to 
reduce the potential for pandemics to occur. 

Fast forward to today and we find that control of international spread of shrimp diseases remains problematic. The spread 
of Acute Hepatopancreatic Necrosis Disease (AHPND) and the more recent spread of Shrimp Hemocytic Iridovirus (SHIV) 
disease have revealed flaws in the current system. This presentation will review the current control of biosecurity at international 
level and provide some thoughts on how it could be improved.      
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Nile tilapia (Oreochromis niloticus) is one of the most commercially important fish 
species farmed worldwide. Hence, it is of great concern to increase its production 
in a sustainable manner. A key point in ensuring sustainability of the aquaculture 
industry is the development of selective breeding programmes for relevant traits, 
namely growth. There are currently several breeding programmes for Nile tilapia, 
which are based on phenotypic selection and genetic markers. The aim of this study 
was to identify potential epigenetic markers associated with growth rate differences 
in Nile tilapia. 

Cytosine hydroxymethylation (5hmC) is an important DNA modification that has 
hardly been investigated in non-model fish, even if it plays a key role in epigenetic 
regulation of gene expression in mammals. In particular, it has been recently reported 
that 5hmC can regulate expression of lipid synthesis and transport genes in human 
liver (Lyall et al., 2018). We have used reduced representation hydroxymethylation 
profiling (RRHP) to map 5hmC at single-base resolution in the liver genome of fast- 
(n=5) and slow-growing female Nile tilapia (n=5) of the same age and reared under 
identical conditions. The library profiles indicated much higher 5hmC levels in fast-
growing fish compared to their slow-growing counterparts (Fig. 1). Next-generation 
sequencing using the Illumina platform confirmed this result but revealed that 5hmC 
was ubiquitous throughout the liver genome in both groups. There were several 
differences in 5hmC levels in or near genes involved in metabolic pathways that 
could impact growth. Pending validation, these differentially hydroxymethylated 
cytosines are promising novel indicators of growth rate in Nile tilapia. 

Reference: 
Lyall MJ et al (2018). Modelling non-alcoholic fatty liver diseasein human hepatocyte-like cells. Philos Trans R Soc Lond B 

Biol Sci. 373: 20170362.
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Previous literature available regarding dietary protein requirements of majority of fish species is about their young growth 
phases. However, little nutritional information is available for large size fish. Thus, the present feeding trial aimed to evaluate 
the effects diets supplemented with different dietary balanced digestible protein (DBDP) levels on the growth performance 
and feeding variables and estimate optimum requirement for the pre-adult growth phase of pacu (Piaractus mesopotamicus). 
Six isoenergetic diets supplemented with different DBDP levels at the rate of 163, 201, 238, 272, 315 and 348 g kg-1 diet, 
respectively were formulated according to the diet-dilution concept. A complete randomized design which consisted of six 
treatments and three replicates each was used. Fishes (with an initial average live body weight of 490.60 ± 14.39g) were hand-
fed ad libitum three times a day at 9:00 am, 12:00 pm and 5:00 pm up to apparent satiation. At the end of experiment, according 
to standard procedures, all fishes were weighed and total feed consumed per replicate was calculated. These data were then 
used in the calculation of growth performance and feeding variables. The results showed that weight gain (WG), feed intake 
(FI), feed conversion ratio (FCR), feed efficiency (FE) and specific growth rate (SGR) significantly increased (P < 0.05) with 
increasing DBDP levels up to 315 g kg-1. Contrariwise, the last diet containing 348 g DBDP kg-1 showed significantly reduced (P 
< 0.05) effects. Based on the quadratic regression model applied to the weight gain data, it was estimated that optimum dietary 
digestible balanced protein requirement for maximum growth performance of the pre-adult growth phase (ranging from 400 to 
850 g) of pacu was 292 g DBDP kg-1 diet.

Acknowledgments: The World Academy of Sciences (TWAS), Brazilian National Council for Scientific and Technological 
Development (CNPq) and São Paulo Research Foundation (FAPESP)
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Previous literature available regarding dietary protein requirements of majority of fish species is about their young growth 
phases. However, little nutritional information is available for large size fish. Thus, the present feeding trial aimed to evaluate 
the effects diets supplemented with different dietary balanced digestible protein (DBDP) levels on the growth performance 
and feeding variables and estimate optimum requirement for the pre-adult growth phase of pacu (Piaractus mesopotamicus). 
Six isoenergetic diets supplemented with different DBDP levels at the rate of 163, 201, 238, 272, 315 and 348 g kg-1 diet, 
respectively were formulated according to the diet-dilution concept. A complete randomized design which consisted of six 
treatments and three replicates each was used. Fishes (with an initial average live body weight of 490.60 ± 14.39g) were hand-
fed ad libitum three times a day at 9:00 am, 12:00 pm and 5:00 pm up to apparent satiation. At the end of experiment, according 
to standard procedures, all fishes were weighed and total feed consumed per replicate was calculated. These data were then 
used in the calculation of growth performance and feeding variables. The results showed that weight gain (WG), feed intake 
(FI), feed conversion ratio (FCR), feed efficiency (FE) and specific growth rate (SGR) significantly increased (P < 0.05) with 
increasing DBDP levels up to 315 g kg-1. Contrariwise, the last diet containing 348 g DBDP kg-1 showed significantly reduced (P 
< 0.05) effects. Based on the quadratic regression model applied to the weight gain data, it was estimated that optimum dietary 
digestible balanced protein requirement for maximum growth performance of the pre-adult growth phase (ranging from 400 to 
850 g) of pacu was 292 g DBDP kg-1 diet.

Acknowledgments: The World Academy of Sciences (TWAS), Brazilian National Council for Scientific and Technological 
Development (CNPq) and São Paulo Research Foundation (FAPESP)
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European sea bass (Dicentrarchus labrax) and gilthead sea bream (Sparus aurata) are both an economically important cultured 
fish species along the Mediterranean coast. The EU is one of the largest producers of sea bass and sea bream in the world, being 
Greece the largest producer within the EU followed by Spain (see Table 1).

In the last decade, European producers of cultured sea bass and sea bream in the Mediterranean Sea have had to compete 
strongly among them as well as with Turkish producers to be competitive. One important factor of economic competitiveness is 
to be productive or technical efficient. Efficiency studies on aquaculture are relatively few compared with other industries and 
they are focused mainly on no European countries. Further, the identification of the factors that determine aquaculture firms’ 
productivity is also an important issue to propose managerial decisions in the sector. Therefore, the purpose of this work, which 
is part of the MedAID project funded by the European Commission (H2020, GA727315), is twofold: first, we have evaluated 
the technical efficiency of the European sea bass and sea bream producers in the Mediterranean Sea using the stochastic 
production frontier (SPF) approach and, second, we have analyzed the effect of some specific-firm factors such as location, 
production type (organic), years of experience, and size on firms’ productivity.

To estimate technical efficiency, we have adopted the Battese and Coelli’s (1993) SPF model using Translog and Cobb-Douglas 
production functions for panel data in which the inefficiency effect (uit) has a truncated normal distribution. An unbalanced 
panel composed of a representative sample of 30 firms producing sea bass and sea bream in the Mediterranean Sea from 7 
European countries (see Table 2) was employed to estimate the production functions. The period of time analyzed ranges 
from 2005 to 2014 (10 years). Economic data for this analysis was obtained from the AMADEUS and EUMOFA databases. 
Maximum likelihood (ML) estimates of the parameters of the stochastic frontier and the inefficiency effects model were 
obtained simultaneously using the FRONTIER 4.1 computer program.

The results show that the technical efficiency of those firms is positively related with their location (better environmental 
conditions), age (more experience), size (larger returns of production), and production system (organic).
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Protozoan parasites, particularly Perkinsus spp. and Haplosporidium nelsoni, are currently recognized as significant threats 
to farmed oyster populations. On the other hand, shellfish have been identified as a potential source of Toxoplasma gondii 
responsible for toxoplasmosis and Cryptosporidium parvum, which is one of the major causes of gastroenteritis in the world. 
Since a die-off in 2010, attributed to H. nelsoni, the oyster industry in Maine has relayed on oyster strains selected for resistant/
tolerance to H. nelsoni. Even in the absence of reported die-offs, epizootiological studies are showing that the range of H. 
nelsoni in Maine continues to expand. Similarly, the prevalence of Perkinsus spp. is at a record high. In 2014, we reported 
for the first time in Maine, oyster’s PCR-positive for T. gondii and C. parvum. Here we performed an exhaustive qPCR-based 
survey for P. marinus, P. chesapeaki, H. nelsoni, T. gondii, and C. parvum during 2016 and 2017 in eastern oysters (Crassostrea 
virginica) (n=1,440) from six Maine (USA) locations including Bagaduce River, Weskeag River, Jack’s Point and Prentiss 
Island in the Damariscotta River Estuary, New Meadows River, and Webhannet River. Pooled samples (mantle, gills, and 
rectum) from individual oysters were used for DNA extraction and qPCR. Our results confirmed the continuous presence 
during most of the year of the three oyster protozoan parasites in the six sampled sites. Interestingly, we also detected positive 
samples for T. gondii and C. parvum, especially in 2017. Our study represents a broad snapshot for these protozoan parasites in 
bivalves from Maine; at this point, the abilities of the oocysts to excyts and origin (fecal contamination from wildlife or runoff 
from farmed land) are unknown. The actual public health threat posed by both T. gondii and C. parvum via consumption of 
raw oysters remains unresolved; nevertheless, it has been suggested to include in the analysis of oysters when outbreaks occur, 
and oysters have been consumed. Our findings also indicate that establishing a baseline of waterborne parasites in commercial 
shellfisheries together with defining high versus low-risk areas would contribute to the development of sustainable and safe 
aquaculture.



357

INTEGRATED CARRYING CAPACITY MODELLING OF PRODUCTION, DISEASE, AND 
ENVIRONMENTAL EFFECTS

Joao G. Ferreira1+, Nick Taylor2, Alhambra Cubillo3, Joao Lencart e Silva3, Roberto Pastres4, Øivind Bergh5, 
Nicola McPherson2, James Guilder2

1DCEA, Faculdade de Ciencias e Tecnologia, Universidade Nova de Lisboa, Qta Torre, 2829-516 Monte de 
Caparica, Portugal 
2CEFAS, The Nothe, Barrack Road, Weymouth, Dorset DT4 8UB, United Kingdom
3Longline Environment Ltd., 88 Wood St, London, EC2V 7RS, United Kingdom
4Dipartimento di Scienze Ambientali, Informatica e Statistica, Ca’ Foscari University of Venice, Via Torino 
155, 30173, Mestre – Italy
5Institute of Marine Research, Nordnesgaten 50, 5005 Bergen, Norway
+Corresponding author, joao@hoomi.com

Introduction

Models of production and environmental effects in aquaculture have made huge progress in the last fifty years and are currently 
capable of accurately predicting growth for many cultivated finfish and shellfish species. Although the application of individual 
models to populations is not quite at the same stage, individual-based models (IBM) have been deployed in recent years to 
provide an improved understanding of farm- and ecosystem-scale aquaculture.

These models address key aspects of carrying capacity for aquaculture, but miss the pathogen component, which may account 
for a large proportion of the variance in production outputs. Disease is one of the most significant limiting factors faced by 
aquaculture, however, due to the complex nature of pathogen exchange and the interaction with their hosts and environment, 
modelling their impacts are non-trivial.  Consequently, to date, epidemiological models have largely been developed 
independently of production models.

Example results from a model combining both aspects (Ferreira et al., 2017) are given in Error! Reference source not 
found.—under identical growth conditions, pathogen-related mortality reduces output in Farm 1 by one third. The increase in 
mortality has a number of environmental and economic consequences.

It is recognized the disease component can presently only be used stochastically, i.e. to simulate scenarios, and does not 
provide predictive modelling on the timing of disease outbreaks. Nevertheless, risk assessment, which is key for licensing, 
insurance, and investment decisions can benefit significantly from the application of such combined models. This application is 
increasingly relevant for aquaculture sustainability in the context of climate change. An example of this is the higher incidence 
of Sparicotyle chrysophrii due to increasing spring and summer temperatures.

Approach

The present work builds on individual models of growth and environmental effects for a range of cultivated species of finfish 
and shellfish (see e.g. Ferreira et al., 2014; Saurel et al., 2014; Cubillo et al., 2015), and their deployment in an Individual Based 
Modelling (IBM) population dynamics platform called ABC (Aquaculture, Biosecurity, and Carrying Capacity).

We developed a simple, flexible disease modelling approach that could be incorporated within a production model to assess the 
potential impact of a pathogen within a farm site, and to generate data that could be used by hydrodynamic transport models 
(e.g. Asplin et al., 2014; Myksvoll et al., 2018) to understand pathogen dispersal and the potential risk to other aquaculture sites 
within an area.

To make the disease modelling framework flexible, this component of ABC not only had to be easy to parameterise, to allow it to 
be adapted to represent different host-pathogen systems, but also needed to account for the limited availability of transmission 
data relating to aquatic animal pathogens.  To achieve this, the model assumes waterborne pathogen transmission following a 

(Continued on next page)
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dose-dependent infectivity curve that can be described by a Hill function, the slope and shape of which can be parameterised 
using data generated from commonly used experimental challenge studies.  In the absence of data for a specific pathogen, 
the slope and shape of the Hill function can be easily modified based on a known baseline pathogen to reflect the general 
characteristic of the pathogen of interest. The study focused on parameterising, validating and applying the ABC model to 
an important (OIE listed) salmonid fish disease—Infectious Hematopoietic Necrosis virus (IHNv), and a bivalve pathogen—
Oyster Herpes Virus (OsHV-1).

Results and discussion

Fig. 1 shows the results of an ABC model run for a Crassostrea gigas (Pacific oyster) farm without OsHV-1. One million 
oysters are simulated, at a stocking density of 100 ind. m-2, i.e. a one hectare farm. Animals are grown for a maximum period 
of three years, and individuals are harvested when the live weight exceeds 75 g (about 9.5 cm height). The natural mortality is 
weight-dependent, and modelled by means of a negative exponential function.

The ABC model provides key data on the culture performance, including yield, survival, and regulatory ecosystem services. 
In this simulation, an estimated 1211 kg of N are removed over the growth cycle, which equate to about 122 Population-
Equivalents (annualised).

Data availability for both model pathogens (IHNv and OsHV-1) was limited, but it was nevertheless possible to parameterise 
the model for each of them, and the model outputs provided a good representation of mortality curves observed in field studies.  
The model was integrated within the existing production models, allowing the impacts of disease to be studied under a variety 
of different cultivation scenarios. The outputs from these combined models also gave estimates of the pathogen shed in to the 
environment over time—this was coupled with simple transport models to understand the potential for pathogen spread through 
an aquaculture area.

The results obtained can be used to analyse direct and indirect effects of climate change on aquaculture, to provide industry and 
management stakeholders with key performance indicators of the triple bottom line of people, planet, and profit.

(Continued on next page)
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To promote and manage shellfish aquaculture in a sustainable manner, it is essential to understand the ecological and socio-
economic implications (positive and negative) of expanding and evolving shellfish aquaculture practices. Existing research 
has addressed various aspects of aquaculture in isolation, such as interactions with nearshore habitat, fish communities, and 
economics, making it difficult to manage this industry from an ecosystem perspective.

We combined information from published and grey literature, and expert elicitation, to develop qualitative network models 
(QNMs) for the shellfish aquaculture industry in South Puget Sound, WA. QNMs are a unique analytical tool that can include 
multidisciplinary data and can be used in data-poor environments, using only qualitative links (i.e., positive, negative, or neutral 
interactions). The model incorporated indicators from the established Puget Sound Vital Signs (Fig.1) as a basis for including 
a holistic suite of categories (healthy water quality, healthy human populations, vibrant human quality of life, thriving species 
and food web, protected and restored habitat, abundant water).

We will discuss lessons learned from developing the QNM model through expert elicitation and focus groups. We will then 
present results from the evaluation of scenarios of expanding aquaculture across various species, grow-out methods, and 
ecosystem change. The responses of each part of the model (e.g., human quality of life, food web) will be compared across 
scenarios to examine differences and trade-offs in outcomes. 

This project is the first assessment of aquaculture development in Washington that includes a holistic perspective of the social-
ecological system. By focusing on key indicators specified in the Puget Sound Vital Signs (Fig. 1), we will evaluate the 
effectiveness of QNMs as an interdisciplinary tool in the aquaculture context. As the model will include indicators representative 
of all aspects of the system, we can directly compare tradeoffs resulting from varying management scenarios.
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Golden Topminnow (Fundulus chrysotus) are a freshwater species native to the Southeastern United States. This species 
displays vibrant sexual dimorphism, males with flecks of blue or gold along the body, white or silver underside, and red spots 
most prevalent in 4-5 rows on the caudal fin. These visual characteristics and relative hardiness have made them a desirable 
ornamental fish. Aquaculture can be used to prevent wild harvest of the species for the ornamental trade. To determine feasibility 
of captive reproduction, the issue of low fecundity in Fundulidae must be addressed to maximize output of successful progeny. 
In this study, we measured reproductive output in terms of egg production, embryo and larval parameters, and total fecundity 
for three size classes of female Golden Topminnow.

Fish were stocked in 9 outdoor pools at a 2:1 female to male 
ratio. Three female sizes were selected with mean weights 
of 3.6, 5.9, and 9.1g, representing small, medium, and large 
sizes, respectively. Eggs were collected twice weekly from 
two submerged Spawntex mats per tank. Reproductive output 
variables recorded included: number of eggs harvested, embryo 
size, daily hatching, and larval size upon hatching. Embryo and 
larval pictures were analyzed using Image Tool 3.0 software. 
At the end of the 13-week outdoor study, 6 females and 3 males 
from each pool were moved inside to measure determinant 
fecundity. Following unsuccessful spawning attempts over 3 
weeks, palpations for each female were performed on regular 
collection days for 2.5 weeks (5 palpations/fish).

Mean egg production differed significantly between size classes 
for 3 of 4 egg collection periods (P < 0.01, 0.01, 0.01; Table 
1). Embryos from the large size class females had significantly 
larger egg shell area (P = 0.01). Larvae from the large size class 
took longer to hatch (P < 0.01) and were significantly smaller 
upon hatch (P < 0.01). Fecundity (number of eggs per female 
per day) normalized by weight fits a power function (Figure 
1). Large females, although producing more eggs, may not be 
producing the most fit individuals.
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The long-term goal of ARPA-E’s MARINER (Macroalgae Research Inspiring Novel Energy Resources) program is to increase 
the scale of offshore kelp aquaculture so that biofuel may be derived from macroalgae. An autonomous underwater vehicle (AUV) 
system including acoustic, optic, and environmental sensors has been developed by Woods Hole Oceanographic Institution for 
the purposes of monitoring these eventual large-scale kelp farms.  The acoustic sensing system includes broadband split-beam 
sonars, providing scattering data in upward and/or downward directions using a three-beam sensor centered at 220 kHz and 
single-beam sensor centered at 333 kHz.  This sensor will be used to observe farm infrastructure such as horizontal longlines 
and kelp growth.  Structural information, such as droop in the longlines or entanglement, is available from time-of-flight of 
the acoustic echoes. Growth of kelp will be estimated from both time-of-flight and volume backscattering echo data.  These 
physics-based measurements will allow quantification of growth patterns across a farm, particularly important for breeding 
programs.  AUVs will use sensor feedback with autonomy to maintain offsets to grow lines.  Additional sensors on MARINER 
AUVs include panoramic camera, PAR, temperature, salinity, nitrate, turbidity and chlorophyll sensors.  Autonomous surface 
vehicles (ASVs) and remotely operated vehicles (ROVs) with lower-cost sensors will also be tested as a part of this project to 
assess efficacy of inexpensive systems in providing valuable monitoring data.  The objective of the initial systems developed 
for MARINER is to aid farmers in understanding growth and nutrients across small to medium scale farms, and to determine 
what autonomy and sensors will be required for the eventual monitoring task.   Preliminary tests were conducted in Spring 2018 
using acoustic sensors in a tank and an ROV and AUV with acoustic sensors and cameras to look at a kelp longline in Saco Bay, 
Maine in collaboration with the University of New England (UNE) MARINER team.  This provided data to begin developing 
real-time processing techniques for estimating longline position and macroalgae extent for vehicle control and farm mapping 
purposes [work supported by ARPA-E].



363

OPTIMIZING WALLEYE Sander Vitreus AND HYBRID WALLEYE Sander canadense TANK 
STOCKING DENSITY AND PERFORMANCE IN A TRADITIONAL RECIRCULATING 
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Walleye is a prized sport fish and food fish and is often on the menu of white tablecloth restaurants throughout the Great Lakes 
region of the U.S.  Walleye has been recognized as a species with substantial aquaculture potential because of its high market 
value and limited supply from traditional commercial sources (National Aquaculture Development Plan; Summerfelt, 1996). 
The University of Wisconsin -Stevens Point Northern Aquaculture Demonstration Facility (UWSP NADF) has experienced 
substantial success rearing walleye and hybrids to a food market size in a recirculation aquaculture system over the past 
10 years.  Despite the existence of a strong market demand and the existence of aquaculture methods for raising walleye, 
commercial production is still constrained by several factors.  Making production methods commercially efficient which 
include understanding tank stocking density, swimming speed, flow rates and fish performance are critical to move walleye 
forward in the aquaculture food fish movement.  Researchers at the UWSP NADF have recently made strides in understanding 
these critical components to rear walleye and hybrids successfully in RAS and will provide an overview.
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Our lab has developed a novel larval rearing method which allows for easy replication, limited maintenance and improved 
growth during initial life stages of previously examined cyprinid and percid species. The method includes the use of 24h light, 
salinity, algal turbidity, and continuous food availability to achieve high growth rates. An experiment was conducted in order 
to standardize and compare this new method to more traditional rearing conditions.

One-week old bighead carp Hypophthalmichthys nobilis larvae were obtained from Osage Catfisheries Inc. (Osage Beach, 
MO). The fish were distributed into two different rearing conditions, static 4L containers and 10L tanks in a recirculating 
system, at three densities 12.5, 25, and 50 fish/L. Two feeding treatments, live Artemia nauplii and rotifers Brachionus plicatilis 
with a switch to Artemia nauplii after 5 days, were utilized for each density, in triplicate, with food being provided ad libidum. 
Salinity in both static and recirculating systems were maintained at 2ppt. Additionally, fish were maintained at 3ppt and 5ppt 
in static tanks in triplicate, to enable better survival of saltwater live feeds. Algal turbidity was added to static containers and 
maintained between 5-20 NTU. Static containers were maintained in 24h light while the recirculating tanks were housed in a 
greenhouse and followed a natural light regime. Temperatures in both systems were maintained at 28.5 ± 1°C after acclimation. 
After 5 days, the water volume of static tanks was increased to 6L, effectively decreasing density by 1/3. Water quality was 
measured daily throughout the experiment.

Mortality was measured daily throughout the experiment and samples were taken for all tanks at 10d and 20d for weight (mg) 
and length (mm). Survival and growth will be compared between stocking densities, salinities, feeding regime, and larval 
rearing environments to determine optimal larval rearing conditions for bighead carp. Based on initial results, both survival and 
growth were higher in the novel rearing conditions compared to the more traditional recirculating system. 
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Tilapia production has continued to increase in recent years, but at a slower rate than the 5-8% growth we saw from the 1980’s 
to 2015. Tilapia demand and prices in the US, Canada and parts of Western Europe have dropped each year starting in 2015. 
This drop seems to be completely attributable to several misleading reports posted on the internet.  Web searches for tilapia list 
several of these sites in their top results, with claims that tilapia is worse than bacon for your health.  Sites with more accurate 
and valid information are buried lower in the search results.  It is the lead heading of worse than bacon that seems to engender 
the most attention, even though the claim has been discredited by nearly every nutrition expert, medical doctor and dietician.  
The comments were included in a technical paper comparing omega 3 to omega 6 fatty acid concentrations in farmed tilapia 
and other fishes.  The first figure in the article shows the measured omega 3 levels in farmed tilapia to actually be much higher 
than many common warm water wild caught marine species.  But a focus on the relatively high ratio of omega 6 led to the 
spurious comments.  

While the drop in demand seems to be greatest in English speaking countries, questions about quality have arisen from many 
countries. Despite the weak demand in the most lucrative markets, global production and consumption have continued to 
rise.  Production and consumption have increased in several countries that are particularly important on a global basis.    First, 
Indonesia has reported rapid increase in production but only minimal increase in exports.  A government report for 2017 
estimated production of 1,200,000 metric tons. Second, Egypt has also rapidly increased production, to approximately 1,000,000 
tons, mostly for domestic consumption with some exports to the Gulf Arab countries.  Third, Bangladesh has increased its 
production at a tremendous rate in recent years.  In 2002 the production was under 10,000 mt and by 2017, reliable estimates 
are for more than 330,000 mt essentially all for domestic markets.  Brazil has also increased production to 400,000 mt again 
primarily for domestic consumption.  
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Controlling solids levels and providing adequate biofiltration in aquaculture systems is critical to the health of the system and 
the animals being cultured. Excessive levels of solids can cause gill fouling, low dissolved oxygen levels, and other detrimental 
effects. Two common solids filters used in intensive shrimp systems are settling chambers and foam fractionators. Settling 
chambers slow incoming water, allowing particles in the water column to fall out of suspension. Foam fractionators create 
columns of micro bubbles which attract small and dissolved particles; the resulting foam is then removed from the system. 
Biofloc systems rely on high concentrations of solids in the water to house microbes that perform a variety of processes to 
remove ammonia.  External biofilters, on the other hand, typically contain small plastic biomedia which provides surface area 
for microbes; such filters may offer a more controlled approach to ammonia removal. The purpose of this study was to examine 
the effects of using settling chambers versus foam fractionators, and the biofloc approach versus using external biofilters for 
biofiltration.  

Sixteen 1-m3 round HDPE tanks were randomly assigned to 4 different treatments. Eight biofloc systems were established: 
4 using settling chambers for solids control (BF-S) and 4 using foam fractionators (BF-F). The other 8 tanks used external 
biofilters; 4 had settling chambers (EB-S) and the other 4 had foam fractionators (EB-F). All 16 systems were stocked with 
250 shrimp at an average size of 4.27g. All tanks were fed the same amount of feed daily, and solids levels were maintained at 
similar levels between all treatments. Temperature, DO, and pH were each measured twice daily and shrimp were enumerated 
and weighed at the end of the study.  A two-way ANOVA with and α-value of 0.05 was used to determine significant differences 
between treatments regarding final water quality and shrimp production data.

There were no significant differences in shrimp production between treatments; however, variability was high in biofloc 
systems. Nitrite and nitrate were significantly lower in systems with fractionators compared to systems with biofilters, and both 
treatments with external biofilters had lower nitrite accumulation than their biofloc counterparts. Although setting chambers are 
cheap to build and operate, the long-term effects on water quality from foam fractionators may offset costs.
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This work aimed to determine the inputs, outputs and accumulation of carbon, nitrogen, and phosphorus in each of the 
compartments of the monoculture and integrated multi-trophic aquaculture (IMTA) systems of the Amazon River prawn 
Macrobrachium amazonicum and tambaqui Colossoma macropomum in earthen ponds, using hypereutrophic water. In 
addition, we tested the hypothesis that the IMTA is more efficient in using the nutrient inputs than monoculture to produce the 
two Brazilian native species and may be performed in hyper-eutrophic waters.  

A completely randomized experiment was designed with four treatments and three replications: MP - monoculture with 30 
prawns/m2, MF- monoculture with 1 fish/m2, PF- polyculture (IMTA) with 30 prawns/m2 and 1 fish/m2 free, PH - polyculture 
(IMTA) with 30 prawns/m2 free and 50 fish/m3 in hapa nets. Samples of water, gas, sediment, feed, and animals stocked and 
harvested, were all collected throughout the experiment to determine the total nutrient content and the balances of carbon, 
nitrogen and phosphorus. 

The IMTA appeared to be more efficient than monoculture in utilizing and removing the carbon, nitrogen, and phosphorus 
from the various inputs (Table 1). The experiments also showed that producing Amazon River prawn and tambaqui in mono or 
polyculture using hypereutrophic supply waters is technically feasible. 
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St. John’s, NL, Canada A1C 5S7
ifleming@mun.ca

Aquaculture and wild environments differ vastly in various selective pressures. Relaxed natural selection in the farm combined 
with directional selection for production related traits likely leads to farmed Atlantic salmon differing substantially from wild 
salmon. Moreover, farmed salmon may derive from populations geographically distant from locally adapted wild populations. 
Interactions and hybridization of escapee farmed salmon with wild populations thus has the potential shift trait expression 
noticeably with likely fitness consequences. In Newfoundland, the current farmed stock derives from the St. John River, 
over 1,000 km distant, and there is also interest to farm European origin (EO) salmon, which are highly genetically divergent 
from North American (NA) salmon. To assess the potential interactions and consequences of hybridization among these farm 
populations and wild NA salmon, we created a series of controlled crosses. The offspring from these crosses were then used to 
quantify trait and performance differences. 

We undertook experiments to measure how individual fish from NA and EO farm populations behaved relative to their wild 
conspecifics and hybrids in four different contexts (exploration, exposure to a novel object, boldness under predation risk and 
aggression). Findings indicated that NA and EO farm fish were similarly more explorative, bold, and aggressive than wild fish 
and related hybrids. We also found that individual behavioural scores for one context were correlated with scores for other 
contexts, indicative of a behavioural syndrome. Exploration, novel object and boldness under predation risk were positively 
correlated with aggression among populations. These findings indicate that the presence of trait differences between farm and 
wild salmon are likely reflective of selective factors favouring association of suites of behavioral traits in particular ecological 
contexts. Further, we investigated (i) the association between fitness traits and social interactions and hierarchies, and (ii) 
the norm of reaction for growth and survival between different environments to examine the competitive balance between 
farmed, hybrid and wild salmon. Both NA and EO farmed fish were more dominant than related hybrids and wild conspecifics. 
They also outgrew wild conspecifics in hatchery environments, but only EO farmed fish outgrew wild fish in semi-natural 
environments. These results indicate that social status and competition are likely to affect fitness differences (e.g., growth and 
survival) between farmed and wild salmon, and to differ with the origin of the farmed population.
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ISOLATION AND IDENTIFICATION OF DENITRIFYING AEROBIC BACTERIA FROM 
SHRIMP AQUACULTURE SLUDGE AND WASTEWATER
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Aquaculture relies on high-protein-content feeds that are rich in nitrogen (N), consequently large quantities of this waste are 
released into the culture environment, with potentially harmful consequences. Recent research has shown that the aerobic 
denitrification by microorganisms is a new pathway for biological modulation of nitrogen consisting in the sequential conversion 
of nitrite into gradually N2. Denitrifying bacteria can simultaneously utilize oxygen and nitrate as electron acceptors, moreover 
phylogenetic analysis revealed that this group belong to α-, β- and γ-Proteobacteria. The present study aims to isolate and 
identify bacteria with a capability to reduce nitrogenic compounds in shrimp farming.

Three samples of wastewater and sludge were collected from a shrimp farm located in Bahia de Lobos, Sonora, Mexico. 
They were cultured under aerobic conditions using modified ATCC 928 and Winogradsky broth respectively for 48 hours at 
30°C. After the incubation properly diluted samples were spread into modified ATCC 928 and Winogradsky plates to obtain 
pure cultures. Furthermore, before the sequencing each of the isolates were observed for the colony characters (morphology, 
colors, opacity, etc).  A total of 11 colonies were identified based in partial sequence of 16S rRNA gene by BLAST-NCBI with 
the results presented in Table 1. Nine of these heterotrophic bacteria isolated are considered good candidates to enhance the 
biological reduction of nitrates in shrimp ponds, however more research is needed to test their capability to improve water 
quality.
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WILLAPA BAY OYSTER RESERVES – 1890 TO NOW – UPDATED LEGISLATION FUNDS 
RESEARCH THROUGH STATE OYSTER SALES

Zach Forster*, Bruce Kauffman, Brett Dumbauld

Washington Department of Fish and Wildlife
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Nahcotta, WA 98640
Zachary.Forster@dfw.wa.gov

The creation of the Willapa Bay Oyster Reserves was intimately associated with the history of the oyster industry and tideland 
ownership in Washington State.  In 1890 the first territorial (pre-statehood) legislature set aside naturally occurring beds of the 
native oyster Ostreola lurida to be retained in public domain and provide oysters for the industry. Over time, the Washington 
State Legislature has reviewed laws governing the reserves and modified them to fit the current nature of the fishery, which 
is primarily based upon culture of the Pacific oyster Crassostrea gigas, that was first introduced to Washington State waters 
in 1920. The Willapa Reserves consist of approximately 10,000 acres of intertidal and subtidal land divided into five separate 
reserves.  Since the reserves were originally set aside to preserve areas where the native oyster prospered, a majority of the land 
consists of either subtidal channel or low intertidal ground. The intertidal ground has proven to be good for Pacific oyster seed 
production, currently around 1,000 acres are actively managed for oyster and clam production.  

Originally charged by the legislature to operate the reserves in a self-sustain manner, the Washington Department of Fish and 
Wildlife (WDFW) conducts annual sales of shellfish from the reserves to generate revenue for the program.  The annual sale 
involves identifying tracts of land with desirable oysters and clams, a call for bids on individual tracts, awarding contracts to 
winning bidders, supervising harvest, and coordinating a shell return program for future harvest.   From 1945 through 2018 a 
total of 3.7 million bushels of oysters worth $5.6 million have been harvested from the reserves. In 2001, legislation created a 
dedicated oyster reserve land account and directed revenue generated from annual sales be used to cover WDFW management 
expenses, fund academic research, and maintain an on-site sewage system repair grant program. The new legislation also 
formed the Willapa Bay Oyster Reserve Advisory Committee to make recommendations on management practices to conserve, 
protect and develop the oyster reserve lands.  The reserve committee also makes recommendations on the distribution of 
WDFW research funds and prioritize research needs for the local shellfish growing industry.  To date academic research 
activities funded by the oyster reserves have focused on two important issues; the control of aquatic nuisance species and 
burrowing shrimp. 
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CAMELINA AND CANOLA OILS AS REPLACEMENT OF FISH OIL IN DIETS FOR CHINOOK 
SALMON Oncorhynchus tshawytscha IN SEAWATER

Ian P. Forster*, Barb Cannon, Tim Rundle, Jack Grushcow, Brad Hicks, Marije Booman, 
Simon R.M. Jones, Mahmoud Rowshandeli, Debbie Puttick

Fisheries and Oceans Canada
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Two trials were conducted to ascertain the impact of replacing fish oil by camelina oils on health and growth of Chinook 
salmon in seawater. In Trial 1, nine nutritionally complete diets were prepared: a control basal diet containing only fish oil and 
two series of four diets in which the fish oil was replaced by either 25%, 50%, 75% or 100% canola oil or camelina oil. These 
diets were fed to four groups of fish (initial weight 118 g) to apparent satiation for 13 weeks. Samples of fish were taken after 
2 and 13 weeks of feeding to assess inflammation of the intestinal mucosa. After 13 weeks, the growth rates, feed efficiency, 
proximate composition of the fish and fatty acid profiles of fish muscle were also determined. Data were corrected for normality 
and subjected to ANOVA procedures with a 5% error rate of significance.

In trial 2, the basal diet was formulated by top coating with 100% fish oil, a mix of 25% fish oil and 75% camelina oil, or 100% 
camelina oil. Groups of fish (initial weight 306 g) were fed the experimental diets to apparent satiation for 21 weeks, after 
which the growth, and feed efficiency data were analyzed.

Trial 1 showed that complete replacement of fish oil by either canola or camelina oils had no significant impact on intestinal 
inflammation scores of submucosal thickness. Neither growth, feed efficiency nor survival were significantly impacted even 
at the highest level of fish oil substitution. There was no significant impact of dietary lipid type on total fat content of the fish, 
but the fatty acid profile of the fish at 13 weeks reflected that of the diets. Increasing levels of the polyunsaturated fatty acid 
alpha-linolenic acid (18:3n-3) were measured in fish fed increasing levels of camelina oil  but not in those fed the canola oil 
diets. There was a downward trend in docosahexaenoic acid (DHA) with increasing replacement of fish oil by either the canola 
or camelina oil.

The results of the second trial also indicated that there was no impact of replacement of fish oil by camelina oil on growth or 
feed efficiency.

In conclusion, camelina oil or canola oil can replace fish oil in diets for Chinook salmon in seawater with no impact on growth, 
feed efficiency or intestinal health, at least on a short term basis. However, the two plant-based oil diets differed in the resulting 
muscle fatty acid profile, with the n-3 fatty acid alpha linolenic acid being elevated in the fish fed the camelina oil diets, and 
decreasing in those fed the canola oil diets.
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INTRODUCTION – STANDARDIZATION FOR AQUATIC NUTRITION RESEARCH 
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As a result of considerable directed research, modern aquaculture feeds are more efficient, more environmentally friendly and 
more cost effective than was the case several decades ago. This research continues, with novel ingredients being utilized and 
new species being cultured. 

The primary goal of aquaculture nutrition research is to provide new understanding and information for the development of 
feeds and feeding practices that will encourage the economic and environmental sustainable growth of the industry. Progress 
in nutrition research requires application of acceptable methods. Although research with terrestrial animals (poultry, swine, 
rats) has been standardized for some time, this is much less so for aquatic animal research, where there is a wide range of 
methods used even by researchers working on similar problems. Likely, this wide disparity reflects the great diversity of 
species, environmental conditions and culture systems employed throughout aquaculture, relative to terrestrial farming. 

Standardization of research methodology facilitates comparison of findings among researchers, providing a basis for growth 
of knowledge. While standardization is no guarantee of accuracy, application of standard methodologies (e.g., appropriate trial 
duration; adequate replication; suitable controls; good growth/survival; appropriate experimental design and statistical rigor) 
that are widely recognized as appropriate can provide aquaculture practitioners, including farmers, ingredient producers and 
feed manufacturers with justification in application of the results. Failure to apply rigorous standard methods is often a cause 
for rejection of manuscripts submitted to peer-reviewed journals, and results in lack of confidence in the findings by others, 
ultimately leading to wasted effort and missed opportunity. 

This session aims to stimulate discussion about what sort of standardization is desirable in aquatic animal research. A number of 
researchers and practitioners are scheduled to speak from their own perspective on the value of standards in nutrition research. 
After the presentations, there will be a round-table of the speakers, allowing the audience to discuss their own insights on the 
topic.
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WHOLE OCEANS: FROM PAPER MILL TO LAND-BASED AQUACULTURE

Jennifer G. Fortier,* Jason Mitchell, and Michael Chorske

Whole Oceans LLC
PO Box 7561
Portland, ME 04112
JFortier@WholeOceans.com 

Whole Oceans, LLC is a Maine-based company constructing a land-based recirculating aquaculture facility in Bucksport, 
Maine.  This industrial site on the beautiful Penobscot River spent over eighty years as a paper mill, until its closure by Verso 
in 2014.

Whole Oceans selected this site for many reasons: the infrastructure present on the site that could be retooled for land-based 
aquaculture, its proximity to premium seafood markets in the Northeast, and the potential for workforce and economic 
development in the region.

Choosing an industrial site with a long history presents specific challenges to redevelopment - a unique opportunity that Whole 
Oceans is meeting head-on.  We will be constructing our facility in multiple phases and continue to evaluate the best available 
technologies for RAS systems. 

Phase I of the project will have an annual production of 5,000 metric tonnes of head-on gutted Atlantic salmon (Salmo salar, 
HOG).  Full capacity of the site may reach 20,000 metric tonnes over the next fifteen to twenty years.  Additional development 
of supply chain and waste-utilization streams are also planned.  

As we work to complete our facility we are also focusing on job training for our future employees.  By supporting current and 
new programs in recirculating aquaculture for vocational and post-secondary education we are prioritizing academics as well 
as production.  We will also be neighbors with Maine Maritime Academy, a maritime training college in nearby Castine, which 
has purchased a portion of the mill property for a training and safety school.

It is our hope that Whole Oceans can become a model for the development of other distressed industrial properties through 
large-scale land-based aquaculture.
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TEXAS OYSTER RESOURCE AND RECOVERY CENTER

Joe Fox*, John Scarpa, William Balboa and Gail Sutton

Harte Research Institute for Gulf of Mexico Studies
Texas A&M University – Corpus Christi
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Historically, the fisheries supply of oysters (Crassostrea virginica) in Texas has shown strong volatility as a result of 
environmental perturbations such as hurricanes and periods of heavy freshwater inflow. Concerns regarding overfishing have 
resulted in the passage of new legislation providing enhanced protection of young oysters on public reefs. Despite these efforts 
and an innate natural resilience to environmental change, oyster stocks continue to decline. To help maintain the role of the 
oyster fishery and oyster reefs as drivers of economic resilience of coastal communities, Texas will be establishing the Oyster 
Resource and Recovery Center in Palacios, Texas.  The overarching goal of this facility is to bolster economic resilience of 
coastal communities by assisting in rebuilding reefs and to improve oyster supplies to commercial sectors (supply-side and retail. 
The specific goals of this facility include: 1) provision of larvae and spat for oyster conservationists for new and continued reef 
restoration; 2) development of appropriate production strategies and training of practitioners for sustainable oyster aquaculture; 
and 3) enhancing responsible stewardship of Gulf coast resources for future generations via education and outreach. The 
efforts of this facility will be coordinated with two field-based aquaculture projects to evaluate environmental, biological, and 
economic impact of oyster aquaculture to the state. The Oyster Resource and Recovery Center will initiate hatchery production 
of larvae, spat-on-shell, and seed oysters that could ultimately result in production of 80 million harvestable oysters per year 
with a conservative market value of $28M, significantly increasing the supply of Texas oysters.  
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SPATIAL EXTRAPOLATION OF DESIGN WAVE CONDITIONS FROM A NATIONAL DATA 
BUOY CENTER PLATFORM TO A LOCAL AQUACULTURE SITE USING SHORT-TERM 
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The development of aquaculture at exposed locations along the coast of Maine will require systems capable of surviving 
extreme storm events, especially due to waves.  Typically, several years of wave observations are necessary to quantify the 
return period of an extreme event (e.g. a 50-yr storm) used for design applications.  The Gulf of Maine, however, contains only 
a limited number of reliable long-term wave datasets, mostly from the National Data Buoy Center (NDBC).  The objective of 
this presentation is to describe a technique to estimate local design wave conditions at a specific aquaculture site in Saco Bay, 
Maine, by spatial extrapolation from a NDBC location.  The technique utilizes a three-month set of wave observations near 
the aquaculture site processed for significant wave height, dominant period and wave direction.  These local wave parameters 
were then compared to those obtained at the NDBC station 44007 for the same observation period.  From comparison, it was 
clear that the same events influenced both the NDBC and the local aquaculture sites, but with smaller significant wave height 
values in Saco Bay.  With correlation, transfer function calculations were made between the wave conditions at each site.  The 
transfer function was applied to the results of return period analysis using 35-years of extreme wave values obtained at station 
44007.  The calculation provided an estimate of the 25-, 50- and 100-year storm wave conditions in Saco Bay.  The extreme 
value datasets can be used to for the design of local aquaculture systems, but also to refine results of wave model simulations 
to enhance predictability at fine resolution scales.
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A COMPARISON OF HUMAN PATHOGENIC VIBRIO IN FARMED AND WILD OYSTERS 
Crassostrea virginica 

Brett A Froelich*, Rachel Canty, Justin Hart, and Rachel T Noble
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Eating raw oysters comes with serious health risks as oysters can contain Vibrio bacteria that can cause severe illness, or even 
death, when consumed.  Previous research by Cole et al (2015) has shown that oysters harvested using floating cages can have 
fewer human pathogenic Vibrio spp. than oysters harvested from bottom waters.  The present study was conducted to further 
examine this phenomenon.  

A study was conducted in eastern North Carolina in which oysters (Crassostrea virginica) were collected weekly from 
April to early November during the Spring, Summer and Fall of 2013 through 2017 at various aquaculture and wild harvest 
sites.  Composite oyster samples (n=12 for each sample) were collected, aseptically shucked, combined in a blender bag, 
and homogenized via paddle blending.  Homogenized samples were plated onto selective media to enumerate total Vibrio 
spp and identify and quantify presumptive V. vulnificus and V. parahaemolyticus.  Presumptive isolates of V. vulnificus and 
V. parahaemolyticus were confirmed via PCR.  V. vulnificus isolates were confirmed at the species level using vvh and were 
assayed for potential pathogenicity using primers for vcgC and vcgE.  V. parahaemolyticus was confirmed at the species level 
using primers for toxR and was assayed for potential pathogenicity using primers for tdh and trh. Concentrations of total Vibrio, 
total V. vulnificus, total V. parahaemolyticus, pathogenic V. vulnificus, and pathogenic V. parahaemolyticus were compared 
between wild caught and surface farmed oysters.  

Total Vibrio spp and total V. parahaemolyticus were significantly higher in farmed oysters than in wild oysters. While there 
was not a significant difference in the concentration of V. vulnificus between farmed and wild oysters (Figure 1) there were 
greater proportions of potentially pathogenic V. vulnificus in farmed oysters (Figure 2).  Given the limitations of extrapolating 
molecular virulence data from Vibrio isolates, an extension of the study was conducted in summer 2018 to examine virulent 
subgroups of vibrios, using qPCR-based methods. 
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Ichthyophthirius multifiliis (Ich) is a ciliated parasite with a global distribution. It causes “white spot disease” of freshwater 
fish and results in a significant economic loss in the aquaculture industry. Parasiticides commonly used to control I. multifiliis 
have potential environmental and mammalian toxicities. Since malachite green has been banned for use in food fish due to its 
carcinogenic and teratogenic effects on humans, there are not therapeutants with both safe and efficacy in treating I. multifiliis. 
Thus, it is necessary to discover new therapeutic agents to treat I. multifiliis with low toxicity and high efficacy. The present 
work aimed to study the efficacy and toxicity of active compound isolated from Sophora flavescens against I. multifiliis. The 
active compound isolated from the S. flavescens extract was identified as sophoraflavanone G (SG). In vitro tests, SG resulted in 
100% mortalities of theronts, nonencysted tomonts, and encysted tomonts at concentrations of 0.5, 2, and 4 mg/L, respectively. 
SG significantly reduced theronts infectivity (p<0.05) at concentrations of 0.25 and 0.125 mg/L. After a 7 days cumulative 
delivery of SG, it at concentration of 2 mg/L was effective in treating infected grass carp and protecting naïve fish from I. 
multifiliis infection. The 96 h median lethal concentration (LC50) of SG to grass carp was 46.6 mg/L with a safety concentration 
of 11.3 mg/L. The study demonstrates that SG has the potential as a therapeutic agent against I. multifiliis. 
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USING LIPIDOMICS TO EXPLORE POSSIBLE CAUSES OF NUTRITIONAL PROGRAMMING 
IN LARVAE OF RED DRUM Sciaenops ocellatus
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Recent studies of red drum (Sciaenops ocellatus) in our laboratory have shown that the levels of docosahexaenoic acid (DHA) 
in larval tissues at 21 days posthatching (dph) are correlated with egg composition when larvae are reared on a diet containing 
high levels of DHA. This suggests that lipid metabolism of larvae is influenced by embryonic nutrition, a possible example 
of nutritional (or metabolic) programming. These variations in egg composition were produced by changing broodstock diet.

In order to better understand the mechanisms of nutritional programming in red drum, we manipulated broodstock diets to 
produce eggs containing DHA concentrations ranging from 25 to 55 mg g-1 DHA.  Eggs were reared on a diet containing high 
levels of DHA and larvae were sampled at 17 and 21 days posthatching (dph). The experiment was conducted independently on 
two sets of broodstock, using different diets to achieve ranges of DHA in eggs. Lipid profiles of eggs were measured using gas 
chromatography and high-resolution/accurate mass (HR/AM) ultra-high pressure liquid chromatography-mass spectrometry 
(UHPLC-MS), which measured 369 egg constituents. These variables were explored for relationships with DHA content of 
larvae at 17 and 21 dph. Sixty three egg constituents were significantly correlated with DHA content of larvae at 17 dph; 56 egg 
constituents were correlated in 21-dph larvae. Jointly, 18 egg constituents were correlated with DHA content of larvae. Based 
on the limited data set, these results suggest that particular phosphatidylcholines, triglycerides, or cholesterol esters in eggs 
may play a role in metabolic programming, but the analysis would benefit from additional experiments, results of which may 
be available at the time of this presentation.

Since survival, growth, and swimming speed of 21-dph larvae are correlated with levels of the fatty acid docosahexaenoic acid 
(DHA) in larval tissues, results of this study highlight the potential importance of broodstock diet to larval quality. 
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THE EFFECTS OF ISOFLAVONE EXTRACTS ON THE MODULATION OF STRESS, IMMUNE 
HEALTH, AND GROWTH IN NILE TILAPIA Oreochromis niloticus
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A 12-week study examining 120 Nile tilapia (Oreochromis niloticus) reared in a recirculating system was used to determine the 
effects of various isoflavone extracts on the modulation of stress. Three different crude extracts (2g isoflavone extract/kg feed) 
were used as treatments in stressed tilapia: kudzu (Pueraria lobata), red clover (Trifolium pratense), and soybean (Glycine 
max).  Numerous physiological responses were analyzed, including plasma cortisol, blood glucose, hematocrit, plasma protein, 
lysozyme activity, Fulton’s condition factor, and specific growth rate. Based on preliminary results, of the three extracts, soybean 
and kudzu appear to show beneficial results in modulating stress, while red clover appeared to have negative consequences on 
immune health and growth at this concentration. A detailed analysis will be presented at the meeting.
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RELATIONS 

Ivar Gaasland*, Hans-Martin Straume and Erling Vårdal

Department of Economics, BI Norwegian Business School
Postbox 6233, 5893 Bergen, Norway
ivar.gaasland@bi.no

 
Exporters normally sell their products to specialized buyers that reach out to the final users. This practice is explained by 
theories of search and information costs, showing that buyers profit from their access to local networks and specific knowledge 
with respect to business procedures and marketing in the destinations. Consequently, the achieved FOB price for a shipment of 
salmon is determined through negotiations between the two trading partners. 

Extensive transaction data of Norwegian export of salmon reveals a diverse pattern of exporter-buyer relations, spanning from 
unique relations to buyers that are shared by many exporters. Furthermore, individual buyers often serve many countries. 
Among factors that affect these patterns are the size of the exporter, trade costs, and the size of the market.                           

The buyer dimension is often left out from standard gravity models used to investigate main determinants of exporters’ 
performance. In this paper we investigate how characteristics related to exporter-buyer relations are associated with Norwegian 
aquaculture firms’ achieved prices (FOB) in different destinations. In particular, we focus on market concentration in the 
exporter-buyer relations. Market concentration is measured by Herfindahl indices that we use as a proxy for each side’s 
bargaining power. Utilizing a unique set of transaction level custom data for Norwegian seafood export (2004-2014), we 
include indicators of exporters-buyer relations into a standard gravity model, i.e., we control for distance, average income level, 
and the economic size of the destination country.
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Langley Gace*
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InnovaSea Systems Inc. continues to expand its comprehensive products and services offering to the open ocean aquaculture 
market.  The company was formed in 2015 as a result of merging two open ocean pen suppliers, both with significant history.  
OceanSpar produced the SeaStation™ submersible pen with 20 plus years of commercial experience.  Ocean Farm Technologies 
designed and built the spherical AquaPod™ fish pen.  Combining engineering talents, the newly formed company significantly 
improved both farming platforms, added additional staff such as naval architects, system engineers, electrical engineers, and 
ocean scientists.  

The company strategically chose to add ocean scientists with both oceanography and biology credentials to its ranks to represent 
both the ocean and the customer during the design phases.  This has proven significantly beneficial to both the engineering team 
and the customers resulting in more cost-effective solutions.

InnovaSea has also taken the lead on providing copper alloy mesh to the open ocean market.  Since first deploying copper alloy 
mesh on a commercial level in 2016, the company has aggressively reviewed performance and design, to provide efficient 
solutions while continually collecting data on both environmental and food safety impacts.  

In 2017 the company added an instrumentation division.  Environmental data collected on the farm can be transmitted wirelessly 
underwater to a submerged hub, then broadcasted again wirelessly to a location on shore.  That data can then be sent in real time 
to any location on the globe to a tablet or phone.

Lastly, InnovaSea recently acquired a land base farming services and equipment provider.  This enables the company to provide 
a complete farming solution from the hatchery to harvest.
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POTENTIAL OF BLACK SOLDIER FLY LARVAE  (Hermetia illucens) FOR ARCTIC CHAR 
(Salvelinus alpinus) DIETS IN AQUACULTURE 
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Aquaculture continues to be the fastest growing animal food sector and accounts for over 50% of the world’s fish consumption 
(FAO, 2014). This rapidly growing aquaculture sector requires increasing amounts of protein and lipids.  Fishmeal, fish oils, 
and other land-based options are the current source of proteins and lipids in fish feeds for aquaculture, but to maintain the 
sustainable growth, the industry needs access to other options for protein and lipids. Ingredients made from insects are being 
considered as alternatives for use in fish feeds. However, the insect rearing industry is still in its infancy and it is uncertain 
how these novel ingredients will affect fish growth and survival. The aims of this study were to: 1) investigate the use of black 
soldier fly (BSF, Hermetia illucens) larvae meal as an ingredient to partially replace fishmeal in diets for Arctic char (Salvelinus 
alpinus) aquaculture and, 2) assess the impacts of optimized diet and fertilization on the early-rearing performance of Arctic 
char. We fertilized 23 crosses of Arctic char eggs from broodstock that had received either a control diet made from fishmeal 
protein (40% protein, 20% fat) or a test diet formulated with 20% BSF larvae (i.e., 24% of the protein and 12% of the fat were 
supplied by BSF). At ponding, the progeny from the crosses were split into groups of 30 fish, with half receiving the control 
diet and half receiving the BSF diet. The survival and growth of the fry were tracked for 4 months (survival was tracked daily 
and growth was measured monthly) to assess the impacts of broodstock diet and fertilization success on the early-life-history 
performance of the fry.  Proximate analyses were performed on 10 fish from each group to assess differences in protein and 
fatty acid profiles. The results show that the feed intake, survival, and growth (Fig. 1) of the BSF diet did not significantly differ 
from the control diet. Thus, the use of BSF larvae meal for fish diets shows great potential to support the sustainable growth of 
aquaculture. Nevertheless, further research is needed to optimize the production and use of insect ingredients. 
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POLYMORPHISM IN Crassostrea GENOMES
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Before the Pacific oyster genome was sequenced, the Oyster Genome Consortium arranged Sanger shotgun sequencing of BAC 
clones at the DOE Joint Genome Institute. Fifty-eight clones from two inbred males were selected for sequencing on the basis 
of positive hybridization to cDNA probes representing eight genes of interest. Clones from each probe set were assembled into 
16 contigs representing 10 genomic segments. Clones within an individual contig were identical in areas of overlap, except for 
slight differences in the lengths of homopolymer tracts, or differences in the length of microsatellite repeats. For some clone 
sets, two distinct contig haplotypes were obtained and considered to represent allelic haplotypes.

‘Empty sites’ in aligned haplotypes are useful for defining the boundaries and target sites of transposable elements (TEs), as well 
as indicating recent transposition. In this set of C. gigas haplotypes, a remarkable variety of TEs appear to be currently active, 
including non-autonomous DNA transposons (MITEs, hAT and HINEs from the Helentron family pearl), autonomous DNA 
transposons (Academ, Crypton, Kolobok, MULE , Zisupton), LTR retrotransposons (Ty3/Gypsy, Bel/Pao), tyrosine recombinase 
retrotransposons (DIRS, Ngaro) and non-LTR retrotransposons (RTEX, Tx1, Gypsy and unclassified elements). This diversity of 
putatively active TEs stands in marked contrast to many other characterized genomes, in which the majority of TEs exist only 
as inactive ‘fossil’ sequences. In addition to TE insertion polymorphism, structural variation among haplotypes arising from 
gene duplication and decay was evident. 

Pairwise alignments were performed separately for components of individual genes (5ʹ UTR, 3ʹ UTR, introns, CDS) and 
intergenic regions in order to examine global patterns of polymorphism for each. The majority of 70 gene models showed 
high amino acid similarity (median identity = 0.994), with only one (TIMP 1.1) having identity less than 95%. Virtually all 
genes showed low Ka/Ks ratios consistent with strong purifying selection (median Ka/Ks = 0.116); four of the five genes with 
evidence of positive selection were MyD88 protein adaptor genes involved in the innate immune system. Intergenic and intronic 
regions showed extensive indel polymorphism, attributable to simple sequence repeat size variants (micro- and minisatellites), 
regions of degenerate direct repeats, and transposable elements of multiple types. As a result of indel polymorphism 29% of 
intergenic sequence and 35% of intronic sequence were haplome-specific. This proportion of haplome-specific DNA is close 
to the remarkable level of allelic structural variation reported for the chaetognath Spadella, and may contribute to the high 
frequency of null alleles and the occurrence of a positive heterozygosity-fitness relationship first noted in Crassostrea almost 
fifty years ago.
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THE EFFECT OF THREE DIFFERENT LIVE FEEDS ON THE SURVIVAL AND GROWTH OF 
LARVAL FIRE SHRIMP Lysmata debelius

Erin J. Gaglias*, Joseph T. Szczebak, Casey A. Murray, Andrew L. Rhyne, Bradford B. Bourque
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The fire shrimp, Lysmata debelius, is a highly demanded marine ornamental animal in saltwater aquariums for their aesthetic 
value and the environmental cleaning services they provide. The intensive collection of this species for the aquarium trade 
needs to be mitigated through commercialized aquaculture production. Previous studies have developed standardized culture 
methods for the fire shrimp. Yet, it is speculated that bottlenecks in fire shrimp culture may be a result of the nutritional quality 
of the larval diet at the time of first feeding. This study examined the effect of three live feeds on the survival and growth of 
larval fire shrimp. 

Day 0 larval fire shrimp were stocked into three 20L round-bottom vessels (N=200/vessel). Each vessel was randomly assigned 
one of three live feed treatments; Artemia salina N1 nauplii, Parvocalanus crassirostris, and Brachionus plicatilis, all stocked 
at 5 prey items/mL.  Each static culture vessel was fitted with light aeration entering at the bottom of each vessel, and was 
flushed of all prey items at 0800 and 1300 hr, and then volumetrically restocked with prey at 1000 and 1600 hr. At the end of 
each 7-day experiment (6-8 replicates per treatment), all larvae were enumerated visually to determine the survival rate (%), 
photographed, and analyzed using ImageJ software to determine carapace length (mm). 

Shrimp larvae fed Artemia had a significantly greater survival rate than larvae fed either Parvocalanus or Brachionus diets 
(P<0.05, Figure 1). Shrimp larvae fed Artemia were significantly larger at day 7 than larvae fed Parvocalanus live feed diet 
(P<0.05). This study suggests that Artemia salina N1 nauplii are the optimal first-feed for Lysmata debelius larvae. The effect 
of conventional pulse-feeding technique compared to continuous feeding on larval fire shrimp development will be investigated 
to further optimize the sustainable commercial rearing of this species.  
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There are many challenges associated with the larval phase of marine ornamental aquaculture with the foremost challenges 
associated with raising live feeds and algae. In Hawaii, some of the challenges such as permitting issues are unique, however, 
much of the same challenges remain regardless of location. The first challenge lies in engineering the systems able to produce 
adequate amounts of live feeds. This process involves designing a system that balances needs versus available resources. There 
are several limitations such as larval tank sizes, optimal feed densities, and availability of algae that must be considered in the 
design prior to construction and plumbing. Additionally, when designing a system thought must be given to provide optimal 
growing conditions by being able to adjust parameters such as temperature and salinity for the targeted species. Although 
rotifers can be grown utilizing microalgae paste, most species of copepods need live microalgae, therefore, one of largest 
challenges is the ability to consistently produce adequate amounts of microalgae. The methods and challenges associated with 
raising microalgae at the University of Hawaii at Hilo, Pacific Aquaculture and Coastal Resources Center will be discussed 
including: An overview of the 4,000-liter continuous algae bag system, water filtration, sterilization, and ozonation procedures. 

EFFECTS OF ENVIRONMENTAL TEMPERATURE AND FEED COMPOSITION ON 
STEELHEAD Oncorhynchus mykiss GROWTH, BODY COMPOSITION AND BLOOD 
PARAMETERS

Gannam, A.*, R. Headley, A. Carr, J. Barron and R. Twibell 

U.S. Fish and Wildlife Service 
Abernathy Fish Technology Center
1440 Abernathy Creek Rd
Longview, WA 98632
ann_gannam@fws.gov

Effective conservation programs for species reared by the US Fish and Wildlife are dependent on the success of those species 
in their natural environments.  An understanding of the effects of elevated environmental temperatures on growth, body 
composition, especially components such as fatty acids which can be affected by temperature, and physiological parameters is 
needed for conservation programs.  This knowledge will help inform fish rearing efforts at cold water National Fish Hatcheries 
by identifying feeds that will produce competent juvenile salmonids.  As temperature increases the fishs’ nutrient requirements 
change.  Increasing temperature, up to a point, combined with nutrient rich feed could produce undesirable high growth rates in 
fish.  Data will be presented from a feeding trial using steelhead raised at two temperatures, 13 or 20C, and fed two commercial 
diets, one selected for having 48% protein and 18% lipid as well as consisting of alternative protein and lipid ingredients and the 
other chosen for having 52% protein and 22% lipid and the majority of the protein and lipid consisting of fish meal and fish oil.
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Experimental cultivation of the seaweed Kappaphycus alvarezii has been made in Sambaqui Beach (27°29’18,65 ‘’S and 
48°32’17,96’’W) located in the Bay of Santa Catarina Island (BoSCI), Southern Brazil since 2008. K. alvarezii is an introduced 
species so the environmental monitoring in the surrounding production area is mandatory. This work is the first step towards 
the understanding of the dispersion behaviour and the range of detached branches in the estuarine region. For that, the use of 
hydrodynamic modelling as tool to support the evaluation of the water dynamics and particles fate was considered. Several 
environmental datasets are needed as input for hydrodynamic mathematical models, like bathymetry, tide time series and wind, 
which area available for BoSCI. However, this modelling is impracticable without information of the branches settling velocity.

A bench scale trial was conducted at the Marine Shrimp Laboratory – Federal University of Santa Catarina (LCM/UFSC) 
to determine the branches settling velocity. Four branches with different sizes and ramifications were used (Figure 1). These 
branches were characterized considering size, volume, weight and density. To determine the weight a precision scale was used. 
To estimate the volume, photos were taken, and a computer aided design (CAD) software was used to determine the total 
length, and average diameter.

The measurements of the settling velocity were made using a 
500 mm height graduated cylinder which was filled with 30‰ 
seawater. and the settling time was measured. The test was 
repeated eleven times for each branch to ensure reproducibility. 
The density of the branches was relatively stable, with a value 
of 1.2891 + 0.1721 g.cm-3 while the seawater (30‰) was close 
to 1.021 g.cm-3. The average vertical velocities resulted in 3.88 
cm.s-1, 5.92 cm.s-1, 4.22 cm.s-1 and 3.22 cm.s-1 for B1, B2, B3 
and B4, respectively (Figure 2). Statistical analysis indicated 
that the vertical velocities are significantly different for each 
branch. These results show that the sedimentation velocities are 
not related to the density or weight of the branches. Although 
B1 and B2 have similar weight, they presented significant 
difference in the sedimentation velocities, this is probably due 
to the shapes of the branches.

The following step was to use these results as input in the 
MOHID hydrodynamic model. The worst-case scenario 
considered the spring tide and the lowest branches settling 
velocity. Preliminary modelling results show that the branches 
travelled a maximum distance of 3 km from the experimental 
farm until it reaches the bottom of the bay.



387
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The production of clams in Altata Bay, Municipality of Navolato, in Sinaloa’s state, Mexico, has decreased in recent years. 
Specifically for the callista clam Megapitaria squalida, its production indicates a drastic reduction from 184 tons reported 
in 2006, to 2.8 tons recorded in 2017. This reduction is possibly caused by factors such as overexploitation, pollution and 
diseases. From the latest, Perkinsiosis has already been reported for other wild and cultivated bivalves in or close to the bay. 
The Sinaloa Institute of Aquaculture and Fisheries (ISAPESCA) requested an integral study on the health status of the callista 
clam population of Altata Bay highlighting a possible infection of Perkinsus sp. Thus, the aim of this study was to evaluate the 
presence of this protozoan in a population of M. squalida kept in a fishing shelter. 

A total of 5,000 seeds (5.73 mm initial shell height) were placed 
in an aquaculture pen within the fishing shelter. 1080 clams 
(60/month) were sampled from June 2015 to November 2016. 
The final length, height and width of the shell and weight of  
M. squalida were: 59.68, 46.24 and 27.39 mm, and 65.46 g, 
respectively. Ray’s thioglycollate fluid medium test (MFTR) detected 
spherical cells of dark color (Fig. 1), indicating the presence of 
hypnospores of Perkinsus sp. during the first 17 months of sampling 
(Fig. 2); the intensity of the average infection was grade 2 (mild); 
the maximum prevalence was 43.33% in November 2015 and March 
2016, with an average of 21.05%. 

From the total positive samples with the MFTR (n = 112), none 
was confirmed with PCR. There was no correlation between the 
prevalence of Perkinsus sp. with all the parameters studied (water 
physicochemicals, size of clams and physiological condition index), 
or with the development (size) of the clam.

The low susceptibility of the clam to the parasite, the meat consistency 
of the bivalve, and the different habitats in where M. squalida 
(benthic) and the protozoan (planktonic) live, could partially explain 
the slight intensity of infection of Perkinsus sp. found throughout the 
development of the clam.
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Increasing consumer demand and interest in locally produced seafood has outpaced the natural productivity of U.S. capture 
fisheries and has led to a reliance on imported seafood. Currently, the US is importing more than 90% of its consumed seafood 
and it is increasingly farmed. Aquaculture, which has grown rapidly in other parts of the world, has developed very slowly 
in the US. With a rising seafood trade deficit of more than $15 billion, there is ample opportunity for aquaculture to increase 
domestic seafood supply in addition to improving human nutrition and creating jobs in coastal communities and all along the 
value chain. 

New regulations of federal waters in the Gulf of Mexico, 50 C.F.R. Parts 600 and 622, authorized marine aquaculture of 
federally managed finfishes in 2016. However, there is substantial uncertainty with respect to the potential impacts of such a 
sector. It is unclear whether US producers can be competitive with imports given the economic and regulatory environment 
they operate in and it is also unclear the extent a growing aquaculture sector will complement or compete with wild harvests. 
A better understanding of market potential and interactions is key, as an aquaculture sector has little potential to develop if it 
is not competitive. 

In this paper, we conduct analysis of the potential for domestic aquaculture production to complement local capture fisheries 
in the Gulf of Mexico. We examine domestic commercial fishery and aquaculture production data, seafood trade and supply 
chains in the Gulf region and the broader US market. We interview industry stakeholders including buyers, wholesalers and 
restaurants on seafood preferences and willingness to substitute seafood products, and review examples of price and market 
effects in the literature. Together these analyses are highly informative to understanding the long-term effects of increased 
domestic aquaculture production. 
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PERMITTED SURFACE-WATER AQUACULTURE IN LOUISIANA RIVER DIVERSION 
DISCHARGE 

Albert ‘Rusty’ Gaudé * 

Louisiana Sea Grant 
Louisiana State University
Baton Rouge, LA 70803
agaude@agcenter.lsu.edu

The seasonal diversion, or spillage, of Mississippi River flow into the estuarine habitats of southern Louisiana has occurred 
since the formation of this floodplain during the most recent series of North American ice ages.

However, it is only within the last fifty years that these diversions have been thought of as an intentional engineering measure 
to attempt to replenish the riverine sediment load that is believed to be unintentionally restricted from our marshes by flood 
control structures. These intentional and controlled diversions first came into play with the Caernarvon spillway system, just 
downriver from New Orleans, installed and opened in 1991. Smaller units, in the form of siphons, carried smaller quantities of 
similar waters into silt-starved marshes.  

Since the first intentional diversions came into use, a very vocal and well-funded endorsement for these beneficial flows have 
advanced the concept to now include several installed or planned diversions which could theoretically re-direct much of the 
28000 CMS water currently carried by the Mississippi River.

This potentially redirected water then flows through the marshes, drops its sediment load, and ultimately enters the receiving 
waters of the Gulf of Mexico. Coincidentally, the nutrients carried by these same waters go to nourish the plant life colonizing 
the newly laid siltation, thus strengthening the sustainability of the recovering estuary system. 

Historical Louisiana statues prohibit the use of the surface waters of the state for private aquaculture enterprises, such as 
floating impoundments or confined finfish cages. The rationale of these restrictions is premised on nutrient inputs and water 
quality impairment of the receiving downstream waters. However, the situation with intentional diversions into Louisiana 
marshes presents a scenario where the concerns of present regulations lose validity. Diversion flows are seeking nutrients and 
sediment to rebuild the marsh habitat.

Additionally, as terminal users of the diverted Mississippi River water, the receiving waters of the Gulf of Mexico experience 
little impact from the clarified and stripped water as it enters the open water systems. It is suggested that amendments be made 
to legally allow permitted use of selected diversion flows to be used in commercial aquaculture operations such as net pens. 
Properly managed for aquaculture, diversion waters can have additional benefits to marsh restoration, local economies, and the 
growing seafood deficit.
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SOME REQUIREMENTS OF THREE SPECIES CANDIDATE FISH TO AQUACULTURE IN 
YUCATAN
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y Gerard Cuzon
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Three carnivorous species from Yucatan coast were acclimated under laboratory. Only for snook and canane snapper spawning, 
larvae rearing and/or directly from the wild (E morio) for preliminary tests on protein requirement, in vitro and in vivo 
digestibility and variations of zootechnical paramenters to finally get some responses on nutritional physiology (glycaemia, 
hematocrit, digestive and metabolic enzymes…). It allowed to present a comparative study on those three carnivorous species 
namely  robalo (Centropomus undecimalis), méro( Epinephelus morio) and  canane snapper(Ocyurus chrysurus). Such species 
acclimated rapidly at juveniles stages to lab conditions and responded to nutrients levels with a certain similitud. They showed 
some phenotypic plasticity to feed composition and allowed to formulate on a basis of local ingredients. A reduction of fishmeal 
content was feasible and one can figure out a sparing effect by carbohydrates on protein to a certain extent and further on with 
lipid level. Overall results gave path to propose a grower feed for juveniles, as well as for breeders to some local feed mill. 
Therefore, available information would help local industry to sustain viable projects to farm fish in ponds or floating cages in 
the vicinity. 
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The objective of this study was to determine what effect increased levels of sodium bicarbonate influenced the accumulation of 
copper and zinc in the Chlorophyta Ulva fasciata. 

The tests were conducted using four different mixtures of copper and zinc (0/0, 0/50, 50/0, and 50/50 ppb as copper/zinc) with 
three different concentrations of sodium bicarbonate (100, 200, and 300 mg/L as CaCO3). The tests were conducted over the 
span of 14 days at 25-27 OC. Metal contents were analyzed via ICP-MS.

The results of the study show that increased concentrations of sodium bicarbonate increased the accumulation of zinc, but 
lowered the accumulation of copper. These results suggest the possibility for sodium bicarbonate as a low-cost, widely-available 
water conditioner for use in the cultivation of Ulva fasciata in waters impacted by copper and zinc pollution. These results are 
particularly promising for the potential of zinc enrichment in macroalgae, thus adding further value to the macroalgae as a food 
product. 
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Bay scallops have been consumed in Florida since pre-European days, and were commercially harvested during the 1900’s.  
They were probably harvested recreationally for many generations, but evidence for this is poorly documented albeit commonly 
accepted.  As marine resource management grew in Florida, an awareness that the stock was depleted also grew, and the first 
regulations were initiated in 1985.  Continued decline led to much more stringent regulation in 1994, including a prohibition on 
commercial harvest, and greatly a reduced recreational season and reduced bag limit.

Large and labor-intensive restoration efforts funded by National Marine Fisheries Service began cooperatively between the 
University of South Florida and the State of Florida and focused on areas closed to all harvest.  In the Crystal River area, this 
restoration seems to have been successful, and the recreational harvest has persisted for 17 years despite a brief season with 
intense fishing pressure.  Principal in recovery may be the expansive, relatively pristine habitat. In the area around Anclote Key 
the recovery was slow, peaked after restoration ended, and has been more variable, despite being closed to fishing until 2018.

In southwest Florida, particularly Sarasota Bay, efforts have continued at a lower level since 2002.   Funding in smaller amounts 
has come from a variety of sources, including local donations and local government support of non-profit organizations.  Despite 
enthusiastic efforts and closure to legal harvest, recovery has been limited to a weak regional improvement.  

Principal in the future of restoration is an assessment of why the restoration was successful in open-harvest areas, but not 
in closed areas. Several possibilities include the magnitude of the restoration effort, the duration, and the type of activity 
conducted.  Additional factors, such as harmful algal blooms, have been detrimental to restoration efforts, but do not completely 
explain the lack of recovery in locations like Tampa Bay where the habitat has improved and red tides do not frequently 
penetrate the entire bay.

Beginning in 2015, the State of Florida (Fish and Wildlife Research Institute) has initiated restoration in the Florida Panhandle 
(St. Joseph Bay and St. Andrew Bay).  This project was funded after the Deepwater Horizon oil spill, and will continue through 
at least 2024.  Additional funds awarded to Florida Sea Grant will target Southwest Florida.  Monitoring of the efforts and 
coordination between partners will be needed to evaluate the utility of future restoration efforts.
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Many species of freshwater mussels have experienced serious declines, both in terms of their spatial distributions as well as 
their population sizes. This is particularly true for the European freshwater pearl mussel (Margaritifera margaritifera) for which 
the majority of central and southern European populations has had no or insufficient recruitment over several decades. This 
situation has led to the initiation of several captive breeding efforts and conservation programs in multiple European countries.

This contribution introduces the European freshwater pearl mussel as a target species for conservation that at the same time 
fulfills criteria of an indicator, keystone, flagship and umbrella species. Based on experiences and examples of different captive 
breeding efforts in the recent past, it summarizes the main pros and cons of captive rearing of this species in aquaculture 
facilities. In particular, it highlights the importance of possible selection and genetic drift effects that can occur at all stages of the 
rearing process including the collection of parent mussels or glochidia larvae, choice of host fish, as well as the environmental 
conditions (e.g., temperature, food) in the rearing facilities. As evident from mortality and growth variation in a cross-exposure 
experiment using different stocks exposed to different streams, genetic adaptation to local habitat conditions seems to be 
underestimated in current rearing and reintroduction.

In many cases, populations of freshwater pearl mussel would go extinct in the nearby future without captive breeding and stocking 
actions taken. In addition, breeding programs provide juvenile mussels that can be used as bioindicators for ecotoxicological 
testings and for the identification of suitable places of reintroductions. Especially in small and sparse populations in the wild, 
possible Allee effects and extinction vortexes can probably only be mitigated by stocking activities. On the other hand, captive 
breeding of M. margaritifera requires better consideration of conservation genetic criteria and better documentation to become 
more evidence-based. Also, it only makes sense if conservation and restoration of prioritized habitats in the wild is followed in 
parallel with captive breeding measures.



394
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Aquaculture is big business in Nigeria, supplying nearly 50% of domestic fish needs. Clarias gariepinus is the most widely 
cultured species; and fish farmers are constantly researching sustainable practices that could improve fish growth as well 
as bring about a reduction in the catfish production cycle. Researchers have confirmed the growth-enhancing properties of 
probiotics in common cultured fish species including Nile Tilapia, African catfish, others. In this study, two experiments were 
carried out to evaluate the growth-promoting effects of probiotics in catfish aquaculture. In Experiment I, four commercial 
probiotic products: MitoGrow, MG-500 (a product of Imagilin Technology LLC, USA, containing Pediococcus acidilactici 
culture at 109 CFU/g); MX-500 (product of Imagilin Technology LLC, USA, containing a mixture of Saccharomyces boulardii 
and Pediococcus acidilactici); MitoYeast, MY-500 (product of Imagilin Technology LLC, USA, containing Saccharomyces 
boulardii at 2x109 CFU/g); GRO-UP (product of Asence Incorporated, Illinois, USA containing a mixture of Saccharomyces 
cereavisiae at 1.5x108 CFU/g and Lactobacillus sporogenes at 50x109 CFU/g were used.

In Experiment II, the growth- enhancing properties of a developed local probiotic (Lactobacillus plantarum, Accession no: KP 
410238 at 109 CFU/g) obtained from the intestinal flora of the African catfish, Clarias gariepinus were evaluated at inclusion 
levels of 0, 0.25, 0.5 and 1%; and also in comparison with MY-500 (MitoYeast, containing Saccharomyces boulardii culture at 
2x109 CFU/g) in a 12-week feeding trial. 

Results from both experiments confirmed the growth-enhancing properties of the probiotics evaluated.  In Experiment I, Body 
Mass Gain, BMG (g) was significantly (p< 0.05) lower in the control diet, but similar in fish fed probiotic diets. In Experiment 
II, the developed probiotic included at 1% compared well with MitoYeast and others, while the control diet gave significantly 
lower values for all the quality indices.   
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QPX (Quahog Parasite Unknown) is a member of the labyrinthulomycetes, a group of highly diverse marine fungus-like 
protists that are an abundant and common component of the marine microbiota. Most research on QPX has focused on 
pathobiology, as well as factors affecting disease development, but little is known about the basic biology and ecology of QPX. 
A critical question in the management of QPX disease is whether QPX is an obligate or opportunistic pathogen. Although most 
evidence suggests that QPX is an opportunist, it is managed based on the assumption that it is an obligate pathogen, resulting 
in significant economic losses.

In order to determine whether or not the presence or abundance of QPX in the environment equates to disease in hard clams, 
we performed a two year survey throughout the marine district of New York and quantified QPX abundance in clams and the 
environment using newly developed quantitative PCR (qPCR) and nested qPCR assays. QPX was prevalent in clam mantle 
tissues and pallial fluid but an intriguing relationship between these 2 matrices was noted; in individual clam samples, when 
QPX was abundant in the pallial fluid it was absent or low in tissues, and vice versa (Figure 1). No other labyrinthulomycetes 
were detected in clam tissues or pallial fluid samples. QPX was also regularly detected in sediment and seawater (particularly 
bottom seawater) samples, but its distribution was not strongly related to the prevalence or intensity of QPX in hard clams.

Overall, the findings support that QPX is widely distributed in clams and the marine environment; but may have a unique 
relationship with hard clams and be a common component of the clam microbiota. The results also strongly support that QPX 
is an opportunistic pathogen, highlighting the need for improving current management approaches. A better understanding 
of factors promoting disease outbreaks is needed to develop more appropriate management practices and prevent or forecast 
disease outbreaks.
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An internet survey of Connecticut residents was conducted to determine consumption patterns, preferences, perceptions and 
interests about seafood. There was participation from all 169 towns and a total of 1,756 respondents. A non-probability quota 
sampling approach allowed the sample to closely mirror the distribution of Connecticut residents based on age, gender, and 
income. 

While the United States Department of Agriculture recommends two servings of seafood a week, 50% eat seafood at least 
once a week, and only 15% of Connecticut residents meet that target. The top factors reported as moderately to extremely 
important when purchasing seafood were flavor, freshness, safety, and price. Other important considerations included knowing 
how to prepare/cook seafood, the water quality where the seafood was harvested, previous consumption/familiarity with the 
seafood product and seafood country of origin. Of lesser importance, but still relevant to a majority of consumers is knowing 
if the product was wild caught or farm-raised, and if it is sustainably produced. Four percent of respondents preferred farm-
raised seafood, while 37% prefer wild-caught seafood and the remaining do not have a preference, don’t know or claim that it 
depends on the type of seafood. The majority of consumers expressed slightly higher confidence in seafood harvested locally in 
Connecticut and in the New England region, as compared with elsewhere in the United States, and lower confidence in product 
harvested in foreign countries. When asked why they prefer seafood from Connecticut, the top three reasons were: it’s fresher, 
it’s easily available, and to support local fishermen and the economy. Safety, quality, and sustainability – the focus of many 
seafood certification programs – were the lowest ranked reasons for preferring local seafood. The answers to preference-related 
questions varied widely among demographic groups, and respondents sought a variety of experts for seafood-related questions.  

These results suggest that having a better understanding of residents’ concerns and choices can be useful in driving messages to 
specific demographic groups, and that it is important to ensure these messages are delivered by trusted sources.
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FACILITATING A PLAN TO EXPAND ECONOMIC, ENVIRONMENTAL AND CULTURAL 
BENEFITS OF CONNECTICUT SHELLFISH

Tessa L. Getchis*, Julie Rose, Nancy Balcom, Anoushka Concepcion and Sylvain De Guise

Connecticut Sea Grant and Department of Extension
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Groton, CT 06460
tessa.getchis@uconn.edu

The Connecticut Shellfish Initiative is a multifaceted effort to grow commercial and recreational shellfisheries, revitalize natural 
shellfish beds and increase public awareness about the economic, environmental and cultural importance of bivalve shellfish.  

The initiative is facilitated by staff from Connecticut Sea Grant and NOAA National Marine Fisheries Service Milford Laboratory 
and directed by partners from industry, regulatory agencies, environmental advocacy groups, academia and the private sector. In 
2014, partners were convened for the first time to identify and provide context for issues, concerns, opportunities and challenges 
to growth. A series of meetings to gather public input followed, and in 2016 the first version of the Connecticut Shellfish 
Vision Plan (http://shellfish.uconn.edu) was published. The plan, to be updated as important issues emerge, contains specific 
recommendations towards responsible growth of commercial and recreational shellfisheries. A subsequent implementation plan 
identifies the necessary steps to achieve the goals of the initiative. In 2018, a working group was established to identify shellfish 
restoration priorities for the state. In the same year, in preparation for an expanded public outreach campaign, a survey was 
undertaken to better understand residents’ knowledge, perceptions, preferences and purchasing patterns regarding Connecticut 
seafood, including farm-raised shellfish. 

One of the key successes of the initiative (to date) has been bringing diverse stakeholders together to successfully address 
common but sometimes highly divisive issues. Other measures of success include:
 1) Eight new/expanded commercial shellfish operations
 2) An alternative mechanism for access to commercial shellfish grounds
 3) Approval of hiring plan for four new staff at public health offices
 4) Approval of position to coordinate bioextraction activities in Long Island Sound
 5) Expanded public outreach on Connecticut shellfish

The next phase will include a focus on:
 1) An infrastructure plan and a staff expansion plan for public health offices
 2) A legal review to streamline laws, regulations, and policies
 3) Developing strategies to address water quality impairments near shellfish harvest areas
 4) Expanding outreach on the regulatory process for aquaculture
 5) Setting research goals for emerging issues
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THE EFFECTS OF INCUBATION SALINITY ON EGG QUALITY TRAITS AND EARLY 
DEVELOPMENT OF SPOTTED SEATROUT Cynoscion nebulosus 

Eric M. Gigli*, Reginald Blaylock, Jeffrey Lotz, and Eric Saillant

Thad Cochran Marine Aquaculture Center
The University of Southern Mississippi
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Eric.Gigli@usm.edu

The development of land-based aquaculture for marine species along the Mississippi Gulf Coast is limited by the low and 
variable salinity of ambient coastal water. However, the feasibility of commercial aquaculture could be improved by focusing 
on organisms that can be cultured at low salinity. The spotted seatrout (Cynoscion nebulosus) is the most popular recreational 
finfish species in the Gulf of Mexico and its culture is of interest to resource management agencies. The species frequents 
habitats featuring a broad range of salinity from nearly fresh water upper estuaries to high salinity barrier islands. Spawning and 
larviculture are currently performed at high salinity, consistent with spawning habitats in the wild. This study aimed to evaluate 
the effects of salinity on spotted seatrout embryos and early larvae and the feasibility of low-salinity culture at these stages.

Fertilized embryos from a volitional spawn produced by local broodstock conditioned at 29 psu were stocked at 0.59 mL-1 in 
100-L incubators at 25, 18.75, and 12.5 psu with three replicate incubators per treatment. Hatch rate, neutral buoyancy, survival 
to first feeding, rate of resorption of vitelline reserves, and growth rate of embryos and larvae were compared among treatments. 
Hatch time for each treatment was further assessed in triplicates in 96-well plates. 

Embryos from all three salinity treatments reached neutral buoyancy at 25 psu, but buoyancy adjustment was faster in the 12.5 
and 18.75 psu groups than in the 25 psu group. Hatch rate, time to hatch, pre-hatch embryo diameter, and post-hatch length 
did not differ among groups. The amount of vitelline reserves at a given time post hatch was characterized as the surface area 
of the two dimensional image of the yolk sac acquired with a digital camera. The degree of resorption of the reserves was 
calculated as the ratio of the average surface area at the time point considered to the average value obtained at hatch in the same 
group. Resorption was faster in the higher salinity groups: at 24 hours post hatch, the surface area of the sac averaged 46.69, 
48.48, 53.10% of the value recorded at hatch in the 25 psu, 18.75 psu and 12.5 psu groups, respectively. Growth rate in length 
was faster at lower salinity with lengths averaging 2021μm, 2163μm, 2299μm in the 25 psu, 18.75 psu, and 12.5 psu groups, 
respectively after 48 hours. The timing of mouth development did not differ among groups. Survival in the 25 and 18.75 psu 
groups was twice that of the 12.5 psu group throughout the study. A significant peak in mortality was observed for all groups 
at 102-114 hours post-hatch. For practical applications, the reduced survival in the 12.5 psu group may be offset by increasing 
the stocking density and would allow taking advantage of the cost savings resulting from lower amounts of salt needed and the 
beneficial effects of slower vitelline reserve depletion at low salinity. Further research should focus on the effects of salinity on 
success rate during the transition to exogenous feeding and growth performance during larval culture.
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EFFECTS OF DISEASE ON THE PERFORMANCE OF Clarias gariepinus AND Clarias anguillaris 
WHEN INDUCED WITH SYNTHETIC HORMONE (OVATIDE) AND PITUITARY GLAND OF 
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Augustine Glory Adaeze, Chika Ikeogu, Oguntade Olalekun
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This study was conducted to assess the effects of disease on the performance of Clarias gariepinus and Clarias anguillaris 
when induced with synthetic hormone (ovatide) and pituitary gland of Clarias gariepinus. In this study, 2 female Clarias 
gariepinus, 3 male Clarias anguillaris were used for the experiment. One female Clarias gariepinus was induced with ovatide 
which produced eggs that was fertilized separately by milt from Clarias anguillaris. A similar crossing was done for the 
female Clarias gariepinus induced with the male pituitary gland from Clarias anguillaris. From the experiment carried out, the 
result shows that Clarias gariepinus when induced with pituitary gland performs better compared to Clarias gariepinus when 
induced with synthetic hormone (ovatide). Behavioral symptoms of diseases such as loss of appetite, weak, slow or erratic 
movements, loss of weight and balance was observed in fingerlings of the Clarias gariepinus that was induced with synthetic 
hormone (ovatide). From this study, we recommend the use of natural hormone (pituitary gland) for commercial aquaculture. 
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FARMED ESCAPEES AND GENETIC INTERACTIONS WITH WILD CONSPECIFICS: 
“THE BIG PICTURE FROM LITTLE NORWAY”

Kevin A. Glover
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kevin.glover@hi.no

Farmed Atlantic salmon are domesticated, and where significant interbreeding with wild conspecifics occurs, this may lead to 
changes in fitness traits, and ultimately, less productive and viable wild populations (Reviewed by Glover et al. 2017). 

Norway is the world´s largest farmed Atlantic salmon producer, and 
is simultaneously home to approximately 400 rivers containing wild 
populations. It therefore follows that Norway represents the epicenter 
of knowledge and experience of farmed escapees and interactions 
with wild fish. 

In this talk, I present an overview of the current situation from “the 
eye of the storm” – 2019 in Norway. What´s being monitored and 
how is it done, what mitigation strategies have been put into place 
and is it enough? 

Some of the elements I briefly touch upon include the National 
monitoring program for farmed escapees (monitoring prevalence 
of escapees in ~200 rivers annually), the annual risk-assessment of 
Norwegian aquaculture, status of introgression in wild populations 
and active removal of farmed escapees from rivers. 

I will conclude with some thoughts regarding what lessons we have 
learned from Atlantic salmon aquaculture in Norway, and how we 
can implement those lessons into better solutions for mitigating the 
risks of genetic changes in other wild species that are emerging as 
new candidates for domestication and aquaculture.   

Review article “open access”: 
Glover K.A., Solberg M.F., McGinnity P., Hindar K., Verspoor E., Coulson M.W., Hansen M.M., Araki H., Skaala Ø. & 

Svåsand T. (2017) Half a century of genetic interaction between farmed and wild Atlantic salmon: status of knowledge and 
unanswered questions. Fish and Fisheries 18, 890-927.           
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DOMESTICATED ESCAPEES AND WILD CONSPECIFICS: 
WHAT DO WE KNOW, AND WHAT DON’T WE KNOW? 

Kevin A. Glover

Institute of Marine Research, Nordnesgaten 50
5218, Bergen, Norway
kevin.glover@hi.no

Farmed escapees and genetic interactions with wild conspecifics represents one of the most persistent environmental-
sustainability challenges with all cage-based forms of marine aquaculture. Commercial Atlantic salmon aquaculture was initiated 
in the early 1970´s, and since those pioneering days, tens of millions of salmon have escaped into the wild. Furthermore, after 
>10 generations of selective breeding, farmed Atlantic salmon are regarded as domesticated, and thus display a wide variety 
of genetic differences to wild salmon populations – that latter of which are often regarded as adapted to the specific rivers in 
which they live. 

Given the relatively long history of the Atlantic salmon farming industry, and the level of scientific knowledge generated 
for interactions between domesticated and wild forms of this iconic and economically-important fish (Reviewed by Glover 
et al. 2017), Atlantic salmon serves as the “model species” with which to understand the biological consequences of genetic 
interactions between domesticated escapees and wild fish. 

In this talk I review the scientific knowledge in an easily digested form, and simply ask – “what do we know, what don’t we 
know”? 

Review article “open access”: 
Glover K.A., Solberg M.F., McGinnity P., Hindar K., Verspoor E., Coulson M.W., Hansen M.M., Araki H., Skaala Ø. & 

Svåsand T. (2017) Half a century of genetic interaction between farmed and wild Atlan tic salmon: status of knowledge 
and unanswered questions. Fish and Fisheries 18, 890-927.
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“HUMAN DIMENSIONS OF A PARTICIPATORY MODELING PROCESS IN THE 
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Participatory modeling processes have grown in popularity as a stakeholder engagement and management technique because 
of their ability to include alternative sources of knowledge, address potential future conflicts early, and open the “black box” 
of modeling to stakeholders. Limited research however has focused on studying how these processes impact the participating 
stakeholders. We used network analysis, survey, meeting observation, and interview methods to study the human dimensions 
of a participatory modeling process. Specifically, we assessed changes in professional networks and attitudes toward science, 
modeling and local ecological knowledge among scientists, watermen, aquaculturalists, state and federal government officials, 
and NGO representatives in a 2YR, facilitated, participatory modeling process (OysterFutures in the Choptank River Complex, 
Maryland). OysterFutures led to consensus management recommendations delivered to the Maryland Department of Natural 
Resources. By studying the evolution of the networks and attitudes during this process, we can better understand how 
participation in these processes impacts stakeholders and seek to inform the design of participatory modeling processes. 

Within OysterFutures, we found a significant increase in communication among participants over the course of the process 
(Figures 1 & 2). In addition, changes in the roles that individual stakeholders played within the communication network 
were shown to impact attitudes towards scientific models. The exchange of information and knowledge between and among 
stakeholder groups has been recognized as fundamental to the successful management of natural resources. The use of network 
tools and theory in particular allows us to longitudinally track information and knowledge exchanges during these processes. 
Future work will link changes in communication and stakeholders attitudes to the “success” of OysterFutures, namely the 
ability of the group to reach consensus. The ability to examine the evolution of human dimensions of participatory modeling 
processes has the potential to make these processes more effective means for setting policy and making management decisions. 
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PHYSIOLOGICAL STUDIES TO INFORM THE AQUACULTURE OF SABLEFISH (BLACK 
COD)

Frederick Goetz*, Mary Arkoosh, Matthew Cook, Walton Dickhoff, Joseph Dietrich, William Fairgrieve, 
Kurt Grinnell, Jose Guzman, Andrew Jasonowicz, Cort Jensen, Jonathan Lee, Adam Luckenbach, 
Ken Massee, Sean Oden, Jim Parsons, Tom Wade, Graham Young

NOAA Northwest Fisheries Science Center
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Port Orchard, WA  98366

Sablefish (aka black cod) is a deep-water, groundfish species distributed widely throughout the Pacific Ocean.  It is a high-
valued seafood product with substantial markets in several Asian countries including Japan.  The fast growth and high value of 
this species have driven interest over the past decade in the aquaculture of sablefish and researchers at the NOAA Manchester 
Research Station have developed techniques for the culture of this fish from eggs to adults.  With these techniques in hand it is 
now possible to produce commercial-scale numbers of sablefish fingerlings using methods that are being optimized to decrease 
costs and the time to market.  Specifically, research has addressed:

1. Tank dynamics in rearing sablefish larvae (Cook et al., 2015)
2. Effects of larval rearing temperatures (Cook et al., 2018; Lee et al., 2017a)
3. Substitution of clay for algae in larval rearing water (Lee et al., 2017b)
4. Effects of rearing additives on larval survival (Lee et al., 2016)
5. Production of neomales and all-female sablefish (Luckenbach et al., 2017) 
6. Fertilization and cryopreservation of sablefish sperm (Immerman and Goetz, 2014)
7. Vaccination against atypical Aeromonas salmonicida (Arkoosh et al., 2018) 
8. Production of captive broodstocks for selective breeding

In addition to research on the hatchery rearing of sablefish, Manchester researchers have described the population genetics of 
sablefish throughout its range (Jasonowicz et al., 2017), their reproductive life history off the Washington coast (Guzman et al., 
2017), and the seasonal microhabitat of wild adult sablefish (Goetz et al., 2017).  The results of these studies have informed us 
on when, where and how to obtain wild adults for broodstock development.

Recent efforts at the station have focused on transferring research technologies to commercial-scale production of sablefish 
fingerlings.  In collaboration with the Jamestown S’Klallam Tribe (Sequim, WA), we are currently engaged in a pilot-scale, 
net-pen grow-out trial of all-female sablefish in which we will assess economic inputs and returns, growth, feeding, biosecurity, 
fish health, disease and environmental impacts.
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THE STATUS OF SABLEFISH, Anoplopoma fimbria, AS A COMMERCIALLY READY SPECIES 
FOR U.S. MARINE AQUACULTURE

Frederick Goetz* and Jim Parsons
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Sablefish (black cod), Anoplopoma fimbria, is classified as a “Commercially Ready” species for marine aquaculture in the U.S. 
In fact, it is currently being aquacultured in Canada by several companies (e.g., Golden Eagle Sablefish) some of which are 
vertically integrated.  This species has a very high market value, is fast growing and fairly easy to rear in captivity.  Sablefish 
do not spawn on their own in tanks, but methods for hormone-induced spawning are well developed.  Females are batch 
spawners so that very large numbers of eggs (~250K/female) can be obtained/reproductive season.  Methods for year-round 
gonadal maturation have been developed. Embryonic incubation through yolksac resorption and first feeding is long (~50 
days) and carried out at 5C but highly successful.  Research on the larval stage has now significantly decreased the time to 
artificial feed acclimation, making this phase more cost effective.  Preliminary studies indicate that, with elevated temperatures, 
omission of Artemia in the larval phase will be successful but initial feeding with rotifers is still required.  Sablefish exhibit 
significant sexual dimorphic growth that is evident by 500 gm, and techniques for neomale and all-female production have been 
developed.  NOAA researchers routinely produce all-female stocks of sablefish and their growth is being assessed in net-pen 
grow-out.  Markets (Asian) for sablefish historically required a 2.5kg fish but markets may be developing for smaller fish as 
well.  Currently, mixed sex stocks of sablefish require up to 36 months of grow-out in net-pens but using all-female sablefish 
this can be shortened to under 24 months.  Captive boodstocks are currently unavailable in the U.S. but are being developed.  
Females do not reproduce until ~6 years of age so broodstock development and genetic selection will be a long process but 
family differences in growth are very evident and suggest that selection for fast growth should significantly decrease time to 
market.  The primary disease issue has been furunculosis (atypical Aeromonas salmonicida) in adults (not juveniles or larvae) 
and vaccination is partially effective.  

There is currently no commercial grow-out of sablefish in the U.S. but several companies and tribal entities are now developing 
plans for commercial grow-out in net-pens and recirculation systems.  A pilot-scale net-pen grow-out of all-female sablefish is 
currently being conducted with the Jamestown S’Klallam Tribe (Sequim, WA) to assess, growth, disease, environmental impact 
and economics.  There are significant ancillary resources available for sablefish including the genetics, reproductive life history 
and microhabitat of wild populations from which broodstocks are collected on the Pacific Coast and a sequenced genome.  A 
market and economic assessment of sablefish aquaculture is currently being conducted. Work needs to continue on controlling 
furunculosis, the development and crossing of captive broodstocks for enhanced traits, development of age-specific diets and 
strategies for commercial grow-out. 
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Internationally, Pacific White shrimp is the most economically important aquaculture product. However, shrimp farming is one 
of the activities that mostly contribute to pollution by effluent discharges, causing many environmental impacts. A strategy that 
contributes to the reduction is the promotion and integral use of endogenous and exogenous natural food. The natural biota in 
the ponds is an important source of food for the shrimp culture since it can be used in the nutrition of the farmed species, being 
able to contribute up to 70% of the nutritional requirements for shrimp. Additionally, biofilms represent an important source 
of food; improves water quality, nutritional and immune shrimp status. The present study was conducted to determine the 
effect of bacterial biofilms and microalgae on the productive response and physiological condition of the Pacific White shrimp, 
Litopenaeus vannamei, during its pre-fattening.

A feeding trial was carried out to determine the effects of biofilms on growth, performance in juvenile of L. vannamei. Two 
biofilms (BF) treatments and one control group were managed: biofilms microalgae- probiotic (BFNP), microalgae biofilm 
(BFN) and a control without biofilm (A). The benthic species of microalgae, Navicula incerta, was selected for its adhesion and 
sedimentation capacity on artificial substrates. The probiotic bacteria was selected from a commercial substitute (Epicin G2). 
The co-cultures microalgae-bacteria were grown over artificial substrate, in this case polyetilene sheets was used. Containers 
of 100 liters and moderate aeration was used, medium F was supplied as nutrients and cultivated under laboratory controlled 
conditions. The cell density of the microalgae was measured daily, the biomass was calculated gravimetrically, and micro 
methods were used to evaluate the biochemical composition. At the end of the bioassay, the best treatment in terms of productive 
response and physiological condition, was the BFNP. Differences between the metabolites analyzed in muscle and hemolymph 
were found. Greater survival and weight gain were obtained in BFNP treatment (100%) (Table1).
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GROWTH KINETICS MODEL OF Chaetoceros muelleri IN A FLAT PHOTOBIOREACTOR
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Microalgae cultures have gained great importance in biotechnology and aquaculture due to their ability to produce compounds 
with high commercial value and being an important food resource. The diatom Chaetoceros muelleri is widely used in 
northwestern of Mexico as food for crustacean and bivalve mollusks farming. Therefore, high concentration of microalgae 
needs to be produced.  Intensive cultivation of microalgae in a flat photobioreactor (FPR) is a good option to increase microalgae 
production. However, optimization of FPR parameters is important to improve the photobioreactor performance. The main 
factors that affect the growth rate, maximum concentration and microalgae quality in a FPR are irradiance, hydrodynamic 
profiles, culture medium composition and shape of the photobioreactor. Thus, the objective of this work is develop a growth 
kinetics model for Chaetoceros muelleri to determine the performance of FPR for its future use in aquaculture or biotechnology. 

During this study, the distribution of light, the nutrient consumption and the growth rate of the microalgae will be modeled 
based on the geometry of the photobioreactor. The experimental system is composed by the FPBs, water treatment system 
and the light control panel. Three circular FBPs prototypes where designed and built with 10, 15 and 20 cm width containing 
a water volume of 7.3 L, 11 L and 14.6 L respectively. The microalgae Chaetoceros muelleri will be obtain from microalgae 
strain collection of Aquaculture Department-CICESE. Microalgae will grow in the FBRs with F media (ProLine®) according 
to manufacturer specification. Microalgae culture in FPB is maintain a constant light condition ∼120 ± 5 μmol m-2 s-1 with white 
light LED lamps (super bright Samsung 5630 Flexible LED Strip) and a timer to allow  us to maintain a 16:8 photoperiod (light-
darkness). Light will be measure inside and outside the FPB using sensors similar to those designed by Ricklet et al. (2016). 
Water quality (Total Ammoniacal Nitrogen (TAN), nitrates (N-NO3), nitrites (N-NO2), phosphates (PO4

-3), Silicates (Si), CO2, 
dissolved oxygen (OD), salinity, alkalinity, pH and temperature) will be registered to get the mass balance parameters. The 
experiment is performed by triplicate using two different culture systems (batch or semi-continuous) and the performance of 
the FPB will be evaluated according data obtained for yield of the culture in terms of photosynthetic parameters, dry weight, 
size, cell number, microalgae proximal analysis (total protein, lipids and carbohydrates) and the kinetic model of growth. The 
results will be discussed in the meeting.
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ASSESSING PHOTOPERIOD, FEEDING REGIME, AND PLOIDY ON ATLANTIC SALMON 
Salmo salar POST-SMOLT HEALTH, GROWTH PERFORMANCE, AND MATURATION IN 
LAND-BASED FRESHWATER SYSTEMS
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Atlantic salmon Salmo salar post-smolt production in freshwater systems is a novel approach for land-based salmon 
aquaculture, and as such, there is a need to investigate environmental and husbandry factors that maximize smolt quality under 
these conditions. Areas of research focus include optimum smoltification induction, reduced precocious sexual maturation, and 
improved robustness for post-smolts transferred to sea cages. In a series of three long-term studies, we investigated various 
photoperiod regimes, feeding rates, and ploidy (i.e., diploid vs. triploid) as Atlantic salmon were raised in freshwater systems 
from fry to 1,000g in size and beyond. Full study methodologies will be presented; however, in brief: in Study 1, we investigated 
three photoperiod regimes – LD24:0 (i.e., 24 hours light, zero hours dark), LDN (simulated natural photoperiod, Bergen 
latitude), and LD12:12 beginning at 100g; in Study 2, we assessed LD24:0 and LDN photoperiods in factorial combination 
with 100% (full ration, FR) and 60% (half-ration, HR) feeding regimes; and in Study 3, we investigated S0 vs. no-S0 winter 
photoperiods and ploidy in all-female salmon cohorts. At the time of abstract submission, the research is ongoing, and results 
of numerous physiological analyses remain forthcoming. Major results available at this time include: Study 1 LDN photoperiod 
was associated with reduced growth rate up to 600g, and all photoperiods demonstrated high levels of maturation by harvest 
size, with the least maturation observed in the LD24:0 treatment group; Study 2 FR groups demonstrated superior growth 
performance, with best condition factor and growth observed in the LD24:0/FR group and poor condition factor observed 
in both HR groups; and Study 3 no maturation has so far been observed in any treatment group, although all-female triploid 
salmon have significantly lower gonadosomatic indices (GSI) versus all-female diploids. Full results will be presented at 
Aquaculture America 2019. 
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Nova Scotia is a province located on the Atlantic Coast of Canada, with a population of approximately 950,000 people.  
Commercial fishing activities have long been a mainstay of coastal communities in Nova Scotia, with commercial aquaculture 
a relatively new industry.  Nova Scotian aquaculturists cultivate a wide variety of species using various technologies and 
aquaculture activities can be found in all regions of Nova Scotia.  Although Nova Scotia based aquaculturists were involved 
in early innovations in marine finfish, marine shellfish, and land-based technologies, growth in the Nova Scotia aquaculture 
industry fell behind that of other jurisdictions for many years.  

In 2012, the Province of Nova Scotia released an aquaculture strategy that called for a renewed regulatory framework to support 
sustainable aquaculture development  An increased interest in aquaculture development by industry, coupled with mounting 
public opposition led the Province of Nova Scotia to initiate an extensive review of the existing, ineffective legislative, 
regulatory, and policy framework for aquaculture in Nova Scotia.  An external review was undertaken in 2013 and included 
numerous community engagement sessions with a wide variety of stakeholders.  Simultaneously, the Province of Nova Scotia 
released a provincial economic strategy and an Auditor General’s report on aquaculture management.

Throughout 2015, legislative and regulatory changes were made to reflect the content of these reports.  As a result, amendments 
to the Fisheries and Coastal Resources Act were passed, and two sets of Regulations were developed (Aquaculture Management 
Regulations and Aquaculture Licensing and Leasing Regulations).  Significant updates to the legislative and regulatory 
framework relate to: (1) decision-making authorities; (2) transparency and public accountability; (3) reduced discretion and 
regulatory safeguards; (4) increased enforcement capacity; (5) risk-based regulatory controls; (6) differentiated application 
streams.

In 2017, aquaculture production in Nova Scotia reached an all-time high, with farm-gate production worth more than $116,000,000 
and on-farm operations employed more than 535 Nova Scotians.  This presentation will describe how the motivating factors to 
renew the aquaculture management framework led to an inclusive, externally led process by which industry, the public and other 
stakeholders were engaged.  The end result was a modern regulatory framework that has positioned Nova Scotia for sustainable 
aquaculture development, while enabling continuous improvement of the management framework to address governance of an 
evolving industry.  Lessons learned during the development and implementation of a new industry management framework in 
a short time-period with competing interests to address important public policy questions will also be highlighted. 
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IDENTIFYING THE ECONOMICALLY FEASIBLE BEST MANAGEMENT PRACTICES TO 
REDUCE GROWTH VARIABILITY IN CHANNEL-BLUE HYBRID CATFISH PRODUCTION

Kamal Gosh *, Terry R. Hanson, Rex A. Dunham, and Nagaraj Chatakondi

Department of Aquaculture and Fisheries, University of Arkansas at Pine Bluff
1200 N. University Drive, Pine Bluff, Arkansas, USA 71601
goshk@uapb.edu

Hybrid catfish (channel catfish, Ictalurus punctatus, ♀ x blue catfish, I. furcatus, ♂) has experienced, to some lesser extent, 
a growth variability problem resulting in undersized and oversized fish. Analyzing the economic impact of this problem is 
critical to understanding how a fish farm’s profitability is affected by fish processors demand for certain premium sized fish and 
alternative production systems. Comparative economic analyses were conducted by using standard enterprise budgeting, partial 
budgeting and sensitivity analysis for single batch (N=25), multiple batch (N=16), split-pond (N=98) and in-pond raceway 
system (IPRS) (research) (N=4) systems. Results showed that split pond systems had greater economic benefits than traditional 
systems (single and multiple batch) and IPRS (research). This was evidenced from higher net returns resulting from the highest 
availability of premium sized fish (0.45-1.81 kg in weight and sales price = $2.46/kg) (Fig. 1). Current analyses also showed 
that variations in dockage rates for the price of undersized (<0.45 kg in weight and sales price = $2.34/kg) and oversized fish 
(>1.81 kg in weight and sales price = $2.08/kg) resulted in revenue loss of $1,712/ha, regardless of production system. Partial 
budget analyses showed that individual net return to operator’s labor and management showed a higher outcome for large 
sized (20 cm) versus medium (≤ 18 cm) sized fingerlings in split pond and single batch systems. Sensitivity analyses showed 
that split pond system could be the most profitable enterprise compared to traditional and IPRS (research) systems. Among the 
best management practices (BMP), stocking density of 15,000-20,000/ha are highly recommended for traditional and IPRS 
(research) users as it provides the highest net returns. In split pond system, intensifying the stocking density (40,000-80,000/
ha) with increasing the feeding inputs (50,000-80,000 kg/ha) are highly suggested leading to the highest net returns.



410

UNDERSTANDING THE COMMERCIAL AQUAPONICS SYSTEM FOR SUCCESS

Kamal Gosh*, and Santa Chowdhury

*Department of Aquaculture and Fisheries, University of Arkansas at Pine Bluff
1200 North University Drive, Pine Bluff, Arkansas, USA 71601
goshk@uapb.edu

Concerns regarding population growth and resource scarcity have led to a recent renaissance of food production research. Over 
the past few decades, scientists have discovered new and innovative methods for growing food that, cumulatively, may hold the 
key to efficiently and sustainably feeding an ever-increasing world population. One method, known as aquaponics, has shown 
promising as being a sustainable solution for producing food locally in all parts of the world. Although many studies have 
shown aquaponics food production to be feasible, there are relatively few studies concerning the overall technical and economic 
feasibility of aquaponics in USA. This review study is, therefore, conducted to find out overall feasibility of this aquaponics 
system in current commercial settings. Review study showed that deep-water culture system and nutrient film technique could 
be the good option to adopt at a commercial level. Lettuce, herbs, and specialty greens (spinach, chives, basil, and watercress) 
are suggested as they have a low to medium nutritional requirements and are well adapted to aquaponics systems. Vegetables 
yielding plants (tomatoes, bell peppers, and cucumbers) have a higher nutritional demand and perform better in a heavily 
stocked, well established aquaponics system. Among warm and cold-water species, tilapia, trout, perch, Arctic char, and bass 
are well adapted to recirculating aquaculture system (RAS). Tilapia is highly favored in commercial aquaponics system due 
to their high adaptive nature and tolerating capacity in fluctuating water conditions. Vegetables and other plants derived from 
hydroponic system is likely to be more profitable than fish produced from RAS (Table 1). 



411

EVALUATING THE EFFECTS OF A COMMERCIAL BLEND OF FUNCTIONAL OILS ON 
GROWTH, NUTRIENT RETENTION, AND INTESTINAL AND HEPATIC HISTOLOGY OF 
JUVENILE SABLEFISH (Anoplopoma fimbria) AND JUVENILE TOTOABA (Totoaba macdonaldi)

Garrett Goto*, Miguel Castellanos, Adam Sachs, Laura Gray, Steve Gaines, Ronald Johnson, 
Pete Nicklason, David Marancik, Martin Perez-Velazquez, Mayra L. González-Félix

Bren School of Environmental Science & Management, University of California, Santa Barbara
Santa Barbara, CA 93106 USA
ggoto@bren.ucsb.edu

Due to the inclusion of plant-based ingredients in aquafeeds, producers are exploring the use of feed additives, ingredients with 
functions beyond their nutritional characteristics, to improve performance. This multispecies study aims to evaluate the effects 
of a commercial blend of castor oil and cashew nutshell liquid on growth performance, body indices, and intestinal and hepatic 
histology of two species of growing commercial interest: juvenile sablefish (Anoplopoma fimbria) and juvenile totoaba (Totoaba 
macdonaldi). An eight-week feed trial was designed by the Bren School of Environmental Science & Management in partnership 
with the National Oceanic and Atmospheric Administration’s (NOAA) Northwest Fisheries Science Center, Washington to 
examine the effects of the feed additive in juvenile sablefish with 25% partially treated soy meal in the diet. The Bren School 
designed an additional eight-week feed trial in partnership with the University of Sonora, Hermosillo, Mexico (UNISON) to 
examine the effects of the same feed additive in juvenile totoaba fed diets with 30% and 60% soy protein concentrate.Initial 
findings with juvenile sablefish indicate non-significant differences in the intestinal histology between treatment groups. Semi-
quantitative scoring indicates supranuclear vacuole density, goblet cell density, mononuclear cell infiltrates, and eosinophilic 
granular cell infiltrates are all within the range expected for healthy fish with no signs of inflammation known to be associated 
with dietary intolerance (Fig. 1). This demonstrates juvenile sablefish can consume a diet formulated with 25% whole soybean 
meal without compromising animal health.

Results from an eight-week feed trial with totoaba will be also presented. Moreover, an analysis of the effects of the product on 
the totoaba’s swim bladder, or buche, may inform wider conservation efforts dedicated to this endangered species.
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APPLICATIONS OF AUTONOMY AND ULTRA-EFFICIENCY IN AQUACULTURE

Clifford A. Goudey*, Joseph A. Curcio, William A. Lincoln, Donald MacPherson, Domenic Manganelli, 
Hans J. Goudey, Hauke Kite-Powell

C.A. Goudey & Associates
21 Marlboro Street
Newburyport, MA  01950
cliff@cagoudey.com

Towing is a common activity associated with offshore aquaculture for tasks ranging from system installation, farm-component 
repositioning, and crop transport.  Due to the high drag of the objects being towed or their fragility, low-speed towing is 
often necessary and this is a regime in which conventional vessel propulsion falls short from an efficiency and energy-use 
perspective. 

A unique tow vessel design has been developed specifically for use in the emerging seaweed-farming sector that has utility in 
numerous other applications in aquaculture and in general maritime operations.  The Drone Tug is an ultra-efficient vessel that 
provides high towing efficiency, low capital and operating costs, and being unmanned enables the movement of large, high-drag 
objects at low speeds.  

The prototype developed through the support of the DoE ARPA-E Mariner program and shown in Figure 1 is 5.2m (17’) long 
and has two slow-turning, 2.5m (98”) diameter propellers that produce roughly seven times the thrust compared to conventional 
propulsion systems.  
   
The presentation will describe the vessel and its subsystems and report on sea trials that fully characterized the vessel’s 
performance and towing capabilities, including the successful remote-control towing of a 500 MT seaweed transport bag.  The 
autonomous systems under development will be described and various maritime applications will be presented.
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WHITE OR GREY: THE NEW ‘GREY AREA’ ON THE GREY MEAT DISEASE OF THE 
ATLANTIC SEA SCALLOP Placopecten magellanicus

Allex Gourlay, Skyler Roberts, Allison Surian, Luisa Garcia, Roxanna Smolowitz

Aquatic Diagnostic Laboratory, Roger Williams University, One Old Ferry Road, Bristol, RI 02809
agourlay@rwu.edu

Since 2004, Atlantic sea scallops (Placopecten magellanicus) have displayed a grey meat disease that has previously been 
seen in Icelandic scallop (Chlamys islandica) populations.  This disease causes the adductor muscle meat to vary from its 
traditional white color to variations of brown and grey, which impacts their quality and thus commercial value.  Previous 
work has reported that this disease is a result of an infection by an apicomplexan parasite.  P. magellanicus were collected by 
Coonamessett Farm Foundation from areas south of George’s Bank (2015-2018). Tissue samples of adductor muscles were 
homogenized, and DNA was extracted to determine the presence of this parasite.  From preliminary PCR results, the color 
of the meat does not necessarily indicate presence and/or abundance of the parasite in the meats.  Our methods indicate that 
individuals identified on shucking as having white meat were often positive for the parasite, whereas those with brown or grey 
meat were always found positive. Histology of white meat tissue corroborates the PCR findings: individuals can be infected but 
not display the ‘typical’ meat color symptom.  It is hypothesized that infection could involve other biological systems within the 
animal that impact the viability and color of the meats, regardless of the infection level in the meat itself.  Further work will be 
required to increase sample size of tested individuals, develop a quantitative measure for intensity of infection, and to include 
other tissues or parasites in the analysis. 
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SKIN MUCOUS PROTEOME OF THE CLARK’S ANEMONEFISH Amphiprion clarkii WHILE 
INTERACTING WITH DIFFERENT SEA ANEMONE SPECIES

Allex Gourlay*, Kurvin Li, Daniela Brouwer, Robert E. Drew

University of Massachusetts Dartmouth, 285 Old Westport Rd, North Dartmouth, MA, 02747
agourlay@umassd.edu

When an anemonefish (clownfish) encounters a host sea anemone, they often engage in a behavior called “acclimation,” in 
which they gradually increase physical contact with a potential host.  The purpose of this acclimation behavior is unclear, given 
that naïve anemonefish are usually protected from host anemone species, even if the fish have never before encountered sea 
anemones.  We hypothesized that anemonefish use acclimation to regulate the mucous proteome to suit diverse host species 
that differ widely in toxicity and adhesiveness.  To test this hypothesis, we used LC-MS/MS to compare the mucous proteomes 
of naïve Clark’s anemonefish (Amphiprion clarkii) to fish associating with one of two natural hosts: the bubbletip sea anemone 
(Entacmaea quadricolor, Family Actiniidae) or the more venomous carpet anemone (Stichodactyla sp., Family Stichodactylidae).  
There were no significant differences in peptide content or quantity between naïve and associating anemonefish, or between 
fish associating with different species.  There were also no differences in the post-translational modifications detected by this 
technique which included oxidation, acetylation, and deamidation of glutamine.  Preliminary comparisons with the mucous 
proteomes of non-symbiotic fish species also did not reveal any obvious differences associated with symbiosis with sea 
anemones.  We therefore conclude that this symbiosis does not depend upon changes in the quantities of peptides in the mucus 
but instead likely involves some other aspects of mucus such as mucins or changes in protein function. 
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RECONCILING REGULATORY LANGUAGE WITH CULTIVATION METHODS TO ALLOW 
FOR FLEXIBILITY AND EXPANSION IN SHELLFISH AQUACULTURE IN CALIFORNIA 
STATE WATERS

Laura Gray*, Garrett Goto, Randy Lovell, Cassidy Teufel, Susan Ashcraft, Kirsten Ramey

Bren School of Environmental Science & Management
University of California, Santa Barbara
Santa Barbara, CA 93106, USA
lgray@bren.ucsb.edu

In California state waters, many shellfish producers have outgrown their permits and leases through operational development, 
technological innovation, and/or environmental adaptation. Presently, there is a need to reconcile these entitlements with 
culture methods employed on active leases. In collaboration with the California Department of Fish and Wildlife (CDFW), 
the California Fish and Game Commission (FGC), and the California Coastal Commission (CCC), this project aims to align 
terminology used to define growing methods between regulating bodies and commercial operators. 

Information on culture gear, strategies, and motivations was collected through site visits and interviews with eight commercial 
growers in Tomales and Morro Bays (California, USA). The distinctions and commonalities among culture methods were 
assessed with regards to operational practice and regulatory demands. This information was then compiled into a single, 
descriptive catalog presenting recommended terminology to describe these methods.

Additionally, case studies of mariculture operations outside of the region informed how adaptive capacity might be built into 
California’s permitting system as this industry expands. Finally, conversations with regulators from other states confirmed the 
prevalence of these regulatory challenges in the United States. Findings from site surveys, case studies, and environmental and 
regulatory evaluation are presented here in order to share information across regulatory boundaries and invite discussion more 
broadly. 
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THE EFFECT OF ARTEMIA ENRICHMENT WITH PUFA AND α-TOCOPHEROL ON THE 
PERFORMANCE OF WALLEYE Sander vitreus LARVAE

John D. Grayson*, Zoe Almeida, Stuart Ludsin, Elizabeth Marschall, and Konrad Dabrowski 

School of Environment and Natural Resources
The Ohio State University
Columbus, OH 43210
grayson.37@osu.edu

Walleye is an important commercial and recreational finfish species in the Midwestern United States with considerable potential 
for aquaculture expansion. The optimization of feeding and nutrition in early life stages is vital for the commercial success of 
walleye production. Live food enrichment with polyunsaturated fatty acids (PUFA) is a commonly used technique to improve 
the nutritional quality of zooplankton used for larval finfish culture. Polyunsaturated fatty acids are prone to oxidation, and 
antioxidant α-tocopherol (α-T) supplementation can be beneficial to PUFA enrichments. This investigation examined the 
performance of walleye larvae during the first ten days of feeding on Artemia nauplii enriched with oleic acid (OE), PUFA, or 
PUFA and α-T supplementation (PUFA+α-T). 

Larvae were reared in a specialized recirculating system with nine 50 L conical tanks. Water was kept at 22.0±0.5˚C, and sea 
salt and microalgae concentrate were continuously added to maintain a salinity of 2.0±0.3 ppt and a turbidity of 12.8±2.2 NTU. 
Substantial mortality occurred in tanks one day after stocking, but before first feeding, resulting in initial densities of 733-1451 
larvae/tank (15-29 larvae/L). The control enrichment was carried out with an emulsion containing 895 mg of oleic acid ethyl 
ester (OE), compared to 688 mg ω-3 PUFA and no tocopherol (PUFA), or 688 mg ω-3 PUFA and 238 mg α-T (PUFA+α-T). 
The lipid and tocopherol composition of Artemia nauplii and walleye were assessed using gas chromatography and high-
performance liquid chromatography. 

Survival and swim bladder inflation rates during the first ten day of feeding were 70-75% and 55-68%, respectively, and 
were not significantly influenced by enrichment treatment or initial density. The mean weight of juveniles after ten days of 
feeding was significantly influenced by both enrichment treatment (p=0.027) and initial density (p=0.002), and there was no 
significant interaction between these factors (Figure). These data suggest that PUFA enrichment of Artemia nauplii is beneficial 
in promoting the rapid growth of walleye larvae in intensive rearing conditions. 
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ASSESSMENT AND RECOMMENDATIONS FOR AN ECOSYSTEM APPROACH TO KELP 
AQUACULTURE

Gretchen Grebe*, Carrie J. Byron, Adam St. Gelais, Dawn M. Kotowicz, Tollef Olson
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University of Maine
Orono, ME 04469
Gretchen.grebe@maine.edu

School of Marine Programs
University of New England
Biddeford, ME 04405

Marine kelp farming is an increasingly popular practice along temperate coastlines in the western hemisphere but developing 
in different manner than the seaweed aquaculture across Asia. Comparing the potential environmental and social impacts of 
this young kelp farming industry against those observed in established aquaculture industries across the world is important to 
improving the ecological and social sustainability of these farming activities. Here principles and strategies of the Ecological 
Approach to Aquaculture (EAA), first described and documented by the Food and Agriculture Organization in 2010, are used 
to assess the human and natural systems supporting kelp aquaculture along the Maine coastline. Maine was an early adopter of 
kelp aquaculture in the United States producing approximately 50,000 metric tons of farmed kelp annually. 

A conceptual model of the human and natural relationships supporting kelp aquaculture in Maine was developed. Relevant 
stakeholders and germane impacts of the practice were identified from a larger list described by the FAO. Guiding EAA 
principles were used to recommend actions grouped by the overarching themes of ecosystem services, socially just, and 
integration. Recommendations to improve or protect the ecosystem services within the Maine case study include: defined 
ecosystem and management boundaries, ecologically considerate engineering, environmental carrying capacity assessment, 
and the preservation of wild kelp bed health and genetic diversity. Recommendations to ensure that kelp farming improves 
the well-being of all stakeholders in Maine include horizontal integration and education in Best Management Practices. To 
ensure that kelp aquaculture is developed in the context of other sectors and goals it is also recommended that and integrated 
management strategy be developed for wild and farmed kelp. 
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PROCAMBARID CRAYFISH AQUACULTURE IN THE SOUTHERN USA

Christopher C. Green, C.Greg Lutz, and John P. Hawke 

Aquaculture Research Station
Louisiana State University Agricultural Center
2410 Ben Hur Road
Baton Rouge, Louisiana, USA 70820
cgreen@agcenter.lsu.edu

Procambarid crayfishes are cultivated by over 1,500 growers, who in 2017 produced 58,000 MT on 90,000 hectares of earthen 
ponds located in states bordering the northern Gulf of Mexico and the south-central Atlantic coast, with virtually all produced 
in the state of Louisiana.  Annual economic impact of procambarid crayfish aquaculture in Louisiana alone approaches $274 
million USD.  The “red swamp crawfish” Procambarus clarkii and the “white river crawfish” P. zonangulus, are the species 
cultivated, with P. clarkii dominating production.  

Procambarid crayfish aquaculture uses extensive production technologies.  Formulated feeds are not used nor are hatcheries 
employed to produce juveniles. Ponds, that commonly range from 10 to 20 surface hectares are initially stocked with adults in 
late spring/early summer and drained in mid-summer to coincide with burrowing and reproduction within burrows. Vegetation 
(most commonly a late planted rice crop) is established as forage for crayfish in the dry ponds in summer, and ponds are re-
filled in September and October. Crayfish are harvested with baited traps as early as November, although peak catch is from 
March through June.  Procambarid crayfish aquaculture includes monocropping (crayfish only) and rotational systems in which 
crayfish and rice crops are rotated. In the early 1980’s monocropping systems dominated but nearly 70% of crayfish aquaculture 
areas are currently integrated with rice production.    

Positive attributes of the procambarid crayfish aquaculture industry include expanding and robust markets, good profitability 
for producers, and environmental sustainability. Limitations include seasonality of live production, potential labor shortages 
in the processing industry, imports of processed procambarid crayfish from China, and escalating costs of production.  In the 
past three years, the prevalence of White Spot Syndrome Virus appears to be increasing, causing concern for some industry 
observers.  
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REDUCING DIETARY PROTEIN FOR HYBRID TILAPIA REARED IN THE BIOFLOC 
PRODUCTION SYSTEM AFFECTS FISH PERFORMANCE AND WATER QUALITY 
DYNAMICS

Bartholomew W. Green*, Steven D. Rawles, Kevin K. Schrader, T. Gibson Gaylord, Matthew E. McEntire

United States Department of Agriculture, Agricultural Research Service 
Harry K. Dupree Stuttgart National Aquaculture Research Center
Stuttgart, AR 72160-1050
bart.green@ars.usda.gov

Given tilapia grown in the biofloc technology production system can consume the biofloc, it should be possible to optimize 
formulated diet protein content to account for nutrition derived from consuming biofloc. The present study, conducted in 
an outdoor, photoautotrophic-chemoautotrophic biofloc technology production system, evaluated impacts on fish production 
indices and water quality dynamics for hybrid tilapia (Oreochromis aureus ′ x O. niloticus ′) fed diets supplemented with 
the first four limiting amino acids (Lys, Met, Thr, Ile) and formulated to the ideal protein profile (muscle) at 22.5%, 27.7%, or 
32.3% digestible protein (DP) and 6% lipid. Fingerlings (32.2 ± 10.1 g/fish) were stocked in tanks (18.6 m2; 16.6 m3) in May 
2016 at 25/m2 (29/m3) and grown for 5 months to market size. 

At harvest, fish fed the 22.5% DP diet were significantly smaller (518 g/fish) and had significantly higher feed conversion (1.5) 
than those fed the higher DP diets (553-564 g/fish and 1.4, respectively). Feed nitrogen input and nitrification rate increased 
linearly with increased DP. Results of this study suggest that by using ideal protein theory to formulate diets supplemented with 
the first four limiting amino acids (Lys, Met, Thr, Ile) digestible protein can be reduced from 32.3% to 27.7% without adversely 
affecting hybrid tilapia productivity indices. Market size distributions, nutrient retention, off-flavor, and pond water quality 
dynamics in relation to diet DP also are discussed.
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EVALUATING THE ECONOMIC VIABILITY OF OFF SHORE MACROALGAE PRODUCTION 
AND THE IMPACTS OF EMERGING TECHNOLOGIES AND DOWNSTREAM PROCESSING 
INTO BIOPRODUCTS

Authors: Jonah Greene*, Jason C. Quinn, Michael Huesemann, Jascha Gulden, Geoffrey Wood, 
Thomas Mumford

Colorado State University Energy Campus
430 N College Ave
Fort Collins, CO 80521
Email: jonahgreene01@gmail.com

The world energy demand is rising rapidly with an imperative need for humans to move towards renewable sources for fuels 
and protein. Macroalgae holds the potential to become a primary feedstock for protein production and in the conversion process 
of hydrothermal liquefaction allowing the creation of renewable diesel. Several emerging technologies including carbon fiber 
composite long-lines, autonomous drone tug technology, large scale seeding and harvesting machines, and adhesive aided 
seedling application have been examined and modeled to determine the potential savings these devices may provide for the 
off-shore aquaculture industry. An engineering process model was constructed to accurately capture the performance of this 
system and leveraged to evaluate the economic viability.  Modularity in model construction facilitates the analysis of high 
value co-product streams (protein), which can be utilized to offset high operational expenditures and improve the economic 
feasibility of macroalgae fuel production systems. Results show the cost to produce biomass for the baseline pathway is $220 
per tonne and ranges between $150 and $500 depending upon the technology utilized in the different sub-processes. Integrating 
fuel conversion shows the total cost of $6.50 per gallon of gasoline equivalent. Integrating high value products such as proteins, 
hydrocolloids, or human food products dramatically impacts the fuel production price to be competitive with traditional fuels. 
As the off-shore aquaculture industry continues to grow, we expect to see great strides in automated off shore equipment, thus 
it is extremely important to understand the economics of these emerging technologies and get a glimpse at the future of this 
industry, and to understand where our focus must be directed to become a competitive force in the energy sector.     
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OFFSHORE SEAWEED CULTIVATION – PROVEN AND SCALABLE METHODS

Urd Grandorf Bak1,2 and Olavur Gregersen1

1Ocean Rainforest SP/F, Faroe Islands
2The Technical University of Denmark (DTU)

Seaweed farming has the potential to become one of the economically important natural resources, however 99% of the 
cultivated seaweed is being produced in Asia (FAO 2016). The existing cultivation systems for seaweed is used at shallow sites 
(water depth below 30 meters) and the systems are not suitable for deployment in deep and open water areas.  

The sea is less utilized by human than land areas. At the same time coastal regions are widely used for tourism, sailing routes, 
fishing, and in Asia extensively utilized for seaweed farming in certain coastal regions. These coastal areas are also the habitat 
for natural seaweed beds. Accessible areas are thus more off shore than the coastal and sheltered areas. The continental and 
insular shelfs has typical a water depth of 50-200 meters and cover 5.2% of the Earth’s surface area. These areas are of primary 
interest for off-shore seaweed cultivation, but until now this opportunity has not been utilised on a commercial scale. Many 
attempts have been made during the past five-six decades without any significant success.  

The opportunity of offshore cultivation has several positive effects. There will be no or very low interaction with and shading 
of natural seaweed beds. Often higher growth rates are found, because of higher water movement and higher light penetration 
(Capuzzo et al. 2014), which also results in less fouling and epiphytic algae. There will be less competition for space between 
marine interests, and the spatial possibilities are  more or less unlimited and thus upscaling to significant quantities is possible. 
Off-shore cultivation does also include challenges.  The oceanic currents swells and waves will require robust cultivation 
structures, because of a higher risk of lost equipment, and offshore systems will therefore often result in higher capital cost to a 
cultivation system on a sheltered location.. Moving offshore, nutrient concentration become unsuitable for macroalgae farming 
(Capuzzo et al. 2014). And finally, the longer distance to land will increase sailing time and cost.

Recently a Faroese company (Ocean Rainforest Sp/F; Bak et al. 2018) developed a cultivation method for offshore seaweed 
cultivation in the North Atlantic Ocean. The long-line macroalgal cultivation rig (called MACR) was designed and tested in 
the Faroe Islands and has been tested in an open ocean environment since 2010. The system was found suitable for cultivation 
in exposed and deep-water locations (water depth >50 m). The system has survived in the sea for more than 7 years, and  the 
economic risk related to lost cultivation structures considered to be low. Saccharina latissima and Alaria esculenta has been 
cultivated in commercial scale (25 km of growth lines). 
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PEER TO PIER FELLOWSHIP PROGRAM FOR OYSTER AQUACULTURE

Russell “Rusty” Grice*, Dr. William Walton

Auburn University Shellfish Laboratory 
150 Agazzi Street 
Dauphin Island, Alabama 36528 
rtg0010@auburn.edu

Within the last 5-8 years, a number of commercial off-bottom oyster farms have been established in Louisiana, Alabama, Florida, 
South Carolina and North Carolina, with significant interest in Mississippi, Georgia and Texas. Though newly established and 
relatively small-scale, these oyster farms have established the potential for off-bottom oyster farming in the southern region. 
These businesses have also found that there is a ready market in the region for locally produced, premium oysters. Despite 
these opportunities, this new industry faces significant challenges with regards to increasing production efficiency, improving 
product quality and consistency, assuring product safety, disaster preparation, permitting and marketing. 

There is an opportunity to improve the resiliency of these new oyster aquaculture businesses through regional training and 
outreach including business planning and best management practices. Paired with opportunities to network with established 
farmers and take advantage of personal networks, this will place new and beginning growers in the region on a quicker trajectory 
toward success. This program provides peer-to-pier learning opportunities for oyster farmers in the southern US to both attend 
industry conferences and visit peers in other parts of the country, we request funds to provide competitive scholarships to 
regional commercial oyster farmers to 1) visit other oyster farms to gain hands-on experience and provide peer-to-peer learning 
opportunities, and 2) attend industry-focused workshops, meetings and trade shows that they might not otherwise be able to 
attend.
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EVOLUTIONARY CHANGE IN THE OYSTER Crassostrea virginica FOLLOWING AN 
EXPERIMENTAL LOW SALINITY EVENT 

Griffiths JS*, Johnson K, Kelly MW

*Louisiana State University, Baton Rouge, LA, 70803 
jgrif61@lsu.edu

The eastern oyster, Crassostrea virginica, is known for its tolerance of a wide range of salinities, but evidence suggests that 
some populations may be adapted to their local salinity regime. Distance from the Mississippi River is correlated with increased 
salinities and oysters are expected to have a decreased tolerance to low salinity as distance from the Mississippi River increases. 
Larval survival is strongly influenced by the salinity conditions of the parental stock, suggesting that larvae from their ‘home’ 
or ‘parental’ salinity regime have higher survival than in a ‘foreign’ environment with a different salinity. Oysters have high 
levels of gene flow which could impede local adaptation, but strong selective gradients may cause differential survival of native 
and foreign oyster recruits, leading to population structure and adaptation to local salinity regimes. To test for evidence of local 
adaptation by differential larval survival we imposed a low salinity (7 ppt) selection event on oyster larvae from Louisiana 
(low salinity environment) and Texas (high salinity environment) populations (Fig. 1). A subsample of larvae was collected 
before and after a 12-hour low-salinity exposure for genetic analyses. “Live” oysters were collected from the top 900mL of the 
jar and “dead” oysters were collected from the bottom 100mL of the jar. We observed ~90% mortality rates in non-swimming 
oyster larvae at the bottom of the jar after experimental low salinity exposure, suggesting that we did impose a deleterious 
selective event. Using exome capture, we sequenced 150 salinity-associated genes and observed allele frequency shifts in 
survivors before and after low salinity exposure. These genes are potential candidates under low salinity selection that maintain 
population structure in C. virginica in the Gulf of Mexico. 
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PASS/FAIL METHOD TO SCREEN FOR THE PRESENCE OF EARTHY OFF-FLAORS IN FISH 
TISSUE

Casey C. Grimm* and Steven W. Lloyd
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1100 Robert E. lee Blvd.
New Orleans, LA  70124

Earthy, musty muddy aromas are problematic in fin fish aquaculture, particularly in the farm raised catfish industry.  
Cyanobacterial blooms are prevalent in late summer and early fall in the Southern states where the industry is primarily located.  
The metabolites 2-methylisoborenol and geosmin are placed in the water column by the algae and are rapidly taken up by the 
fish. Although harmless, the compounds impart an earthy, muddy flavor to the fish.  Professional flavor checkers are employed 
by processing plants to screen for off-flavor ponds prior to harvest.  At present instrumental analysis is inferior to the human 
nose in detecting these compounds in terms of throughput and sensitivity. 

Current methodology employees 20g samples of tissue and MD/SPME/
GC/MS for analysis.1  Although very sensitive (< 0.010 ppb), the method is 
relatively time consuming, requires specialized glassware, and if a sample is 
inadvertently overheated, can result in the carry-over of lipid material into 
the collection vessel.  The presence of lipid in the sample vial will cause a 
decrease in the amount of analyte reaching the SPME fiber giving erroneous 
results.  A pass/fail method for the screening of samples has been developed 
to increase through put at the expense of sensitivity.  A value of 0.7 ppb of 
2-methylisoborenol has been determined to be the threshold for the average 
consumer and around 0.1 ppb for a supertaster such as those employed as 
flavor checkers for the catfish industry.  The pass/fail method uses only 1 gram 
of tissue, which is placed in a 10 ml sample vial, with 5 ml of H2O and 1 g of 
NaCl.  The vial is then sonicated for 30 minutes and analyzed using SPME/
GC/MS.

Concentrations from 10 off-flavor fish containing both geosmin and 2MIB 
ranging from 0.006 to 5.0 ppb (measured by the MD/SPME/GC/MS method) 
are given in the Table.  Using the pass/fail method, concentrations of 2MIB below 0.010 ppb were not observed and concentrations 
above 0.23 ppb were observed.  Lower limits of detection for geosmin were below 0.065 ppb.  The loss in sensitivity results 
from a decrease in sample size (20:1), and unrecovered analyte remaining in the sample.  

With limits of detection below 0.1 ppb for both analytes, this technique would be useful for screening a large numbers of 
samples for off-flavor.

1.  Lloyd, S. W. and Grimm, C. C.  Analysis of 2MIB and GSM in Catfish by MD/SPME/GC/MS.  J. Ag. & Food Chem. 47(1), 
164-169, 1999.
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MACROFAUNA COMMUNITY ASSEMBLAGES ON INTERTIDAL AND SUBTIDAL 
EXPERIMENTAL OYSTER REEFS IN SOUTH TEXAS 

Christopher M. Groff*, Terry Palmer, Matt Streich, Judd Curtis, Natasha Breaux, Jason Williams, 
Greg Stunz, Jennifer Beseres Pollack
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Christopher.groff@tamucc.edu

In recent decades, degradation of coastal habitat has become a major concern for a number of reasons, including reduced 
support of valuable fisheries and shellfish harvests. Restoration initiatives have received significant attention from scientific 
and resource management communities to ameliorate the effects of habitat loss, however much of the focus has been directed 
toward physical habitat properties rather than key ecological processes. Oyster reefs, having witnessed a near 85% global 
decline over the past century, have received more than $45 million toward some 200 restoration projects in the U.S. from 2000-
2011.

Oyster reefs provide habitat for a wide range of fish and invertebrate fauna (a critical role in ecosystem function), yet studies 
that compare motile macrofauna communities between subtidal and intertidal reefs are lacking, particularly within the same 
habitat mosaic. Human impacts on these reef types differ considerably: intertidal reefs are generally protected from harvest 
due to their shallow depth and relative inaccessibility for dredging, whereas harvest of subtidal oysters is substantial. Although 
restoration efforts typically focus on subtidal reefs, recent extraordinary harvests of intertidal oysters across Texas have raised 
concern among stakeholder groups due to risk of degradation and loss of important habitat. The objective of this study is to 
determine how spatial complexity and habitat setting affect macrofauna community composition and thus ecosystem function 
in subtidal versus intertidal oyster reefs. 

In May 2018, twelve experimental reefs containing either recycled oyster 
shell (‘restored’) or live oysters (‘natural’) were deployed in St. Charles Bay, 
Texas. Three reefs of each type (six total) were placed in the subtidal zone, 
and the remaining six in the intertidal (Figure 1). All experimental reefs 
were positioned adjacent to naturally occurring reefs in the bay. Macrofauna 
are being collected quarterly for two years, having started in August 2018, 
from a subset of each experimental reef as well as from nearby epibenthic 
sled tows. 

Preliminary data indicate that fish abundance may be at least 10x higher on 
intertidal reefs, even though subtidal reefs tend to be more spatially complex. 
Ultimately, identification of faunal community trends between these two 
reef types will better inform future restoration efforts regarding the most 
optimal placement of artificial reefs to maximize function and therefore the 
value of ecosystem services provided to key stakeholders. 
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KEY RESULTS AND FINDINGS FROM THE OYSTER CONSERVATIONIST PROGRAM (2006-
2018), A CITIZEN SCIENCE OYSTER GARDENING PROGRAM, IN GREAT BAY ESTUARY, 
NEW HAMPSHIRE

Brianna Group,* Alix Laferriere 

The Nature Conservancy
112 Bay Rd
Newmarket, NH 03857
Brianna.group@tnc.org

Due to overharvesting, pollution, sedimentation and disease there has been over a 90% decrease in oyster populations in the 
Great Bay Estuary, NH. Because of these losses, the system has lost the important ecosystem services these oysters provide: 
water quality regulation and production of important habitat for fish and invertebrates. For this reason, The Nature Conservancy 
has been working in collaboration with The University of New Hampshire to restore oysters to Great Bay. A component of this 
oyster restoration work is the Oyster Conservationist program, a citizen science oyster gardening program with 90 sites and 
over 300 volunteers that care for and collect data on oyster growth and survival from various sites across the entire Great Bay 
Estuary. The data collected provides insight on oyster growth and survival trends between the different regions of Great Bay 
from 2006-2018. 
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INTEGRATING AQUACULTURE WITH YEAR-ROUND ORGANIC STRAWBERRY 
PRODUCTION IN THE NORTHEAST 

Todd Guerdat*, Anna DeVitto, Peter Konjoian, Neil Mattson, Michael Timmons
 
University of New Hampshire, Durham, NH, USA
UNH Kingman Farm Aquaponic Greenhouses 
Durham, NH 03824 
todd.guerdat@unh.edu

There is a growing desire for produce in the United States to be grown sustainably and locally, yet an uncertainty about regional 
production capacity due to environmental conditions and general farming practices. The majority of strawberry production in 
the US is located in California and Florida where flood and drought conditions are on the rise. Due to weather uncertainties 
and an increase in regional demand for strawberries, an opportunity exists for expansion of the greenhouse strawberry industry 
in the Northeast where demand for local produce is increasing. November through May, local strawberries are not readily 
available in the Northeast. When available, the price for fresh strawberries is the highest during these months. Additionally, 
many consumers complain that such strawberries lack the flavor and quality of those typically produced by local growers due 
to harvest time and post-harvest handling. The use of CEA in the Northeast during these winter months could minimize possible 
market shortcomings and provide a new source for fresh, local produce year-round. Such market development would allow 
smaller scale Northeast farms to compete with large conventional businesses in other areas of the US, thereby reducing the 
outsourcing of agricultural production.

This research addresses the shortcomings in Northeast strawberry production and is developing strategies to improve economic 
sustainability through a new integrated farming model with aquaculture systems. The lack of standardization in hydroponic 
and aquaculture systems has created problems with reliable productivity, economic sustainability, and food safety. Currently 
at UNH, fish waste from recirculating aquaculture systems (RAS) is filtered and biologically treated to be safely used as a 
fertilizer source for plants. This process creates a concentrated nutrient solution addressing process control and food safety 
concerns in hydroponics. Replacing a synthetically-derived nutrient source in traditional hydroponics with an aquaculture-
based nutrient solution will improve the sustainability of hydroponic and aquaculture production by enabling a new form of 
integrated agriculture. Integration will also reduce the amount of agricultural waste discharge associated with both systems. 
This research will characterize the naturally-derived nutrient solution developed using treated fish waste from ongoing research 
at UNH for strawberry production. This characterization will determine what, if any, supplementation of micronutrients will 
be required to optimize the solution specific to the needs of strawberries and establish a framework for integration with other 
crops in the future.

This UNH research is evaluating how to improve strawberry production utilizing an existing treated aquaculture nutrient 
solution produced from RAS and develop a framework for successfully integrating aquaculture and hydroponic systems for 
potential organic certification. This production research will characterize: cultivar selection, temperature, humidity, irrigation, 
nutrient source and delivery, and optimal lighting. Results from this research will measure the effects of optimized production 
in controlled environment agricultural systems by quantifying berry yields, a measure most important to the economic 
sustainability for farmers.
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OPTIMIZING RECIRCULATING AQUACULTURE WASTE SLUDGE NUTRIENT 
SOLUBILIZATION FOR IMPROVED NUTRIENT USE EFFICIENCY IN INTEGRATED 
AQUACULTURE FARMING SYSTEMS

Todd Guerdat*, Joseph Tetreault, Michael Timmons
 
University of New Hampshire, Durham, NH, USA
University of New Hampshire 
38 Academic Way, G42 
Durham, NH 03824 
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Aquaculture is agriculture. Animal agriculture has developed methodologies for integrating waste production with crop 
fertilization effectively monetizing waste treatment. Aquaculture, however, has traditionally handled waste less efficiently 
by simply treating and discharging liquid and solid wastes to municipal and/or natural systems. Aquaculture is the only 
animal agricultural production industry which regularly internalizes the cost of waste treatment without integrating with other 
agricultural production systems, effectively increasing the cost of production and reducing profit margins. In order to develop 
an economically sustainable aquaculture industry, a revised approach is needed using existing integrated farming models as the 
framework for monetizing aquaculture waste treatment.

Integrating separate production processes requires a complete characterization of each system such that optimization allows 
for both processes to continue without interruption or loss of productivity. Recirculating aquaculture systems (RAS) produce 
a combined solid and liquid waste stream which may be utilized by hydroponic cropping systems when properly conditioned. 
Utilization of the effluent stream from RAS for the production of hydroponic crops requires solubilization of the nutrients 
entrained in particulate form which is plant-unavailable. It is important to state, plants do not consume soil or waste solids 
directly. Instead, the physiology of plant nutrient uptake requires the nutrients to be solubilized. Additionally, the waste 
stream must be treated to reduce the organic carbon such that direct integration with existing hydroponic systems is possible. 
Organic carbon present in hydroponic nutrient solutions results in plant growth inhibition and microbial biomass accumulation, 
creating unfavorable conditions for plant-disease progression and detrimental economic impacts in the loss of productivity. 
Treatment of the RAS solid waste stream must result both in the reduction of organic carbon and the solubilization of macro- 
and micro-nutrients required for plant production. These processes typically occur in soil systems for terrestrial animal waste 
treatment processes, however aquatic systems require a more controlled approach for successful integration. The current state 
of aquaculture waste treatment for use in integrated systems is largely uncharacterized, and/or privatized, and the result is a 
series of failed enterprises. 

UNH has one pilot-scale intensive RAS research facility and a newly-constructed aquaponic research facility replicated at 
the farm-scale. UNH has successfully evaluated several waste treatment processes at the lab scale, and refinements are in 
development for optimizing and scaling up RAS waste nutrient solubilization for use in hydroponic crop production. Waste 
treatment research is currently characterizing nutrient solubilization of tilapia and trout waste streams using aerobic and 
anaerobic treatment methods. Results to date will be presented.
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NEAR INFRARED REFLECTANCE (NIR) SPECTROSCOPY TO QUANTIFY Perkinsus marinus 
IN Crassostrea virginica TISSUES: FEASIBILITY STUDY

Eric Guévélou*, Jessica M. Small, Standish K. Allen, Jr.

Aquaculture Genetics and Breeding Technology Center (ABC)
Virginia Institute of Marine Science, College of William & Mary, Gloucester Point, Virginia 23062
United States of America.
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Disease caused by the protozoan parasite Perkinsus marinus remains a challenge for fisheries and aquaculture of the eastern 
oyster, Crassostrea virginica.  We tested the feasibility of near infrared reflectance (NIR) spectroscopy as an alternative 
means for quantifying P. marinus infection.  NIR spectroscopy technology provides a fast, safe, and eco-friendly alternative 
to traditional analytical methods that often use chemicals that are toxic to humans and the environment.  The first step of 
this feasibility study was to determine if P. marinus cells have a quantifiable spectral signature against the background of C. 
virginica oyster tissues. In order to accomplish this, pathogen-free, homogenized C. virginica slurries were spiked with known 
concentrations of cultured P. marinus cells.  NIR spectroscopy spectra were collected on these preparations and, additionally, 
on the same samples of the same preparations after freeze drying.  P. marinus concentration was reported as either number of 
cells per gram of fresh tissues or number of cells per gram of dry tissues.  Calibration models were developed using modified 
partial least squares regression (PLS) based on cross-validation and tested using a validation set.  Comparison of reference 
values to predicted values showed a high correlation for models based on both the wet and dry samples (R2val = 0.70 and 0.93, 
respectively) and acceptable prediction errors (SEP = 274,895 and 1,075,991 respectively).  These metrics indicate that P. 
marinus cells have a quantifiable spectral signature against the background oyster tissues and implies that NIR spectroscopy is 
a promising technology to detect protozoan infection in oyster tissues.
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EFFECTS OF Symbiodinium COLONIZATION ON GROWTH AND CELL PROLIFERATION 
IN THE GIANT CLAM Hippopus hippopus1

Rachel L. Gula* and Diane K. Adams

Rutgers, The State University of New Jersey
Department of Marine and Coastal Sciences
71 Dudley Road
New Brunswick, NJ 08901
gula@marine.rutgers.edu

Giant clams (subfamily Tridacnidae) house their obligate symbionts, Symbiodinium sp, in a specialized tubular system. Rapid 
uptake of Symbiodinium has been shown to increase early clam survival, suggesting that symbionts play an essential role in host 
growth and development. This study aimed to determine whether symbionts influence growth rates and cell proliferation in the 
giant clam Hippopus hippopus, and whether giant clams can metamorphose without symbionts. 

A 20-day trial was conducted raising giant clams from day 6 post-fertilization (pf) in individual culture units in filtered seawater. 
Symbiodinium sp. were added to the inoculated treatment on day 6 pf, while the control treatment was not inoculated. Each 
culture was fed approximately 500 cells mL-1d-1 Instant Algae (Isochrysis galbana) and water conditions were maintained at 
salinity 30.39 ± 0.15 ppt (standard error, SE), pH 8.11 ± 0.01 (SE), and temperature 28.60 ± 0.02 ºC (SE) to approximate local 
conditions. Growth was determined using daily shell length measurements and cell proliferation assessed with 5-ethynyl-2’-
deoxyuridine (EdU) marked with Alexa Fluor. 

The control treatment grew even without symbionts (1.03 ± 0.41 µm d-1, standard error). Inoculated individuals grew 
significantly faster (2.91 ± 0.37 µm d-1) than control individuals (P < 0.001). However, daily shell length measurements did 
not significantly differ between treatments until day 22. At day 13, clam cell proliferation was not correlated with symbiont 
abundance in inoculated individuals, (P = 0.13); while at day 26, it was (P < 0.01). Metamorphosed giant clams were observed 
in the symbiont-free treatment, with ~97% of control individuals metamorphosed by day 24 pf. These results indicate that H. 
hippopus has a longer Symbiodinium acquisition period than previously recorded, during which Symbiodinium are not required.

1Gula, R.L. and D.K. Adams. 2018. Effects of Symbiodinium Colonization on Growth and Cell Proliferation in the Giant 
Clam Hippopus hippopus. The Biological Bulletin, 234(2):130-138.
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COMPARATIVE MORTALITY AND PARASITE-INDUCED ANEMIA IN CHANNEL Ictalurus 
punctatus AND HYBRID CATFISH I. punctatus x I. furcatus EXPOSED TO Bolbophorus damnificus 
CERCARIAE

Mackenzie Gunn, Matt J. Griffin*, Brian Ott*, T. Graham Rosser* and Peter J. Allen*

Department of Wildlife, Fisheries, and Aquaculture
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The digenetic trematode Bolbophorus damnificus has deleterious effects on production efficiency in farm raised channel 
(Ictalurus punctatus) and hybrid catfish (I. punctatus x I. furcatus) in the southeastern United States. Previous work has 
demonstrated that even mild outbreaks, which may go unnoticed by producers, can result in >60% reduction in net return. While 
infectivity rates in channel and hybrid catfish are similar, preliminary data suggest hybrid catfish experience lower mortality 
when exposed to comparable numbers of cercariae than channel catfish cohorts. We evaluated morbidity and mortality in 
juvenile channel (12.3 g) and hybrid (9.9 g) catfish for 28 days following exposure to B. damnificus (300 cercariae/L). Mortality 
in both channel and hybrid catfish began at 9 days post-challenge, peaked around 11 days post-challenge, and subsided by 14 
days post-challenge, consistent with previous studies. There was a trend towards lower mortality in hybrid catfish, although 
these differences were not significant (p>0.05). Preliminary data also identified a parasite-induced anemia associated with the 
encapsulation of B. damnificus metacercariae occurring 7-15 days post exposure.  This led to a second experiment comparing 
responses of anemia and mortality in channel (24.0 g) and hybrid (20.4 g) catfish exposed to 300 cercariae/L. Fish were sampled 
for whole blood analysis at 3, 6, 9, 11, 14, 21, 28, 35, and 49 days post-challenge to determine changes in blood physiology. 
Both exposed groups experienced a dramatic drop in hematocrit during the peak mortality window (9-14 d post-challenge), 
but recovered afterwards, suggesting an anemic response to the development of the parasite and subsequent recovery once the 
encapsulation process is complete.  Throughout this study, there was marked mortality in the channel catfish exposure groups 
(n=32 fish), while mortality in hybrids was negligible (n=3).  Similarly, in non-sampling tanks used to estimate the mortality 
rate of the administered dose, mortality in channel catfish was 56.7%, compared to only 6.7% in hybrid catfish.  Lastly, in a third 
experiment, channel (0.6 g) and hybrid (0.6 g) catfish were exposed to 100 cercariae/L, which resulted in pronounced mortality 
compared to previous challenges.  Again, there was a trend towards lower mortality in hybrids (71%) than that observed in 
channels (93%), but the difference was margininally not significant (p=0.053). In all studies, infected fish presented clinical 
signs consistent with B. damnificus infection (exopthalmia, distended abdomens, petechial hemorrhage) and all exposed fish 
had visible metacercariae below the skin. No parasites were observed in any control fish.  There was a consistent trend of 
lower mortality in hybrid catfish across all exposure trials.  Moreover, there was a less substantial drop in hematocrit prior to 
the recovery period, suggesting the response of hybrid catfish to B. damnificus infection is not as severe as in channel catfish.  
The biological and economic implications of these findings on catfish production are unknown, but suggest outbreaks of B. 
damnificus in hybrids may not result in the same reductions in productivity as observed in channel catfish.
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USING HIGH-PROTEIN DISTILLER’S DRIED GRAINS PRODUCT TO REPLACE FISHMEAL 
AND CORN PROTEIN CONCENTRATE IN PRACTICAL DIETS FOR THE PACIFIC WHITE 
SHRIMP Litopenaeus vannamei
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As the ethanol industry continues to develop they are modifying their processes to produce improved feed ingredients. One 
such product is a high protein distiller’s dried grain (HPDDG) which has the potential to be used as a protein source in shrimp 
feeds. An 8-week growth trial was conducted to evaluate the use of HPDDG (Nexpro, Flint Hills Resources, Wichita, KS, USA) 
on the growth performance of juvenile Pacific white shrimp Litopenaeus vannamei. In the growth trial, graded level of HPDDG 
(0, 10, 15, and 20%) were used to replace corn protein concentrate (CPC:12.6, 6.3, 3.15, and 0%) or fishmeal (FM:17.40, 9.79, 
6.00 and 2.21%), referred to Diet 1, 2, 3, 4 and Diet 5, 6, 3, 7, respectively. A commercially produced open feed formulation 
(Diet 8) was also included in the trial as a reference. Each diet was randomly fed to four replicate groups of 30 shrimp stocked 
into 0.8 m3 culture tanks. Under outdoor condition in the presence of natural foods (green water condition), the results indicated 
that growth performance and feed conversion ratio were not statistically influenced by increasing levels of HPDDG when used 
to replace fishmeal or CPC. Results of this study demonstrate that HPDDG is a good protein source and up to 20% HPDDG 
can be used in practical shrimp diets.
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Two feeding trials were conducted to investigate the effects of replacing fish meal with a combination of soy and corn protein 
concentrate (1:1 ratio) on the growth performance of the Pacific white shrimp (Litopenaeus vannamei) under high stocking 
density and low salinity conditions. The basal diet containing 20% fishmeal was systematically reduced (20, 15, 10, 5, 0%) 
with the protein concentrate on a isonitrogenous basis (D1, D2, D3, D4 and D5, respectively). Additionally, to evaluate possible 
limitations in essential amino acids diets with 5 and 0% fishmeal were supplemented with lysine and methionine (D6 and 
D7, respectively). Each diet was randomly fed to five or four replicate groups of 15 or 100 shrimp per 75 L aquaria or 800 L 
circular tank reared in either an indoor clear water system or outdoor green water systems (Trials 1 and 2, respectively). In 
trial 1, the results indicated that there was a slight decrease in performance of shrimp as fishmeal was replaced and that minor 
improvements were seen when lysine and methionine were supplemented to the low fishmeal diet. In trial 2, the results showed 
that there were no significant differences in final biomass, survival, final mean weight, weight gain and protein retention across 
the tested diets. Results of this study demonstrated that plant-based protein concentrates can be used to replace fishmeal in 
practical shrimp diet in clear and green water under high stocking density. 
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The long-term goal is to develop xenogenesis (method of reproduction in which successive generations differ from each other) 
resulting in xenogens (organism comprised of elements typically foreign to its species) to increase efficiency of reproduction 
for catfish hybridization, and secondarily for other applications, such as to increase efficiency of reproduction in difficult to 
spawn species, like blue catfish. Previously, we isolated embryonic stem (ES) cells, spermatogonia A (spermatogonial stem 
cells, SSCs), and accomplished interspecific transplantation from a diploid donor catfish into triploid, host catfish surrogates. 
Triploid xenogenic channel catfish were created that produced blue catfish sperm that could be mated with channel catfish 
females to produce channel catfish female X blue catfish male hybrids. However, colonization of blue catfish stem cells was 
low as a small percentage of channel catfish were xenogenic and some had low fertility. Thus, we need to improve efficiency 
of xenogen production by improving cell implantation and proliferation to produce xenogenic broodstock with good fertility 
for large-scale applications. 

A series of experiments were conducted, resulting in the first production of white catfish xenogens, and use of unsorted cells 
gave slightly higher transplantation rates. PKH26 dye was used as a cell marker, and average survival rate of fry injected 
without PKH26 was 48.7%, while rate of fry injected with dye was 68.1%. However, PKH26 reduced cell viability. Females 
and males produced similar numbers of germ stem cells. Gentle, but longer centrifugation yielded greater numbers of live 
SSCs. Larger catfish yielded greater numbers of stem cells, but larger gonads yielded only a slight increase in stem cell number 
with 250g blue catfish being the best for efficient stem cell yield. ROCKi increased cell viability, but cells should be used on 
the day of isolation.
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Shellfish transport activities and shellfish health concerns are obviously not limited to the East Coast but occur within and 
among other coasts, including internationally between more distant shores.  Shellfish aquaculture is well established in the 
Pacific Northwest and is rapidly expanding throughout the Gulf of Mexico.  International trade is common, and trade partners 
have expectations on biosecurity measures that include surveillance, reporting and response among other protections.  This 
scope of activity and concern for biosecurity has been considered throughout the development of the East Coast Molluscan 
Health Initiative, but we maintained a focus on the East Coast to provide bounds for initially developing a database system.  In 
this session we will explore opportunities to systematically expand the database and perhaps export the Hatchery Certification 
Protocol to other systems beginning with the Gulf Coast where there are clear intersections with Atlantic Coast commerce 
and thus already potential for transfer of molluscan shellfish and their pathogens.  Host species and their pathogens begin to 
diverge dramatically as we move to the West Coast and beyond, but the database and the principles in the Hatchery Certification 
Program are designed to accommodate such diversity.  This interactive session seeks to identify specific needs and partners that 
can help move the system forward and into other regions.  
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OVERCOMING THE LIMITATION OF LIGHT PENETRATION IN MICROALGAL CULTURES
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The interest over photosynthetic microbes such as microalgae and cyanobacteria as a source of bioproducts has expanded 
significantly in the last years.  This interest has been promoted by the price fluctuations and security risks associated with 
fossil fuels.  The need to reduce costs of fuels has promoted the interest in other microalgal bioproducts that can be even 
more attractive economically than the biofuels. These products include, pharmaceuticals, nutraceuticals, fertilizers, feeds, food 
additives and pigments among others.  

Although the microalgal productivity is higher than that of other crops, with up to 2,470-12,345 gal oil (hectare·yr)-1, there 
are some limitations that need to be addressed to make it competitive. One of the major bottlenecks in the use of biofuels 
and other bioproducts is the availability of light [1-3]. Outdoor cultures use available natural light. The depth and hence the 
productivity of the culture is limited by the light penetration and availability. For cultures maintained with artificial light, the 
energy for illumination can be a significant part of the cost of microalgal biomass production, reaching in some cases 50% or 
more of the costs [4-7]. Besides the light quantity, the wavelength distribution also affects the microalgal biomass production. 
In previous work done in our laboratory and by other authors, it has been found that the wavelength affects not only the biomass 
productivity, but also its composition.

To address the limitation of culture depth and hence the culture volume per unit area, we report the development of a self-
powered LED-based, unattached, neutral buoyancy light. The system consists of units that integrate an energy harvesting 
mechanism that takes advantage of the movement needed to maintain the cultures in suspension, coupled with a circuits and an 
efficient LED-based light that can be fine-tuned to deliver the light in the wavelength that can be more efficiently utilized by the 
target photosynthetic species. The proposed unit can eliminate the use of batteries and electrical installation for the lights, which 
reduces cost for maintenance and environmental impacts.  Although a solar cell is a well-known energy harvesting device, it is 
not practical for the current application.  The harvesting mechanism is based on triboelectric generators that are more efficient 
and lighter than other methods. 

The use of this system will reduce the reliance on electrical installation for photoenergy, eliminate the limitations due to light 
penetration and allow the development of algal cultures for different purposed, such as enclosed systems for pharmaceuticals, 
low irradiance locations and even indoor applications without incurring in high illumination costs. 
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USE OF THE NEMATODE Panagrolaimus sp. AS A SUBSTITUTE FOR BRINE SHRIMP IN THE 
LARVAL CULTURE OF Seriola rivoliana
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Larval rearing is considered one of the most complex stages in marine fish aquaculture because it relays on the production of 
live food organisms such as rotifers or/and Artemia. The use of Artemia presents some disadvantages: short supply and high 
price, variation in hatching and nutritional value, deficiency in highly unsaturated fatty acids (HUFA), and vector of bacterial 
and toxic compounds. Nematodes have been considered as a food alternative in fish larval rearing because they have a proper 
range of size and a good nutritional profile. They can also be used as a vector of substances and some nematodes support 
anhydrobiotic conditions.  

Larvae of Seriola rivoliana were fed copepods and rotifers from day 3 to day 9 in a 2,000-L tank. On day 10, larvae were 
transferred to eight 180-L tanks at a density of 6.7 larvae L-1. Two treatments using four replicates each were evaluated. In the 
first treatment, a “co-feeding” diet (75-25%, 50-50%, 25-75%) was used, which consisted in supplying rotifers and enriched 
Artemia nauplii from day 10 to 12 and finally in days 13 and 14 only Artemia was supplied. The second treatment consisted 
of the same procedure as in treatment 1, replacing Artemia with the nematode Panagrolaimus sp. Feeding efficiency (larvae 
with food in the digestive tract) and intensity (average number of preys in the digestive tract) were evaluated on days 10, 11, 
12 and 13. Total length was also determined on days 9, 10, 11 and 14. In addition, samples were taken to determine HUFA 
concentrations of live feed and larvae in both treatments. Larvae were sampled for bromatological and histological analyzes 
too. Feeding efficiency was higher on day 13 in larvae fed with nematodes; however, for each sampling day, feeding intensity 
was greater in larvae fed Artemia. No significant differences were observed in growth between treatments (Fig. 1). 
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A REVIEW ON FISH IMMUNO-NUTRITIONAL RESPONSE TO INDISPENSABLE AMINO 
ACIDS IN RELATION TO TOR, NF-κB AND Nrf2 SIGNALING PATHWAYS: TRENDS AND 
PROSPECTS

Habte-Michael Habte-Tsion*, Waldemar Rossi Jr. 

Aquaculture Research Center
Kentucky State University
Frankfort, KY 40601
hab.andemichael@kysu.edu

Indispensable amino acids (IAAs) are important regulators of key metabolic pathways associated with protein synthesis, tight 
junction proteins, inflammatory cytokines and immune-antioxidant related signaling molecules. However, the information 
pertaining to the immune functions of IAAs in relation to molecular approaches for commercially important fish species are 
scarce and discordant.
 
This review summarizes the dietary requirements for IAAs 
necessary for improved growth and immune response in variety 
of fish species, using molecular approaches (nutrigenomics), 
particularly the interrelationships between IAAs and genes. 
Briefly, antioxidant status of fish as well as gene transcriptions 
regulating antioxidant enzymes are profoundly governed by 
the nutritional factors including a set of IAAs; and these genes 
expression are often regulated by the nuclear factor erythoid 
2-related factor 2 signaling pathway (Fig.1). IAAs level could 
also attenuate the inflammatory response in fish partly by 
down-regulating the expression levels of pro-inflammatory 
cytokines and up-regulating the anti-inflammatory cytokines. 
The regulation of these cytokines by IAAs could be mediated 
by the signaling molecules nuclear transcription factor-κB and 
target of rapamycin (Fig.2). Overall, this review provides clear 
and recent molecular mechanisms of fish immuno-nutritional 
interrelation and highlights regulatory pathways underlying 
dietary IAAs mediated enhancement in the antioxidant, anti-
inflammatory, and immune defense capacities, presenting 
trends and future perspectives.  
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EVALUATION AND DETERMINATION OF A STANDARD OPERATING PROCEDURE FOR 
QUALITY ENHANCEMENT: LOUISIANA LIMITED WILD PLATE FROZEN SHRIMP

Nicholas A. Haddad*, Julie A. Lively

School of Renewable Natural Resources, Louisiana State University Agricultural Center
Baton Rouge, Louisiana 70803
Nhaddad@agcenter.lsu.edu

Gulf shrimp are an extremely important economic commodity to the United States, and specifically Louisiana. The Louisiana 
commercial shrimp industry has endured countless struggles and has been declining at an alarming rate. Research is currently 
being explored to add value to the industry by creating a premium product through optimal operating procedures. Quantifiable 
data has been collected onboard plate freezing entities to determine the current status quo of the fishery. A new standard 
operating procedure has been written limiting bycatch sorting times, saltbox concentrations, and use of sulfite as a technique 
to reduce melanosis in shrimp. Sulfite-free products and alternative packaging have been tested in lab on effectiveness in 
blackspot inhibition. Quality differences relating to salt content, moisture, and bacterial counts will be analyzed to ensure 
the highest quality possible. The product of this research is a logoed brand, Louisiana Limited Wild Plate Frozen Shrimp, 
that participants will opt into pending adherence to defined quality control techniques outlined in a new standard operating 
procedure. Eventually the program looks to expand to dockside freezing to expand opportunities to day boat fishermen as well.

Post harvesting procedures were analyzed to create a premium shrimp product able to fetch top dollar from consumers. Data 
was collected onboard taking overnight trips with two plate freezing entities and at a third plate freezing dock. Sulfite-free 
melanosis inhibition testing occurred in the lab exploring the use of 4-hexylresorcinol and vacuum packaging. Physical and 
chemical properties of plate frozen shrimp were examined from each of the fishermen participating in the Louisiana Limited 
program. Finally, saltbox concentrations were examined looking into efficiency, potential mortality on blue crabs, and effect 
on quality.

Results found 4-hexylresorcinol products to successfully inhibit blackspot development for up to 10 days. Vacuum packaging 
did not significantly delay melanosis. Juvenile and immature blue crabs were not significantly harmed by the hypersaline 
conditions or the potential use of sulfites in saltboxes. The use of plate freezers both onboard and at docks has the potential to 
greatly improve shrimp quality.  
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VIRTUALLY THERE – ENGINEERING ASPECTS OF REMOTE AQUACULTURAL FARM 
TOURS

Daniel K. Peplinski, Steven G. Hall, MIchael Frinsko, Melody Thomas and Matthew Campbell

Biological and Agricultural Engineering
North Carolina State University
Raleigh, NC 27695
shall5@ncsu.edu

Virtual farm tours are a means to distribute information about aquaculture operations and for visiting distant farm operations 
with less expenditure of time travel.  This can help on campus students or the public around the state or world. Many virtual 
farm tours focus almost exclusively on the fish production, especially growth tanks, and ignore the host of engineering supports 
that make the growth tanks and fish production successful.

The Biological and Agricultural Engineering Department at North Carolina State University has captured virtual aquaculture 
farm tours that show details of various operations including finfish (tilapia, catfish, bass); aquaponics; baitfish, algae and 
molluscs.  From water intake and treatment, through recirculating growth tanks cleaned by biofilters, UV sterilization of 
recirculated water, feeding systems with air or mechanical ejectors, pumps, anaerobic digesters, and constructed wetlands for 
waste treatment, these tours intend to include the engineering aspects of the entire production system.  The videos will be used 
as stand-alone educational items as well as supplemental material for an online version of the Aquacultural Engineering course.

Early versions of the tours highlight the role these items play in keeping the production system working at peak efficiency.  
Later versions will also include detailed information regarding the proper sizing and design of the equipment to help students, 
farmers, and potential farmers how to properly plan for and select the right equipment to best meet their farming needs 
productively and sustainably.

Work on this project was funded in part through a NC State University DELTA (distance education) grant. 
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MARINE AQUACULTURAL ENGINEERING RESEARCH AND DEVELOPMENT NEEDS 

Steven G. Hall, Melody Thomas, Matthew Campbell, Diplina Paul, Mike Frinsko, Rifat Hasan, 
Vashti Campbell, Alexander Geddie

Biological and Agricultural Engineering
North Carolina State University
Raleigh, NC 27695
shall5@ncsu.edu

Aquaculture has grown to match total production of all wild caught fisheries at approximately 100 MMT/y.  However, much 
of this work has been with increasingly contested fresh water, and in fragile nearshore coastal areas.  Offshore and far-offshore 
marine aquaculture is growing with larger emplacements in place in Norway, China and elsewhere.  However, serious challenges 
are just beginning and will require serious engineering research and development to address them.  In addition to the physical 
and biological challenges, a healthy balance between productivity and sustainability is needed.

Obvious aspects of offshore aquaculture that need development include dramatic improvements in robustness of all systems.  
Some developments in engineering design and analysis for offshore cage systems have been made in the past decade, but even 
more work, as well as critical testing in actual very high energy environments is needed.  One “leap” for offshore systems is 
to largely submerge the system.  This, however, implies improved automation and communications.  Automation of feeding, 
management but also protection for far offshore systems will be needed.  One approach is to largely remove humans from the 
system, but this implies even more automation and much improved communication, as well as enhanced control systems.

Another major issue is the historic impacts of near shore cage systems, including nutrient impacts (not to mention wasted 
nutrients), disease transmission concerns, physical damage and interaction with other coastal and oceanic activities.  

Possible closed or semi-closed systems could dramatically improve some of these issues, but imply RAS-type approaches 
to offshore culture, with development of various filtration and water management devices.  This review suggests numerous 
areas of interest for research and encourages research, development, government, NGO and private/for profit entities to work 
together to address these challenges.

Work on this project was funded in part through the William White Endowment of the NC Agricultural Foundation. 
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THE EFFECTS OF STOCKING DENSITY ON CANNIBALISM IN JUVENILE COMMON 
SNOOK Centropomus undecimalis 

Ron Hans*, Ryan Schloesser, Nathan Brennan, Kevan L. Main

Mote Marine Laboratory
874 WR Mote Way
Sarasota, FL 34240
rhans@mote.org

Cannibalism is a common issue associated with the mass production of piscivorous fish in aquaculture facilities that use 
intensive culture techniques. The severity of this problem is influenced in part by the density of fish reared within the system. 
Optimal stocking density and associated rearing protocols for aquacultured species must be determined in order to maximize 
production while minimizing costs. 

The purpose of this study was to investigate the influence of stocking density on mortality of juvenile common snook 
Centropomus undecimalis reared in intensive aquaculture systems. A 30-day trial was performed using post-larval common 
snook (35 DPH; 16-18mm) stocked at three different densities: 1, 2, and 4 fish per liter. Larvae were stocked into twelve conical 
black tanks (100 L) using a block randomization design. Fish were fed to satiation throughout the trial and mortalities were 
recorded daily. During the first 14 days of the study, prevalence of cannibalism was significantly different in the high-density 
treatment when compared to both the low (ANOVA test, p-value= 0.03879) and medium (ANOVA test, p-value=0.02682) 
density treatments. However, incidence of cannibalism in the low and medium densities were not significantly different 
(ANOVA test, P=0.8827) from each other. In the second half of the study (days 15-30), the incidence of cannibalism recorded 
in the high density treatment was significantly elevated compared to those of the medium and low treatments (Fig. 1). Mean 
mortality in the medium and high density groups were two times greater than during days 1-14 of the study; with mortality in 
the low density treatment remaining relatively constant. 

Our results indicate that observed mortality was not an accurate indicator for assessing cannibalistic behavior in the tanks 
and that losses in the higher density systems were severely underestimated. Furthermore, our results show that stocking at 
increased densities had an inverse relationship with survival rates during early juvenile development in common snook. In 
order to prevent diminished productivity when stocking at high densities, some form of cannibalism reduction measures must 
be utilized. This study is an important step in addressing the issue of cannibalism in hatchery reared fish and establishing 
methods to increase the productivity of aquaculture facilities that use intensive farming practices.  
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THE TOR SYSTEM, A NEW SOFTWARE TOOL TO TRACK PRODUCTS THROUGH SUPPLY 
CHAINS

James Harakaly

Republic Systems
East Hartford CT, 06278 
james@republicsystems.com

In May of 2017, World Wildlife Fund in cooperation with the Seafood Task Force (STF) engaged with Republic Systems, Inc. to 
develop an open-sourced software application (the “tor” system) to pursue the automation and digitization of the STF track and 
trace program. tor was designed to provide connectivity in lengthy disaggregated supply chains, where traditional traceability 
systems are too costly to implement upstream of the processors.  tor allows disaggregated participants (e.g. fisherman and 
farmers) of the supply chain to capture images of physical trace documents, add metadata (GPS, lot #, mass balance, etc.) to 
those images and submit to a central database from their smart devices. Each image can then be linked to other images, users, 
organizations (private and government), and supporting documents for each individual transaction, creating a document trace. 
The capability to instantly view, review and act upon the information captured in a high-quality image breathes life into the 
paper process workers execute every day. The trace and the documents can be viewed from the mobile app or a through desktop 
web portal.  This system will be available for any organization or platform to utilize and will be developed to make it easy to 
build out supply chain structure and requirements schemes. 
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FISH NUTRITION RESEARCH: COMMON REASONS MANUSCRIPTS ARE REJECTED FOR 
PUBLICATION 

Ronald W. Hardy1

1 University of Idaho, Hagerman Fish Culture Experiment Station
3059F National Fish Hatchery Rd, Hagerman, ID 83332, USA
rhardy@uidaho.edu

Fish nutrition research has increased significantly over the past decade and with this increase has come a significant increase 
in the number of fish nutrition-related manuscripts submitted to scientific journals. Primary drivers of this trend are 1) a shift 
from semi-intensive to intensive production of freshwater fish requiring nutritionally-complete feeds, 2) new species being 
commercially produced, 3) the need to lower fishmeal levels in feeds, and 4) higher numbers of manuscripts being submitted to 
international journals rather than regional or national outlets. This has increased the workloads of journal editors and reduced 
the percentage of submitted manuscripts that are eventually accepted for publication. Editors have the option to reject papers 
without review and are increasingly doing so to avoid reviewer overload. Editors quickly review submitted manuscripts to cull 
those that, for various reasons, are unlikely to receive positive reviews. 

There are several common faults that editors look for to reject fish nutrition manuscripts without review. These faults vary 
with the type of fish nutrition paper. For research studies involving evaluation of alternative or novel feed ingredients, the most 
common fault involves confounding effects of altering levels of ingredients in feed formulation that confound interpretation. 
For research studies involving assessment of nutritional requirements, the most common faults are insufficient numbers of 
dietary treatments that range from clear nutritional deficiency to clear sufficiency. For research studies involving feed additives 
that are being assessed for effects on immune function, lack of a disease challenge to confirm dietary effects beyond enhanced 
levels or activity of elements of the immune system are a common weakness that generally leads to rejection without review. 
Similarly, detecting effects of dietary factors on gene expression without supporting data to confirm meaningful physiological 
effects on growth, health or reproductive success leads to rejection without review.  

For all fish nutrition studies, there are general faults that can result in rejection without review. These include lack of proper 
control diets, insufficient replication, inappropriate use of ANOVA or other statistical test used to evaluate data, insufficient 
information on feeding level or other aspects of fish rearing and, most importantly, lack of a clear hypothesis. Common reasons 
for rejection of fish nutrition manuscripts will be described using examples from the scientific literature. 
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EASTERN OYSTER PERFORMANCE DEPENDS ON HABITAT QUALITY AND POPULATION 
SOURCE, BUT NOT NEUTRAL GENETIC DIVERSITY

Katherine McFarland, Matthew Hare* and Kaili Gregory

Department of Natural Resources
Cornell University
Ithaca, NY 14853
mph75@cornell.edu

Much of the breeding for eastern oyster (Crassostrea virginica) aquaculture has been focused on survivorship to market 
size, selecting for tolerance or resistance to known pathogens. Very little is known about life history trade-offs that might 
limit fitness-related performance of selectively-bred aquaculture strains in natural environments, or the extent of inadvertent 
domestication selection that accompanies tank culture and its fitness consequences. It is also possible that hatchery propagation 
limits oyster performance to the extent that it reduces genetic diversity in the resulting cohort. We tested these hypotheses along 
the salinity gradient in the Hudson/Raritan Estuary, New York, including sites with average salinities from approximately 10 
to 25 psu. Moderate salinity wild broodstock were used to produce two cohorts differing in neutral genetic diversity. These 
were outplanted at 11 sites in experimental cages with an aquaculture strain and wild-set oysters from the low-salinity remnant 
population of Hudson River oysters. All cohorts were approximately the same age at outplant. It would be ideal to measure 
total fitness, but we focused on fitness-related components including growth rate and survivorship monitored for two years, 
and gonad maturation at age 2. Variation in performance was primarily among sites. No effect of neutral genetic diversity was 
detectable between the hatchery cohorts. However, wild-set oysters out-performed other cohorts in their low-salinity home 
territory, suggesting that the remnant Hudson River oyster population may be locally adapted to the low salinities where it 
currently resides. Implications of these findings for oyster restoration in the Hudson/Raritan Estuary will be discussed. 
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USDA, NIFA NORTHEASTERN REGIONAL AQUACULTURE CENTER: PRODUCER 
INVOLVEMENT, IMPACT PROJECTS, AND HOW TO BECOME INVOLVED

Reginal M. Harrell

Northeastern Regional Aquaculture Center
University of Maryland
College Park, MD 20742
rharrell@umd.edu 

Representing the northeastern region of the United States the Northeastern Regional Aquaculture Center (NRAC) includes 
the District of Columbia and 12 states from West Virginia to Maine.  NRAC has been hosted by the University of Maryland 
since 2005. Most of the region includes coastal states (9 of the 12) where the largest industry is centered round marine shellfish 
production.  From an ecophysiological industry context there are three geographical intra-regions that include inland freshwater, 
the Mid-Atlantic, and the New England states.  Species of interest in these regions vary considerably and each state is unique 
in their rules, regulations, and industry growth opportunities. 

Like all the RACs, industry-driven priorities are the hallmark of the use of our annual funding. NRAC’s governance is 
comprised of a 26 member Technical and Industry Advisory Council (TIAC) made up of 13 members each of the Industry 
Advisory Committee (IAC) and 13 members of the Technical Advisory Committee (TAC), respectively. Jointly they make 
up the Council and each state and the District has a seat on each committee. The TAC is usually equally represented by either 
extension specialist or researchers. The IAC is divided between marine and freshwater interests accordingly. The TIAC jointly 
develops annual project priorities that is led by industry needs and discussed by technical feasibility. After priorities are decided 
they are recommended to our nine member Board of Directors (BOD) for consideration and approval. The BOD is made up 
of Extension and Experiment Station Directors (2 each), a Sea Grant Director, the USDA, ARS Aquaculture Program Leader, 
an 1890 representative, an at-large industry or non-Land Grant institutional representative, and a representative from the host 
institution. In consultation with the TIAC chairs the BOD will decide the means of funding the industry priority via research 
proposal applications (RFA) or a workgroup process. The RFA process includes a preproposal and a subsequent invited full 
proposal submission based on the preproposal review.  The designated work group process involves an open session being 
held for a specific problem statement. All interested individuals can attend the workgroup meeting and the group themselves 
decide how to proceed. Both project types undergo rigorous internal and external (experts outside the region) review and a 
recommendation is made by the TIAC to the BOD for approval with final approval made by USDA, NIFA.

Between 2005 and 2016 NRAC funded ~$6.5M in projects among 9 states, 4 industry organizations, and one federal agency 
representing 36 individual projects. Almost $738K was for finfish projects and ~$5.7M directed toward the shellfish industry. 
One project provided an economic overview of the impact of NRAC-funded efforts: ~$79 M in GDP, 777 new jobs, ~$13.5M in 
federal, state, and local tax revenues, and nearly $33M in leveraged grant funding. (http://agresearch.umd.edu/sites/agresearch.
umd.edu/files/_images/uploaded/NRAC%20Assessment%20Report%20FINAL%208%2010%202017%20(3).pdf). 
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ACCOUNTABILITY FOR AQUACULTURE OPERATIONS IN A RESOURCE SCARCE 
WORLD: THE ROLE OF TRACEABILITY AND TRANSPARENCY

Blake Harris

World Wildlife Fund - USA
Washington DC, 20037 
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Aquaculture continues to grow as a percentage of total global seafood catch and the substantial growth of aquaculture that is 
expected will bring greater scrutiny and a fundamentally higher bar than other forms of animal protein production. In an era 
of dwindling resources, aquaculture operations will be required to demonstrate the efficient use of natural resources as well as 
other specified criteria required by buyers, importers, traders, end customers and policy makers. It is not simply “good enough” 
to self-report that requirements are met at the farm level. The comingling of product as it is passed through the supply chain 
derails efforts by producers to demonstrate their product is superior or at least passes basic requirements. Thus, traceability will 
not only be required for farm-produced product, but also the ingredients used to produce that product. Unfortunately, to date, 
there are only small segments of the industry that have established traceability and these sectors, such as salmon, are dominated 
by larger vertically integrated companies. For the majority of the aquaculture sector, the supply chains are elongated to the 
point that leverage to request compliance and chain of custody information is diminished with each step back upstream in the 
supply chain. The following discussion will focus on traceability technology and connectivity opportunities in aquaculture and 
other food supply chains.
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RISK-BASED APPROACH TO AQUACULTURE FARM BIOSECURITY

Kathleen Hartman* 
 
USDA APHIS Veterinary Services 
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Too often biosecurity plans are developed independent of a risk-based evaluation process.   Biosecurity practices should be 
developed and implemented based on the results from an assessment of the risks identified for the aquaculture facility, the 
species being cultured, the production method being used and the end-use of the animals being cultured.  In order to develop 
appropriate biosecurity practices, aquaculture facilities should undergo a risk evaluation which includes three primary steps: 
1) risk identification, 2) risk characterization and 3) risk mitigation and communication.  The risk identification step is used to 
identify pathogens of concern for the species being cultured in a specific production system.  The pathogens of concern should 
be those that the species is known to be susceptible to; these may include exotic pathogens (i.e., never before found on the farm, 
zone or country) as well as common pathogens that are known to cause disease in the production setting.  The second step, 
risk characterization, examines the areas, activities, and pathways that put the farm and species at risk for specific pathogen 
introduction and/or spread.   Once this step is complete appropriate and targeted risk mitigation or biosecurity practices can be 
designed and implemented.  For each of the pathogens and pathways assessed, mitigation practices should be developed that 
match the level of risk for each.  On most aquaculture facilities the five primary pathways of risk are: 1) animals, 2) water, 3) 
feed, 4) vectors and 5) fomites; in a well thought-out, risk-based plan these five areas will be addressed and communicated in a 
written biosecurity plan.  Review of an aquaculture site’s risk evaluation should be conducted annually or as needed to address 
new pathogens, pathways, or to address biosecurity breaches. 
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NATIONAL VETERINARY ACCREDITATION PROGRAM MODULE 13: AQUATIC ANIMAL 
HEALTH REGULATIONS AND HEALTH CERTIFICATION

Kathleen Hartman*, Lynn Creekmore, Lori Gustafson, Christa Speekmann & Katharine Starzel 
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Kathleen.H.Hartman@aphis.usda.gov

The goal of the NVAP program is to ensure that private veterinary practitioners who provide regulatory services to U.S. 
livestock, poultry and aquaculture industries, are adequately trained and well acquainted with regulatory requirements 
through USDA-APHIS accreditation.  In addition to other accreditation requirements, accredited veterinarians are required to 
successfully complete a required number of 29 training Modules (http://tinyurl.com/NVAP-Modules), four of which currently 
cover aquatic animal health regulatory issues.

Although initiated as a 1896 agreement between the U.S. and Canada to combat equine disease outbreaks, in 1921 the U.S. 
Department of Agriculture (USDA) formalized the National Veterinary Accreditation Program (NVAP) so private practitioners 
could assist Federal veterinarians in controlling animal diseases. In 1992 regulations allow standardized procedures and 
requirements, and uniform administration to be managed nationally by APHIS, but with authorization of veterinarians licensed 
to practice on a State-by-State basis. 

In 2001/2002 an “Animal Health Safeguarding Review by the National Association of State Departments of Agriculture 
(NASDA) to further redesign and upgrade the NVAP and suggested that “the accreditation program be the core for emergency 
preparedness and the response plan.” Recommended revisions were published in 2002 (“New Directions for the National 
Veterinary Accreditation Program,” J. Amer. Vet. Med. Assoc., 22(10): 1470-1472), withh revised regulations implemented 
in 2009. 

With accredited veterinarians being the first line of defense against catastrophic disease outbreaks, U.S. has successfully 
controlled outbreaks of several foreign animal diseases (FADs), including contagious equine metritis, equine piroplasmosis, 
epizootics of exotic Newcastle disease and West Nile virus, cases of screwworm and monkey pox, and pandemics of the 
influenza virus – and several aquatic animal diseases.

Module 13 provides information about the agencies involved in regulating aquatic animal health and trade, with an emphasis on 
USDA and the role of accredited veterinarians. It also addresses the proper completion of health certificates for farmed aquatic 
animals and provides resources for obtaining current regulations.
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NATIONAL VETERINARY ACCREDITATION PROGRAM MODULE 28: SIGNIFICANT AND 
EMERGING VIRAL DISEASES OF CARP, KOI AND GOLDFISH

Kathleen Hartman*, Lynn Creekmore, Lori Gustafson, Christa Speekmann & Katharine Starzel 
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The goal of the NVAP program is to ensure that private veterinary practitioners who provide regulatory services to U.S. livestock, 
poultry and aquaculture industries, are adequately trained and well acquainted with regulatory requirements through USDA-
APHIS accreditation.  In addition to other accreditation requirements, accredited veterinarians are required to successfully 
complete a required number of 29 training Modules (http://tinyurl.com/NVAP-Modules), four of which currently cover aquatic 
animal health regulatory issues.

Although initiated as a 1896 agreement between the U.S. and Canada to combat equine disease outbreaks, in 1921 the U.S. 
Department of Agriculture (USDA) formalized the National Veterinary Accreditation Program (NVAP) so private practitioners 
could assist Federal veterinarians in controlling animal diseases. In 1992 regulations allow standardized procedures and 
requirements, and uniform administration to be managed nationally by APHIS, but with authorization of veterinarians licensed 
to practice on a State-by-State basis. 

In 2001/2002 an “Animal Health Safeguarding Review by the National Association of State Departments of Agriculture 
(NASDA) to further redesign and upgrade the NVAP and suggested that “the accreditation program be the core for emergency 
preparedness and the response plan.” Recommended revisions were published in 2002 (“New Directions for the National 
Veterinary Accreditation Program,” J. Amer. Vet. Med. Assoc., 22(10): 1470-1472), withh revised regulations implemented in 
2009. 

With accredited veterinarians being the first line of defense against catastrophic disease outbreaks, U.S. has successfully 
controlled outbreaks of several foreign animal diseases (FADs), including contagious equine metritis, equine piroplasmosis, 
epizootics of exotic Newcastle disease and West Nile virus, cases of screwworm and monkey pox, and pandemics of the 
influenza virus – and several aquatic animal diseases.

Module 28 addresses OIE listed and emerging diseases of carp, koi, and goldfish concern to the aquaculture industry, what 
is required of producers and accredited veterinarians to investigate, diagnose, respond to, and report, how to meet health 
requirements for movement, and where to find additional information on carp and goldfish diseases.
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INTEGRATING THE SEASONAL ECOLOGY OF Vibrio parahaemolyticus INTO RISK 
CHARACTERIZATION IN OYSTERS

Meghan Hartwick*, Cheryl A. Whistler, Stephen H. Jones

Northeast Center for Vibrio Disease and Ecology, University of New Hampshire, Durham, NH
Department of Molecular, Cellular, and Biomedical Sciences, University of New Hampshire, Durham, NH 
mah2002@wildcats.unh.edu

In recent years, shellfish-borne disease from pathogenic V. parahaemolyticus (Vp) has increased in the Northeastern US. 
Presently, water temperature and salinity in harvest areas are broadly used as pre-harvest risk indicators, however, their 
significance varies greatly between studies with differing spatial-temporal distribution. Analysis of long-term Vp monitoring in 
the Great Bay Estuary has shown that when water temperature and salinity are the only model parameters, Vp concentrations 
may be underestimated in this region during the higher risk summer months (Fig. 1).

A combination of descriptive and predictive modeling and multivariate community analysis at the site and harvest-area levels 
were used to integrate Vp concentrations in water, sediments, oysters, phytoplankton and zooplankton, as well as water quality, 
meteorological data and population genomic analysis to investigate the ecological drivers of Vp concentration dynamics in 
oysters. 

Outcomes from these analyses suggest that while Vp concentrations in oysters are significantly correlated to water temperature 
and salinity overall, the seasonal composition of the plankton community and dissolved nutrients are also significant factors, 
especially in warm water months (Fig. 2). These findings suggest new targets for monitoring and risk forecasting that have not 
been previously described in the Northeast US. This comprehensive approach for investigating the drivers of V. parahaemolyticus 
concentration variation in estuarine ecosystems can be translated into current management strategies to provide improved tools 
for pre-harvest risk management.
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STEELHEAD KELT RECONDITIONING AND REPRODUCTIVE SUCCESS STUDIES IN THE 
COLUMBIA RIVER BASIN

Douglas R. Hatch, Andrew Pierce, Ryan Branstetter, Dave Fast, Bill Bosch, Joe Blodgett, Scott Everett, 
and Neil Graham

Columbia River Inter-Tribal Fish Commission
700 NE Multnomah Street, Suite 1200
Portland, OR 97232 

Populations of wild Steelhead (Oncorhynchus mykiss) have declined dramatically from historical levels in the Columbia 
and Snake rivers. This stock status necessitates novel approaches to rebuilding and restoring Steelhead populations. Toward 
this end, a research program was launched to investigate exploitation of iteroparity to help recover Steelhead populations 
using innovative fish culturing approaches. This presentation will introduce studies we have conducted to investigate baseline 
iteroparity rates, Steelhead kelt stock composition, kelt collection processes, downstream and spawning migrations of 
kelts, artificial kelt reconditioning fish culture methods including diets and disease treatments, reproductive development in 
reconditioned kelts using blood hormone levels, kelt homing fidelity, and reproductive success of reconditioned and maiden 
Steelhead in hatchery and natural settings. Based on results to date, the efficacy of management approaches to increasing repeat 
spawner rates will be evaluated, including transport, short term reconditioning, and long-term reconditioning. 

Post spawn wild-origin Steelhead are collected during the downstream migration, held for 6 to 18 months, exposed to innovative 
fish culturing techniques, and released during the next Steelhead spawning run where they intermingle and spawn.  Survival and 
benefits of the program are summarized in (Table 1).

We compared return rates from three management options and a control group and found that long-term reconditioning yielded 
significantly higher return rates than kelts collected and transported and released below mainstem dams, fish collected and fed 
for 6 to 8 weeks and then transported and released below mainstem dams, and a control group that was PIT tagged and released 
back into the river.

Increasing repeat spawners in steelhead populations can have many positive effects on populations including 
increasing; genetic diversity, lifetime fecundity, and fitness since genes are distributed across generations.  Long-
term reconditioning kelt steelhead provides 14 to over 100 times more repeat spawners than leaving the fish in the river. 
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CONTINUOUS HEAVY METAL MONITORING IN WATER FOR CLOSED CONTAINMENT 
SYSTEMS IN AQUACULTURE

Ingrid Naterstad Haugen*, Øyvind Mikkelsen

Department of Chemistry, Norwegian University of Science and Technology
7491 Trondheim, Norway
ingrid.n.haugen@ntnu.no

Heavy metals pose serious threat to aquatic organisms not only because they are toxic at trace levels, but also because they can 
mimic essential metals and inhibit several biochemical and physiological functions in fish. Although the effects of heavy metals 
are well known, it is only in recent years that there has been an increased focus on metals in closed-containments systems 
(CCS), as they are developed with a higher degree of water reuse. Heavy metals can originate from several sources in CCS, 
such as from feed, leaching from pipes, or from the intake water [1]. In addition, seasonal variations or sudden changes, caused 
by e.g. floods, will affect the quality of the intake water [2]. Studies mapping the general water quality in potential inlet water 
sources have looked at a few metals [3], but continuous measurements of heavy metals in inlet water has not yet been done and 
will give crucial information for the water quality in CCS. Developing an online monitoring system for intake water will also 
enable warning systems for changes in metal concentrations that may be affect the stock. 

Using analysis based on anodic stripping voltammetry (ASV), an automatic system for sampling and analysing on site will 
be set up for online monitoring of the intake water at Nofimas research facility at Sunndalsøra, Norway. Previous studies 
monitored Cu for a period of three weeks. The intake water for the system was analysed with an Automatic Trace Metal System 
(ATMS) every hour during this period. This research found an average value of 1.3 ± 0.2 µg/L for the period, with maximum 
and minimum values of 2.3 and 0.5 µg/L respectively (See figure 1 for variations throughout the period). 

Present study is designed to map the concentrations of Zn, Fe and Cu for a longer period. The ATMS will be set up to monitor 
Zn, Fe and Cu simultaneously, with measurements once every hour, for a period of up to three months. In addition, samples 
will be taken to be analysed on HR-ICP-MS to verify the results obtained from the ATMS and the stability of the system. Spike 
tests will also be performed to check the validity of the online measurements. 

[1] Davidson et al., Aquac. Eng. 2009, 41(2): pp.136-45 [2] Olías et al., Sci. Total Environ. 2004, 333(1): pp.267-281 [3] 
Kristensen et al., Aquac. Eng. 2009, 41(2): pp.53-59.
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GENETIC RISKS OF STOCK ENHANCEMENT IN A MARINE FISH SPECIES, WHITE SEA 
BASS, Atractoscion nobilis

Lorenz Hauser* and Robin Waples

School of Aquatic and Fishery Sciences, University of Washington  
1122 NE Boat St, Box 355020, Seattle WA 98195-5020, USA

Genetic risks of stock enhancement, including loss of diversity within and between populations and fitness loss, are well known 
for anadromous salmonids, but much less for marine species. However, such genetic risk may be more severe in marine fishes, 
for which extreme fecundity allows high production from small broodstock, and high larval mortality provides ample scope 
for domestication selection. Many high output marine enhancement programs are already underway, making the assessment of 
such genetic risks high priority for managers.

White Seabass is one such species for which considerable enhancement efforts may pose risks to wild populations. It is a highly 
fecund, long-lived species distributed from California to Mexico that is of high value in both commercial and recreational 
fisheries. An enhancement program was established in 1983, with the expressed aim “to evaluate the economic and ecological 
feasibility of releasing hatchery-reared fish to restore depleted, native, marine fish populations to a higher, sustainable level”. 
The program has been highly successful in its contribution to research surrounding the biology and culture of all life stages 
of White Seabass. However, although over 2 million hatchery reared juveniles had been released into the wild by 2013, the 
contribution to the adult wild population was minimal (< 1%). Nevertheless, a recent review concluded that improvement of 
post-release survival could potentially increase that contribution to up to 30%.

Here, we use the excellent documentation available from this enhancement program to consider potential genetic risks from 
this and similar enhancement programs. Information about the wild population is scant but suggests little structure and large 
effective population size (Ne). Because of the difficulties in capturing live broodstock, and the longevity of the species, Ne 
in the hatchery was small and effects of enhancement on wild population Ne were substantial (Fig. 1). The culture of larvae 
and juveniles had commonly encountered challenges, such as mortality resulting from malformation, disease and equipment 
malfunction, all of which could have resulted in considerable domestication selection. We consider the potential of culture 
improvement in reducing these effects, and address the question whether genetic effects of marine stock enhancement can be 
minimized even if the contribution to the wild population is acceptable for management.
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CULTURE OF THE CYCLOPOID COPEPOD Oithona colcarva

Marion R. Hauville, Sarah A. Woolley, Matthew A. DiMaggio*

University of Florida – SFRC/IFAS
Tropical Aquaculture Laboratory
1408 24th Street SE, Ruskin FL 33570
marionhauville@ufl.edu

Oithona colcarva is a promising copepod species for the aquaculture of marine finfish. Newly hatched nauplii have a small 
size (45 mm) and a weak escape response. These characteristics are of interest for the aquaculture of marine fish species with a 
challenging altricial larval stage. The presented work investigated the impact of culture density and photoperiod in an attempt 
to refine current culture protocols and optimize O.colcarva nauplii production. 

Four rearing densities (8, 12, 16 and 24 nauplii per ml) 
were evaluated using two stacked 1-liter cups, floating 
in water baths (30°C) under a 18L:6D photoperiod. The 
first cup was outfitted with a 40 mm mesh at the bottom 
and nested inside the second cup, filled with 500 ml of 
seawater (30g/l). Once a day, the first cup was transferred 
and nested inside a clean second cup to maintain water 
quality. After transfer, the copepods were fed a 1:1:1 
mix of live Chaetoceros muelleri, Tisochrysis lutea, and 
Tetraselmis chuii. Once the nauplii reached adulthood 
they were transferred to a new cup with a 100 mm mesh 
at the bottom, allowing for the daily separation of adults 
and enumeration of produced nauplii. Mean cumulative 
nauplii production was significantly greater at the highest 
tested density with a three-fold increase compared to 
the lowest stocking density (Fig. 1). This proportional 
increase of nauplii production with stocking density 
support the suitability of O. colcarva as a potential live 
feed for aquaculture. Additional research is needed to 
identify the maximum stocking density for the species. 

A similar design was used to test four photoperiod 
regimes (12L:12D, 16L:8D, 24L:0D). Water baths were 
equipped with LED strip lights (Daylight 14,000K and 
lunar 460NM) with integrated timers. Nauplii were 
stocked at 8/ml and the experimental protocol was similar 
to that of the above trial. No significant differences were 
observed among treatments (Fig. 2).
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THE MARINE STEWARDSHIP COUNCIL (MSC) AND THE AQUACULTURE STEWARDSHIP 
COUNCIL (ASC) JOINT SUSTAINABLE SEAWEED STANDARD 

Marin Hawk*

Marine Stewardship Council
1255 23rd St NW
Washington, DC 20008
Marin.hawk@msc.org

Building on each other’s expertise in standard setting and seafood certification, the ASC and MSC have developed the 
environmentally sustainable and socially responsible Seaweed Standard. The ASC-MSC Seaweed (Algae) Standard applies 
globally to all locations and scales of seaweed operations, including both harvesting of wild population and cultivation (farms). 

The ASC-MSC Standard also covers both marine and fresh water algae, and both macroalgae and microalgae. The ASC-MSC 
Seaweed Standard is the first third party certification scheme to address a full set of environmental and social issues related to 
wild harvest and cultured production of seaweed. 

The current seaweed standard has been developed from MSC and ASC’s existing standards, in consultation with seaweed 
experts, that involved 2 rounds of public consultation, face to face workshops in Bali, China and Japan, and pilots in Asia 
and Europe.  The standard comprises five core principles: Principle 1, Harvesting and farming of seaweeds are conducted in a 
manner that does not lead to depletion of the exploited wild populations; Principle 2, Harvesting and farming activities allow 
for the maintenance of the structure, productivity, function and diversity of the ecosystem (including habitat and associated 
dependent and ecologically related species) on which the activity depends; Principle 3: Harvesting and farming activities are 
subject to an effective management system that respects local, national and international laws and standards and incorporates 
institutional and operational frameworks that require use of the resource to be responsible and sustainable; Principle 4, 
Harvesting and farming activities operate in a socially responsible manner; and Principle 5, Harvesting and farming activities 
operate in a manner that minimizes impacts on the surrounding community. The performance of the harvesting system or farm 
is scored against thirty-three Performance Indicators (PIs), each of which has one or more Scoring Issues (seventy in total).

The ASC-MSC standard enables producers to verify their operations meet the environmental sustainability and socially 
responsible standard by using a credible, independent third-party assessment process. Certified harvesters and farms can be 
recognised and rewarded in the marketplace, with an assurance to consumers that their products come from well-managed 
and sustainable sources.  The presentation will describe the certification and ecoalabelling program, the standard and the 
assessment processes to achieve certification. 
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AN UPDATE ON WHITE SPOT SYNDROME VIRUS IN LOUISIANA RED SWAMP CRAWFISH 
Procambarus clarkii

John P. Hawke*, Christopher C. Green, C. Greg Lutz, Barcley T. Pace

Department of Pathobiological Sciences, School of Veterinary Medicine, Louisiana State University
Baton Rouge, LA USA
jhawke1@lsu.edu

The red swamp crawfish Procambarus clarkii is the most economically important aquaculture species grown in Louisiana. 
In 2016 the farm gate value of crawfish aquaculture was approximately $196 million, with an additional added value of $128 
million from processing and marketing.  There are 1500 farm operations and approximately 225,000 acres of ponds many 
of which are in rotation with rice production. The crawfish harvesting season extends from November to June most years. 
White spot syndrome virus WSSV was discovered in the Louisiana crawfish industry in 2007 from specimens submitted to the 
Aquatic Disease Section of the Louisiana Animal Disease Diagnostic Laboratory at the LSU School of Veterinary Medicine.  
A surveillance project conducted by USDA/APHIS followed with detection of the virus by real time PCR in 60% of 184 
sites sampled from 18 parishes across the state. Although its occurrence was widespread, losses over the next nine years 
were apparently not significant to the industry. However, mortalities in 2017 and 2018 have been much more severe causing 
many farmers to suspend production early and in 2017 farm gate value dropped to $172 million. Clinical signs of WSSV in 
crawfish are lethargy, high mortality rates of large crawfish in the ponds, dead and dying large crawfish in traps with young 
active crawfish in the pond, and drastic drops in catch rate. White spots are typically not seen in the carapace. There are many 
unanswered questions and unidentified predisposing factors that trigger high mortality rates in crawfish ponds. For this reason 
we propose to engage in future research to evaluate effects of size, age, dissolved oxygen concentrations, and water temperature 
on susceptibility of red swamp crawfish to WSSV. We will utilize methods of viral quantification and experimental infection 
developed previously in our labs at LSU. 
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LIVE FEEDS, ENRICHED WITH TAURINE AND VITAMIN C, FED TO FISH LARVAE AFFECT 
SUBSEQUENT JUVENILE MALFORMATION RATES 

M. Hawkyard*, K. Stuart, M. Drawbridge and C.J. Langdon

Coastal Oregon Marine Experiment Station and Department of Fisheries and Wildlife
Oregon State University
Newport, OR
Hawkyard@oregonstate.edu

Taurine and vitamin C are recognized to be important nutrients for fish and there is some evidence that marine fish larvae fed 
elevated levels of these nutrients may grow and survive better than those fed unenriched live feeds. However, the relationship 
between vitamin C and taurine is poorly understood for fish. We used liposomes to elevate the levels of taurine and vitamin 
C (provided as Stay-C 50) in rotifers and Artemia. We then investigated the effects and interactions of vitamin C alone or in 
combination with taurine on the growth and survival of white seabass (Atractoscion nobilis) larvae as well as on subsequent 
malformations after larvae metamorphosed into juveniles (i.e. delayed effects). 

In the first trial, larvae were fed rotifers from day 2 to day 8 post hatch and then Artemia from day 8 until day 17. Rotifers and 
Artemia were enriched with either 1) liposomes containing a saline solution or 2) liposomes containing vitamin C. At the end 
of the rotifer period (day 8), ascorbic acid concentrations increased and oxidative stress biomarkers (malondialdehyde; MDA’s) 
decreased in tissues of larvae that had been fed rotifers enriched with vitamin C compared with fish fed unenriched rotifers, 
however, these differences were not observed at the end of the Artemia phase (day 17). Larval growth and survival were not 
impacted by the enrichments. 

In a second feeding trial, we investigated the delayed impacts of dietary vitamin C, with and without additions of taurine, on 
larval growth as well as subsequent malformation rates of juveniles. Larvae were fed rotifers from day 2 to day 8 post hatch, 
Artemia from day 8 until weaning (day 35) and all treatments received the same commercial type artificial diet from day 17 
until the end of the trial (day 60). Rotifers and Artemia were enriched with either 1) liposomes containing a saline solution, 2) 
liposomes containing vitamin C or 3) liposomes containing vitamin C and taurine. Larvae fed vitamin C-enriched live feeds 
resulted in juveniles with the highest malformation rates, whereas malformation rates were lower when larvae were fed live 
feeds enriched with a combination of vitamin-C and taurine. Differences in growth were not observed. 
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LIVE FEEDS, ENRICHED WITH TAURINE AND VITAMIN C, FED TO FISH LARVAE AFFECT 
SUBSEQUENT JUVENILE MALFORMATION RATES 

M. Hawkyard1, K. Stuart, M. Drawbridge, C. Silbernagel and C.J. Langdon1

1Coastal Oregon Marine Experiment Station and Department of Fisheries and Wildlife
Oregon State University
Newport, OR

Taurine and vitamin C are recognized to be important nutrients for fish and there is some evidence that marine fish larvae fed 
live prey with elevated levels of these nutrients grow and survive better than larvae fed unenriched live feeds; however, the 
relationship between vitamin C and taurine is poorly understood for fish. We used liposomes to elevate the levels of taurine 
and vitamin C (provided as Stay-C 50) in rotifers and Artemia. We then investigated the effects and interactions of vitamin C 
alone or in combination with taurine on the growth and survival of white seabass (Atractoscion nobilis) larvae as well as on 
subsequent malformations after larvae metamorphosed into juveniles (i.e. delayed effects). 

In the first trial, larvae were fed rotifers from day 2 to day 8 post hatch and then Artemia from day 8 until day 17. Rotifers and 
Artemia were enriched with either 1) liposomes containing a saline solution or 2) liposomes containing vitamin C. At the end 
of the rotifer period (day 8), ascorbic acid concentrations increased and oxidative stress biomarkers (malondialdehyde; MDA’s) 
decreased in tissues of larvae that had been fed rotifers enriched with vitamin C compared with fish fed unenriched rotifers, 
however, these differences were not observed at the end of the Artemia phase (day 17). Larval growth and survival were not 
impacted by the enrichments. 

In a second feeding trial, we investigated the delayed impacts of dietary vitamin C, with and without additions of taurine, on 
larval growth as well as subsequent malformation rates of juveniles. Larvae were fed rotifers from day 2 to day 8 post hatch, 
Artemia from day 8 until weaning (day 35) and all treatments received the same commercial type artificial diet from day 17 
until the end of the trial (day 60). Rotifers and Artemia were enriched with either 1) liposomes containing a saline solution, 2) 
liposomes containing vitamin C or 3) liposomes containing vitamin C and taurine. Larvae fed vitamin C-enriched live feeds 
resulted in juveniles with the highest malformation rates, whereas malformation rates were the lowest when larvae were fed live 
feeds enriched with a combination of vitamin-C and taurine. Differences in growth were not observed. 
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LARGE-SCALE ALGAE PRODUCTION FOR AQUACULTURE FEED INGREDIENT
 

Dave Hazlebeck

Global Algae Innovations, Inc. 
PO Box 19623
San Diego, CA 92159
davidhazlebeck@globalgae.com

With lower cost algae production technologies, algae protein and oil can become important feed ingredients for the aquaculture 
industry. Global Algae Innovations has developed an algae production process with novel, low-cost technology in nearly every 
process step. Through these innovations a ten-fold reduction in algae production cost has been achieved relative to traditional 
technologies, and all of the major showstoppers for commodity algae production have been overcome. Design for scale-up 
of this innovative algae production process us underway, with the goal of making algae proteins and oils competitive with 
other commodity sources. Additionally, Global Algae Innovations is currently producing live feed for shipment, storage and 
subsequent use in larval production. In partnership with an aquaculture facility, this stored live algae feed has achieved good 
efficacy in replacement of on-site production of live algae. An update will be presented on the scale-up and timeline for algae 
as an aquafeed ingredient as well as the use of live algae shipped and stored for replacement of on-site production.
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SUGGESTED PRE-REQUISITES FOR DEVELOPING OPEN OCEAN SHELLFISH AND 
SEAWEED CULTURE

Kevin Heasman#, Nicholas Scott, Bela H. Buck, Malcolm Smeaton

Cawthron Institute
Private Bag 2
Nelson, 7010, New Zealand
Kevin.heasman@cawthron.org.nz

New Zealand’s $264M shellfish aquaculture sector is eager to grow in response to globally increasing demand but is constrained 
by limited access to sheltered inshore farm space. The new frontier is open ocean aquaculture (OOA), where large tracts of 
consented space are available but farming is challenging. If this space were fully utilised, it would more than double NZ’s total 
aquaculture estate. 

Initial research into open ocean shellfish farming started in New Zealand in 2003. Parameters ranging from hydrodynamics, 
harmful algal blooms, fouling, species selection and seed supply, conditioning windows and structure design and layout have 
all been investigated.  

A review around the world shows that shellfish and seaweed aquaculture activities are already advancing into the open ocean 
arena. However, in many instances, baseline data across biological, oceanographic and hydrodynamic parameters are poorly 
addressed prior to starting the enterprise. These parameters are pre-requisites for efficient management, development and 
success of the venture. 

This presentation will summarise the information parties interested in OOA should generate in order to optimise their site 
selection, farm production, layout and species selection at open ocean sites.
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DIRECT LOSSES OF FISH TO DOUBLE-CRESTED CORMORANTS, Phalacrocorax auritus: 
A CATFISH CASE STUDY  

Shraddha Hegde* and Ganesh Kumar

Thad Cochran National Warmwater Aquaculture Center, Mississippi State University, Post Office Box 197, 
Stoneville, Mississippi 38776, USA

Avian predation in catfish aquaculture is a concomitant issue over the evolution of catfish industry in southern U.S. Mississippi 
River Delta as catfish ponds provide constant and readily accessible supply of forage for birds in their natural environments. 
Recently, this issue is exacerbated by an increase in double-crested cormorant population, contraction of catfish farms, as well 
as intensification of catfish production practices, leading to increased bird pressure on catfish farms. Estimation of extent of 
fish losses to double-crested cormorants, the key predator on catfish farms, is often difficult as loss estimates from farm are 
conjointed with disease-related mortalities. This study details the documented losses to double crested cormorants in intensively 
reared catfish ponds at the Thad Cochran National Warmwater Aquaculture Center, Stoneville, MS during 2017. Fish losses to 
cormorants were higher in higher density treatment, ranging from 22% to 43% loss in survival and potential yield losses in the 
range of 3,900 to 13,900 lbs/acre (Table 1). The direct losses to bird predation as well as the actual cost incurred in scarring 
birds off farms (bird patrolling) causes tremendous economic burden on catfish producers. Roost dispersal activities organised 
by federal agencies and avoidance of delay in issue of bird depredation permits are vital for mitigation of this growing problem 
in the U.S. catfish industry.
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SUSPENDED BROODSTOCK CAGES AS A RESTORATION STRATEGY FOR THE EUROPEAN 
FLAT OYSTER Ostrea edulis? A CASE STUDY IN THE SOLENT, UK

Luke Helmer*, Ian Hendy, Morven Robertson, Paul Farrell and Joanne Preston

University of Portsmouth, Institute of Marine Science, Ferry Road, Eastney, PO4 9LY
Luke.helmer@port.ac.uk

The decline of the European flat oyster Ostrea edulis has occurred due to the continued and combined attrition of multiple 
detrimental influences. For this reason, a multifaceted approach to restoration projects is required, addressing and counteracting 
these factors. This study, as part of the Solent Oyster Restoration Project, aims to address issues surrounding larval supply and 
recruitment by trialling a novel system of aquaculture style broodstock cages, suspended beneath existing pontoon structures. 
By modifying existing marina structures the limitations surrounding the access to, and funding of, vessels and divers are 
removed. High (cage n = 120) and low (cage n = 60) density cages containing mature oysters from the same source location 
were deployed at six locations across the Solent from May 2017 until April 2018. Deceased individuals were monitored and 
replaced on a monthly basis when all cages were also cleaned using a pressure washer. The impact of pressure washing on 
mortality was trialled on three washed and three unwashed low density cages for a six-month period at all locations between 
May and October 2018, mortality was recorded at the end of the six months. During both trials spawning activity was also 
monitored. At the end of both years the disease prevalence of the protozoan parasite Bonamia ostreae were tested. Biodiversity 
associated with the cage systems was monitored during the summer of 2017.

Mortality trends for 2017/18 can be seen in Figure 1. Mortalities for 2018 were relatively high at most sites in both the washed 
and unwashed cages (> 47.7%, max 97.2%). Spawning occurred at all locations with 20% of the population spawning over the 
season from May 2017 to September 2018. Spawning also occurred during the 2018 season. Disease prevalence will be tested 
over the 2018/19 winter. 95 species were identified living on the cages or oysters and included critically endangered European 
eels Anguilla anguilla, commercially important species – juvenile European bass Dicentrarchus labrax and blue mussels 
Mytilus edulis and protected juvenile piny seahorse Hippocampus guttulatus. Despite high mortality these broodstock cage 
systems, once modified to improve feasibility, can be a valuable supply of larvae to a system that has low natural densities and 
that is suffering from a low larval supply. 
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OCEAN QUAHOG POPULATION AGE-FREQUENCY ESTIMATES THROUGH REGION 
SPECIFIC AGE-LENGTH KEY PROBABILITIES AND MODEL SIMULATION

Kathleen M. Hemeon*, Eric N. Powell, Roger L. Mann, M. Chase Long

Gulf Coast Research Laboratory
University of Southern Mississippi
300 Laurel Oak Drive
Ocean Springs, MS 39564
Kathleen.hemeon@usm.edu

The ocean quahog (Arctica islandica) is the longest lived, non-colonial animal on Earth with ages often exceeding 200 years 
and extending beyond 500. Recently, Pace et al. (2017) described the first A. islandica age-frequency distributions for western 
Mid-Atlantic populations, while in turn elucidating recruitment patterns over several centuries. Results indicated highly 
variable age distributions within 5-mm size classes between 80 mm and 120 mm and increasing growth rates for individuals 
of recent birth years across all four Mid-Atlantic populations sampled off New Jersey, Long Island, Southern New England 
and on Georges Bank. Understanding population dynamics, including recruitment, requires determination of population age 
frequencies. Unfortunately, ageing ocean quahogs takes time, which restricts the number of ages that can be used to generate an 
age-length key. Additionally, site-to-site variability documented by Pace et al. shows that regional age-length keys are required 
from a much larger sample group to calculate probabilities of age distributions with greater confidence.  Thus, minimizing the 
number of ages necessary to obtain a reliable age frequency is critical. An age-frequency simulator was developed accordingly 
and applied to the Pace et al. age frequency proposed for the Long Island site. Model simulations indicate that 100 aged 
individuals per 5-mm size class were the lowest sample size that could produce a reasonable estimate of the true age-frequency 
from a standard age-length key. To require a total of 700 ages per site is, however, a prohibitively large number of samples if 
age-frequencies are needed from multiple locations for population scale applications. Pace et al. proposed an approach to obtain 
a realistic estimate of age frequency from a more limited dataset. The age-frequency simulator was used to examine options to 
reduce the total number of aged animals without unduly compromising the age frequency estimate. The development of sparse 
dataset options is essential if age frequencies are to be routinely obtained for ocean quahogs.
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IMPROVING THE (OFF) BOTTOM LINE: ASSESSING THE COSTS AND BENEFITS OF 
DIFFERENT CULTURE METHODS ON AN ALABAMA COMMERCIAL OYSTER FARM

Sarah Hensey*, Russell Grice, Matthew Parker, Julian Stewart and William C. Walton

Auburn University Shellfish Lab
150 Agassiz St.
Dauphin Island, AL 36528 USA
smh0106@tigermail.auburn.edu

Off-bottom oyster aquaculture has been expanding in the Gulf of Mexico in response to growing demand for premium, half-
shell oysters. In Alabama alone, both the number and size of operations has been increasing in recent years, with 14 reported 
operations and nearly 30-acres permitted for oyster aquaculture in 2016. Some farms have adopted strategies to produce 
consistently high-quality oysters, while others have adopted strategies to minimize costs. To date, it is not clear which strategies 
yield the most profit. 

Beginning in summer 2018, in collaboration with a commercial oyster farm in Grand Bay, Alabama run by a local high school 
program, we began a test of several decisions typically made by commercial oyster farmers in the region: oyster ploidy (diploid 
and triploid), drying tactics to control bio-fouling with desiccation (set at a tidal height with daily exposure and air drying for 
24 hrs once a week), tumbling schedule (monthly and quarterly), and gear types (two commercially available systems: Hexacyl 
and SEAPA). Within one acre, 16 lines were installed and operated according to the assigned experimental treatment (ploidy 
x drying x tumbling x gear type). Throughout this study, we have tracked all the input costs to establish, operate and maintain 
each line, including labor. Biological metrics such as growth, survival, and oyster appearance were also tracked to determine 
the differences in the growth, survival and product quality that each combination produces. As the oysters come to market size, 
we will engage commercial wholesalers to conduct a blind study of willingness to pay for each ‘product line’ to determine a 
fair market value for each line. We will also track sales of each line throughout the study and obtain qualitative feedback from 
customers.

The intent of this research is to allow farmers to make more informed business decisions on oyster farming in the Gulf of 
Mexico and beyond as the industry continues to grow. 
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AQUAPONICS IN A CORRECTIONAL FACILITY: ADVENTURES GROWING FISH, VEGGIES 
& REHABILITATING CROOKS

Daniel Herman* and Claudia Swanson

Virginia Department of Corrections, Agribusiness Group
1954 State Farm Road
State Farm, VA  23160
daniel.herman@vadoc.virginia.gov

In 2016 the Virginia Department of Correction’s Agribusiness Group (VDOC Agribusiness) embarked on a project to produce 
farm raised fish.  

The initial project was successful and has expanded to include two more Correctional facilities that are growing fish (currently 
Tilapia) in Greenhouses.  The original facility in Wise County started as a Recirculating Aquaculture System (RAS) but has since 
evolved into Aquaponics.   Since VDOC Agribusiness had a number of established greenhouses with hydroponic technology, 
the next two facilities (Deerfield and State Farm) were designed and constructed as Aquaponics Systems.

VDOC Agribusiness actually joins at least six other states (Colorado, California, Florida, Georgia, Texas and Washington State) 
in implementing aquaculture/aquaponics for food production and the betterment of inmates.  Daily chores and required upkeep 
provides incarcerated individuals with an activity, assists in providing a strong work ethic and teaches a valuable job skill-set.  

A brief visual presentation is provided.  Innovative use of materials and concepts are highlighted (i.e. use of IBC totes as fish 
tanks and water treatment containers).  The challenges of this type of project can be daunting.  For those who are stubborn and 
creative, the results are rewarding. 
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THE WNT PATHWAY IN SHRIMP EMBRYOGENESIS: A CANDIDATE FOR MESENDOBLAST 
SPECIFICATION AND SIGNALING

Philip L. Hertzler* and Nusrat Jahan

Department of Biology
Central Michigan University
Mount Pleasant, MI 48859
hertz1pl@cmich.edu

Penaeid shrimp embryos divide equally and synchronously to the 32-cell stage, when two mesendoblasts (MEs) temporarily 
arrest their cell division.  Gastrulation begins with ingression of the two MEs into the blastocoel at the vegetal pole between 
the 32-62 cell stages.  The remaining cells of the embryo continue dividing and nine crown cells invaginate at the blastopore to 
become internalized posterior to the MEs.  The crown cells proliferate into naupliar mesoderm cells, which form the muscles of 
the naupliar appendages.  The MEs resume cell division to produce the posterior mesoderm, endoderm, and germ cells.

Cell lineage tracing with fluorescently-labelled dextran shows that the MEs are derived from the vegetal-most blastomere at the 
2- and 4-cell stages.  Cell separation and recombination experiments show that these vegetal blastomeres are necessary for ME 
formation, and are sufficient for the formation of extra MEs.  MEs may also be a source of signals for the embryo, by inducing 
the oriented cell division of the crown cells, segmentation, and/or anterior-posterior elongation of the embryo.  We hypothesize 
that the MEs are specified by cytoplasmic determinants localized to the vegetal pole of the penaeid shrimp egg, and that once 
specified, MEs become a source of secreted signals that determine cell fates and/or morphogenetic movements in other parts 
the embryo.

One candidate pathway for ME specification (or signaling from MEs) is the Wnt pathway.  In frogs and sea urchins, Wnt 
pathway members, e.g. Wnt11, Disheveled (Dsh), and β-catenin, are localized to the vegetal pole of eggs to establish new 
signaling regions during development.  The publication of penaeid shrimp genomes and developmental transcriptomes allowed 
us to investigate the Wnt pathway in shrimp development.  Twelve Wnt family members were recently identified in Penaeus 
(Litopenaeus) vannamei, and several are upregulated during early development (Du et al., 2018).

In this study, we identified penaeid shrimp homologs of the Wnt receptor Frizzled and its target protein Dsh, from published 
genomes for Penaeus monodon and Penaeus (Marsupenaeus) japonicus and developmental transcriptomes of P. vannamei, 
P. monodon, and P. japonicus.  We will present the exon-intron structure of these genes, and temporal embryonic expression 
determined from the published RNA-Seq data.  We will present our efforts to localize penaeid shrimp Dsh protein during 
development, using an antibody produced to sea urchin Dsh.  Finally, we will describe planned experiments to determine if Wnt 
pathway activation is necessary for ME fate specification or ME-induced developmental processes in penaeid shrimp.
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Recent court rulings have determined that the U.S Fish and Wildlife Service (USFWS) lacks the authority to prohibit interstate 
transport of injurious wildlife under the Lacey Act. The District Court ruling also recognized that non-native species may be 
considered injurious to some states or regions and not to others. Although many states have done considerable work in non-
native species management, states are now incentivized to evaluate their current regulatory framework in light of the recent 
rulings. We specifically recommend that states (1) adopt risk analysis methods to support non-native species decision making, 
(2) evaluate risks of current federal injurious wildlife species and add them to state prohibited lists if warranted, (3) evaluate 
risks of future federal injurious wildlife species listings in the same manner, (4) strengthen and create partnerships to improve 
non-native species management, especially across political boundaries, and (5) work closely with professional society scientists 
to draw on their expertise for input, review, and training. We further remind state agencies that the USFWS can still federally 
prosecute interstate violations of state non-native species regulations under Title 16 of the Lacey Act (wildlife trafficking 
provisions) if enforcement assistance is needed.
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EVOLVING RESILIENCE IN BOTH PACIFIC OYSTERS Crassostrea gigas AND THE OYSTER 
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Zoë Hilton*, Norman Ragg, Hannah Mae, Samantha Gale, Aditya Kesarcodi-Watson, Mark Camara, 
David Burritt, Brendon Dunphy, Ben Mortensen, and Nick King.

Cawthron Institute
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Ostreid herpesvirus-1 microvariant (OsHV-1 μ-var) emerged in New Zealand in 2010 and initially devastated the Pacific 
oyster industry, with poor natural spat-fall, and massive loss of stock, revenue, and jobs. However, this led to a paradigm 
shift in the industry. Changes to husbandry practices were initiated including growing spat to a larger size in cooler waters 
before transferring to grow-out in warmer waters.  An existing family-based selective breeding programme carried out by the 
Cawthron Institute, was modified to focus on survival in field challenges as the primary objective of what was originally a 
programme selecting entirely for production traits.  Cawthron continues to supply diploid and triploid selectively bred, newly-
settled spat for on-growing by industry, but the nursery at the Cawthron Aquaculture Park was greatly expanded and is now 
run by industry. The addition, from the 2013 cohorts onwards, of lab-based live virus challenges (showing higher heritabilities 
than field trials) further improved genetic gain. In addition, lab challenges facilitated research into the mechanisms underlying 
resilience in selectively bred families, creating new opportunities to study host/pathogen/environment interactions.  

Over the last 8 years, selection for enhanced survival has proven to be highly effective and has allowed the industry to 
recover and exceed pre-virus earnings, although production levels are still affected by virus mortality. No evidence for strong 
genotype-by-environment interactions have been observed, and methods are being developed to deploy selectively bred spat 
in different formats (e.g. single-seed and substrate-attached) to enable access by all sectors of the industry.  Experiments 
carried out to understand the physiological mechanisms underlying resilience to OsHV-1, have investigated whether growth 
rate, or environmental stress might be associated with OsHV-1 resilience. We also examined whether strong selection for viral 
resilience may have led to unwanted trade-offs in other traits (e.g. growth, hypoxia tolerance).  When selected families were 
raised under different food conditions to create slow and fast growth, and exposed to hypoxic conditions, no trade-offs were 
apparent, with the more OsHV-1 resilient families demonstrating increased capacity to upregulate antioxidant enzymes and 
reduced levels of oxidative stress damage, while growth rate was unrelated to virus susceptibility under lab challenge. Ongoing 
trials are investigating the degree to which observed resilience mechanisms (e.g. antioxidant capacities) can be upregulated via 
husbandry methods, to further increase resilience.  

The close collaboration between industry and researchers, and rapid uptake of research results and selective breeding has been 
key to the recovery of the NZ industry, but work continues to further understand the mechanisms of resilience, to stay on top of 
the virus and learn from the experience to improve overall responses to marine disease incursions into NZ.  
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New Zealand’s (NZ) native flat oyster Ostrea chilensis has very low fecundity, and low dispersal, due to it having the most 
extreme brooding behaviour of any flat oyster species; larvae are brooded for the entire larval period.  It is also susceptible 
to several diseases of concern.  Despite these challenges, it is the longest-running, and most iconic wild fishery in NZ, and 
was identified by the NZ aquaculture industry as the next focus species for substantial aquaculture development. Aquaculture 
production of flat oysters began based on wild caught seed, but by 2015, a number of hatcheries were also supplying hatchery-
produced seed to a small but increasingly valuable industry.  

Until 2015, research collaborations between industry and the Cawthron Institute focused on optimising hatchery production 
for scale-up of seed supply, proof-of-concept of family-based selective breeding for commercially useful traits (already well-
established in NZ for Greenshell mussel and Pacific oysters) and feasibility of selection for survival against major pathogens 
(e.g. Bonamia exitiosa and Apicomplexan X).  

In early 2015, Bonamia ostreae was detected for the first time in the Southern Hemisphere, in NZ, infecting farmed flat oysters 
in the Marlborough Sounds - an area in which around 60% of NZ’s total aquaculture production occurs.  It was presumed 
responsible for unusual severe mortality events (> 95%) observed in some farmed populations of O. chilensis in 2013 and 2014, 
prior to its formal identification.  The high levels of mortality, in areas where B. exitiosa was endemic, suggested that B. ostreae 
may potentially be more pathogenic than the endemic Bonamia species in O. chilensis.  

Strict movement controls on shellfish were put in place to prevent the spread of the disease following its initial discovery. 
However, just two years later, in May 2017, B. ostreae was detected via routine surveillance in farmed oysters located just 
a few kilometres away from the iconic wild dredge fishery in the far south of NZ, almost 1000 kilometres from the area of 
initial detection.  Following this, central government ordered the destocking of all farms in infected areas, aiming to reduce the 
likelihood of disease spread to the wild uninfected stocks.  This effectively shut down a small but valuable aquaculture sector 
with high growth potential.  

Current research efforts have re-prioritised to involve investigating disease progression and epidemiology in this novel host-
parasite combination to understand and better manage the impact of B. ostreae in the NZ context. There is interest in the 
potential for re-seeding and enhancement of wild populations, combined with breeding for resilience to Bonamia sp. and other 
significant flat oyster pathogens. However, biosecurity regulations and lack of sufficiently-scaled infrastructure to carry out a 
whole-of-life-cycle breeding programme on land (under biosecure conditions) prevent selective breeding for disease resilience 
at this time.    

This talk will present a summary of research completed at Cawthron, current research efforts, and the complex challenges 
currently faced by commercial, indigenous and recreational fishers, aquaculture farmers and regulatory agencies.
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Globally, inland fisheries has been shown to have the potential to contribute towards food security, especially to rural 
communities living in close proximity to these resources. In South Africa strategies are being developed towards the use and 
implemention of inland fisheries as a means to address food security in poverty stricken regions such as Limpopo province. 
These strategies require a sound knowledge of biological data of fishstocks before implemention.  In this study the potential 
and feasibility of a small scale gill net fishery in Flag Boshielo Dam, Limpopo Province, were investigated whereby monthly 
fish surveys were conducted from February 2016 to April 2017 using composite gillnets.

A total biomass of 247.6 kg was captured with Labeo rosae and Oreochromis mossambicus being the most dominant species 
contributing 62 and 20% to the catch, respectively. Length frequency data of L. rosae and O. mossambicus revealed the 
distribution of these species to be unimodal with no recruitment of L. rosae evident. Findings based on mesh size indicate 
placing restrictions on using gillnets with mesh sizes > 70 mm for the sustainability of the O. mossambicus population. Age 
and growth data collected will be used to establish appropriate harvest strategies using fishery models. The implementation of a 
fishery needs to be evaluated in terms of the effect fluctuating and low water levels have on the recruitment of L. rosae and the 
human health risks associated with metal contaminants in fish from this reservoir, as reported in recent studies.
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Shrimp aquaculture is a risky business due to a variety of risks impacting shrimp production, including disease occurrences, 
the quality of feed and fingerlings and water quality. Across the spectrum of shrimp systems ranging from extensive shrimp to 
intensive shrimp system, the negative impacts caused by these production risks on each shrimp system are expected to vary 
across systems and areas. We argue that insight into risk perception and risk management can contribute to develop more 
effective risk management strategies to mitigate the effect of these production risks. Previous literature on the comparison of 
shrimp farmer perceptions on production risks and risk management strategies across shrimp systems and areas is limited. The 
objective of this paper is to explore risk perception and adoption of risk management strategies of shrimp farmers working in 
different production systems and areas. 

This study uses the Mekong Delta in Vietnam which embraces a variety of shrimp production systems and a variety of area-
based cooperation among farmers. A survey has been carried out (November 2017-January 2018) among 313 shrimp farmers 
in the provinces of Soc Trang, Bac Lieu and Ca Mau. We distinguish 6 types of production systems covering both Monodon 
and Vannamei shrimp species. Area-based cooperation has been investigated through membership of clubs and cooperatives, a 
measure of social and absolute distance, and through mapping farm location relative to water sources used. 

Preliminary outcomes suggest that risk perception and uptake of risk management tools are affected by the degree of area-based 
cooperation. Exact effects vary across species and production systems. 
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Argonaute is an essential protein family involving in either transcriptional or post- transcriptional genetic regulation. The 
Argonaute family associates with different small regulatory RNAs and is classified into AGO and PIWI proteins.  AGO subfamily 
ordinarily binds to siRNA/miRNA to mediate antiviral immunity, whereas incorporation of piRNA and PIWI proteins plays 
potent role in transposon regulation and spermatogenesis. Recently, four types of Argonaute subfamily proteins (PmAgo1-4) 
were discovered in P. monodon. All types of PmAgo transcripts, excluding PmAgo4, express pervasively in various tissues 
while PmAgo4 exhibits a gonad-specific expression. Moreover, PmAgo4 lacked the characteristic of the AGO subfamily as it 
is irresponsive to either virus or exogenous double-stranded RNA (dsRNA) administration but showed the ability to control the 
movement of transposons as the PIWI subfamily. This study utilized dsRNA-mediated silencing of PmAgo4 to investigate its 
possible function in antiviral defense and spermatogenesis. The expression of PmAgo4 was suppressed by more than 80% in 
the testis of shrimp that were injected with sequence-specific dsAgo4-PAZ injection. Silencing of PmAgo4 transcript affected 
neither the efficiency of dsPmRab7 to silence shrimp endogenous PmRab7 expression in the testis nor the replication of yellow 
head virus (YHV) and cumulative mortality rate after YHV infection.  By contrast, suppression of PmAgo4 mRNA expression 
led to reduced testicular maturity as measured by Gonadosomatic Index (GSI). The significant reduction (P<0.05) in the 
numbers of mature sperm (spermatozoa) was also presented in spermatophores of PmAgo4-suppressed shrimp when compared 
to the control group. Taken together, it can be concluded that PmAgo4 does not mediate a dsRNA-dependent gene silencing 
pathway and virus replication, but plays an important role in shrimp spermatogenesis.   
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Bioflocs has been considered an effective option to minimize the risk of shrimp diseases as water exchange is not required, 
and more importantly to reduce production cost (Hoang & Le 2018). Biofloc technology promotes heterotrophic bacteria in 
aquaculture system by adding enough organic carbon to adjust C:N ratio and at the same time creating a favourable environment 
for them to grow. It has been known that beneficial heterotrophic bacteria can remove NH3/NH4

+, convert nitrogen matters into 
their own biomass thus creating supplementary foods for the cultured shrimps or inhibit pathogenic bacteria (Avinemech et al. 
2012). Research on functional bioflocs, i.e. beneficial heterotrophic bacteria that can perform the aforementioned functions, 
were recommended by Browdy et al. (2013). The application of bioflocs, though become increasingly popular, is associated 
with various outcomes as it relies on natural bacteria community, which is significantly different from place to place or even 
between two production ponds in the same farm. Further, it has been hard to find a detailed manual for the application and 
management of bioflocs in shrimp farming at commercial scale on daily basis, from stocking to harvesting.

In this presentation we introduce a farming model for intensive farming of the whiteleg shrimp P. vannamei at stocking densities 
of 200 – 250 pcs/m2 that consistently produce 30 – 40 tons/ha in 75 – 80 days using standard 1,500-m2 HDPE-lined pond. 
Production cost is only 60 – 65% compared with non-biofloc models. Profit return ranges from 0.8 to 2.2 depending upon farm-
gate prices. Seven selected strains of bacteria mostly Bacillus and Pseudomonas are used in different combinations to create 
bioflocs before stocking and manipulate Floc Volume Index (0.5 – 5.0 mL/L in 30 min) during the culture period. Since the 
model using outdoor ponds great attention is required in the wet season to avoid bioflocs crash due to heavy rainfall. This model 
was developed at Chinh My Aquaculture Farm in Khanh Hoa Province, Vietnam between 2014 and 2016 (Hoang & Le 2018). 
Standard Operation Protocols were developed to assist daily management. These together with standardized infrastructure 
designs facilitate technology transfer. Between July 2016 and July 2017 formal training had been organized for more 200 farms 
in Vietnam. Successful results of the trainees indicate the effectiveness of this functional-biofloc model (World Bank 2018). 
We will also discuss further research to improve the model regarding waste management and recycling, possible tank-based 
production and new species.
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The West Coast has been actively engaged in the development and implementation of state shellfish initiatives since NOAA 
launched the National Shellfish Initiative in 2011. The Washington Shellfish Initiative was originally introduced in 2011 and 
Phase II was launched in 2016, with numerous action items underway.   The California Shellfish Initiative launched in fall 2013 
and has made slow but steady progress in advancing shellfish projects since that time.  The Oregon Shellfish Initiative began 
in 2015 with the passage of House Bill 2209 and the appointment of the Oregon Shellfish Task Force.  Highlights of 2018 
activities from all three state shellfish initiatives will be presented. 

INCREASED DERMO DISEASE IN CHESAPEAKE BAY OYSTERS CAUSED BY CONTINUED 
WARMING AND NUTRIENT LOADING

Eileen E. Hofmann*, John M. Klinck, Eric N. Powell, Marjorie A. M. Friedrichs, Pierre St-Laurent, 
Hanqin Tian  

Center for Coastal Physical Oceanography
Old Dominion University
Norfolk, VA 23508
hofmann@ccpo.odu.edu

This study investigates the role of changing environmental conditions over the past century in establishment of Dermo disease 
(causative agent Perkinsus marinus) in Eastern oyster (Crassostrea virginica) populations in Chesapeake Bay.  Simulated 
distributions of temperature, salinity, and food (chlorophyll, total particulate organic carbon) obtained from a coupled 
circulation-biogeochemistry model implemented for Chesapeake Bay were used as input to a coupled oyster population-Dermo 
disease model.  The simulated environmental conditions were obtained for 1900 to 1914 and 1980 to 2014 using nutrient and 
freshwater inputs derived from the Dynamic Land Ecosystem Model configured for the two periods. Environmental conditions 
for the early 1900s are overall cooler (~1.5°C) with reduced nutrient loads relative to 1980-2014 conditions.  The early 1900s 
environmental conditions support expected oyster growth with negligible Dermo disease intensity.  The increased nutrient loads 
associated with the 1980-2014 conditions result in increased detritus, which affects the quality of the food supply available 
to oysters.  While oysters grow, the overall warmer temperatures, increased winter temperature minimum, and modified food 
supply support increased Dermo disease intensity that reaches epizootic levels. The simulations suggest that warming of 
Chesapeake Bay waters and increased nutrient loads over the past century may have produced conditions favorable to the 
Dermo pathogen, allowing it to become epizootic in Chesapeake Bay oysters. Implementation of sustainable management 
consistent with the higher mortality rates generated by Dermo disease is essential to maintain the resource and its attendant 
ecosystem services. 
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European flat oyster (Ostrea edulis) beds are one habitat that has almost disappeared in the UK and Europe. Consequently, 
and coincidently there has developed a growing appreciation of the key role of O. edulis in providing ecosystem services and 
the potential for  oyster restoration as a key mechanism with which to drive environmental restoration. However, previous 
and current projects in the UK and Europe have identified gaps in our understanding of specific protocols for such restoration 
projects. Supported by laboratory and field studies, we have developed a systematic approach identifying strategic actions 
for projects to consider pre-, during and post-restoration. The relaying of individuals is an essential element in native oyster 
restoration. O. edulis tend to lie flat on the seabed as singletons, yet this renders them prone to siltation and subject to competition 
for habitat with other benthic organisms. The elevation of native oysters has been shown previously to result in more efficient 
particle clearance compared to those on the seabed. Therefore, we propose the use of cages to raise the restocked oysters above 
the seabed.

Using our experience of restoring oysters in the south of the UK, this presentation will present a model approach for 
implementing native oyster restoration. Once the objective of restoration has been identified (e.g. to support oyster fisheries or 
habitat restoration), the effect of local hydrodynamics, availability of oyster seed stock and the physiological characteristics of 
those stocks, must be considered. Thereafter, final restoration design must choose whether to implement structures to either aid 
or deter fishery practice. 

Assessing the success of a restoration project can prove challenging due to the varied objectives of multiple stakeholders. 
Recognised indicators of success include spat recruitment per shell, and juvenile growth, yet project-specific goals must be 
established during the planning stage in order to tailor appropriate monitoring methods and schedules. 
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Aquaponics facilities need to measure water quality parameters with to verify reading are within range for Ammonia, Nitrate, 
Calcium, Magnesium, Potassium, Iron and many others.  These tests can be done in several different ways from test strips, drop 
kits, hand held meter, colorimeters and photometers.  These all range in different price, usability and accuracy.  The issue with 
some of these tests is that they require the end user to verify a change in color vs a color wheel or template.  This can cause error 
when the following are present: poor lighting, old faded color wheel or template, end user being color blind.  Photometers and 
colorimeters take that guess work out of reading the color change.  They are more accurate; they have a better repeatability and 
are easy to use vs the color strips and drop kits.
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Water column oyster culture has grown strongly in Maryland since the state began accepting applications in late 2010, following 
significant revision of state laws. Growers seeking to produce single oysters must select the containerization method that will 
best suit their location and business model. A number of methods are currently being marketed, with more developed annually, 
and producers are faced with the difficult and expensive task of determining which method best meets their production 
demands. This project, operated at a university demonstration oyster farm, has investigated six (6) culture methods available 
to commercial growers. These include a floating, invertible cage system (OysterGro®), Australian Longline Systems (Seapa® 
and BST®) in two orientations, a rack-and-bag system and a stacking tray system that can be sized according to available water 
depth.

Data on the growth and mortality of oysters, and cost and labor inputs for operating each system have been recorded for each 
culture method between the years 2016-2018. These attributes are important to oyster farmers and, it has been noted that 
each culture method may excel in one area, yet fall short in another. Detailed data collection and analysis has allowed the 
investigators to determine how gear types performed relative to attributes critical to farmers. The authors present an overview 
of the ongoing project with results on culture methods employed to date and provide information on plans for future research, 
as well as extension outreach programs that are connected to the farm to allow growers to make more informed decisions on 
equipment purchases and business practices.
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Water-soluble factors associated with walleye (Sander vitreus) and hybrid walleye (female S. vitreus x male Sander canadensis) 
predation on yellow perch and fathead minnows (Pimephales promelas) significantly increased the growth rate of yellow perch. 

Juvenile yellow perch (~250 per tank) were distributed into 12, 
110-L tanks and fed to satiation 2-3 times daily. 30-L aquariums 
were placed above each tank and plumbed so that the water 
discharged into the tanks below. There were four treatments 
replicated three times: (a) no predator; and predators fed to 
satiation once daily on (b) yellow perch, (c) dry diet, or (d) 
fathead minnows (Fig. 1). The yellow perch were weighed and 
measured every two weeks. 

On day 98, the fish in the yellow perch and fathead minnow 
treatment groups were ~40% heavier than the fish in the control 
and dry diet treatments (Fig. 2). There were no differences in 
fish condition or survival among the four treatments.

The ecological significance of predator-mediated growth 
enhancement is likely predation mitigation. We are currently 
working to uncover the source and chemical identify of the 
pheromone, and determine its mechanism of action. We 
hypothesize that the pheromone is associated with either 
the skin of the prey or the feces of the predator, and acts by 
stimulating olfactory pathways that stimulate the release of 
pituitary growth hormone. In addition, we are evaluating the 
possibility that predation odors can be used to enhance the 
production of yellow perch in commercial aquaculture. 
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Hatchery-based enhancement is occurring on a worldwide scale and involves the release of cultured organisms to enhance, 
conserve, or restore fisheries. While these practices are effective at increasing abundances of depleted or declining populations 
in the short-term, they risk dramatically altering the genetic composition and diversity of wild populations, which can negatively 
impact long-term population resilience. Slow recovery of depleted eastern oyster (Crassostrea virginica) populations in 
Chesapeake Bay, USA has prompted large-scale hatchery supplementation program using local, wild broodstock and since 
2011, the Horn Point Laboratory (HPL) Oyster Hatchery has planted billions of juveniles into the Harris Creek Sanctuary, MD. 
This study evaluated the genetic impacts of stocking by estimating effective population sizes (Ne) and genetic diversity metrics 
(allelic richness and heterozygosity) of wild and planted oysters in Harris Creek and other wild populations in Chesapeake Bay 
(N=50/site) using microsatellites and genome-wide single nucleotide polymorphisms (SNPs) generated from double-digest 
restriction-site associated (ddRAD) sequencing.  We aimed to evaluate how variable supplementation efforts and time since a 
reef was supplemented have impacted genetic diversity metrics and Ne of restored reefs. We then compared genetic diversity 
metrics and Ne to estimates from other wild populations in Chesapeake Bay that have not experienced intensive hatchery-
based supplementation, to put estimated values into context.  Finally, we used genome-wide SNP data to test for gene flow and 
admixture among all Chesapeake Bay populations.  Thus far, Ne estimates for four populations generally agree with previous 
estimates of wild populations in Chesapeake Bay and Delaware Bay (Table 1) and suggest that supplementation with rotated, 
wild broodstock may not significantly erode genetic diversity compared to wild proximal reefs. Gene flow and admixture 
results as well as results from the remaining wild and restored populations using high-resolution SNPs will be presented and 
will help to further assess the genetic impact of this program.



481
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Oviparous fishes produce eggs with a fixed amount of yolk, which is the only source of nutrients for embryos and for larvae 
until exogenous feeding begins sometime after hatching. Fatty acids in the eggs are critical for development and physiological 
functions. Essential fatty acids (EFAs) cannot be synthesized by marine fishes in sufficient amount to meet their physiological 
demands and must be obtained from dietary sources. Therefore, maternal diet is the sole source of EFAs for developing embryos 
and endogenous-feeding larvae. Recent studies of red drum (Sciaenops ocellatus), a batch-spawning marine fish, showed that 
the content of several EFAs in the eggs responded to changes in EFA content of the maternal diet. In particular, a quantitative 
examination of the transfer dynamics of arachidonic acid (ARA) revealed that ARA concentrations in eggs responded to a diet 
shift within 2-16 days and the rate of change was proportional to the magnitude of change in the dietary intake.

Here, we examined the dynamics of diet-egg transfer of 25 essential and non-essential fatty acids in red drum. Twenty-
three diet shift experiments were conducted on 11 tanks of broodstock. Each diet was maintained for at least 1 month. Fatty 
acid composition of eggs and dietary items was measured by gas chromatography. Lag correlations showed that nine fatty 
acids showed significant correlations between eggs and daily dietary intake (e.g., Figure 1), including three EFAs (ARA, 
eicosapentaenoic acid and docosahexaenoic acid).

These results demonstrated a close relationship between dietary intake of fatty acids and egg content, which may further 
influence the physiological development of embryos and larvae. Furthermore, the rapid transfer of fatty acids from maternal 
diet to eggs occurs not only in EFAs, but also in some non-essential fatty acids. This study has important implications for 
improving egg and larval quality by  manipulating egg fatty acid composition through broodstock diets. Further analysis is 
underway to investigate the rate of incorporation of fatty acids in eggs. 
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The rock scallop Crassadoma gigantea is a promising new species for culture on the U.S. west coast. Due to the expansive 
range of the species, culture potential exists from Baja California to southeastern Alaska. After two to four years of grow-out, 
a high quality shellfish can be produced to supply both domestic and export markets. One serious, unresolved issue, however, 
is the lack of information on accumulation and retention of algal toxins in rock scallops that can cause paralytic shellfish 
poisoning (PSP) in humans. To address this issue, scallops were deployed at three locations prone to PSP closures in Puget 
Sound, WA from 2017-2018. Scallops (n=10) were sampled when a closure occurred and weekly thereafter until the closure 
was lifted. 

Results from PSP exposures in Sequim Bay revealed that concentrations of PSP toxins in the digestive glands (687±27 µg/100g 
tissue) of rock scallops were significantly higher (p<0.05; n=144 for both) than concentrations in adductor muscle tissue 
(32±2.9 µg/100g tissue). These results support previous reports for rock scallops in Sequim Bay by the WA Department of 
Health. Data from the current study also show that PSP concentrations and depuration rates are variable among individuals 
(Figure 1). In a single sample period, some scallops tested had toxin levels over the FDA approved limit for PSP (80µg/100g 
tissue), while the toxin was not detected (NTD) in others. This information will be used to inform effective biotoxin monitoring 
and regulation of this species for human consumption, supporting public health agencies, the shellfish industry and the future 
commercial production of this species.  



483

HETEROTROPHIC MINERALIZATION OF ORGANIC MATERIAL PRODUCED IN 
AQUAPONIC SYSTEMS – A REVIEW
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A key goal of zero-discharge aquaponic systems is the minimization of solids discharge from the facility.  This is generally 
accomplished using bacterial processes to degrade or mineralize organic material (uneaten fish food, fish feces,etc).  Successful 
mineralization depends on heterotrophic bacteria present in sufficient quantities operating either aerobically or anaerobically.  
Aerobic digestion depends on large amounts of aeration to maintain high oxygen levels and prevent the creation of foul odors 
and bulking of solids.  While operating the system anaerobically may result is more stable water conditions (higher pH, 
increased alkalinity) there is a greater chance of system failure due to the production of nitrite or hydrogen sulfide.

The bacterial processes occurring in aquaponic systems are subject to many myths and misconceptions including the bacteria 
species responsible, how fast they may react to changing conditions and what conditions will promote which bacteria.  A 
framework of basic knowledge regarding aquatic microorganisms in aquaponics systems will be presented along with methods 
for introducing and maintaining beneficial bacteria to the system.  A better understanding of the microorganisms will allow 
operators to more efficiently manage their systems saving time, money and resources.

START-UP OF BIOLOGICAL FILTERS IN AQUAPONIC SYSTEMS: MAJOR FACTORS 
AFFECTING THE NITRIFYING BACTERIA AND THEIR SUCCESS

Timothy A. Hovanec, Ph.D.

DrTim’s Aquatics, LLC
530 Los Angeles Ave., Ste 115-243
Moorpark, CA  93021
drtim@drtimsaquatics.com

Successful rapid start-up or re-start of biological filters, defined as containers and media for the growth of nitrifying bacteria 
that oxidize ammonia to nitrite and nitrite to nitrate, depends on a wide variety of biological, chemical and physical factors.  
In many situations operators resort to adding mixtures of nitrifying bacteria, in various forms, to the system to inoculate the 
bio-filter and jump-start the nitrification process with little success.  While much study and attention is given to the engineering 
aspects of the aquaponic system and the physical aspects of the biofiltration components the actual nitrifying bacteria and their 
preferences are often considered as little more than a black box.

Research using a suite of molecular methods, that are culture-independent, have allowed much knowledge to be gained about 
how nitrifying bacteria react, positively and negatively, to the prevailing physical and chemical culture conditions.  Presented 
here will be the major factors affecting the establishment of nitrifying bacteria during the start-up phase with or without adding 
an ammonia solution to feed the bacteria, how changes in basic water chemistry caused by fish in the system may degrade 
conditions for nitrifying bacteria and considerations for selecting commercial mixtures of nitrifying bacteria to seed the biofilter 
and promote rapid start-up.
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DOPAMINERGIC CONTROL OF LATERAL CELL MEMBRANE POTENTIAL AND CILIARY 
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Manganese is a neurotoxin causing manganism, a Parkinson’s-like disease involving disruption of dopaminergic 
neurotransmission. The mechanism by which manganese produces this dysfunction is not fully resolved. Unlike Parkinson’s 
disease, reports postulate that manganese neurotoxicity is more likely related to downstream neuronal pathways rather than 
deficits in nigrostriatal function. Lack of effective treatment for manganism has been a major obstacle in its clinical management. 
The cilia of lateral cell in gill of Crassostrea virginica are controlled by serotonergic-dopaminergic innervations from their 
ganglia. Dopamine (DA) hyperpolarizes the cell and causes cilio-inhibition, while serotonin depolarizes and causes cilio-
excitation. Previous work of our lab showed acute and short-term manganese treatments blocked the cilio-inhibitory effect of 
DA. This neurotoxic action of manganese could be prevented by the drug p-aminosalicylic acid or by taurine, an amino acid 
with efficacy in other neurodegenerative disorders. In this study we hypothesize that taurine would effectively prevent the toxic 
actions of manganese on both dopaminergic membrane hyperpolarization and lateral cilia inhibition. To test this we conducted 
acute experiments on DA dose responses (10-6 - 10-3 M) of manganese treated excised gill in the presence or absence of taurine. 
Ciliary activity of gill lateral cells was measured by stroboscopic microscopy and expressed as beats/min ± sem. Cell membrane 
potentials were simultaneously measured using the fluorescent dye DiBAC4(3). In control gill, the lateral cells responded 
normally to the DA dose response showing the appropriate decrease in cilia beating rates and membrane hyperpolarization. 
Gills treated with manganese (2 x 10-4M) had a disrupted DA response, cilio-inhibition was impaired and the membrane did 
not hyperpolarize. Taurine treatment (2 x 10-4M) effectively prevented these neurotoxic effects in manganese treated gill. 
This physiological study in C. virginica shows that manganese disrupts the dopaminergic post-synaptic response of lateral 
cells preventing membrane hyperpolarization as well disrupting cilio-inhibition, and that taurine effectively blocked these 
neurotoxic actions. These findings are helpful in furthering the understanding of the mechanism of manganese neurotoxicity 
and provides evidence suggesting taurine be further investigated as a potential therapeutic agent for manganism.

This work was supported in part by grant 2R25GM06003 of the Bridge Program of NIGMS, NIH grant K12GM093854-07A1 
IRACDA Program of Rutgers University and 604060048 of PSC-CUNY.
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FOOTPRINT OF MULTIPLE EFFLUENT SOURCES AT A BAY-WIDE SCALE 
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Human activities such as the treatment of wastewater, farming and aquaculture can increase the nutrient loads of coastal waters. 
Although the environmental effects of these single sources are well documented, little is known about how these various 
sources interact. Hence, the Food and Agriculture Organisation (FAO) recently recommended a shift in the way we manage 
and monitor aquaculture; from the current approach where the small-scale effects of single farms are regarded, towards an 
Ecosystem Approach to Aquaculture where the effects of multiple farms and stressors are considered at a wider scale. 

Assessing the amount of dissolved nutrients emanating from effluent sources can be difficult as their concentrations display 
strong daily and seasonal fluctuations. Dissolved nutrients are also rapidly diluted and dispersed, meaning increases in their 
concentration tend to be very small, short-lived and difficult to detect. Lastly, effluents rarely occur in isolation, making it 
difficult to distinguish between different sources. In contrast, seaweeds and other marine plants readily absorb dissolved 
nutrients and accumulate it in their tissues. This means the nutrient composition of their tissues are less affected by fluctuations 
and may better reflect long-term nutrient levels. Another advantage is that different effluent sources often have distinguishable 
stable isotope compositions, which can create distinct isotope signatures in plant tissues, meaning there is potential to identify 
between them. 

In this study, we planted seaweeds across a bay in Atlantic Canada. We did this to investigate how the effluents of a large 
industrial salmon farm interacted with other effluent sources at a bay-wide scale (see figure below). Based on our findings, we 
then discuss how seaweeds and other bioindicators can help us in applying the Ecosystem Approach to Aquaculture.  
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Mohammad Shahjahan Howlader, Fisheries Specialist*
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BenthemWandert, Senior Environmental Specialist
Mohammad Amir Faisal, Environmental Specialist
Mohammad Jahangir Alom, Executive Engineer
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In Bangladesh, abundant aquatic ecosystems and the rich fisheries are supported by the Brahmaputra-Jamuna and Ganges-
Padma river systems. Starting in the 1060s, flood protection embankments are being created to contain harmful flooding 
particularly to support the rice cultivation but river bank erosion caused the sideward expansion of the rivers from about 7 km 
in the 1960s to about 14 km by the 2000s. Starting in the 2010s, interventions are being made to contain the erosion problem 
in addition to the flood control measures. Since 2015, an ambitious project under the ADB supported ‘Flood and Riverbank 
Erosion Risk Management Investment Program(FRERMIP), is being implemented by the Bangladesh Water Development 
Board (BWDB) for river stabilization by making riverbank revetment and embankments to contain erosion and flooding 
including the river training to channelize and narrow down the rivers to its about 7 km original width. Meanwhile, aquaculture 
practices started flourishing in the 1980s in the floodplains of Bangladesh which is positively influenced, like agriculture, by 
the river stabilisation interventions.  Under this exercise, a comparative study was carried out on the development of pond 
aquaculture practices in two floodplain areas influenced by the rivers, one in the protected and another in the yet-to-be protected 
area. This study revealed that  aquaculture production increased from 34 to 277 kg ha-1 in 3 decades in the protected area while it 
remained at around 70 kg ha-1 in the non-protected area.  These findings provide that the river stabilisation process will increase 
the aquaculture production at least @ 200 kg ha-1 in the river floodplains of Bangladesh. 

Biography (of the presenting Author)
Md. Shahjahan Howlader completed his PhD in 1979 from the Schoool of Biological Sciences, Athens 
University,Greece and  then worked during the last 40 years successively as Faculty member of the King 
Faisal University and Senior Aquaculture Specialist, Ministry of Agriculture & Water Resources,Saudi 
Arabia, Senior Fisheries Specialist, Local Government Engineering Department and Water Development 
Board, Government of Bangladesh. He has published more than 25 papers in reputed journals and 
presented more than 50 scientific papers in national abd international confreneces.

Presenting author details 
Full name: Mohammad Shahjahan Howlader
Contact Number: + 01731301821
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The development of intensive aquaculture industry has been accompanied by increasing environmental impacts, especially 
the nitrogen pollution frequently leading to water deterioration and disease outbreak. Currently, the biological method without 
second-pollution and residues has been accepted as the best way to remove nitrogenous compounds accumulation in aquaculture 
practice. However, little is known about the mechanism and bioinformatics of heterotrophic nitrification–aerobic denitrification 
microorganisms in shrimp ponds. In this study, 26 strains of heterotrophic nitrification or aerobic denitrification bacteria 
isolated from shrimp ponds were screened and mapped to Pseudomonas, Pseudoalteromonas, Alteromonas, Marinomonas, 
Marinobacterium, Marinobacter, Halomonas, Cobetia (γ-Proteobacteria), Bacillus (Firmicutes), and Tenacibaculum 
(Bacteroidetes). Then these bacteria with a uniform concentration (104 cfu/mL) were inoculated into 100 mL sterile nitrification 
medium according to an initial nitrogen 5 mg/L and C/N ratio 5 of shrimp pond water. During the 48-h cultivation, samples 
were taken at 0, 6, 12, 24, 36 and 48 h, respectively. Finally, high-throughput sequencing technology was used to investigate 
the mechanism and potential interaction of these bacteria during the nitrification and denitrification process. 

The results of 16SrRNA sequencing showed that Marinomonas and Pseudoalteromonas had high relative abundances in the 
initial stage, unlike the relative abundances of Halomonas, Cobetia, Alteromonas and Marinobacterium increased from middle 
to late stages, during the nitrogen removal progress. Meanwhile, the abundance changes of Marinobacterium was significantly 
positively correlated with Halomonas, Cobetia and Alteromonas. Bioinformatic analysis of metagenomics suggested that 
Marinomonas and Pseudoalteromonas containing ammonium assimilation and nitrification genes mainly participated in 
the transformation of ammonia into organic nitrogen and nitrate or nitrite, whereas Halomonas, Cobetia, Alteromonas and 
Marinobacterium capable of heterotrophic nitrification and aerobic denitrification were involved in the entire process of 
nitrogen removal. Interestingly, these findings demonstrated the potential interactions between strains for effective nitrogen 
removal. This study may provide new information for the development and utilization of heterotrophic nitrification-aerobic 
denitrification bacteria to reduce nitrogen pollution in shrimp aquaculture.
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Shellfish aquaculture in Alaska is a relatively small but growing industry. Farm gate value finally surpassed $1M in 2016, 
after fits and starts of limited growth since 1990. Currently, Pacific oysters (Crassostrea gigas) dominate farmed production, 
and are the sole exception to Alaska’s strict restriction for cultivating only indigenous species. Shellfish farmers cite seed 
availability, slow growth rates, labor costs, outdated technology, shipping costs and harmful algal bloom closures as factors 
limiting profitability and growth of the industry. The Pacific Shellfish Institute (PSI), Alaska Sea Grant, and Maine R+D 
collaborated with shellfish farmers and the Alaska Shellfish Growers Association (ASGA) to provide technical assistance and 
advisement on best culture practices of oyster and kelp species through a NOAA grant (NA14OAR4170079). PSI coordinated 
distribution of new oyster grow-out gear (Figure 1). This presentation will focus on results and lessons learned from the oyster 
grow-out gear trials.

Participating shellfish farms (8) agreed to collect and record oyster growth and environmental condition data at their farm 
sites. Monthly measurements of oyster length (mm) and weight (g) of 30 oysters from each gear type were used to assess the 
performance of different gear types. Results revealed differences in oyster growth among sites, but not between gear types. The 
most valuable aspect of the gear trials were lessons learned by participating shellfish farms, then shared with attendees of the 
ASGA annual meetings between 2015-2018. In general, the oyster gear floats were the weakest link to successful use. At one 
farm, the Zapco bag with floats were abandoned immediately due to sea otter vandalism of the attached polystyrene. Multiple 
farms experienced issues with another floating basket because the plastic floats had a tendency to leak. In contrast, SEAPA 
35L containers performed extremely well for one participating farm. The farm reported that baskets are very easy to work and 
excellent meat to shell ratio.
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Biofloc technology has offered a potential solution to facilitate a more sustainable and environmental friendly culture system. 
To advance our understanding of these systems, this study evaluates the effect of nutrient addition on the productivity and 
nutritional value of the biofloc produced in indoor bioreactors. It also aims to determine the best combination of nutrients that 
could be added to sea water to enhance microbes to produce biofloc which can be used in further studies for fish or shrimp 
feeding. Four experiments were carried out. Nutrients used were urea (as N source with a 45% N), super phosphate (as P 
source with 20% P), chicken manure (as an organic fertilizer) and corn starch, corn meal, rice meal and rice bran (as C source). 
Seawater with 30‰ salinity collected from Ismailia, Egypt was used for all experiments. Research was conducted in suspended 
polyethylene bags filled with ten liters of seawater. The water inside the bags was agitated using a silicone tube connected to 
a common air blower. Productivity of biofloc was assessed in terms of final biomass. At the end of each experiment, aeration 
was removed and the solids allowed to settle. Next, excess seawater was decanted away and the concentrated biofloc was 
dried overnight in a laboratory oven at 70°C. The dried biofloc was weighed then transferred into small plastic bags and kept 
in the freezer at (-4°C) for further analysis. After each experiment, the biofloc was analyzed for the proximate composition 
to determine the best level of nutrients in terms of productivity and nutritional value. In the first experiment, four levels of 
Nitrogen/ Phosphorus (N/P) ratio were evaluated (1:1, 2:1, 4:1 and 8:1); with each with and without chicken manure resulting 
in a total of 8 treatments. The N/P ratio of 4:1 produced significantly (P <0.001) higher levels of dry weight (2.6g) and crude 
protein (27%) than the other treatments. The second experiment evaluated five levels (1:1, 2:1, 4:1, 8:1 and 16:1) of carbon/ 
nitrogen (C/N) ratios. The level (16:1) differed significantly, it was the highest in DW (9g) but its CP (25.3%) was significantly 
(P <0.001). This level was used in the third experiment with different carbon sources which included corn meal, rice meal and 
rice bran. The DW obtained with rice meal (9.5g) was slightly higher than the other C sources, in contrast, the CP of the corn 
meal (45%) was the highest (P <0.001). Corn meal exhibited higher values of amino acids than those of rice meal and rice bran. 
Some amino acids were absent (or found in undetected concentrations) in the biofloc produced from corn meal and rice bran. 
Differences in amino acid profile values between the three carbon sources were significantly significant (P <0.001). In the fourth 
experiment, a larger scale production of biofloc units using the best carbon source were used in different water sources; fresh 
and seawater. DW and CP of the biofloc for both trials were not significant (P <0.526). The nutritional composition of microbial 
flocs produced showed that CP was the highest component (39%). Overall, the study showed that the nutritional composition 
of biofloc can be sufficient to omnivorous organisms in terms of satisfying their needs of protein and essential amino acids.
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Shrimp farming generates income and livelihoods for thousands of households in the Mekong Delta, Vietnam. An assessment of 
optimal efficiency of super intensive, intensive, semi-intensive and improved-extensive models at the cooperatives applying for 
ASC shrimp certification for the purposes of export was conducted. Data envelopment analysis (DEA) was applied to optimize 
resources used and corresponding cost burdens to farmers. Spontaneous, unplanned farming leads to diseases outbreaks, 
high production costs, failures in meeting the quality requirements of importers, and negative impacts on the environment 
(e.g. pollution, degraded marine resources, land, water, and pressure on mangroves). WWF-Vietnam has been working with 
stakeholders in Soc Trang, Bac Lieu and Ca Mau to implement improvement projects at farms since 2009. The results of DEA 
of shrimp aquaculture in the Mekong Delta will be discussed in the context of natural resource use and improved efficiency.
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Tambaqui (Colossoma macropomum) is the most important native freshwater fish farmed in Brazil. Production and supply 
chains are consistently growing, while current yearly production levels of this species exceed 200.000mt. Recent efforts of our 
research team have produced a draft genome sequence for this species. Here we describe results from SNP discovery efforts 
using deep sequencing of reduced representation libraries (RRLs) of varying fragment sizes. Ten micrograms of bulked DNA 
samples from 63 unrelated fish (males and females) were completely digested with HaeIII. Fragments between 400–500bp; 
500–650 bp; and 650–850bp representing around 12% of the tambaqui genome were sequenced with a depth of >100x. Nearly 
720 million reads (2x150bp) were generated with a HiSeq2000 using TruSeq v3 chemistry, 2.444.604 putative SNPs were 
identified and their allele frequencies estimated. A total of  2.011.219 SNPs were observed with read depths RD>150 and minor 
allele frequencies >0.05 (Fig. 1). This represents the first report of an extensive effort to identify SNP markers for this species 
and will be a valuable source of information for designing marker panels with varying applications. These results can affect the 
use of genomic tools in broodstock management, assisted genetic evaluations and breeding for tambaqui.
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The Pacific white snook Centropomus viridis belongs to the family Centropomidae. This organism is the geminate species 
of the common snook, C. undecimalis. The broodstock were captured in the coast of Sinaloa, Mexico in 2013. The fish stock 
total weight range was from 0.9 to 5 kg. The organisms were held for three years under natural temperature and photoperiod 
conditions in three cylindrical 50-m3 tanks, with a flow-through water system and strong aeration. In December 2016, two 
female (7.7 ± 9.5 kg) and six males (1.72 ± 0.52) where moved to a recirculation system; after one mount of maturation of the 
RAS, the ambient temperature was increased from 23°C to 27°C in a four-week period. After five weeks, the fish were sampled. 
Females with an average vitellogenic oocyte diameter of 393 ± 7 µm were induced to ovulate using LHRHa in a cholesterol 
pellet at a dose of 130 ′g kg-1; males were given an average dose of 635.33 ± 217.40 µg kg-1 LHRHa in EVAc implant. After 
62 h, a total of 1.972 x 106 eggs were collected from 3 different spawns. After 12–14 h of the event, the average fertilization 
was 21 ± 18%; a mean of 95 ± 4% of buoyant eggs had live normal embryos. The averages of the egg and oil droplet diameters 
were 696 ± 3 µm and 197 ± 2 µm respectively. A total of 264,298 live embryo were sown in 3500 L. The hatching rate was 96%; 
the survival at hatching time was 85%, and the survival at the stage of first-feeding (48 h) was 75%. Incubation period was 19 
h at 25 °C. During hatching time and first-feeding stage, the average of total lengths were 1.56 ± 0.12 mm and 2.6 ± 0.1 mm, 
respectively. After performing the larval culture, a total of 120,364 juveniles were harvested at 40 days post-hatched. The larval 
survival of the tank was 42% from hatching and 74% from first feeding. At 42 dph, the total final average length was 24.54 ± 
2.62 mm (range: 17.31–29.93 mm). From day 41 to 80 they were grown in raceway system, a mean of 30,000 juveniles per 
raceway. When juveniles reached two grams, they were often separated by size and delivered to local farmers who continued 
with the growth-out pilot test. The juveniles were fattening in a 50X50X1.8 m ponds. In 15 months they reached 1.2 to 2.2 kg, 
with FRC of 2:1.
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This study examined the fishery diversity of River Wuya, Niger State, Nigeria from April 2017 to August 2017. Eighteen species 
from fourteen families were reported in the river. There was higher fish diversity in the river compared with other water bodies 
in the same geographical location. Clariidae, Cichlidae, Alestidae and Claroteidae were higher in diversity. Cichlidae was the 
dominant family and Polypteridae the least. Oreochromis. niloticus was the most abundant species while Polypterus ansorgii 
the least, which did not differ significantly (P>0.05). Stations D (Laagun) and E (Ndakogi) recorded highest and lowest number 
of family respectively. There were variations in fish abundance at the stations with Clarias gariepinus, Tilapia zillii, Heterotis 
niloticus, Orechromis niloticus and Heterotis niloticus being dominant at stations A, B, C, D and E respectively. Stations D 
and E recorded highest and lowest fish species diversity respectively, which did not differ significantly (P>0.05). Similar study 
should be done for the remaining months, continuous monitoring of the river need to carried out, as well as assessment of the 
type of fishing gears used for the exploitation of the fishes for better management of the fishery.

WATER QUALITY CHARACTERISTICS OF RIVER KUNKO DABBAN, NIGER STATE, 
NIGERIA

IBRAHIM, BABA USMAN 
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The characteristics of River Kunko Dabban water quality was assessed between April 2017 and July 2017. There were marked 
variations in these parameters with the exception of dissolved oxygen and pH. There were also fluctuations in the parameters 
across the stations with alkalinity, transparency, pH and hardness as highest at station X1(kunko Nnayagbi), colour at station 
X2(kunko), temperature at X4(kunko Tako) and phosphate at station X5(kunko Alhaji Abu) that did not differ significantly 
(p>0.05) with the exception of transparency. Monthly fluctuations showed significant difference (p<0.05) in temperature, 
electrical conductivity, alkalinity, nitrate, colour, phosphate and total hardness. Transparency, temperature and alkalinity were 
highest in April, nitrate, pH, phosphate, electrical conductivity in May, dissolved oxygen and hardness in June and colour 
in July. The water of the river is soft, dirty with high turbidity. It is recommended that this study be done for the remaining 
months, water from the river need to be treated before consumption and continuous monitoring of water quality of the river is 
of paramount importance. 
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LENGTH – WEIGHT RELATIONSHIP OF Clarias gariepinus (AFRICAN MUD FISH )  IN LAPAI 
– AGAIE RESERVOIR, NIGER STATE, NIGERIA
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Study of the length – weight relationship (LWR) and condition factor (K) of African mud fish in Lapai – Agaie Reservoir, 
Niger State was carried out between April 2018 – July, 2018. Two hundred and fifty one (251) samples were collected from 
fishermen catches and used for this study. This comprises 0f one hundred and ten (110) males and one hundred and forty one 
(141) females. There were variations in the standard length, total length and weight of males and females, which were not 
significantly different (P>0.05) from each other. Females were bigger than males, although smaller in size compared to other 
water bodies within the zone. The parameter “b” that describe growth pattern was obtained from the linear regression of the 
growth equation, W = aLb when transformed to log length and log weight of fish respectively. The b values of C. gariepinus 
for male (2.8), female (2.39) and pooled (2.56) indicated negative allometric growth pattern , which implies that the length and 
weight of fish did not grow at the same proportion. Condition factor (K) of male (0.75±0.18) revealed that the environment is 
not conducive for the survival of the fish. It is recommended therefore, that there is need to carryout similar study for the month 
of the year, other aspects of the biology should be studied, water quality parameters of the reservoir assessed and catching  of  
C. gariepinius at this period should also be discouraged.
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TOXICITY EFFECTS OF Erythrophleum suaveolens EXTRACTS ON SUB-ADULT Clarias 
gariepinus (Burchell, 1822)
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Phytochemicals are natural biocides which have the ability to replace synthetic biocides and can be persistent with a potential to 
impair the health of aquatic organisms. This study investigated the toxic effects of Erythrophleum suaveolens extracts on sub-
adult Clarias gariepinus. Three hundred sub-adult C. gariepinus with mean body weight 121.94 ± 0.31 g and mean standard 
length 24.45 ± 0.89 cm were exposed to aqueous stem bark extract (ASBE) of E. suaveolens of 3.00, 2.25, 1.50, 0.75 g/L and 
aqueous leaf extract (ALE) of E. suaveolens of 3.50, 2.63, 1.75, 0.88 g/L with 0.00 g/L as control. A static non-renewal bio-
assay test was used to determine the 96-hr acute toxicity of the extracts from which the 50% lethal concentration (LC50) were 
obtained. For the sub-lethal tests, the fish were exposed to the 1/10th of LC50 for 28 days. Qualitative phytochemical screening 
of both extracts revealed the presence of phenols, alkaloids, flavonoids, oxalate, tanins, cyanogenic glycosides, and saponins. 
Quantitative analysis showed that tanins, saponins and oxalate were more in the stem bark than the leaf, while phenols and 
flavonoids were more in the leaf. Results showed that LC50 for the ASBE was 2.30 g/L and ALE was 2.56 g/L. Behavioural 
signs such as air gulping, erratic swimming, scratching on the wall of the container were evident among the fish with increasing 
concentration, while barbel deformation was pronounced in fish exposed to ALE (3.50 g/L). The ASBE and ALE affected 
water quality parameters, there were significant (p<0.05) differences in dissolved oxygen, electrical conductivity, pH, and total 
dissolved solids, compared to the control. Haematological parameters of exposed fish during the 28 days showed significant 
(p<0.05) difference in the parked cell volume (PCV), haemoglobin (HB), erythrocyte count (RBC) of ASBE and ALE at 7, 14 
and 21 post exposure days when compared with the control. However, on day 28, there were significant (p<0.05) differences 
in RBC, mean corpuscular haemoglobin concentration (MCHC) and monocyte (MON). There was also significant (p<0.05) 
difference in the leucocyte count (WBC) of the exposed fish when compared to the control on day 14 of exposure. Presence of 
ASBE and ALE had no significant (p>0.05) effect on fish weight at the end of 28 days. However, those exposed to ALE, ASBE 
and control had superior growth response of 30.00 ± 7.03 g, 27.32 ± 2.25 g and 24.60 ± 1.26 g respectively. Histopathological 
changes in the gills of fish exposed to ASBE and ALE revealed signs of severe erosion of the entire gill mucosa and severely 
eroded mucosa of the secondary lamellae respectively. Liver showed a severe diffuse vacuolation, necrotic hepatocyte, mild to 
moderate cellular infiltration and severe diffuse vacuolation of hepatocytes,. The study concluded that the concentrations of the 
aqueous stem bark and leaf extracts had toxic effects on the exposed fish as they both caused polycythemia in fish and hypoxic 
condition in the water.
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ON THE GROWTH AND SURVIVAL RATE OF GET EXCEL TILAPIA FRY
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The study was performed to investigate the effects of the different graded levels of  horse radish Moringa oleifera on the growth 
and survival rate of GET EXCEL tilapia fry at the Mindanao State University Multi-species Hatchery, Sanga-Sanga, Bongao, 
Tawi-Tawi, Philippines. There were four (4) treatments used in this study where T1 labeled negative control having 0% content 
of powdered M. oleifera, T2 with 15%, T3 with 30% and T4 with 40%. Each treatment was replicated three times using a 
Completely Randomized Design (CRD)  for a duration of 45 days.

The results showed no significant differences at p<0.05 . Higher Final Weight (FW)  of 12+4.2g, Weight Gain (WG)  of 
11.67+4.3, Feed Intake (FI) of  0.20+0.05, Specific Growth Rate SGR of 2.39+0.6% and Protein Efficiency Ratio (PER) of 
34.86+21.1 although lower in  FCR which was 0.03+0.02 and a survival rate of 14.67+10.7%.. The diet in T4 (40% M. oleifera 
) powder could be a preferable graded level that could promote better growth and feed conversion efficiency of GET EXCEL 
tilapia fry.

Further studies on different inclusion levels of Moringa oleifera kg-1
 diet for growth and survival rate of GET EXCEL tilapia 

are recommended to compare results. Feeding ration must be increased higher than 10% to avoid cannibalism. 
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GROWTH AND SURVIVAL RATE OF DONKEY’S EAR ABALONE, Haliotis asinina (Linne, 1758) 
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A study was conducted to determine the effects of the different graded levels of Gracillaria sp. in commercial feeds on 
the  growth and survival of donkey’s ear abalone, Haliotis asinina juvenile at Multi-species Hatchery, College of Fisheries, 
Mindanao state University Tawi Tawi College of Technology and Oceanography Sanga-Sanga, Bongao, Tawi-Tawi for a 
duration of 45 days. The juveniles were fed with four (4) prepared diets containing graded levels of Gracillaria sp., namely:  
0% as negative control (T1),  10%  (T2),  20% ( T3), 30% (T4) and live Gracilaria sp.  as positive control (T5). Each treatment 
was replicated three (3) times using a Completely Randomized Design (CRD).

The results showed that the highest final weight (FW) of 47.37+13.4g, weight gain (WG) of 15.65+12.5g, final shell length 
(FSL) of 54.99+7.6 mm, shell length gain (SLG) of 8.84+2.4 mm and specific growth rate (SGR) of 0.37+0.8% were obtained 
from abalone juveniles in T2. The highest survival rate was also obtained from T2 of 23.33+3.3%. However, these results 
further revealed that treatments are not significantly different from each other at (p<0.05). 

The diet containing 10% of Gracilaria sp could be preferable to be used as feed for abalone juveniles that could also promote 
better growth performance and survival rate.
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TEMPERATURE DEPENDENT FORAGING BEHAVIORS OF PIKEPERCH Sander lucioperca 
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Pikeperch (Sander lucioperca) are considered a valuable species due to their high value in flesh, attractiveness as a game 
fish, and ability to remove less-valued species in pond culture systems. Pikeperch populations have become an increasing 
trend in Europe over the last 10 years. However, pikeperch aquaculture still relies on wild breeders captured just before their 
spawning period. Reproduction of wild and farmed pikeperch also still relies heavily on live feed to be supplied during most 
developmental stages. Pikeperch have shown to have low gamete quality due to influences in external factors of broodstock 
management practices. The goal of this study was to clarify daily food rates and foraging behaviors of pikeperch broodstock. 

A 2-week feeding trial was conducted under two different 
thermal conditions in a recirculating aquaculture system 
with five pikeperch broodstock (36.9 cm TL). Pikeperch 
were kept separately in their own individual 350 L 
tank with one of the following prey density amounts 
(2, 4, 8, 16, and 32 per/tank). Pikeperch were supplied 
Topmouth Gadeon (Pseudorasbora parva) consisting 
of two size groups, small (0.16 mm TL) and large 
(0.2 mm TL). Feeding activity was checked every 24 
hours. The number and size group of prey in each tank 
were determined by manual count. Same size prey was 
replenished for each tank. Prey consumption rate and 
size preference were recorded daily. 

After 2 weeks, results analyzed using ANOVA indicated 
that temperature had no effect on the amount of 
consumed prey (P > 0.05). However, foraging behavior 
changed as temperature increased. Prey mortality 
rates increased when temperature increased (Figure). 
Mortalities rates were shown to be higher in 23.8 ℃ 
with a constant trend of larger fish dying. Results 
suggest that these mortalities were due to unsuccessful 
attacks which made the pikeperch shift to smaller prey 
at a higher temperature. 
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THE FLUTED GIANT CLAM Tridacna squamosa POSSESSES A HOST CARBON 
CONCENTRATION MECHANISM TO DELIVER INORGANIC CARBON TO ITS SYMBIONTS 
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The giant clam, Tridacna squamosa, can strive in nutrient-deficient tropical marine environments and conduct light-enhanced 
shell formation (calcification) with the aid of photosynthates donated by the symbiotic zooxanthellae. It harbors symbionts 
extracellularly in the lumen of zooxanthellal-tubules (z-tubules), which originate from the digestive tract and infiltrate mainly 
the colorful and extensible outer mantle. During insolation, T. squamosa increases exogenous inorganic carbon (Ci) absorption 
mainly through its ctenidia to support photosynthesis in the symbionts and light-enhanced calcification of its shell. The absorbed 
Ci is transferred as HCO3

− in the hemolymph to other parts of clam’s body, and it must permeate the basolateral (hemolymph-
facing) and the apical (lumen-facing) membranes of the epithelial cells of the z-tubules before it can be absorbed by the 
symbionts. This is achieved through a host-mediated and light-dependent carbon-concentrating mechanism (CCM), consisting 
of Carbonic Anhydrase 2-like (CA2-like) and Vacuolar-type H+-ATPase (VHA). The transcript and protein expression levels 
of the VHA subunit A (ATP6V1A/ATP6V1A) increase significantly in the outer mantle of T. squamosa during light exposure. 
In the outer mantle, the irridocytes, which deflect light of useful wavelengths to the zooxanthellae, are strongly ATP6V1A-
immunopositive. They contain immuno-reactive vesicles that can release the acidic vesicular content to the hemolymph sinuses, 
leading to increased dehydration of HCO3

− to CO2 around the z-tubules, during light exposure. This can augment the permeation 
of CO2 across the basolateral membrane of the tubule epithelial cells, although the specific transporters/channels involved have 
not been identified. Furthermore, the epithelial cells, which encircle the z-tubules, express CA2-like in the cytoplasm and 
ATP6V1A in the apical membrane. With CA2-like, CO2 entering the epithelial cells of the z-tubules can be converted back 
to HCO3

−, and then transported into the lumen via certain apical HCO3
− transporters. As zooxanthellae freshly isolated from 

giant clams absorb mostly CO2 to support photosynthesis, the luminal fluid in the z-tubules must have a high level of PCO2; 
only then, will the zooxanthellae be able to flourish in vivo. Hence, HCO3

− must undergo dehydration to form CO2 in the 
luminal fluid, and there must be an increased supply of H+ to the luminal fluid in light to drive this reaction. Indeed, ATP6V1A 
is located in the apical membrane in the epithelial cells of the z-tubules, indicating that VHA can secrete H+ into the lumen. 
Besides the host CCM, zooxanthellae also possess molecular mechanisms to augment CO2 uptake to support photosynthesis 
during insolation. Together, these mechanisms maintain the symbiotic relationship of the giant clam-zooxanthellae association 
in regard to Ci transfer, and an understanding of these mechanisms may offer insight into how the giant clam-zooxanthellae 
association can be sustained under adverse environmental conditions.
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IS THE BRIX INDEX A GOOD PREDICTOR OF SUITABILITY OF SUB-ADULT WILD 
CAUGHT SPINY LOBSTER Panulirus homarus FOR SHORT TERM FATTENING?
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Tropical spiny lobsters are a high value resource widely distributed throughout the warm waters of SE Asia and Oceania. 
Despite decades of significant investment in hatchery technology the aquaculture industry remains restricted to the grow-out 
of wild caught seed lobster. Throughout SE Asia wild seed lobsters are stocked in cages and fed a fishery diet until reaching 
marketable size. The highest price (>$100/kg) is paid for live large 1kg+ lobsters, with a significant reduction in price as lobster 
size decreases and for frozen product.  More recently, there has been interest in the fattening of high value sub-adult lobsters. 
Particularly for healthy lobsters which are close to moult, where a small weight gain would result in a premium price. A visual 
assessment of physical condition is useful for identification of lobster which are in sub-optimal condition (e.g. weak, missing 
appendages, fouling, necrosis) and these lobster are generally processed for the frozen market. However, a time period to 
moult estimate based on a visual assessment is practical only to the most experienced person.  Use of the Brix index (a rapid 
assessment of blood sugar) has been established to provide a reliable of the nutrient condition of an individual lobster. In this 
study we assess application of the BRIX index to predict the duration of time required from stocking to moult for wild caught 
sub-adult spiny Lobster (P. homarus). 
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USING ECOLOGICAL CONNECTIVITY TO INFORM BIVALVE RESTORATION TARGET 
LOCATIONS ALONG CHESAPEAKE BAY SHORELINES
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The movement of organisms among intertidal coastal habitats has been dramatically changed by human alterations of the 
nearshore environment. Shoreline armoring is pervasive along developed coastlines, fundamentally altering the species 
diversity, richness, and abundance of nearshore species. In the Chesapeake Bay, approximately 18% of all of the shoreline is 
already armored, with much more expected in the near future as sea level rise continues to accelerate and threaten properties 
in the region. One alternative to traditional armoring practices that is currently being championed is living shorelines, which 
use nature-based restoration and enhancement techniques to protect shorelines. The incorporation of tidal marsh habitat into 
these living shorelines provides opportunities for enhanced connectivity, here defined as the opportunity for the exchange of 
organisms and genetic material, between larger natural marsh patches for marsh dependent species. 

We have used a combination of field surveys, GIS, and 
hydrodynamic modeling to develop an ecological connectivity 
metric (ECM) for an important intertidal marsh facilitator, the 
ribbed mussel (Geukensia demissa), throughout the Chesapeake 
Bay. This ECM allows us to both assess the potential of existing 
projects to enhance the ribbed mussel population through 
improved connectivity, and to target locations where future 
projects may have the greatest impact on marsh connectivity. 
The ECM may be exportable to other species (e.g., oysters) 
and regions with developed shorelines, and is a building block 
towards ultimately providing a whole-ecosystem image of 
connectivity among the various habitats.
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A major biological role of Perkinsus olseni prezoosporangium is considered to produce a large number of free-living infective 
zoospores. Therefore, the trophozoite differentiation to prezoosporangium in the natural environment seems to be related to 
infection dynamics of this parasite in fields.

So far, little information has been available about the trophozoite differentiation in the natural environment, but recently 
we found that incubation of infected Manila clam tissues in seawater induced the differentiation of trophozoites of P. olseni 
into prezoosporangia. The present study used this in vitro experimental condition to collect fundamental information about 
trophozoite differentiation in the natural environment.

In the experiments, P. olseni trophozoites were mixed with minced tissues of uninfected Manila clams and incubated in sea 
water under various conditions of temperature, salinity, cell density and amount of host tissues. The number and diameter of 
differentiated prezoosporangia were daily examined for 7 days.

Most of the trophozoites differentiated into prezoosporangia in 2 days at 27 °C, but not differentiated at 5.1 °C during the 
experiment period. Very few numbers of prezoosporangia were differentiated under in low salinity condition. Additionally, 
smaller sizes of prezoosporangia with smaller sizes were differentiated in higher density. In the presentation, relationships 
between the trophozoite differentiation and infection dynamics of P. olseni in fields will be discussed.
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The high cost of Aquaculture production in many part of the world can be attributed among other factors to the high cost and 
scarcity of conventional feed ingredients which have competitive uses by livestock industries and for human consumption. 
Fishmeal is one of such nutritionally high but expensive conventional feedstuffs, hence, emphasis of many nutritional 
studies has been to identify, alternative protein sources that are cheaper, less competitive, yet nutritionally comparable to 
this conventional feed ingredient. Toad meal is an example of such alternative, unconventional feed ingredients which lack 
competitive use probably due to the presence of toxin in its parotid gland and skin. However, its protein content and amino 
acid profile are comparable to many conventional protein sources (including fishmeal). In our earlier study, we successfully 
removed the sources of the toxin (parotid gland and skin) and established the nutritional characteristics of the processed toad, 
hence producing a safe Toad meal that could be incorporated in feed without fear of toxin poisoning. This study therefore, 
investigate the nutrient utilization of the skinned and deglanded toadmeal(SDTM) as a possible replacement for fishmeal in the 
diet of African catfish Clarias gariepinus.

Clarias gariepinus juveniles (9.24 ± 0.70g) were stocked in designated triplicate aquaria stationed at the indoor hatchery 
facility of the Department of Fisheries and Aquaculture, University of Agriculture, Makurdi, Nigeria. Toads were harvested 
and processed to remove the skin and the parotid glands before oven drying at 600C to a constant weight. The SDTM was used 
to replace fishmeal (at 0%, 25%, 50%, 75% and 100%) which was originally incorporated in the control diet at 30%. The fish 
were fed these experimental diets at 5% of the fish body weight for eight (8) weeks.

The results obtained suggest that SDTM can completely replace fishmeal without any adverse effect on growth or survival. 
Similarly, the carcass analysis also showed that 100% replacement of fishmeal with SDTM led to highest crude protein in 
the fed fish. Also, cost of production of feed and rearing the fish to market size (1kg) was substantially reduced as SDTM 
was substituted for fishmeal. It was therefore concluded, that SDTM can be incorporated in fish feed to completely replace 
conventional but expensive fishmeal. 
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The Alabama catfish industry is an important agriculture sector in the state of Alabama. Currently there are 77 commercial 
catfish farms on 17,500 water acres primarily located in seven counties in west Alabama. Mortality due to disease represents 
a substantial financial loss to Alabama catfish producers. In 2017, the primary sources of fish kills on Alabama catfish farms 
were virulent Aeromonas hydrophila (vAh), Flavobacterium columnare, and Edwardsiella ictaluri. The 2017 estimated cost of 
disease losses was $6.3 million due to fish mortality. In order to investigate different approaches to reducing disease losses on 
commercial farms, a collaborative effort between commercial farmers, industry, and Auburn University was devised using in-
pond raceway systems (IPRS) deployed as research/demonstration units. Three IPRS were constructed at a commercial catfish 
farm and installed in three separate catfish ponds near Greensboro, Alabama in 2015. Each IPRS was comprised of 16 individual 
raceway cells (7.25 m3) and are supplied with water flow and aeration via a regenerative 1.5 HP blower. 1000 – 1350 fish were 
stocked in each cell on June 5-7, of 2017 and will be harvested September 10-12, of 2018. Prior to stocking catfish were 
vaccinated by USDA ARS Aquatic Animal Health Laboratory personnel at a holding facility at Auburn University using three 
different administration methods including manual injection of adjuvated vaccine, immersion with adjuvant, and immersion 
without adjuvant. These three administration methods served as experimental treatments along with a non-vaccinated control. 
Developed by Kennebec River Biosciences, the trivalent vaccine being tested was developed using inactivated bacterial isolates 
that were collected from the study site. The fish were fed (32% protein commercial feed) according to established feeding 
protocols twice per day on a daily basis. Water quality was monitored throughout the trial (dissolved oxygen, temperature on a 
daily basis; total ammonia nitrogen, total nitrite nitrogen, and pH on a weekly basis).  Fish health was monitored routinely by a 
Fish Health Diagnostician at the Alabama Fish Farming Center and mortality was tracked on a daily basis. At the end of the trial 
the raceway cells will be harvested to determine survival, average weight, and food conversion ratio. Pending challenges at the 
field site by each of the pathogens of concern, the results of this trial could provide valuable information about the effectiveness 
of the trivalent vaccine on reducing disease mortality and the effectiveness of various treatment methods.
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The Maine marine economy is increasingly reliant on sustainable aquaculture systems, with farmed blue mussels (Mytilus 
edulis) being a profitable commodity in high demand on the East Coast. However, due to increasing water temperatures, ocean 
acidification, and pollution rates, mussel farmers are faced with uncertainty as to how their rope-grown mussel populations will 
fare in a changing Gulf of Maine.  

The seriousness of these anthropogenic effects was documented during the summer of 2016.  Industry partners in Casco Bay, 
Maine reported a mass die-off event costing farmers approximately $60,000 worth of mussels.  A similar occurrence has been 
observed in the summer of 2018 as well.  In order to determine the cause and discern ways to prevent such die offs, a years-long 
histopathological assessment of farmed blue mussel health is underway.

Mussels from inshore and offshore sites were collected bimonthly in congruence with environmental data such as temperature 
and chlorophyll concentration to assess connections between the organisms’ surroundings and organismal health. Overall 
prevalence of pathogens and parasites presenting in histology were low. However, out of the mussels collected over 17 months, 
91% exhibited oocyte atresia and 49% exhibited digestive gland atrophy. 

Alarmingly, trematodes of a yet unknown spp. were also observed in histological slides comparable to those published in 
literature on Proctoeces maculatus, which is a subtropical species known to heavily infect mussel populations south of the 
Gulf of Maine, but has not yet been reported in Maine waters (Figure 1). Speciation is not possible via histology, so PCR was 
performed on all mussels histologically analyzed using species specific primers for Proctoeces maculatus. Primers for highly 
conserved genetic expressions of stress including HSP70 and SIRT were used as well. 

If confirmed as Proctoeces maculatus , this would be an important early warning for mussel growers in Maine of a potentially 
damaging parasite. Moreover, it would mark a clear indication of the potential for climate-driven range expansion and northward 
migration of shellfish pathogens in the Northwest Atlantic.
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In Pakistan, Aquaculture is a rather recent activity and is in a phase of transformatioin from extensive fish farming to semi-
intenstive fish farming; nevertheless there is an immense potential for development of this sector. Major challenge faced by this 
industry hindering progress of this sector had been lack of commercial floating fish feed. Soy-based extruded floating aquafeed 
was introduced for the first time in Pakistan by United States Department of Agriculture (USDA) in 2012. The imported feed 
was trialled at various commercial farms by FEEEDING Pakistan Program of American Soybean Association (ASA)/WISHH 
funded by USDA to convince farmers about nutritional and commercial value of this feed for multiple species. 

Amongst these several research trials, FEEDING Pakistan Program 
carried out a trial (June – November, 2017) to study the effects of 
locally produced extruded floating pelleted soybean meal (SBM) 
feed on the growth of genetically improved farmed tilapia (GIFT) 
Oreochromis niloticus at two commercial earthen ponds (n= 4,560 
each pond), average stocking weight = 110 g. During this trial, fish 
were fed with floating soy based feed containing 32% of crude protein 
(CP) for the first 90 days and 28% CP for next 90 days. Control group 
was fed with conventional mixture of mash feed; 32% CP for first 90 
days and 28% CP for next 90 days without SBM. Thirty days after 
commencement of trial, a significant increase of 93% was observed 
in total body weight of fish in treatment group as compared to those 
in control group. At end of the trial, an increase of 55% was observed 
in total body weight of treatment group as compared to control group. 
Feed Convesion ration (FCR) of 1.2 was observed in treatment 
group and 4.10 in control group. High success of extruded soy-based 
floating feed in improvement of fish growth was a breakthrough for 
local aquaculture industry develpment. After strenuous hard efforts of 
two years, FEEEDING Pakistan Program successfully collaborated 
with local industry to establish the first floating soy-based aquafeeed 
mills in 2013. Number of soy based floating aquafeed mills has been 
increased up to five by 2018. Total production of soy based aquafeed 
was recorded to be 11,000 metric tonnes in 2017 which has increased 
up to 21,750 metric tonnes by the end of 2018.   
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CLATHRIN-MEDIATED ENDOCYTOSIS INVOLED IN WHITE SPOT SYNDROME VIRUS 
(WSSV) IN BLACK TIGER SHRIMP Penaeus monodon
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Kuakarun Krusong
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Department of Biochemistry, Faculty of Science, Chulalongkorn University 
254 Phayathai Road, Pathumwan 
Bangkok 10330 Thailand

White spot syndrome is one of the most devastating disease caused by white spot syndrome virus (WSSV). A hundred percent 
mortality could be reached within a week after first clinical signs were observed. Clathrin-mediated endocytosis (CME) has 
been reported to play a role in several virus infections, including WSSV. Generally, CME transport molecules such as nutrients, 
pathogens, growth factor and receptor via vesicles into cells. One of the key component of this endocytic pathway is adaptor-
protein complexes 2 (AP2) which links cytoplasmic-receptors and others accessory proteins to form clathrin-coated vesicles. 
AP2 consist of four subunits, two large subunits (α and β), one medium subunit (µ) and one small subunit (σ). Knockdown 
of clathrin coat AP17, or σ subunit of AP2 dramatically reduced WSSV infectivity in vitro and in vivo. Similar results were 
observed using chlorpromazine, CME inhibitor, pre-treatment. In this study, we investigated the effect of AP2 β subunit 
(AP2B) during WSSV infection in Penaeus monodon. The complete open reading frame of PmAP2B is 2,820 bp which can 
be translated into a protein of 939 amino acid residues with a predicted molecular weight of 102 kDa. In shrimp hemocyte, 
the expression levels of PmAP2B was up-regulated about 4-fold at 6 and 36 h post-WSSV infection. Knockdown of PmAP2B 
delayed shrimp mortality during WSSV infection, of which WSSV intermediate early 1 gene expression was also down-
regulated. PmAP2B-silencing also affected the expression level of PmSTAT during WSSV infection. Immunogold-labelling 
and transmission electron microscopy revealed that PmAP2B co-localized with WSSV particles at plasma membrane. These 
results highlight the role of PmAP2B during WSSV infection.
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RECOVERY, REMATURATION, AND REPRODUCTIVE PERFORMANCE IN REPEAT 
SPAWNING RECONDITIONED FEMALE STEELHEAD TROUT Oncorhynchus mykiss

Jenkins, L.E.*, Pierce, A.L., Graham, N.D., Medeiros, L.R., Brantstetter, R., Hatch, D.R., Nagler, J.J.

Department of Biological Sciences, University of Idaho, Moscow, Idaho, USA
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To increase the number of spawners in depleted stocks of wild steelhead in the Columbia River Basin, post-spawn female 
steelhead (kelts) are reconditioned, i.e. captured, held in tanks, fed, and released to spawn again. Reconditioned fish divide into 
consecutive and skip spawners (1 and 2-year spawning interval, respectively), which impacts the management of reconditioning 
programs. However, how the consecutive and skip spawning life histories develop, and how their reproductive performance 
compares to that of maiden spawners is not known. To address these knowledge gaps, we conducted a study using a hatchery 
model of kelt reconditioning. Our objectives were to determine early signals of rematuration, quantify reproductive performance 
in maiden, consecutive, and skip spawning females, and relate physiological parameters measured during reconditioning to 
reproductive performance at repeat spawning. We used hatchery-origin summer run steelhead returning from the ocean to 
Dworshak National Fish Hatchery on the Clearwater River, Idaho. This population fasts for ~6 months during their ~800 
km spawning migration, resulting in extreme energy depletion. Maiden spawning steelhead were captured upon return to the 
hatchery, manually spawned, reconditioned, and repeat-spawned in captivity. Fish were sampled every 10 weeks starting at 
spawning. Growth, plasma triglyceride (TG) levels, muscle lipid (ML) %, condition (K), plasma estradiol-17β (E2) levels, and 
reproductive performance were quantified. 

Mass growth and TG were greater in consecutive than skip spawners 10 weeks after maiden spawning. Plasma E2 levels did not 
differ at spawning or at 10 weeks but increased strongly in consecutive spawners at 20 weeks. ML and K were not consistently 
significantly greater in rematuring fish until 20 weeks after maiden spawning. During the year preceding repeat spawning, 
energy reserves were substantially greater in skip than consecutive spawners. Increases in E2 were delayed by 10 weeks in 
consecutive compared to skip spawners. Taken together, these data indicate that consecutive spawners recover more quickly 
from maiden spawning, likely due to greater food intake, but pay the costs of reduced energy reserves during oogenesis and 
delayed E2 elevation. This affected mass-standardized reproductive performance at repeat spawning. Consecutive spawners 
had reduced egg size and total egg mass versus skip spawners, but similar fecundity. Further, consecutive spawners had smaller 
eggs than maidens, suggesting that egg size is reduced under conditions of restricted energy availability during early oogenesis. 
This was supported by positive correlations between egg size and both mass growth and TG at 10 weeks after spawning 
in consecutive spawners (r2=0.52, 0.56). Total egg mass correlated with the same parameters at 20 weeks (r2=0.54, 0.46), 
suggesting that energy reserves during the first 20 weeks after spawning regulate reproductive performance in repeat spawning 
female steelhead trout. Although tradeoffs were found in mass-standardized reproductive performance, absolute fecundity, total 
egg mass, and egg size were greater in repeat spawners than in maidens. This suggests reconditioned wild kelts released to 
spawn naturally should be more productive than maidens.  
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OYSTER RESTORATION, CULTCH MANAGEMENT, AND SUSTAINABLE FISHING IN 
TEXAS
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In Texas, both oyster harvest and population abundance have declined in Texas since the mid-2000s due to multiple natural 
causes and overfishing.  Since that time, considerable effort has been made to improve the health of Texas reefs through 
regulations, restoration, and improved management strategies.  

Since 2009, the Texas Parks and Wildlife Department has restored a total of 446 acres of oyster reef; however, a lack of enough 
dedicated funding limited efforts to consistently provide regular cultch plantings.  In 2017, the Texas Legislature changed that 
by passing a bill that provides a steady source of additional funding.  The law now requires oyster dealers to replant a volume 
of cultch equal to 30% of the total volume of oysters purchased in the previous year or pay an equivalent amount into an oyster 
shell recovery fund.  In the first year of the new legislation, enough cultch material was generated to restore approximately 24 
acres.  

Traditionally, cultch placement strategies were based on the location of historical reefs and suitable areas where cultch will not 
subside into the mud, but no quantitative measures have been taken to ensure that individual harvest areas maintain consistent 
levels of cultch.  Management of public reefs currently uses predetermined control rules based on market-size abundance and 
the proportion of undersized oysters to manage harvest through openings and closures of the fishing grounds.  However, this 
approach does not provide direct estimates of sustainable harvest or manage the loss of cultch material due to fishing.  

The Texas Parks and Wildlife Department is investigating the feasibility of a shell budget model that focuses on the amount 
of available cultch assuming that cultch is the primary factor limiting recruitment.  This model will produce sustainable levels 
of harvest that allow for no net loss of cultch material when factoring in oyster growth and mortality.  Additionally, it could 
provide guidance to strategically place cultch in locations that would most benefit the resource by striving to maintain a 
consistent balance of material within each harvest area.
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STATUS AND EARLY SUCCESS OF LARGE-SCALE CONSERVATION AQUACULTURE TO 
RESTORE KOOTENAI RIVER BURBOT, Lota lota maculosa

Nathan R. Jensen* and Shawn P. Young
 
Kootenai Tribe of Idaho
242 Hatchery Road
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Burbot (Lota lota maculosa) were once abundant in the Kootenai/ay River Basin in Idaho and Montana, USA, and British 
Columbia, Canada, where they provided important cultural, recreational, and commercial fisheries throughout the basin.  
However, beginning in the 1970’s, cumulative effects of habitat destruction and of Libby Dam hydro-power operations in 
Montana caused extirpation of the Burbot population by the 1990’s.  A multi-agency cooperative program lead by the Kootenai 
Tribe of Idaho and by the University of Idaho Aquaculture Research Institute has resulted in successful hatchery production of 
burbot.  

The Kootenai Tribe of Idaho Native Fish Conservation Aquaculture Program (KTOI-NFCAP) now operates two hatcheries 
to support Kootenai River Burbot and White Sturgeon population restoration.  During 2009-2018, the program underwent a 
transition from smaller-scale laboratory production (< 20,000 juveniles annually during 2009-2014) at the University of Idaho 
to support aquaculture research and in-river post-release monitoring and evaluation (M&E) of hatchery fish performance, 
to a larger-scale production (annual juvenile releases ranging 40,000 – 260,000 during 2015-2018) at a new Kootenai Tribe 
facility with capacity to meet long-term restoration goals (17,500 spawning adults).  The new facility is designed to annually 
produce 125,000 6-months post-hatch juvenile Burbot averaging 100 mm total length and 5 – 10 g body weight for release to 
the Kootenai River, Idaho/British Columbia and to Kootenay Lake, British Columbia.  The program is currently rebuilding the 
population on pace to meet the restoration goal of maintaining 17,500 spawning adults in order to jump start natural recruitment.  
The program also supports experimental releases of early life stages into river, floodplain, side-channel, and lake habitats to 
understand the mechanisms causing long-term, persistent recruitment failure.  The information gained from these early life 
studies is helping guide habitat restoration in the Kootenai River Basin in hopes of restoring a naturally recruiting population. 

In general, this presentation will discuss the key components leading to successful early-life-stage rearing; the progress and 
early successes of conservation aquaculture to restore an extirpated population of Burbot; and how the program supports lab 
and field research to understand recruitment failure.    
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ASSESSMENT OF CHLORAMPHENICOL, CHLORAMPHENICOL-BASE, AND 
CHLORAMPHENICOL-ALCOHOL IN CRAWFISH FOLLOWING WATERBORNE 
EXPOSURE 

Edward L.E. Jester*, Kathleen R. El Said, Katherine Baltzer, and Ronald A. Benner, Jr.

U.S. Food and Drug Administration
Division of Seafood Science and Technology
1 Iberville Drive 
Dauphin Island, AL 36528-0158, USA
edward.jester@fda.hhs.gov

Chloramphenicol (CAP) is a highly effective, broad-spectrum antibiotic, with a history of usage in aquaculture species.  Use 
of CAP in food animals has been banned in many countries, including the United States, due to health concerns.  It has been 
associated with numerous toxic effects in humans and can cause potentially fatal aplastic anemia.  The presence of CAP 
residues in aquaculture products is a major concern for the U.S. Food and Drug Administration, since it continues to be used 
for food animal disease treatment in some countries.  

CAP is rapidly eliminated following exposure suggesting the need for an alternative 
marker residue.  Very few depletion and metabolism studies of CAP in seafood have 
been conducted. Currently, validated confirmatory analytical methods are available 
for monitoring CAP, but not its biomarkers.  Previously, we identified two CAP 
metabolites, CAP-base (CAP-B) and CAP-alcohol (CAP-OH), in crab and shrimp 
following CAP exposure.  We also assessed the persistence of CAP, CAP-B, and CAP-
OH in crab. 

In this study, we exposed crawfish to CAP to identify if CAP-B and CAP-OH are also 
present in crawfish and could be possible marker residues for CAP exposure.  The 
persistence of CAP, CAP-B, and CAP-OH was also evaluated following waterborne 
exposures.  CAP residue levels were determined by liquid chromatography tandem 
mass spectrometry (LC-MS/MS) on a Waters Acquity UPLC system coupled to a 
XEVO TQ-MS fitted with an electrospray ionization (ESI) source.  Separation of 
analytes was achieved in reverse phase mode on a Phenomenex Kinetex 1.7 µm PFP 
column (50 x 2.1 mm) in 5 min.  

In 100 ppm (24 hour) exposed crawfish, concentrations of CAP (depletion time) 
ranged from 139 (0 h) to 0.245 ng/g (24 h), CAP-B ranged from 31.0 (8 h) to 0.129 
ng/g (192 h), and CAP-OH ranged from 1.24 (8 h) to 0.150 ng/g (168 h). 
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THE LACK OF DIETARY GLUTAMATE AND/OR GLUTAMINE IS DETRIMENTAL TO 
JUVENILE HYBRID STRIPED BASS (Morone chrysops × Morone saxatilis)

Sichao Jia*, Xinyu Li, and Guoyao Wu
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Traditionally little attention has been paid to the role of dietary glutamate (Glu) or glutamine (Gln) in the nutrition of fish.  
Both Glu and Gln can be synthesized by animals in a tissue-specific manner. This study was conducted with a purified diet 
(consisting of crystalline amino acids (AAs)) to test the hypothesis that dietary Glu or Gln is essential to the survival and 
growth of juvenile hybrid striped bass. The purified diet was formulated on the basis of (1) the percentages of Glu, Gln and 
other “nutritionally nonessential AAs” in the conventional 60% fishmeal diet, and (2) the percentages of nutritionally essential 
AAs, vitamins and minerals recommended by the NRC for hybrid striped bass or similar carnivorous fish. There were five 
treatment groups: (1) the 60% fishmeal, (2) the purified diet (containing AAs), (3) the purified diet containing all AAs except 
for Glu, (4) the purified diet containing all AAs except for Gln, and (5) the purified diet containing all AAs except for Glu and 
Gln. All diets had the same levels of dextrinized starch (20%), protein (62%) and fat (12%), and were made isonitrogenous 
with the addition of alanine. There were 3 tanks of fish per treatment group, with 12 fish per tank (10 L water). The fish were 
maintained in a water recycling system (10 L water per tank) at 25 °C, in which water was circulated through mechanical and 
biological filters and changed regularly (30–50% every 1-3 days). Air was supplied through air stones connected to air pumps.  
The dissolved oxygen was maintained above 6 mg/L, salinity at 1 ppt, and photoperiod at 14 h per day.  Fish were fed four times 
daily, and their body weights were measured weekly.  The mean body weight of the juvenile fish was 9.0 g.  Fish in the groups 
fed diets without Glu, Gln or both started to die from the third week, whereas a few fish in Diet 2 (control) died in the fifth week.  
Survival rates and final weight were statistically analyzed by the Kaplan-Meier survival analysis and one-way ANOVA. By the 
end of the fifth week, the survival rates of fish in the 60% fishmeal and the control groups were 97% and 89%, respectively, 
and the two values did not differ statistically (P > 0.05).  The survival rates of fish in the 0% Glu, 0% Gln, and 0% Glu+0% Gln 
groups were 39%, 39%, and 42%, respectively, which were all different (P < 0.05) from the values for the 60% fishmeal and 
control groups. The growth rates of fish in the 0% Glu, 0% Gln, and 0% Glu+0% Gln groups were 25-30% lower (P < 0.05) 
than those in the fishmeal and control groups. Fish in the 60% fishmeal and control group contained less (P < 0.05) water in the 
whole body and a higher (P < 0.05) proportion of protein in the lipid-free carcass, compared with fish in the 0% Glu, 0% Gln, 
and 0% Glu+0% Gln groups. Collectively, our results indicate that dietary Glu and Gln play a crucial role in not only sustaining 
the life of hybrid striped bass and their maximal growth, but also regulating protein deposition in the body. 
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Traditionally little attention has been paid to the role of dietary glutamate (Glu) or glutamine (Gln) in the nutrition of fish.  Both 
Glu and Gln can be synthesized by animals in a tissue-specific manner. This study was conducted with a purified diet (consisting 
of crystalline amino acids) to test the hypothesis that dietary Glu or Gln are essential to the survival and growth of juvenile 
hybrid striped bass. The purified diet was formulated on the basis of (1) the percentages of Glu, Gln and other “nutritionally 
nonessential amino acids” in the conventional 60% fishmeal diet, and (2) the percentages of nutritionally essential amino 
acids, vitamins and minerals recommended by the NRC for hybrid striped bass or similar carnivorous fish. There were five 
treatment groups: (1) the 60% fishmeal, (2) a purified diet (containing crystalline amino acids), (3) the purified diet containing 
all crystalline amino acids except for Glu, (4) the purified diet containing all crystalline amino acids except for Gln, and (5) the 
purified diet containing all crystalline amino acids except for Glu and Gln. All diets had the same levels of dextrinized starch, 
cellulose, and fat, and were made isonitrogenous with the addition of alanine.  There were 3 tanks of fish per treatment group, 
with 12 fish per tank (50 L water, 26 °C).  The fish were maintained in a water recycling system, in which water was circulated 
through mechanical and biological filters and changed regularly (30–50% every 3 days).  Air was supplied through air stones 
connected to air pumps.  The dissolved oxygen was maintained above 6 mg/L, salinity at 1 ppt, and photoperiod at 14 h per day.  
Fish were fed four times daily, and their body weights were measured every two weeks.  The mean body weight of the juvenile 
fish was 9.0 g.  Fish in the groups fed diets without Glu, Gln or both started to die from the third week, whereas a few fish in 
Diet 2 (control) died in the fifth week.  Survival rates were statistically analyzed by the Kaplan-Meier survival analysis. By the 
end of the fifth week, the survival rates of fish in the 60% fishmeal and the control groups were 97% and 89%, respectively, and 
the two values did not differ statistically (P > 0.05).  The survival rates of fish in the 0% Glu, 0% Gln, and 0% Glu+0% Gln 
groups were 39%, 39%, and 42%, respectively, which were all different (P < 0.05) from the values for the 60% fishmeal and 
control groups. The growth rates of fish in the 0% Glu, 0% Gln, and 0% Glu+0% Gln groups were 25-30% lower (P < 0.05) 
than those in the fishmeal and control groups. Fish in the 60% fishmeal and control group contained less (P < 0.05) water in the 
whole body and a higher (P < 0.05) proportion of protein in the lipid-free carcass, compared with fish in the 0% Glu, 0% Gln, 
and 0% Glu+0% Gln groups. Collectively, our results indicate that (1) juvenile hybrid striped bass cannot synthesize sufficient 
Glu or Gln; and (2) adequate provision of Glu and Gln in diets play a crucial role in not only sustaining the life of the fish and 
their maximal growth, but also regulating protein deposition in the body.  
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COMPOSITION AND BACTERIAL DYNAMIC IN A WHITE CACHAMA CULTURE Piaractus 
brachypomus WITH BIOFLOC TECHNOLOGY TO THREE DIFFERENT NITROGEN CARBON 
RATIOS

Yira Karina Jimenez Ojeda*; Luis Felipe Collazos Lasso
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Biofloc technology (BFT), is based on the development of an aquatic microcosm, which develops and nourishes the organic 
and inorganic matter that provides the intensive culture of fish and shrimp. In this microcosm, the first colonizers are bacteria, 
which become the most abundant and efficient nutrient recyclers. This study was carried out with the objective of evaluating 
the composition and bacterial dynamics in the cultivation of white cachama cultivated under BFT at three different C:N ratios.

The study was conducted for 103 days, in the bioassay unit-Institute of Aquaculture -Universidad de los Llanos, Villavicencio 
- Colombia, using 9 plastic tanks with a volume of 700 L of chlorinated water (4g / L), blower aeration system , diffusing 
hose and restriction of sunlight. Three treatments were established with different C: N ratio (T1: 10, T2: 15, T3: 20) each with 
three replicas distributed randomly. Salinity (3g / L), alkalinity (80-120 mg / L CaCO3), pH (7.4-8.4), temperature (24-28ºC) 
and dissolved oxygen (4-6 mg / L) were maintained during the experiment. It was inoculated with pond water and 5 days 
later the first water sample was taken to perform DNA extraction, amplification of the hypervariable region V3-V4 of the 
bacterial gene 16S rRNA and metagenomic analysis. Successive samplings were made every 10 days. 25 days later there were 
nitrification processes and 145 cachamas (weight 4 ± 1 gr) were put in each tank, fed with 32% protein concentrate, correcting 
daily the C: N ratio. Table 1 shows the parameters of water quality, Table 2 zootechnical parameters and Table 3 the most 
abundant microorganisms in the treatments. The metagenomic analysis allowed to establish that during the experiment the 
three treatments presented similarity in composition and bacterial dynamics, being dominant the Proteobacteria (540 species), 
Bacteroidetes (218 spp.), and Verrucomicrobia phylum (32 spp.).

Conclusion: The C: N ratio close to 10: 1 (T1) without molasses supplementation, allowed a greater number of microorganisms 
of the aquatic ecosystems and coadjuvants of the nitrification processes to be developed, making efficient the removal of 
nitrogenous compounds in the cultivation of white cachama under biofloc technology, allowing to reach higher biomasses.
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EFFECT OF WATER TEMPERATURE AND FISH SIZE ON ENVIRONMENTAL DNA 
SHEDDING, DEGRADATION, AND SIZE DISTRIBUTION
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Environmental DNA (eDNA) analysis method has recently been developed, and it has successfully performed more cost-
effective and noninvasive surveillance than conventional ones in various aquatic environments. On the other hand, there is 
a lack of basic information on eDNA, such as eDNA shedding and degradation processes. In this study, using Japanese jack 
mackerel (Trachurus japonicus) as a target species, which is one of the most economically important marine fish in Japan, we 
showed that eDNA shedding, degradation, and size distribution varied depending on water temperature and fish size.

Tank experiments consisted of four temperature and three biomass levels. We quantified Japanese jack mackerel eDNA 
before and after isolating rearing water from fish. The results showed that the eDNA shedding rate increased at higher water 
temperatures and larger fish size (Fig. 1), and the most supported model for the eDNA decay curves included both temperature 
and biomass per tank as explanatory variables. In addition, the small-sized eDNA fractions were proportionally larger at 
higher temperatures, and eDNA size distribution varied among fish size and temporally (Fig. 2). These results show that eDNA 
analysis efficiency can be improved, and this will increase its potential use in the future. 
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ECOINTENSIFICATION OF AQUACULTURE: VALORIZATION OF AQUACULTURE SIDE 
STREAMS - AN APPROACH TO THE CIRCULAR BIOECONOMY 
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Aquaculture is expected to contribute to fill the foreseen gap in food supply towards 2050 and beyond. Hurdles to overcome to 
allow for an industrial growth of relevant scale relate to economic, environmental and social sustainability, and the solutions 
sought must be correspondingly multi-disciplinary. 

GAIN (Green Aquaculture Intensification in Europe), a recently awarded Horizon 2020 project, aspires to deliver services and 
technologies to market within the project period to contribute to the ecointensification of European aquaculture production. 
Resource efficiency, reduced environmental impact, increased precision and valorisation throughout the production chain are 
all key elements in the approach to improve seafood self-sufficiency and regional stability.

As ecointensification of aquaculture warrants reduced environmental impact and thereby wild-farmed interactions, we focused 
on capturing side streams defined here as mortalities and wastewater. Valorisation of the resulting products provides incentive 
for the industry to invest in environmental technologies, augmenting resource efficiency and facilitating circular economy. We 
will present some of the encountered obstacles for circularity and the synergies sought through a refined holistic approach.     
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SUSTANABLE MANAGEMENT OF SALMON FARMING IN ICELAND TO PROTECT WILD 
SALMON STOCS – RISK ASSESSMENT MODEL AND MONITORING
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Risk assessment was made to evaluate how much salmon farming could be operated in Iceland without taking too high risk 
of genetic deterioration of the wild salmon populations. Many fjords and bays with valuable salmon rivers are already closed 
for salmon farming and salmon farming is limited to 2 areas one in the Westfjords, NW- Iceland and another in the Eastfjords. 
The salmon farms use a strain of a Norwegian origin from a selective breeding program. The risk assessment will then be 
evaluated annually with monitoring of the wild population in the rivers. A monitoring programme is described where genetic 
introgression is measured annually in rivers in all parts of Iceland. Best available data from the literature was used in the model 
both from Iceland and from other salmon farming countries. Precautionary approach was used and the threshold number of 
escapees should not exceed 4 % in natural salmon rivers. Genetic introgression will presumably be much lower due to lower 
spawning success and fitness of the escapees from salmon farms. A model was made to calculate the distribution of escapees 
from farming sites in the Westfjords, NW-Iceland and the Eastfjords. Two separate models were run one for smolt escapees and 
another for adult escapees as the adults can travel in rivers further away and distribute more. The size of the farming and the 
distance to rivers are the key variables in the model. Based on the principle to protect the wild populations it is suggested that 
not more than 71.000 tonnes of fertile salmon can be farmed in Iceland, thereof 50.000 tonnes in Westfjords and 21.000 in the 
Eastfjords. Three rivers close to the farming sites are most vulnerable and must be monitored. A number of countermeasures are 
proposed to decrease the risk. These measures include; using larger smolt (500 g+), eliminating early maturity in the farm stock 
and increase research and development of using sterile salmon in farming and more. The ministry of fisheries and agriculture 
will now consider the conclusions of the risk assessment for its work in policy making for the aquaculture.
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ONE FISH, TAGGED FISH, MAMMA FISH, SICK FISH … WHAT DO I DO NOW?
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Fish may get sick when raised at a hatchery or need to have different chemicals used on them for sedating, spawning, or 
marking. The number of available approved labeled aquaculture medications is not very high, thus leaving the medicine cabinet 
lacking for many treatment options. One way to legally use unapproved medications is to work with the U.S. Fish & Wildlife 
Service’s (USFWS) Aquatic Animal Drug Approval Partnership (AADAP) Program to participate under the National INAD 
Program (NIP). The NIP has over 15 different INADs that are available for fishery managers to use as long as they follow the 
established study protocols and report their data. 

The NIP was created 20 years ago, and each year more than 200 facilities/offices located throughout the United States have 
participated and benefited. The field data collected from studies conducted by these facilities have created a wealth of useful 
information. This data has been used to demonstrate efficacy and safety of individual Investigational New Animal Drug (INAD) 
drugs to FDA, as well as to assist pharmaceutical drug sponsors in assembling complete data packages for submission to FDA.  
Similarly important, the NIP has functioned to help maintain the health and fitness of fish stocks from across the country, and 
assisted fisheries managers in meeting restoration, recovery, and recreational program objectives.  

This presentation will explain what an INAD is, how you can participate in the program, and why the data you collect is 
important. It will also provide a summary of the some of the data that has been collected over the years. 

For more information on the NIP and the AADAP program, please visit the AADAP website (https://www.fws.gov/fisheries/
aadap/home.htm).
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The release of a reference genome assembly for the Eastern oyster Crassostrea virginica has provided new opportunities to 
explore the extent to which DNA methylation is shaped by the environment. Recent evidence suggests that there are population 
specific patterns in DNA methylation between oyster beds along coastal Louisiana and that low levels of DNA methylation 
are significantly correlated with increased variability in gene expression (1). These observations provide evidence that DNA 
methylation may be associated with phenotypic plasticity and therefore may play an important role in population persistence 
in a changing environment. Therefore, assessing how DNA methylation varies between related individuals raised in distinct 
environments is a key step to disentangling the effect of genotype from the environment. 

For this study, oysters from either a high or low salinity region of coastal Louisiana were spawned and reciprocally out-planted 
to both Grand Isle, LA (mid-high salinity) and the docks at the Louisiana Universities Marine Consortium (low salinity). To 
test for the effects of rearing environment on DNA methylation we sampled 20 oysters for each population from each site after 
1 year. We assessed changes in DNA methylation using reduced representation bisulfite sequencing (RRBS) and focused our 
comparisons on changes in methylation within a population but between out-plant sites. This builds on our previous research 
with individuals from these same populations that identified 400 unique regions of methylation between these two populations 
with 58 gene regions showing both differential methylation and differential gene expression. This approach provided the 
opportunity to explore the extent to which both genotype and environment influence DNA methylation patterns. Finally, 
assessing these population specific methylation profiles is a key step to identifying how epigenetic modifications may or may 
not alleviate genotype-by-environment mismatches in the northern Gulf of Mexico. 

References:
Johnson, KM, Jones, HR, and MW Kelly.  Population specific epigenetic variation in the eastern oyster Crassostrea virginica 

along a salinity gradient in Coastal Louisiana. Molecular Ecology (In Review).
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ADDITION OF A GREEN MACROALGAE TO ALTERNATIVE FULL FAT SOYBEAN FEEDS 
FOR JUVENILE SABLEFISH Anoplopoma fimbria  

Ronald B. Johnson*, Peter M. Nicklason, Lisa C. Armbruster, Frank C. Sommers, Junghoon JEE, 
KwangCheol C. Jeong, Peixin Fan, David Marancik, John E. Colt

NOAA Fisheries
2725 Montlake Blvd E.
Seattle, WA 98112
*email: ronald.b.johnson@noaa.gov

Sablefish is a cold-water marine fish of the Eastern Pacific Ocean with good economic potential for aquaculture. We have 
additionally found sablefish to be an excellent model marine species for feeds and nutrition research.  Sablefish readily accept 
feeds containing a variety of alternative feed ingredients, including full fat soybeans (FFSB).  Previously, we demonstrated 
sablefish will thrive on alternative plant-based feeds containing 18% FFSB.

The use of FFSB in marine fish diets has the potential to drastically reduce the cost of marine fish feeds, however, significant 
challenges exist relating to nutrient deficiencies and species-specific sensitivities.  Macroalgae contains many essential nutrients 
from the marine environment that may be limiting in FFSB, including trace minerals, omega-3 fatty acids, and essential amino 
acids.  Also, preliminary studies at our laboratory suggest macroalgae feed ingredients may improve the liver health of sablefish 
receiving alternative feeds.
   
The goal of this study was to assess potential benefits of incorporating the green seaweed Ulva spp. into alternative FFSB feeds 
for juvenile sablefish at 25% the inclusion rate of FFSB. Feeds were evaluated for feed intake, feed efficiency, and nutrient 
retention.  Final fish were assayed for nutrient composition, liver health, and intestinal gut communities.  

Fish grew well during the 10 week the study with over 98% survival.   Growth was similar among the FFSB fish, but slightly 
reduced with Ulva addition.  Feed intake was significantly reduced with Ulva addition. Feed efficiency and protein retention 
were significantly improved with the addition of Ulva to the feeds (Figure 1). Fish that received the FFSB feeds had distinctly 
different intestinal bacterial comminutes than fish that received a traditional fishmeal based feed. The addition of Ulva lessened 
these differences. Overall, results from this study demonstrate the ability to increase the performance of sablefish FFSB feeds 
with the addition of the green seaweed Ulva spp. to the diets.
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WALLEYE Sander vitreus CULTURE FOR SPORT FISH ENHANCEMENT STOCKINGS IN 
IOWA USING RECIRCULATION AQUACULTURE SYSTEMS AND CAPTIVE BROODSTOCK

J. Alan Johnson

Rathbun Fish Culture Research Facility
15053 Hatchery Place
Moravia, IA
Alan.johnson@dnr.iowa.gov

Iowa’s Dept of Natural Resources cool and warm water production facilities at Rathbun Fish Hatchery (RFH) and Spirit Lake 
Fish Hatchery (SLFH) use surface water sources to produce fish in single-pass culture systems. Surface water sources may 
carry viral, bacterial, and protozoan pathogens which can cause fish mortality and are threatened by the spread of aquatic 
invasive species (AIS), such as Zebra Mussels. One solution to these problems may be use of recirculating aquaculture system 
(RAS) technology. Few studies have evaluated RAS technology for Walleye production. Pilot scale RAS have been built at the 
Rathbun Fish Culture Research Facility (RFCRF) for egg incubation, larviculture, and growout to evaluate established Walleye 
production methods using RAS technology. Fish performance, system performance, and economics information gained will 
assist the Iowa DNR in developing these systems for production-scale use. 

Iowa DNR stocks over 150 million walleye larvae annually for fisheries enhancements. Walleye broodstock are collected 
from several reservoirs and natural lakes which requires substantial labor expenditure. Two methods are being employed to 
reduce labor costs of larvae production: 1) use of Chorulon to increase spawning rate of wild-caught females; and 2) captive 
broodstock. 



522

SUPPORTING AQUACULTURE TO BENEFIT NATURE AND PEOPLE:  ADVANCING A NEW 
PARADIGM FOR CONSERVATION ORGANIZATIONS  

Robert C. Jones1*, Tiffany Waters1, Seth J. Theuerkauf1,2 

1 The Nature Conservancy, Global Oceans Team, Aquaculture Program

2NOAA National Ocean Service, National Centers for Coastal Ocean Science, Marine  Spatial Ecology 
Division, Coastal Aquaculture Siting & Sustainability 

* Robert.jones@tnc.org

The Nature Conservancy has expanded its organizational strategy from an exclusive focus on environmental protection to one 
that also focuses on addressing the biggest challenges facing nature and people. As the fastest growing form of food production 
with vast potential to expand, aquaculture has emerged as a key strategy contributing to The Nature Conservancy’s objective 
to “Provide Food Sustainably” for future generations. We view aquaculture as part of the solution to planetary health and 
human wellbeing, rather than solely part of the problem. As such, our program is focused on shifting the trajectory of the global 
aquaculture industry to meet these objectives. This approach diverges from past approaches by conservation organizations 
that have focused primarily on reducing or eliminating aquaculture’s negative impacts or stopping aquaculture development 
altogether.

This presentation will overview the key initiatives undertaken by the Nature Conservancy and its partners to: 1) Develop 
ecologically “restorative” aquaculture, 2) Improve governance of the global aquaculture sector, and 3) Advance nutritionally-
sensitive aquaculture. We will provide evidence and perspectives from our ongoing aquaculture field projects in Indonesia, 
Palau, and Belize on how aquaculture is contributing to social-economic and environmental outcomes.  Specifically, we will 
discuss aquaculture’s potential benefits, challenges, and limitations in addressing major humanitarian objectives established in 
the UN Sustainable Development Goals to eliminate poverty and hunger (Goal 1), improve gender equity (Goal 5), take climate 
action (Goal 13), and ensure conservation and management of our oceans (Goal 14). 



523

MANAGEMENT OF VIBRIO RISK FROM OYSTERS

Jessica L. Jones*, John J. Miller, Joey G. Marchant, Whitney Jaillet-Neil, Victoria Pruente, 
and William C. Walton

Vibrio parahaemolyticus and Vibrio vulnificus are the leading causes of seafood-associated morbidity and mortality, 
respectively, in the United States. Infections most commonly result from the consumption of raw molluscan shellfish. Risk 
management of vibrio in shellfish has a multi-directional approach: understanding the ecology of the organisms in the estuarine 
environment, understanding the relative virulence of different strains, and understanding how harvest and handling practices in 
the shellfish industry affect the vibrio levels in shellfish. The latter two topics, strain virulence and shellfish handling practices, 
will be the focus of this presentation. The geographical specificity and clinical predominance of certain V. parahaemolyticus 
strains, as identified by whole genome sequencing, will be discussed, along with the distribution of potential virulence markers 
across clinical and shellfish isolates.  Additionally, an overview of recent studies on the effects of handling practices on V. 
parahaemolyticus and V. vulnificus levels in cultured oysters will be presented. The talk will be concluded with a look forward 
to ongoing and upcoming research and discussion on how data from multiple areas of study can contribute to more accurate 
risk modeling. 
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LIPID AND FATTY ACID COMPOSITION OF FARMED BLUE MUSSELS Mytilus edulis IN 
THE GULF OF MAINE  

 

Connor Jones*, Adam St. Gelais, Carrie Byron, Barry Costa-Pierce

Marine Science Center
University of New England
Biddeford, ME 04005
cjones12@une.edu

Aquaculture of blue mussels, Mytilus edulis, is increasing in the Gulf of Maine at a time when naturally occurring mussels are 
disappearing and environmental conditions are changing rapidly. A multi-year health and condition baseline was created for 
two populations of farmed blue mussels in Casco Bay, ME. This includes data on reproduction, storage tissue, and pathology. 
Based on these data, samples from select months were chosen to be analyzed further for lipid and fatty acid content. Certain 
fatty acids can be used as biomarkers to reveal what the mussels have been feeding on (Kelly & Scheibling 2012) providing 
more information on the mussels’ overall health. 

Blue mussels feed primarily on phytoplankton, bacteria, and detritus (Alkanani et al. 2007). Each of these categories can be 
traced using unique fatty acid biomarkers. For this study the following biomarkers were used: diatoms: 16:1w7, 20:5w3 (EPA), 
dinoflagellates: 22:6w3 (DHA), bacteria: i15:0, ai15:0, i17:0, ai17:0, 18:1w7, detritus: 18:1w9, 18:2w6, 18:3w3, 18:4w3, 
20:4w6, 22:0 (Kelly & Scheibling 2012, Parrish 2013). Hypothetically, the mussels will feed on different types of food at 
different times of the year. 

Diatom biomarkers in mussel tissue were seen to peak in weight preceding the maximum levels of gonad tissue in 2018 (Fig. 
1). This suggests that they are a valuable food source for mussels developing gametes. The fall of 2017, when ADG tissue is 
being built up, corresponds with a low point in fatty acid weights. It is unclear where the mussels are getting the nutrients for 
the storage tissue. 

This work is an important baseline health assessment that could help monitor the effects of changing local environmental 
conditions on blue mussels, a species important to Maine’s coastal ecology and economy.
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FERMENTED SORGHUM AS A SUBSTITUTE FOR SOYBEAN IN THE DIETS OF NILE 
TILAPIA Oreochromis niloticus

Michele Jones* and Dr Rebecca Lochmann

1200 N University Ave
Pine Bluff Ar 71601

Sorghum is a drought tolerant crop grown in Arkansas.  The flowering, grass like plant has been used as fodder for animals.  
Fermented products can reduce adverse effects of anti-nutritional factors in plant products, as well as boost beneficial gut 
microflora.  In the current study we examined the growth performance of Nile Tilapia when fed diets supplemented with 
sorghum or fermented sorghum products.  Highest growth was seen in fish fed the non-fermented sorghum products.  However, 
the fish fed fermented or non-fermented sorghum both grew more than those fed soybean diets.  Survival was better in fish fed 
the white sorghum products.  Feed conversion ratio was best in fish fed the fermented high tannins.  Further work is being done 
to determine overall performance of the products.
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PRODUCING COST EFFECTIVE SHRIMP DIETS WITH LOCAL TROPICAL FEED 
INGREDIENTS  

Zhi Yong Ju* and Spencer Davis 

Aquatic Feeds and Nutrition Department
Oceanic Institute of Hawaii Pacific University 
41-202 Kalanianaole Highway, Waimanalo, HI 96795 
zhiyong.ju@hpu.edu

In Hawaii and other Pacific Islands, there is a lack of local-made aquatic feeds; aquaculture relies heavily on imported feeds. 
However, many feed ingredients including agricultural, fishery and algal products and byproducts are available in the tropical 
areas such as macroalgae, tuna fish meal, and cassava and copra meals. These ingredients can be used to locally produce 
cost-effective aquatic feeds. This research objective was to evaluate the effects of several local processed diets incorporating 
local ingredients on the growth performance and nutrient composition of meat products of Pacific white shrimp (Litopenaeus 
vannamei). The selection of these local ingredients was based on their abundance and cost in the Pacific Islands. 

This trial prepared three test diets with local tropical feed ingredients and two control diets with commercial feed ingredients. 
The five diets were prepared with a modified feed processing method with or without final heat treatment. Tropical feed 
ingredients included tuna fishmeal, ground and unground defatted haematococcus (DH) and spirulina microalgae byproducts, 
copra meal and cassava. Commercial feed ingredients mainly were menhaden fishmeal, soybean meal and whole wheat meal. 
The five diets were measured with around 35.0% crude protein and 8.5% crude lipid. The five diets plus a commercial feed were 
each assigned to three tanks each stocked with 20 juvenile white shrimp (Litopenaeus vannamei; 3.5g) in an indoor laboratory. 
After eight week feeding trial, all shrimp tanks had high survive rates (88% to 100%; P>0.05); and the shrimp fed three test 
diets had significantly (P<0.05) lower growth rates (1.00 to 1.17 g/week; Table-1) than shrimp fed the control diet (1.53 to 
1.58g/week). The low growth performances could attribute to copra meal inclusions in the test diets, which was finally checked 
out containing excess mycotoxin compounds (aflatoxin B1, B2 & G1). This test provides information to local copra meal 
production companies for supervising their processing conditions and quality control. However, the test diets obtained similar 
growth rate as commercial feed (1.23 g/week; P>0.05), which contained high crude protein (39.9%) and the same lipid (8.5%) 
comparing to the test diets. This study also analyzed proximate and mineral contents and amino acid and fatty acid profiles for 
the feed ingredients, tested diets, commercial fed and shrimp meat products. 
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EFFECTS of N-3 FATTY ACID ENRICHED DIETS IN MARINE GREEN WATER ON FATTY 
ACID PROFILES of HAWAIIAN GOLD TILAPIA

Zhi Yong Ju

Aquatic Feeds and Nutrition Department 
Oceanic Institute of Hawaii Pacific University 
41-202 Kalanianaole Highway  
Waimanalo, HI 96795 
zhiyong.ju@hpu.edu

In the world market, tilapia is the second top selling fish. However, many reports have recently pointed out that tilapia fillets 
have low contents of n-3 highly unsaturated fatty acids including eicosapentaenoic acid (EPA, 20:5n−3) and docosahexaenoic 
acid (DHA, 20:5n−3), and elevated ratio of n-6 to n-3 fatty acids (FA). Indeed, many studies have shown the problems in lipids 
of tilapia fillets, when compared to other top selling fish such as salmon and tuna. The problems have affected the tilapia fillet 
market in the USA since n-3 FA nutrition is one of the major factors to encourage fish consumption. Therefore, this research 
objectives are to investigate effects of enriched n-3 fatty acid diets in seawater and freshwater in outdoor (green water) and 
indoor (clear water) on the fatty acid profiles in fillets of Hawaiian gold tilapia.

Two diets were prepared using soybean oil (D-1) and fish oil (D-2) to contain either high or low amounts of n-3 fatty acids 
(FA), most notably eicosapentaenoic (EPA, 20:5n−3) and docosahexaenoic (DHA, 20:5n−3). A feeding trial was conducted in 
seawater and freshwater tanks under indoor and outdoor conditions to evaluate the effects of the diets and the water systems on 
n-3 FA contents of tilapia fillets. Each diet was assigned three replicated tanks (120L) and stocked with 12 juvenile Hawaiian 
gold tilapia (~2.0g/each). The results of feeding trial showed: 1) the n-3 FA enriched diet resulted in much higher (P<0.05; 
Table-1) n-3 FA contents (EPA and DHA) in fillets of the tilapia than the low n-3 FA diet in both freshwater and seawater 
conditions; 2) outdoor green water in either seawater or freshwater had limited effects on the n-3 FA contents in the fillets, and 
3) Hawaiian gold tilapia growth in seawater outperformed the fish grown in freshwater. This research suggests that improving 
the n-3 FA in the tilapia fillets requires dietary inclusion of n-3 FA rich feed ingredients such as fish oil, fish meal and algal 
biomass in tilapia diets. 
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BLACK SOLDIER FLY LARVAE MEAL AS A PROTEIN FEED INGREDIENT TO REPLACE 
FISH MEAL IN SHRIMP DIETS  

Zhi Yong Ju* 

Aquatic Feeds and Nutrition Department
Oceanic Institute of Hawaii Pacific University 
41-202 Kalanianaole Highway  
Waimanalo, HI 96795 
zhiyong.ju@hpu.edu

This fast growing aquaculture production consumes significant levels of conventional feed ingredients with more than 50% of 
fish meal and up to 70% of fish oil being used by aquaculture industry. The rapid increased cost of these ingredients has forced 
aquafeed producers to search alternative ingredients. Black soldier fly (BSF), Hermetia Illucens, is one of the short life span 
insects that can grow efficiently on food waste, especially under tropical climate such as Hawaii and many Pacific Islands. The 
objective of this study is to evaluate the effects of partial replacement of fishmeal with the defatted BSF larvae meal on growth 
performance and nutritional composition of juvenile shrimp.

The BSF larvae sample was produced by culturing BSF in food waste. The dried BSF larvae was measured with 41.0% crude 
protein (CP) and 33.3% crude lipid (CL). A hexane extraction was conducted to partially remove lipid in BSF meal. The 
defatted BSF meal contained 46.8% CP and 12.7% CL for diet production. Test diets were prepared by using the defatted BSF 
meal to replace 25%, 50% or 75% of a fishmeal protein in a control diet (0% content of BSF protein; 36.9% CP & 9.9% CL). All 
test diets were measured similar protein and lipid levels. Each of the test diets plus a commercial feed was randomly assigned to 
four repetitive tanks and each tank was stocked 15 juvenile white pacific shrimp in an indoor flow through seawater laboratory. 
After an 8-week feeding trial, all diets obtained high shrimp survival (95% to 100%; P>0.05; Table-1), and shrimp fed the diets 
with 25% and 50% of the fishmeal protein replaced had similar growth rate (P>0.05) with control diet. But the diet with 75% 
of the fishmeal protein replaced had significantly lower growth rate (P<0.05).  These results indicated that replacement of up 
to 50% fishmeal protein by the defatted BSF does not have adverse effect on shrimp based on the growth performance and 
nutritional composition of shrimp comparing to the shrimp fed the control diet (P>0.05). The results from this study provide 
important information regarding the potential application of BSF larvae as a valuable alternative protein ingredient in shrimp 
feed. 
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REPLACEMENT OF FISHMEAL AND FISH OIL USING THREE ALGAE MEALS IN DIETS 
FOR JUVENILE RED DRUM Sciaenops ocellatus

Min Ju*, Sergio Castillo, Jun Wang and Delbert M. Gatlin III

Department of Wildlife and Fisheries Sciences
Texas A&M University
College Station, TX 77843
jumin@tamu.edu

Two controlled feeding trials were conducted in recirculating culture systems to evaluate three algae meals as partial or total 
replacements for menhaden fishmeal or fish oil. Experimental diets were formulated to contain 40% of crude protein, 12% of 
lipid and an estimated energy level of 3490 kcal/kg. The reference diet in the fishmeal replacement trial was formulated to 
contain protein solely from menhaden fishmeal, which was included at 571.2 g/kg. Four diets were formulated with increased 
levels of Spirulina meal (Earthrise Nutritional, Irvine CA) replacing 25%, 50%, 75%, 100% of fishmeal, respectively. The 
reference diet in the fish oil replacement trial had equal amounts of fishmeal and soy protein concentrate (250 g/kg), and 
contained menhaden fish oil at 79.4 g/kg. Three diets were formulated with increasing levels of Schizochytrium meal (SP1; 
Alltech Inc., Nicholasville, KY) replacing 33.3%, 66.6%, or 100% of fish oil. Three other diets were formulated with increased 
levels of DHA NATUR (DHA; Archer Daniels Midland Company, Decatur, IL) targeting the same replacement levels. Juvenile 
red drum initially averaging 3.2 g/fish were stocked into 38-L aquaria and each diet was fed to triplicate groups of fish for 8 
weeks. Observations acquired were: weight gain, survival, feed efficiency, viscerosomatic indices, protein retention, as well as 
whole-body and tissue proximate compositions, amino acid profiles and fatty acid profiles. 

Results to date: (1) No differences were observed in growth parameters of red drum fed diets with up to 75% replacement of 
fishmeal; (2) Lower protein retention was only found in the 100% fishmeal replacement group (P < 0.05); (3) Poor feed intake 
was observed in the 100% fishmeal replacement group which was possibly due to lower palatability of Spirulina meal; (4) No 
differences in growth parameters were observed in the  fish oil replacement trial; (5) Algae meals used to replace fishmeal and 
fish oil may have potential effects on tissue protein and lipid content. Other compositional analyses and statistical evaluations 
are ongoing and more results will be revealed to provide an overall evaluation of the algae meals.
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HEAT SHOCK PROTEIN ENHANCES RESISTANCE TO A STRAIN OF Vibrio parahaemolyticus 
WHICH CAN CAUSE ACUTE HEPATOPANCREATIC NECROSIS DISEASE (AHPND), BY 
ACTIVATING SHRIMP IMMUNITY  

Wisarut Junprung*, Premruethai Supungul, and Anchalee Tassanakajon

Center of Excellence for Molecular Biology and Genomics of Shrimp, Department of Biochemistry
Faculty of Science, Chulalongkorn University
Bangkok, Thailand 10330
Junprung.wi@gmail.com

Acute hepatopancreatic necrosis disease (AHPND) caused by the bacterium Vibrio parahaemolyticus carrying toxin producing 
plasmid (VPAHPND), has led to severe mortalities in farmed penaeid shrimp throughout Asia. Our studies reported that a chronic 
non-lethal heat shock (chronic-NLHS) could enhance Penaeus vannamei to be tolerant to VPAHPND infection. The results 
showed that the shrimp exposed to chronic NLHS had higher survival rate (>50%) than that of the non-heated shrimp control 
(20%) when they were challenged with VPAHPND. Furthermore, the qRT-PCR analysis revealed that the expression of heat 
shock proteins, LvHSP70 and LvHSP90, as well as other immune-related genes, LvproPO1 and LvCrustin1, were induced 
upon exposure of shrimp to chronic NLHS. Moreover, gene silencing of LvHSP70 and LvHSP90 eradicated the VPAHPND 
tolerance in the chronic NLHS shrimp and decreased PO activity. The recombinant LvHSP70 (rLvHSP70) was successfully 
overexpressed in E. coli system and dose dependent (1.0 nmol) of rLvHSP70 injection induced the expression of several 
immune-related genes (LvMyD88, LvIKKε, LvIKKβ, LvCrustin1, LvPEN2, LvPEN3, LvproPO1, LvproPO2, and LvTG1) in 
the shrimp immune system. Interestingly, rLvHSP70 enhances P. vannamei resistance to VPAHPND infection increasing survival 
rate from 20% (control group) to >75%. These results suggested that LvHSP70 plays crucial roles in bacterial defense by 
activating shrimp immune system. 
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Litopenaeus vannamei HEAT SHOCK PROTEIN 70 (LvHSP70) ENHANCES RESISTANCE TO 
ACUTE HEPATOPANCREATIC NECROSIS DISEASE (AHPND), BY ACTIVATING SHRIMP 
IMMUNITY

Wisarut Junprung*, Premruethai Supungul, and Anchalee Tassanakajon

Center of Excellence for Molecular Biology and Genomics of Shrimp
Department of Biochemistry, Faculty of Science, Chulalongkorn University 
Bangkok, Thailand 10330
Junprung.wi@gmail.com

Acute hepatopancreatic necrosis disease (AHPND) caused by the bacterium Vibrio parahaemolyticus carrying toxin producing 
plasmid (VPAHPND), has led to severe mortalities in farmed penaeid shrimp throughout Asia. Previous studies have reported 
that non-lethal heat shock (NLHS) could enhance the resistance of aquatic animal to pathogen infection by the activating 
HSP70 which plays important roles in innate and adaptive immune responses. Our studies reported that a chronic-NLHS could 
enhance shrimp Litopenaeus vannamei to be resistance to VPAHPND infection. The results showed that the shrimp exposed to 
chronic-NLHS had higher survival rate (>50%) than that of the non-heated shrimp control (20%) when they were challenged 
with VPAHPND. Furthermore, the qRT-PCR analysis revealed that the expression of heat shock protein, LvHSP70 as well as other 
immune-related genes, LvproPO1 and LvCrustin1, were induced upon exposure of shrimp to chronic NLHS. Moreover, gene 
silencing of LvHSP70 eradicated the VPAHPND tolerance in the chronic NLHS shrimp and decreased PO activity. Next, we further 
investigated the specific function of LvHSP70 in shrimp immunity. We found that NLHS immediately activated the production 
of LvHSP70 in shrimp hemocytes and that such induction was observed in all three types of hemocytes: hyaline; granular and 
semi-granular cells. Furthermore, the role of LvHSP70 in bacterial defense was investigated using the heterologous expression 
of recombinant LvHSP70 (rLvHSP70) in Escherichia coli. The rLvHSP70 was successfully overexpressed in E. coli system and 
dose dependent (1.0 nmol) of rLvHSP70 injection induced the expression of several immune-related genes (LvMyD88, LvIKKε, 
LvIKKβ, LvCrustin1, LvPEN2, LvPEN3, LvproPO1, LvproPO2, and LvTG1) in the shrimp immune system. Interestingly, 
rLvHSP70 enhances P. vannamei resistance to VPAHPND infection increasing survival rate from 20% (control group) to >75%. 
These results suggested that LvHSP70 plays crucial roles in bacterial defense by activating shrimp immune system.
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INVASIVE CRAB SPECIES IN THE BARENTS SEA: STAKEHOLDER PERCEPTIONS, 
INCENTIVES, AND PATH DEPENDENCIES

Brooks Kaiser*, Melina Kourantidou

Management and Economics of Resources and the Environment (MERE) Group
SEBE, University of Southern Denmark, Niels Bohrs Vej 9 
6700 Esbjerg, DK
baka@sam.sdu.dk

New ecological and economic opportunities and challenges that arise as climate and human behavior shift socio-ecological 
systems will create new stakeholders in marine species. The perceptions of science and economically impacted groups are 
likely to differ depending on many interwoven factors. These include missing or uncertain information on the impacts of 
change, and opportunity costs of human decision-making at the individual and group levels. This paper focuses on the ongoing 
invasions of two different crab species in the Barents Sea: the red king crab (Paralithodes kamtschaticus) and the snow crab 
(Chionoecetes opilio) in this context.  Both species are benthic predatory feeders that are creating new ecosystem dynamics, 
but in different parts of the Barents. 

We compare and contrast the two developing invasions on economic, ecological, legal and institutional planes. We are thus able 
to disentangle the causes and effects of various perceptions and path dependencies, as well as examine the incentives of local 
Norwegian and Russian, and third-party international, primary and secondary stakeholders for valuable commercial species 
whose ecological and economic contexts are shifting with globalization and climate change.

Key relationships include:
• Rise of commercial fisheries and supporting labor and infrastructures: offshore or coastal, potential for stock enhancement, 

live storage, other potential aquacultural enhancement.  
• Legal, institutional differences: bilateral Russia/Norway or global.
• Alternative production from ecological bases: uncertain impacts
• Market forces: fresh/ frozen transport & infrastructure demands
• Ecological change in competing producers’ environments.
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New ecological and economic opportunities and challenges that arise as climate and human behavior shift socio-ecological 
systems will create new stakeholders in marine species. The perceptions of science and economically impacted groups are 
likely to differ depending on many interwoven factors. These include missing or uncertain information on the impacts of 
change, and opportunity costs of human decision-making at the individual and group levels. This paper focuses on the ongoing 
invasions of two different crab species in the Barents Sea: the red king crab (Paralithodes kamtschaticus) and the snow crab 
(Chionoecetes opilio) in this context.  Both species are benthic predatory feeders that are creating new ecosystem dynamics, 
but in different parts of the Barents. 

We compare and contrast the two developing invasions on economic, ecological, legal and institutional planes. We are thus able 
to disentangle the causes and effects of various perceptions and path dependencies, as well as examine the incentives of local 
Norwegian and Russian, and third-party international, primary and secondary stakeholders for valuable commercial species 
whose ecological and economic contexts are shifting with globalization and climate change. 
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DIETARY EFFECTS OF SOY PROTEIN ON GUT MICROBIOTA, SHORT CHAIN FATTY 
ACIDS OF DIGESTA AND INTESTINAL MORPHOLOGY IN RAINBOW TROUT

Kimia Kajbaf*, Jake W. Bledsoe, Seunghan Lee, Brian C. Small, Ramanathan S. Lalgudi, Barry McGraw 
and Vikas Kumar

Aquaculture Research Institute, Department of Animal and Veterinary Science, University of Idaho 
Moscow, ID 83844, USA
kajb5954@vandals.uidaho.edu

The gut microbiota plays an important role in aiding digestive function and the formation of a defensive barrier to protect the 
fish against pathogenic invasions; thus, a healthy intestinal microbiota is essential for promoting fish health and well-being. 
There are several abiotic and biotic factors that can modulate the gut microbiota community in fish but dietary manipulation 
has distinct impact on intestinal microbiota. Still, there is not well-established correlation between feed and gut health of fish. 
Currently, Soybean meal (SBM) has great potential as a more sustainable protein source for the fish feed industry; salmonids 
in general are highly sensitive to antinutritional factors (ANFs) present in SBM. Therefore, we have chemically processed the 
SBM (PSBM) to remove the ANFs from SBM. The present study aimed to investigate whether soy protein sources (SBM and 
PSBM) modulate the microbial communities in the distal intestine of rainbow trout (Oncorhynchus mykiss), and if alterations 
in microbiota profiles are reflected in modifications to host intestinal function and health status. 

Six diets were formulated (42% crude protein and 20% crude lipid), comprising one reference (control) and other five with 
commercially relevant ingredient composition. The reference diet (control) contained fishmeal as the major protein source 
(25%). The four treatment diets contained 33% and 66% SBM or PSBM as a fish meal replacer and one additional treatment 
diet with combination of 50% SBM and 50% PSBM for 66% replacement of fishmeal. Rainbow trout fingerlings (5 g) were 
stocked into each of eighteen 145-L tanks supplied with 8 L min-1 of constant temperature (15°C), gravity-fed spring water. 
Each diet was fed by hand to three replicate tanks of fish to apparent satiation for 12 weeks. At the end of feeding trial for the 
analysis of microbiota, ten fish per diet were sampled. The distal intestine was chosen as the target region for all measurement, 
since it is the intestinal region that had showed the greatest alterations when alternative protein sources were included in the 
diets of trout. 

Results from the present study revealed that growth rate and feed conversion ratio (FCR) was influenced by the soy protein 
diets. Higher growth performance and lower FCR was observed in control and PSBM fed groups than SBM fed groups. The 
OTUs and Alpha diversity statistics of the intestinal microbiota in rainbow trout shows differential response. The microbiota 
compositions at the phylum and genus level in the distal intestine of trout were analyzed. In addition, short chain fatty acids 
profile of digesta and distal intestinal morphology were also examined. In conclusion, the present study confirms that processed 
soybean meal fed groups performed better than soybean meal fed groups in terms of growth performance and feed efficiency. 
This study also revealed the link between dietary soy protein and fish intestinal microbiota as well as the related changes in 
intestine 
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Lipid is an essential nutrient component for almost any animals, including aquaculture bivalves (oysters, clams, scallops and 
mussels). It is needed as source of energy and used mainly for larvae’s survival and growth. Lack of lipid often results in poor 
growth and can lead to mortality in an early stage. In a hatchery or controlled environment, cultured microalga is used as a 
primary feed source for larvae. Mono or mixed diets of microalgae are often used to satisfy nutrient demand of the larvae. 
Currently, only a few of the microalgal species used in shellfish aquaculture were assessed for their lipid profile, and many 
species, including Skeletonema costatum, Chromonas salina, Dunaliella tertiolecta, Chaetoceros muelleri, Phaedactylum 
tricormutum, and Chlamydomonas sp, have no or limited lipid profile available. 

To improve shellfish aquaculture production, especially swimming larval growth and survival and broodstock sex maturity, 
a better understanding of the lipid profile in the microalgae is necessary for forming suitable feeding protocols. In general, 
measurement of lipid is performed by gravimetric analysis which is usually time consuming and costly. Now, a flow cytometry 
can be used as a tool because of its fast, inexpensive, and accurate measurement through fluroscence labelling with Nile Red 
or BODIPY 505/515. 

The goal of this study will evaluate the lipid component in the commonly used microalgal species in shellfish aquaculture by 
using the flow cytometry. The setup of this study involves culturing of several microalga used in shellfish aquaculture and lipid 
profile determination using flow cytometry with Nile Red or BODIPY 505/515 as the marker.

Currently this study is ongoing for data collection, results will be available by the end of December 2018. The establishment 
of the lipid profiles in this study will be the baseline for us to do the larval and broodstock nutrient investigation in the future.  
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Mariculture has rapidly expanded over the last two decades due to new technology, improvements in formulated feeds, greater 
biological understanding of farmed species, increased water quality within closed farm systems, greater demand for seafood 
products, site expansion and government interest. Early developmental stages of prawns are very critical due to vulnerability of 
the organism to environmental conditions such as salinity. Previous studies have been done on Fresh water prawn. Some of the 
researched fields include: Macrobrachium species, Androgenic gland ablation, Polyculture and Disease of Fresh Water prawn, 
Macrobrachium rosenbergii . The main aim of this study was to examine if difference in salinity affects survival and growth 
of prawns, it narrowed down to determining  if difference in salinity levels influences hatching of mature eggs in prawn adult 
and if difference in salinity levels affects survival and development of early larval stages of prawns.Mature berried adults were 
collected and observed as natural spawning and hatching of eggs was observed in the laboratory in basins with water at different 
salinity levels; 0ppt, 7ppt, 10ppt, 12ppt and 14ppt. The nauplii were collected and placed in beakers holding water at different 
salinities; 0ppt, 7ppt, 14ppt, 21ppt, 28ppt and 35ppt. each with three replicates. The survival rate was determined from nauplii 
stage to Mysis stage through zoea stage up to day seven. The temperature as an extraneous variable was maintained constant 
at room temperature of 270c.  This study revealed that berried females appear to prefer a medium salinity of 14‰ for spawning 
and   hatching their eggs. Close similar findings were reported for M. rosenbergii whose larvae and adults are ‘euryhaline to a 
considerable degree. From the study, fresh water prawn can be classified as euryhaline. It shows a preference for lower salinities 
(7‰- 21‰) for spawning, as well as for the survival, growth and development of its larvae. 

The best salinity ranges for survival of prawn larvae is 7±3.7 ppt minimum and 14±10 ppt maximum
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Aquaculture is expanding to meet the demand for food fishes partly by increasing the number of new fed species. Historically, 
it has been common practice to feed emerging species with diets formulated for closely related species, simply because the 
nutrient requirements of the species under consideration are not known. Because specific concentrations and composition of 
amino acids are required for optimal muscle synthesis, diets based on closely related species may be mismatched, leading to 
reduced growth due to amino acid deficiencies.  

The ideal protein concept has long been used in initial estimation of essential amino acid (EAA) requirements of new fish 
species. In this approach, the concentration of the predetermined lysine requirement is used to estimate the concentration of 
other EAAs using the ratio of EAAs to lysine found in lean dorsal white muscle. However, total concentrations of muscle amino 
acids are a combination of intact amino acids in proteins and free amino acids supplied by the diet or protein catabolism. The 
contribution of free to total amino acids can vary based on diet protein content and composition, and the protein source (plant or 
animal). Intact amino acids in a given tissue in a single species should not change irrespective of the physiological state or diet 
offered, because the nature of amino acids in proteins is dictated by the genetic code. However, various EAA to lysine ratios are 
reported in literature for the same species, most likely because of the differing free amino acids in muscle. Because the overall 
aim of the ideal protein concept is to provide dietary EAAs in a ratio required to optimize muscle synthesis, concentrations of 
EAAs should be estimated using ratios of EAA to lysine obtained from only intact proteins.

To test this hypothesis, we formulated three isonitrogenous (45% crude protein) and isocaloric (~5180 Kcal/Kg) rainbow trout 
Oncorhynchus mykiss (RBT) diets containing different animal protein contents (20-45%) and sources (fish meal [FM] and 
poultry by-product meal [PBM]):

1. 45% animal protein (20% FM + 25% PBM).
2. 34% animal protein (15% FM + 19% PBM).
3. 20% animal protein (10% FM +10% PBM).

Sinking, 3-mm pellets were extruded and top coated with oil. Ten RBT (~34g each) were stocked into each of nine, 105L-tanks 
of a 32-tank, recirculating aquaculture system and fed twice daily to satiation. At five weeks, all fish had achieved 210-230% 
growth but there were no differences detected for growth or feed utilization among diet treatments. Caudal vasculature blood 
was drawn from three fish per tank to process serum for analysis of free EAAs to determine the relation to free EAAs in muscle. 
Lean muscle was excised from each fish, pooled by tank, and then homogenized to compose one sample from which 20g were 
used for total EAAs analysis. An additional 20g sample was used to separate free EAAs from intact EAAs in muscle protein for 
intact amino acid analysis. Amino acids from all samples are being analyzed and results will be presented during the conference 
in New Orleans.
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Yellow perch Perca flavescens are a popular sport and food fish in the upper Midwestern U.S States, especially in the north 
central area surrounding the Great Lakes. Culture of yellow perch as a food fish has slowly increased over the last 20 years, 
driven by declines in wild commercial harvest. With the increase in yellow perch aquaculture, there is a need for improved 
diet formulations to optimize growth performance. Diets that are formulated to meet the needs of a specific species can greatly 
reduce feed costs, which comprise the bulk of a grower’s operational costs. To date there is no established protein requirement 
for yellow perch.  

The focus of this study was to determine the optimal dietary crude protein requirement for yellow perch growth. Six semi-
purified diets were formulated to contain incremental protein  (33%, 37%, 41%, 45%, 49%, and 53%) at a fixed lipid (~9%) 
content and fed to juvenile yellow perch (~5.2 g) in a 105-day feeding trial. Each treatment diet was fed to five replicate 110-L 
tanks, each containing 18 fish. Fish were fed at 3% body weight per day and were weighed every 21 days to adjust feeding 
rates. After the 105-day feeding trial, final weights and a random sample of five fish per tank had lengths and weights taken and 
were necropsied to obtain condition measurements. The results showed that fish growth significantly increased among 33-45% 
protein diets with each higher inclusion level and decreased thereafter in fish fed the 49% and 53% protein diets, revealing that 
45% protein treatment provided the best performance. A nonlinear regression analysis resulted in an estimate of 45.3% protein. 
Mean fillet weights were also highest in fish fed the 45% diet, and liver weights decreased with increasing protein inclusion, 
with the lowest weights observed in fish fed the 49% protein diet. The results of this study aid the yellow perch aquaculture 
industry by formulating more cost-effective feeds and also furthering research in areas such as alternative protein studies.
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Brassica carinata is among the oilseeds for which oil and fatty acid composition is being genetically modified to produce oil 
suitable for jet-fuel production. Inclusion of carinata meals in animal diets is currently limited to 10% mainly due to the high 
concentrations of glucosinolates, sinapine and crude fiber. In a hybrid striped bass (HSB) performance trial, dietary inclusions 
up to 30% of aerobically converted (AC) carinata meal (CM) followed by a single wash (ACCM) and containing low (20%) 
animal meals did not affect fish performance. Increased feed intake occurred with increasing ACCM. However, inclusion of 
30% of double-washed CM (WCM) improved feed utilization in addition to fish performance. 

Apparent digestibility coefficients (ADCs) were determined for ACCM and WCM. Inclusion of up to 30% processed CM 
did not alter trypsin activity or protein ADCs. However, 30% ACCM reduced isoleucine, leucine, phenylalanine, threonine 
and valine ADCs. Further, HSB were force-fed 1% of body weight and free amino acids were analyzed in blood and dorsal 
white muscle. High ACCM (30%) reduced serum arginine and leucine. All inclusions of ACCM or WCM increased serum 
methionine and high inclusions of ACCM or WCM (30%) increased serum tryptophan and valine. The 30% WCM diets 
resulted in high total essential amino acids (EAAs) in serum but release of total EAAs in serum of HSB fed 30% WCM 
remained elevated for a longer period. High inclusions of ACCM or WCM (30%) increased muscle histidine but resulted in 
lower leucine and phenylalanine. Only 30% WCM increased muscle lysine and valine. However, all inclusion levels of ACCM 
or WCM increased muscle methionine. High inclusions of ACCM or WCM (30%) resulted in more total EAAs available for a 
longer period. Muscle EAA to lysine ratios showed that only histidine concentrations were adequate for muscle synthesis over 
a 36-hour period. 

As indicated by the free methionine in serum, the high methionine content of ACCM and WCM make the two meals potentially 
superior to many plant meals currently used for fish meal replacement. However, these meals require further processing to 
increase their protein and EAA ADCs to enable replacement of FM on a more equal protein basis.
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In Wisconsin, there are over thirty aquaponic farms that raise tilapia. Tilapia (Oreochromis sp.) are the main fish grown on 
aquaponics fish farms and farmers view tilapia as hardy, and fast growing.  However, tilapia are often mistakenly billed as 
a “disease-resistant fish.”  Over the past five years we have investigated the emerging disease issues present in tilapia on 
aquaponic farms in Wisconsin. 

We diagnosed piscine Francisellosis in tilapia in Wisconsin. Young fish (3-6 months old) suffered up to 40% mortalities while 
near market size fish developed skin nodules and cumulative mortalities in the range of 5-10%.  Raising the rearing temperature 
in the young fish nursery from 25 C to 30 C reduced mortalities by over 90%.

A severe, acute mortality event when fish were introduced into purge tanks for three days prior to slaughter was investigated.  
Aeromonas veronii, serovar sobria was found to be the etiologic agent associated with these mortalities. The Aeromonas strain 
isolated seemed especially virulent, stripping the flesh off fish in less than 24 hours.  It was isolated in pure culture from skin 
lesions.  The virulence of the isolated organism warrants further investigation and the prevalence of these bacterial pathogens 
in tilapia should be investigated to better assess the economic burden and risk for the growing aquaponics industry. 

We found external parasites common, including the ciliated protozoa Trichodina and monogeneans.  The parasitic load varied 
between farms and between tanks on the same farm. Despite some farms having particularly high densities of external parasites, 
few fish exhibited clinical signs of disease.  However, it is generally agreed that parasites can easily lead to disease when the 
fish experience stressful events. 

Compounding the infectious diseases, nutritional diseases were noted on several farms.  The tilapia showed fatty livers and 
grossly excessive deposition of fat in the intra-coelemic cavity.  Tilapia on aquaponics farms are sometimes retained for longer 
than two years and they are raised in Wisconsin near 25 C water temperature or slightly lower to accommodate the cooler 
temperature that plants prefer.  These factor may contribute to the nutritional diseases seen on aquaponics tilapia farms. 
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In 1997 the Wisconsin Department of Agriculture, Trade and Consumer Protection (WDATCP) began development of 
a regulatory fish health program that would create one set of health standards for commercial fish farms, government fish 
hatcheries, live fish imports, and movement of fish within the state including stocking into public waters. The WDATCP began 
by working very closely with fish farmers, private veterinary practitioners, and natural resource agencies to develop mutually 
accepted fish health rules.  These rules are continuously assessed and revised as needed through the rule-making process that 
includes fish farmer input.

Wisconsin’s trout health regulations center on testing requirements for viral hemorrhagic septicemia, infectious hematopoietic 
necrosis, and whirling disease.  While Wisconsin’s trout disease testing import requirements have been, perhaps the least 
restrictive of any state, trout health on fish farms and in the wild has remained strong for the past twenty years. Requirements 
for stocking requires only whirling disease testing and movement between farms has no disease testing requirements.

For the past twenty years Wisconsin has led the nation in training veterinarians who then provide fish health regulatory testing 
services to fish farmers and resource agencies. Wisconsin maintains a list of aquaculture veterinarians that are certified to 
perform regulatory services on Wisconsin fish farms.  The fish health program includes registration of fish farms, issuance of 
import permits, and training and certification of veterinarians.  
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Flavobacterium psychrophilum is a fresh water pathogen causing disease mainly in salmonid fish species worldwide.  
Flavobacterium is one of the most important bacterial pathogens affecting the culture of rainbow trout, causing major losses in 
trout hatcheries including fingerling and juvenile fish. Developing alternative natural treatments to reduce the use of antibiotics 
and mitigate diseases is important to the future of aquaculture.

The Colorado hatchery uses partial recirculation in addition to constant flow of well water for use in both indoor hatchery and 
outdoor raceways.  Feed added probiotics were used in the hatchery to feed affected fish at 5 grams/kg. feed. Starting 3/14/18 
recirculating pond was treated with a cold tolerant microbes, 1 kg every three days and 1 kg every three day at head of each 
raceway series.  Samples were taken prior to treatment to establish at baseline. 

 Microbe treatments were continued form 3/14/18 through 5/1/18.  Samples were collected for water quality analysis and 
bacteriology. Gram negative pathogens were reduced substantially in 5 days and disappeared within 10 days. After 10 days 
plating, water samples plated on TYES and TSB showed increased gram positive rods.  Cold water tolerant microbes became 
the dominate species. Reductions of ammonia nitrogen, nitrite nitrogen and total phosphorus were achieved during the treatment 
period.  
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Vibrio bacteria are implicated in disease of many fish and shellfish, including oyster larvae. In Pacific oyster (Crassostrea gigas) 
larvae, V. coralliilyticus has been of interest in larvae mortality events at shellfish hatcheries. However, it is still unclear what 
genes are driving virulence traits of some Vibrio strains, while other Vibrio do not appear to be pathogenic towards C. gigas. 
We conducted draft genome sequencing and comparative analysis to gain insight into the genetic repertoire and evolutionary 
relationships of Vibrios associated with shellfish aquaculture. Aided by phenotypic characterization of sequenced strains, these 
genomic analyses will be valuable in understanding Vibrio genes and pathways contributing to larvae mortalities.

We sequenced draft genomes of both pathogenic and non-pathogenic Vibrios isolated in association with shellfish aquaculture. 
In total, 50 strains were chosen, isolated over a range of years and geographical locations including the Pacific Northwest, 
Hawaii, and the East Coast. Sequencing was conducted on a MiSeq Illumina platform with an estimated minimum coverage of 
65-fold, and the resulting reads were trimmed, quality-filtered, and randomly subsampled before de novo assembly with IDBA-
UD. Draft assemblies were annotated to obtain protein sequences and clusters of orthologous genes were identified by Orthomcl. 
Average nucleotide identities of the new genomes against published Vibrio genomes assigned species-level taxonomy strains.  
Isolates were tested in assays with C. gigas larvae to assess their potential for pathogenicity. Table 1. displays information on 
a subset of strains. 11 out of 12 isolates that displayed pathogenicity compared to controls were identified as V. coralliilyticus. 
A concatenated single-copy set of core orthologs was used to infer a phylogeny. Analysis of enriched categories of genes in the 
core, flex, and pan genomes will bring insight into evolutionary patterns of these organisms, and inspection of shared genes 
among groups of strains will help identify genes that may be important in virulence for Vibrios against C. gigas larvae. 
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The interspecific hybrid, channel catfish Ictalurus punctatus female X blue catfish I. furcatus, male is being produced by an 
increasing number of commercial farms. However, after 20 years of hybrid catfish production research, production of fry is still 
limited and cannot meet industry demand. Increasing survival of hybrid catfish eggs to fry would help meet market demand.  
Triploid fish are reproductively sterile and in several species of fish, induction of triploidy increases survival of offspring 
in hybrid crosses. We used triploid induction in hybrid catfish to determine if increases in survival, growth and production 
performance would occur. 

Individual female channel catfish were weighed and injected with luteinizing hormone release hormone analog in two doses, 
a priming intraperitoneal injection of 20 µg/kg body weight (BW) followed by a resolving dose of 80 µg LHRHa /kg BW 
15 hours later.  Female channel catfish were anaesthetized and eggs stripped into Hank’s buffered saline. Blue catfish sperm 
obtained from 6 to 7 year-old D&B strain blue catfish by excising and macerating the testes in 0.85% saline solution, was mixed 
with the egg mass and well water was added to initiate fertilization. Eggs from individual females were divided three equal 
subsamples and assigned to one of two treatment groups: control or heat shock. Controls were subjected to regular hatchery 
techniques. At 5 minutes post-fertilization, eggs in the heat shock group were placed into water baths at 39 ºC (+ 0.25 °C) for 2 
min. Eggs were then placed in baskets in flow-through, aerated hatching troughs. After 24 hours, a sample of ten eggs from each 
replicate of the treatment groups was examined to determine fertilization percent. After 5-7 days, fry remaining in all treatment 
groups were counted and survival calculated. A random sample of 100 fry was selected from each treatment for ploidy analysis 
using a Flow Cytometer. Some of the remaining fish were stocked into tanks and all other fish were stocked into ponds located 
on three farms in Arkansas.

Triploid induction rates of triploid individuals (90%) significantly different from control groups (0%).  Percent fertilization 
did not differ significantly between groups. Hatch rates were 65% for heat treatment hatched in troughs and 50% for control 
group. In tank trials no differences were observed in weight gain, feed conversion ration or survival between triploid hybrid 
catfish, hybrid catfish or diploid channel catfish.  In ponds, triploid hybrid catfish average 1.5 lbs nine months after stocking 
fingerlings. A three-acre pond produced over 50,000 lbs of triploid hybrid fingerlings. Induction of triploidy in hybrid catfish 
may be beneficial for increased production in ponds and decreasing the amount of time to get fish to the food market.    
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There has been an identified need to develop large scale production methods for phase I fry culture of walleye (Sander vitreus), 
R.C. Summerfelt et al (2011). Since 2011, intensive culture of walleye fry/fingerlings has been conducted at Ed Weed Fish 
Culture Station in Grand Isle, Vermont.  Large scale intensive culture production has been the goal from the facility’s program 
inception to supplement and enhance existing extensive pond culture efforts of fingerlings used for fisheries restoration on 
Lake Champlain. Tanks ranging in volume from 1,650 to 1,940 liters are currently being used in a RAS system dedicated 
exclusively for intensive walleye culture. Proof of concept techniques have been applied with successive production years to 
duplicate identified advances related to feed and feeding rates as well as various rearing environment conditions such as the use 
of greenwater (algae) for turbidity and applying low light intensity throughout the production cycle.

The focus of the 2018 culture run was to trial the initial use of self-cleaning tanks and to continue applying a blend of two closed 
formula dry diets through the entire culture run, similarly used in 2017. This year’s production cycle yielded 194,914 phase I 
fingerlings. Overall survival to harvest at 34 days post hatch (dph) was 60.9% averaging 46.1mm in length. The potential to 
expect survivals in excess of 70% may be realized with continued enhancements of culture techniques that will be investigated 
in the upcoming production seasons. 
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The red swamp crayfish, Procambarus clarkii, is native to the United States Gulf coastal plain from Florida to Mexico but is 
now well-established worldwide. Once introduced and established in an ecosystem, P. clarkii has been shown to spread rapidly 
within watersheds and displace native taxa. Procambarus clarkii is known to occur in the coastal plain of both North Carolina 
(NC) and South Carolina (SC), USA where many native crayfish species with priority conservation status have previously been 
documented. It is unclear, however, how the presence of P. clarkii in this region may be affecting the distribution and status of 
native crayfish.

Researchers at the South Carolina Department of Natural Resources’ Marine Resources Research Institute were recently 
successful in securing USFWS State Wildlife Grant Program funding to address the following study objectives: 1) to document 
the spread of P. clarkii in the coastal plain region of the Carolinas; and 2) to compare occurrence records for P. clarkii with 
abundance and distribution patterns for native crayfish. To address these objectives, historic distribution records for both native 
and non-native crayfish available through state and museum databases in the Carolinas were analyzed and contemporary 
sampling was conducted to document current status of crayfish in the region.

A comparison of historic and contemporary distribution records show an increase in P. clarkii abundance and expansion into 
new areas, particularly since 2000. From May 2017 through July 2018, crayfish were sampled from 49 streams, swamps and 
wetlands throughout the coastal plain of SC and NC. Procambarus clarkii was the only species collected from 29 locations, 
only native crayfish species were collected at 28 locations, and native species co-occurred with P. clarkii at 7 locations. Many 
new records of P. clarkii occurred at sampling locations where state-listed priority species such as the Waccamaw crayfish 
(Procambarus braswelli) and the Santee crayfish (Procambarus blandingii) were previously known to occur. At most of these 
locations, however, state-listed priority species were absent from our collections. Based on this comparison of historic and 
contemporary records, it appears that P. clarkii is expanding rapidly and displacing native crayfish species that were previously 
known to inhabit these areas. In order to mitigate the effects of P. clarkii on native crayfish, future research is needed to 
understand factors contributing to the spread of P. clarkii in the Carolinas.
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Supplies of fish oil are limited and continued growth in aquaculture production directs that substitutes must be found that do not 
compromise fish health and product quality. As a result, several potential alternative oil sources (plant, animal, algal, etc.) are 
being evaluated and used in the aquafeed industry. However, their digestion, absorption, and assimilation are typically lower 
than fish oil and ultimately provide lower available energy to fish. An alternative approach, the addition of emulsifier in feed 
could enhance lipid digestibility. Emulsifiers have two polar (hydrophilic) and nonpolar (lipophilic) heads helping water and fat 
molecules to bind, leading to solubilization of fatty acids and enhanced oil contact with digestive lipase enzyme. Emulsifiers can 
be divided into natural and synthetic groups. Bile salts are one of the common natural emulsifiers, which helps for the digestion 
and absorption of dietary lipids and fat-soluble vitamins from the intestine of fish. Bile salts are synthesized by hepatocytes of 
the liver through cholesterol conversion, stored in the gallbladder, and secreted to the intestine. These salts emulsify dietary 
fat, leading to a larger pancreatic lipase activity. Fat transportation is another role of emulsifiers, which transport fat from 
intestinal epithelium to hemolymph and reduce the accumulation of lipid in the intestine. After digestion, the intestinal bile 
acids are absorbed along with the nutrients and returned to the liver via the portal blood. Dietary plant ingredients can affect 
this circulation. An increased plant ingredient, such as soybean, reduces gallbladder somatic indices in different species (Figure 
1) and also changes bile salt composition and reduces blood cholesterol levels (Table 1), which will have negative impacts on 
fat digestion and absorption. 

Dietary supplementation of emulsifiers, e.g. synthetic (Twine 80) and/or natural (bovine salt or lecithin) can alleviate the 
negative impact of plant-based diets on the reduction of emulsification capacity of the bile acid pool. This supplementation 
also prevents the occurrence of histological abnormalities in the distal intestine and liver which may be a proper alternative to 
reduce soybean meal-induced enteritis in fish. Evidence suggests that fish require emulsifiers when feeding low-digestible oil 
and/or high-plant protein diets. Supplementation of emulsifier at the level of 1.5-2% (natural) or 2-4% (synthetic) is suitable for 
carnivorous fish to compensate for low fat digestibility caused by plant-based diets.
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Chemical, enzymatic or microbial activities are responsible for spoilage of fish products. Phenol compounds in wood smoke 
imparted on fish through traditional smoking stabilize the storage qualities of fish but are carcinogenic. This study investigated 
the level and trend of occurrence of phenol in Clarias gariepinus pre-treated with single and combined concentrations of 
indigenous preservatives, smoked with Teak (Tectonia grandis) ambient-stored for 12 weeks.

Three hundred and thirty-six Clarias gariepinus each of gutted fish (GF) and whole fish (WF) (550±0.5 g) were distributed into 
eight treatment combinations representing different preservative concentrations per fish body weight: 10.0% salt (S), 10.0% 
lime (LM), 10.0% pepper (PP), 5.0% salt and 5.0% lime (SL), 5.0% salt and 5.0% pepper (SP), 5.0% lime and 5.0% pepper 
(LP), 3.3% salt, 3.3% lime and 3.3% pepper (SLP) and control 0.0% preservative (CL). The fish samples were smoked and 
stored under ambient conditions for twelve weeks and analyzed for phenol content (mg/kg) at 0, 2, 4, 6, 8, 10 and 12 weeks 
using standard method. Data were analyzed using descriptive statistics and ANOVA at α0.05.  

No significant (p>0.05) differences existed in the phenol contents of both treatments. Single treatments recorded 1.25 to 1.28mg/
kg, increased gradually for the first six weeks of storage and thereafter dropped gradually to give parabolic curves (Figures 
1 to 3). 1.27 to 1.29mg/kg recorded in combined treatments inconsistently lasted for the 12 weeks of storage (Figure 4). The 
phenol contents are below the acceptable limit of 1.6 mg/kg BW/day. Stability of the imparted phenol was better enhanced by 
combined than single concentrations of the indigenous preservatives on Clarias gariepinus smoked products. 
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Graphene is a two-dimensional nanomaterial composed of sp2 hybridized carbon atoms with unique mechanical, thermal, 
electrical and optical properties. Due to their high strength and light weight, graphene family nanomaterials (GFNs), such as 
graphene oxide (GO) are increasingly being used in the fields of electronics, medicine, surface coatings, and filtration devices. 
With a rapidly growing consumer market, the concern for environmental impacts of GFNs is rising. However, current literature 
on such impacts is limited, especially in marine ecosystems. 

The overall aim of this work is to evaluate the effects of GO on a marine filter-feeding bivalve species, Crassostrea virginica 
(Eastern oysters). A 14-day study was conducted to identify molecular markers of GO toxicity using a static renewal design. 
Oysters were exposed to 0, 2.5 or 5 mg/L GO suspended in 0.22 µm filtered natural seawater. At the end of the exposures, 
gills and digestive glands were harvested for biochemical analyses. Water samples were analyzed for GO concentration using 
UV-Vis spectroscopy and for effective diameter and particle size distribution using dynamic light scattering. Oxidative damage 
was measured as lipid peroxidation using a malondialdehyde (MDA) assay and glutathione-s-transferase (GST) activity was 
measured as an enzyme marker to evaluate the effects of GO exposures on oysters. 

As presented in Figure 1, elevated lipid peroxidation was observed in both tissues of the GO-exposed oysters which 
suggested reactive oxygen species induced oxidative stress. Changes in GST activities were also noted that are indicative 
of induction of toxicity pathways as well as cellular signaling. Together, these cellular changes show that exposures to GO 
at concentrations ≥ 2.5 mg/L result in oxidative damage and upregulation of detoxification enzymes. This study advances 
our understanding of the nanotoxicity of an emerging contaminant and allows identification of biomarkers and putative 
molecular initiating events for the development of Adverse Outcome Pathways (AOPs).
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Present study was focused to record the growth, body composition and stress responses in pangas (Pangasius hypophthalmus) 
when cultured with Indian major carps (Labeo rohita and Cirrhinus mrigala), Chinese carps (Hypophthalmicthys molitrix, 
Ctenopharyngodon idella) and Cyprinus carpio. The experiment was carried out in earthen ponds with an area of 0.03 ha 
each, for 90 days. There were three treatments and control groups, each having two replicates. Total 400 fish were stocked in 
polyculture system of different species at different ratios with P. hypophthalmus. The fish were weighed, measured at the time 
of stocking and after every fortnight 10 fish of each species were captured randomly by drag net for monitoring growth indices. 
The results indicated highest final weight, net weight gain and final length of P. hypophthalmus in T1 compared to other species 
and higher than T2, T3 and control. The FCR and % SGR values of all species in T3 were found comparatively better than T1 
and T2 while among species the better FCR was recorded for P. hypophthalmus. In case of T3, the highest % weight gain was 
observed for P. hypophthalmus (39.2%) and common carp (49.2%). Proximate analysis showed non-significant differences 
among different treatments. Similarly, stress responses were found in polyculture and monoculture with minimum variation. 
It is concluded that polyculture of pangasius with only Indian or with mixed culture of Indian and Chinese carp proved best 
combination with reference to weight gain and overall fish production. 
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Present study was conducted to examine the effect of replacing costly ingredients of fish feed soybean meal with plant protein 
moringa meal (Moringa oleifera) on growth, body composition, gut and liver heath of Labeo rohita fingerlings. Labeo rohita 
(average weight 190.25±00g) were stocked randomly in glass aquarium (60.96 × 55.88 × 40.64 cm) at 15 fish/aquarium for 
90 days. Fish were fed twice daily with four different diets at feeding level of 3% of total biomass. Four iso-nitrogenous diets 
26% crude protein in which moringa meal substituted soybean meal at 0% (control), 10%, 20% and 30% designated as T0, 
T1, T2 and T3 respectively. The highest weight gain (254.00±4.24 g) was recorded in T3 and lowest in T0 (80.97±17.80 g). 
Significant differences (P < 0.01) were observed in the feed conversion ratio (FCR) between T3 (1.81±0.06) and T1 (2.70±0.13) 
and specific growth rate (SGR) of T3 (0.42±00) and T1 (0.25±0.01). Survival remained 100% in T1 and T3 while 2% mortality 
was observed in T2 and control (T0) groups. Liver histology indicated that the enlargement of vacuolation of hepatocytes and 
degeneration of nuclei increased with increase of M. oleifera dosage. Liver and intestine exhibited normal appearance up to 
20% of moringa meal. All treatments explored low values of fat contents and high values of crude protein. These findings 
indicated that M. oleifera meal has a good potential to substitute soybean meal as cheaper and good quality plant protein source 
without any harmful effect. 

AN OVERVIEW OF PANGASIUS (Pangasius hypopthalmus) AQUACULTURE IN NEPAL

Nabin B. Khanal*, Madhav K. Shrestha and Uttam Dev

University of Arkansas a Pine Bluff, Arkansas, USA 

Nepal is still struggling to meet its goal of self-sufficiency in fish products in spite of having great potential in the Aquaculture 
sector. Even the introduction of a high yielding variety of Pangasius Pangasius hypopthalmus seven years ago, Nepalese 
aquaculture has been unable to make a significant contribution. A survey was conducted in 22 districts of the Terai region of 
Nepal in 2017, using a semi-structured questionnaire.  The objective of survey was to obtain a detailed understanding of culture 
practices, production economics, marketing, and constraints of Nepalese Pangasius aquaculture. The survey revealed reasons 
for the slow growth rate of Pangasius aquaculture and suggests approaches to accelerate it. Farmers had mean ± SD of 2.56 ± 
1.98 years of experiences and allotted mean ± SD area of 1.14 ± 2.28 ha for Pangasius aquaculture. The mean ± SD stocking 
density, culture period, harvesting weight, and productivity were 42,309 ± 21,674 fish/ha, 8.0 ± 2.25 month, 716.7 ± 155.3 
gm, and 57.02 ± 32.96 ton/ha, respectively. The feed, which comprised 80% of production cost, contained 25% to 33% crude 
protein and the feed conversion ratio of Pangasius was 1.74. The breakeven yield, breakeven price, per unit net income, and 
B:C ratio were 46.85 ton/ha, 1.61 US$/kg, 0.35 US$/kg, and 1.22 US$/kg, respectively. Lack of markets was the major problem 
followed by unavailability of fish seed, high feed price, and lack of technical knowledge. This study provides clear information 
that Pangasius culture in Nepal may be feasible but not instantly successful and improvement of market and technical efficiency 
will boost this sector. 
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Catfish aquaculture is the integral system in the American aquaculture especially in the southern region of the country. 
Development of American catfish product is pivotal to elevate its demand and expand market. Consumer preference toward 
food product is dynamic and continuously changing towards the more convenient food products. Though food industries 
always try to match their product with consumer choices, most of their efforts end into failure. The product failure is associated 
with lunching the product in the market without sufficient product evaluation from the consumer perspectives. Consumer lower 
preferences to the product lead low willingness to pay for it, which ultimately make product incompetent in the market and get 
failed.   The objective of this study is to evaluate the organoleptic (taste) characteristics and elicit the consumers’ preference and 
WTP of newly developed catfish products. Product’s superior sensory characteristics and reasonable market price are always 
critical for product success. Since people have less time for food preparation, this study developed five convenient (ready to 
cook) catfish product in USDA New Orleans  at its initial phase and at its second phase, which is the focus of this paper, this 
study evaluate sensory characteristics and willingness to pay of those five products from the consumer perspective.  Study 
recruited 100 consumers from different part of USA and conduct Vickrey’s second price auction to evaluate sensory attributes 
of the products and elicit their Willingness to Pay (WTP). Consumer’s likelihood of the product explore through the sensory 
taste (organoleptic) evaluation with the help of five point intensity scale, Just-About-Right (JAR) scales and overall liking 
nine point hedonic scales. The second price auction elicits the consumer preferences and WTP for the products. Elastic net 
regularized regression model as well as regression tree are used to elicit the influences of different sensory factors on consumer 
WTP. Study provides the feedback about the product taste characteristics and the consumer WTP to help the producer to 
improve the product and formulate the proper pricing and marketing strategy. 



553

DEVELOPMENT OF IN SITU HYBRIDIZATION USING RNA PROBE FOR RNA1 SEGMENT 
DETECTION OF NERVOUS NECROSIS VIRUS (NNV)

Jae-Ok Kim*, Soo-Jin Kim, Rahul Krishnan and Myung-Joo Oh

Department of Aqualife Medicine
Chonnam National University
Yeosu, Repuplic of Korea
hellok0924@gmail.com

Nervous necrosis virus (NNV) is one of the most serious pathogen affecting over 120 species of cultured fishes worldwide. 
NNV genome consists of RNA1 and RNA2 segments. Several study have investigated NNV genomic using in situ hybridization 
(ISH), but most of them focused on RNA2 segments. Recently, Kim et al. (2018) suggestion that RNA1 segment might play a 
important role in various steps of virion synthesis. Thus, in this study we develop and ISH method using antisense RNA probe 
for detect and localize of RNA1 segment in infected fish cell line or brain tissues from sevenband grouper after experimental 
challenge.

RNA1 segment was amplified by PCR and products were then subcloned into pCRII-Topo vector (Invitrogen) as a positioned 
downstream of a T7 promoter. In vitro transcription was performed using digoxigenin (DIG) RNA labeling kit. SSN-1 cell 
were infected with NNV, which the cell were sampled 3, 6, 12, 24, 48, 72 hours post inoculated (hpi). A total of ten sevenband 
groupers were injected intramuscularly with NNV at a dose of 103.5 TCID50/fish and dead fish were collected for brain. The 
cells and tissues were fixed in formaldehyde (4%) followed by treatment with graded alcohol. Fixed slides were treated with 
proteinase K, rinsed and hybridized with the RNA probe. After hybridized, washes in maleic acid buffer and non-specific sites 
were blocked. Linked probe was detected by anti-DIG-AP antibody using NBT-BCIP as a substrate. The sampled cells were 
also used for detection of viral genome by quantitative reverse transcriptase PCR (qRT-PCR).

The level of RNA1 copy number was almost unchanged until 12 hpi. They were then increased continually after 24 hpi, 36 
hpi, 48 hpi, and 72 hpi. The result of ISH in SSN-1 cells, RNA1 segment was observed first at 12 hpi. Then, intensity of signal 
gradually increased until 72 hpi. In case of brain tissues from NNV-infected dead fish, RNA1 was localized in optic lobe, 
cerebellum, medullar, and hypothalamus. Theses result demonstrate that labeled RNA probe was detected properly in NNV-
infected cells or tissues by RNA-ISH.
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Viral hemorrhagic septicemia (VHS) has afflicted olive flounder farms since 2001, causing severe mortality in Korea. 
Cumulative mortality due to viral hemorrhagic septicemia virus (VHSV) infection occurs in winter/spring seasons when the 
water temperature is low (9-15˚C). Water temperature is an important factor for VHS outbreak and progress of VHSV infection. 
Most of study was focused on infected and/or non-infected VHSV water temperature. In addition, spleen and kidney have been 
reported the main target organs of VHSV infection due to the their highest titer. 

In this study was focused on the VHSV infectivity in fish organ and blood within infectious water temperature. Olive flounder 
was immersed at a dose of 105.5 TCID50/mL at 10 and 13˚C for 1h. The fish sample was randomly collected at 0, 3rd, 5th, 7th and 
10th days of post-infection. VHSV infectivity was estimated by cell culture methods (TCID50). VHSV infectivity ranged from 
<1.8 to 9.3 logTCID50/mL in all the tested organs at 10 and 13˚C during 10 days of post-infection. VHSV infectivity at 10˚C 
was higher than 13˚C. The estimated infectivity in fish organs and blood at 10˚C was ten to the power of two to three higher that 
at 13˚C. VHSV infectivity at 10˚C was rapidly increased at 5th, 7th and 10th days. The virus infectivity was peaked at 7th days of 
post infection at 10˚C. The highest titer at 10˚C was observed in muscle and blood, followed by kidney, spleen, gill, hear and 
brain. At 13˚C, the highest titer was observed in heart, blood followed by gill, spleen, brain and kidney. 

We found the different virus infectivity patterns in fish organs and blood within VHSV susceptible water temperature. Also we 
observed that VHSV was existed in blood at early time points after infection. VHSV titer was similar and higher in blood than 
other tested organs. Our results indicated that the water temperature is not only VHS outbreaks but also virus progression in 
fish. We also proposed the VHSV detection in blood samples from VHS suspicious fish, it can be useful tool for diagnosis of 
VHS. 
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Viral hemorrhagic septicemia virus (VHSV) is the etiological agent of viral hemorrhagic septicemia (VHS), one of the most 
serious viral diseases affecting cultured olive flounder in Far East Asia. For more than three decades, an increased effort 
was performed in order to produce and develop and efficient, safe and cost-effect vaccine against VHSV using subunit or 
killed as well as attenuated virus. Although, some of these vaccines had reported good protection effect under the laboratory 
condition, none of these vaccines has been commercially available in Far East Asian Countries. Immunization by injection 
reliably delivers a small, known amount of antigen directly to the fish. Immunization by immersion is probably the simplest 
method of immunization but it is not suitable for all farming conditions. Immersion vaccine offers the advantage of handling 
stress and it is suitable for small fish size but the disadvantage of requiring large amount of antigen and their low efficiency. 
To date, immersion vaccine of fish virus has not been developed due to their low efficacy and an antigen demand. We here 
performed the protective effects of live VHSV immersion vaccine to juvenile olive flounder.   

In this study, we demonstrated the optimal live VHSV immersion vaccine treatment concentration and an appropriate pretreatment 
method for inducement of immune response in juvenile olive flounder. An isolate of VHSV, FYeosu05 (genotype IVa), was 
used in this study. This strain was obtained from VHSV-infected olive flounder at Yeosu, 2005. The three pretreatment methods 
were performed to compare live VHSV immersion vaccine treatment efficiency: (1) without pretreatment; (2) immersed in 
tap water for 1 min; (3) removal of dorsal epidermal mucus by swab. Juvenile olive flounder were immediately immersed to 
the live VHSV vaccine at 105.5 and 107.5 TCID50/mL at 17˚C for 1h. After 30 days, fish were injected with VHSV at a dose 
of 104.5 TCID50/100µL/fish. The cumulative mortality was observed at 10˚C for 15 days. The olive flounder challenge with 
VHSV, survival rate at 105.5 TCID50/mL treated flounder was 71, 70 and 60% in non-treated, tap water immersed and mucus 
removal group, respectively. At 107.5 TCID50/mL treated flounder, the survival rate was 60, 69 and 69% in non-treated, tap water 
immersed and mucus removal group, respectively. VHSV specific antibody was not detected in all the live VHSV immersion 
vaccine treated flounder by ELISA method, whereas the survival rate at 105.5 and 107.5 TCID50/mL was more than 65%.  Live 
VHSV immersion vaccine might be effect to juvenile olive flounder against VHSV-infection. It represented the potentiality of 
live VHSV immersion vaccine using water temperature.
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Viral hemorrhagic septicemia virus (VHSV) is among the most serious viral diseases affecting cultured olive flounder in 
Korea. The effective prevention and control of VHSV infection is essential for the betterment of aquaculture industries. Water 
temperature is plays an important role for VHSV infection and progression. In previous study, we observed that the cumulative 
mortality of VHSV infection was not occurred to juvenile olive flounder reared at 17˚C then the flounder was challenged with 
VHSV. However the cumulative mortality was observed less than 20%. It might be useful for the controlling of VHSV infection 
in juvenile olive flounder. Fish vaccine can be administered by immersion, injection and orally. Among them, vaccination by 
immersion method is suitable for mass vaccination of small size of fish including juvenile stage. In this study, we investigated 
immune-related gene expression levels in live VHSV immersion vaccine treated flounder and the gene expression levels were 
also investigated in live VHSV vaccine treated flounder challenge with VHSV.

Live VHSV immersion vaccine was performed at a dose of 105.5 TCID50/mL at 17˚C for 1h. The flounder was reared at 17˚C for 
30 days to induce the immune response then challenged with VHSV at 10˚C. Immune-related gene expression was determined 
in heart, spleen and kidney through quantitative reverse-transcription polymerase chain reaction (qRT-PCR). The expression 
levels were determined by Livak (2-ΔΔCT) methods. VHSV-specific antibody was detected in fish blood by ELISA method.

Cumulative mortality was observed 20% in vaccine treated flounder after challenge with VHSV at 10˚C. It is indicated that the 
vaccine treated flounder was resisted to VHSV-infection.

Different patterns of immune-related gene expression was observed in live VHSV immersion vaccine treated flounder 
and challenge with VHSV. IFN-type I, IL-8 and CD8-alpha chain was increased in spleen and kidney at a 3rd days of post-
immunization at 17 ˚C. Perforin, ISG-15 were expressed in spleen and kidney at a 5th and 7th days of post-immunization. 

After VHSV infection, most of the tested immune-related gene was expressed in heart at a 1st day of post-infection. ISG-15 and 
IFN-gamma were increased in heart and kidney at 3rd days of post-infection. IL-8 and Mx gene were expressed at 5th days of 
post-infection in heart and kidney from immunized olive flounder. VHSV-specific antibody was not detected in all the tested 
flounder. Our results suggested that the live VHSV immersion vaccine can induced the immune response against VHSV-
infection. 
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Nervous necrosis virus (NNV) is causative agent of viral nervous necrosis (VNN), which one of the most problematic pathogen 
of cultured marine and freshwater fishes worldwide. Although several studies have been detected NNV genome using in situ 
hybridization (ISH), but most of them used DNA probe. Because of NNV is RNA genomic virus, DNA-RNA hybrids are less 
stable with lower sensitivity than RNA-RNA hybrids. Thus, in this study we develop and ISH method using antisense RNA 
probe for detect and localize of NNV in infected fish cell line or brain tissues from sevenband grouper after experimental 
challenge.

RNA2 segment was amplified by PCR and products were then subcloned into pCRII-Topo vector (Invitrogen) as a positioned 
downstream of a T7 promoter. In vitro transcription was performed using digoxigenin (DIG) RNA labeling kit. SSN-1 cell 
were infected with NNV, which the cell were sampled 3, 6, 12, 24, 48, 72 hours post inoculated (hpi). A total of ten sevenband 
groupers were injected intramuscularly with NNV at a dose of 103.5 TCID50/fish and dead fish were collected for brain. The 
cells and tissues were fixed in formaldehyde (4%) followed by treatment with graded alcohol. Fixed slides were treated with 
proteinase K, rinsed and hybridized with the RNA probe. After hybridized, washes in maleic acid buffer and non-specific sites 
were blocked. Linked probe was detected by anti-DIG-AP antibody using NBT-BCIP as a substrate. The sampled cells were 
also used for detection of viral genome by quantitative reverse transcriptase PCR (qRT-PCR).

The level of RNA2 copy number was almost unchanged until 12 hpi, and then increased after 24 hpi. At 72 hpi viral segment 
over 108 copies/mL. By ISH, RNA2 segment was detected after 6 hpi in infected cells, and intensity of signal gradually 
increased until 72 hpi. When examining brain tissues, viral genomic segment was detected in various part of the brain, such as 
optic lobe, cerebellum, medullar, thalamus and hypothalamus. These results demonstrate that labeled RNA probe was detected 
properly in NNV-infected cells or tissues by RNA-ISH.
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Korea has been one of the leading countries in aquaculture. The aquaculture production in 2016 was nearly 1.8 million metric 
tons (MT) with over $2.1 billion economic value. The Korean aquaculture production is dominated by seaweed, 1.4 million MT 
($590 million), followed by shellfish, 360,000 MT ($570 million) and finfish, 80,000 MT ($800 million) in 2016. Three genera, 
including brown seaweed, Saccharina (400,000 MT) and Undaria (500,000 MT) and red seaweed Pyropia (formally known 
as Porphyra; 410,000 MT), occupies nearly 95% of entire seaweed production in Korea. Over 90% of seaweed aquaculture 
occurs in Jeonnam Province, which is in southwest Korea. In Korea, the seaweed biomass has been used mostly for human 
consumption (all seaweeds) and animal feed (kelps mostly for abalones). Since 2000s, Saccharina and Undaria production has 
continuously increased due to demand for abalone feeds, over 60% of total production of Saccharina and Undaria was used 
in the abalone industry. Some seaweed biomass has also been used in the phycocolloid, fertilizer, pharmaceutical, etc. More 
details of seaweed aquaculture technologies in different species, and biomass processing and utilizations will be discussed.
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This study was conducted to evaluate the effects of fish meal (FM) replacement with a mixture of protein sources on growth, 
feed utilization, whole-body composition, hematological parameter, digestibility and histological change of olive flounder. A 
basal diet was formulated to contain 65% of FM. Four other 4 diets were formulated replacing FM by 20%, 30%, 40% and 
50% (FM20, FM30, FM40 and FM50) with a mixture of wheat gluten, soy protein concentrate, tankage meal and poultry by-
product meal. All diets were prepared extruded pellet with a twin-screw extruder. The olive flounder at growing stage (mean 
BW: 196±2g) were distributed in to 2000L tanks at a density of 65 fish per tank with three replicates per dietary treatment. 
Fish were fed the diets to apparent satiation for 6 months. At the end of the feeding trial, no significant differences in growth 
performance, feed utilization, survival and hematological parameter between the control group and other groups. Histological 
changes in intestine showed that goblet cell number was decreased in fish fed FM40 and FM50 diets than fish fed other diets 
after 5 months, but villus height was not significantly different among all the groups. In apparent digestibility coefficient of 
dry matter, FM50 group was significantly lower than FM20 group after 2 months. Protein digestibility of FM50 group was 
significantly lower than that of all other groups after 3 and 5 months.
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LABELING IN SITU HYBRIDIZATION

Jae-Ok Kim*, Soo-Jin Kim and Myung-Joo Oh

Department of Aqualife Medicine
Chonnam National University
Yeosu, Repuplic of Korea
hellok0924@gmail.com

Nervous necrosis virus (NNV) is causative agent of viral nervous necrosis (VNN), including high mortality of cultured marine 
and freshwater fishes worldwide. NNV genomic detection by molecular diagnostic tools such as quantitative RT-PCR (qRT-
PCR) and in situ hybridization (ISH), immunohistochemistry (IHC) has been developed, however, about the viral replication 
or mechanism is still unclear. To better understand about the viral replication cycle, we applied double labeling ISH using RNA 
probes with two-color staining to achieve for multiple visualization of RNA1 and RNA2 segment.

RNA1 and RNA2 segment was amplified by PCR and products were then subcloned into pCRII-Topo vector (Invitrogen) as 
a positioned downstream of a T7 promoter. In vitro transcription was performed using either Fluorescein RNA (for RNA1) or 
digoxigenin (DIG) RNA (for RNA2) labeling kit. SSN-1 cell were infected with NNV, which the cell were sampled 3, 6, 12, 24, 
48, 72 hours post inoculated (hpi). A total of ten sevenband groupers were injected intramuscularly with NNV at a dose of 103.5 
TCID50/fish and dead fish were collected for brain. The cells and tissues were fixed in formaldehyde (4%) followed by treatment 
with graded alcohol and used for ISH and also compared with immunocytochemistry (ICC) method. Fixed slides were treated 
with proteinase K, rinsed and hybridized with both RNA probes (fluorescein and DIG). First linked probe was detected by anti-
DIG-AP antibody using NBT/BCIP as a substrate, and then final detected with anti-fluorescein-AP antibody using INT/BCIP.

By using ISH assay in infected cells, RNA1 and RNA2 genes were coexisting in same regions in cells at 6 hpi, and also RNA1 
was detected separately. The number of stained viral genomic segments was stronger localized with increasing time after 
infection. RNA1 signal was also more widely distributed. In the brain tissues, RNA1 gene signals were separately detected. 
Result of ICC, first observed at 24 hpi, and intensity of signal was increased at 36 hpi and highest at 72 hpi. These results 
suggest that RNA1 might be expressed in the early stage, RNA2 expressed in the later, complete virions are then produced 
through initially expressed viral genomic segments after 24 hpi. In addition, RNA1 over expression may be important for 
sufficient assembly of infectious particles.
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A NATIONAL PERSPECTIVE ON THE HISTORY, MISSION, AND ROLE OF THE USDA NIFA 
- REGIONAL AQUACULTURE CENTER (RAC) PROGRAM

Gene W. Kim

USDA National Institute of Food and Agriculture
Waterfront Center
800 9th Street SW, Washington DC
Gene.W.Kim@nifa.usda.gov

The USDA NIFA Regional Aquaculture Center (RAC) program provides funding for aquaculture research, development, and 
demonstration projects that have a national or regional application.  First conceived in 1987, the RAC Program was initiated 
by amendments to the National Agricultural Research, Extension, and Teaching Policy Act of 1977 (Section 1475 [d]).  The 
mission of the Centers is to support aquaculture research and extension programs to enhance the viability, profitability, and 
environmental compatibility of commercial aquaculture. The function of the Centers is to identify critically important problems 
and then develop collaborative regional projects to solve those problems.  

Each Center has a similar administrative structure and process.  Regional research needs are identified by an Industry Advisory 
Council, developed further by consultation with the Technical Committee, and then considered by Board of Directors for 
publication as an open, competitive RFP process.  RAC project are characterized by resource-sharing among multiple institutions 
in at least two states, address industry priorities, and have regional application. The five Centers serve as regional focal points 
for collaborative research, extension and demonstration that addresses the needs of the aquaculture industry.  Through this 
structure and process, the RACs ensure that research findings are delivered to end-users through effective extension educational 
and outreach.  

The RAC program represents about a quarter of the $19 million annual funding for aquaculture research.  To provide 
information for potential applicants for RAC funding, this presentation will compare RAC process, priorities and outcomes to 
other aquaculture programs at NIFA, highlight legislative and administrative constraints for RAC funding (e.g., overhead costs, 
tuition, travel, salaries, multi-state projects, role of extension), and provide general grantsmanship tips.
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INFORMING SUSTAINABLE AQUACULTURE THROUGH INTEGRATED GENOME AND 
TRANSCRIPTOME SEQUENCING OF THE FLORIDA POMPANO

Laura King*, Guatam Ghosh, Carlie Perricone, Eric Guisbert, Paul S Wills, Ralph Turingan 
and Nicholas J Dickens

FAU Harbor Branch Oceanographic Institute
5600 US 1 North
Fort Pierce, FL 34946
USA
dickensn@fau.edu

Considered one of the finest marine food fish, Florida Pompano Trachinotus carolinus is a highly sought-after bony fish 
commonly found in the warm waters on the US East Coast and Gulf of Mexico. Owing to its good taste and texture, Pompano 
commands high prices at market and is a prized catch for both sport and commercial fishermen. Studies have been conducted 
on the commercial viability of Pompano and its aquaculture has advanced to the point that it is ready for commercialization. 
Pompano is a good candidate for aquaculture because of its high market value, ability to tolerate a wide range of salinities, 
tolerance of high densities, acceptance of a pelleted diet, and capacity for reproduction in captivity. We aim to use high-
throughput sequencing technology to inform sustainable aquaculture of Florida Pompano in the United States by increasing 
quality and market value.  This would help create food supply stability by decreasing reliance on international suppliers while 
also creating more jobs and support local industries.

Here we describe an initial sequencing and assembly of the genome of Florida Pompano in combination with a draft transcriptome, 
which greatly enhances gene prediction and aids the identification of non-coding sequences.  We used a hybrid sequencing 
using long reads on the Pacific Biosciences Sequel platform using their Single Molecule Real Time (SMRT) technology and 
Illumina high-throughput short read sequencing on the HiSeq platform.  Having access to the full genome provides a platform 
for future identification of variant sites with the addition of more individuals that will help in selective breeding practices in 
the aquaculture of Florida Pompano.  This project will aid the identification of high-quality broodfish and improve production 
efficiency through the identification of markers for growth, efficiency and disease resistance.  
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USING UMANNED AERIAL VEHICLES FOR BIRD HARASSMENT ON FISH PONDS

Tommy King* and Ciera Rhodes

USDA/WS/NWRC
2745 West Line Rd.
Mississippi State University, Mississippi 39762
Tommy.King@aphis.usda.gov 

Due to the costs of depredation, spread of disease and costs of harassment aquaculture producers are constantly looking for 
more effective methods of reducing the numbers of pisivorous bird frequenting their facilities. Recent advances in unmanned 
aerial vehicle (UAV) design, costs and regulation have made their use a more viable option in bird harassment. During winter 
and spring 2016-2017 we conducted a study to test the efficacy of using a small, inexpensive UAV to harass piscivorous birds 
from fish ponds. Although our results were not conclusive, we believe UAVs do show promise as a tool for piscivorous bird 
harassment. Some of the limiting factors to the use of these small UAVs are short battery life (~20 min) and restricted use in 
inclement weather. We feel that the rapid advancement in UAV technology will assure that UAVs will soon become a viable 
harassment tool for fish farmers. 
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FROM BIG BOATS TO MUDDY BOOTS TO UNMANNED AIRCRAFT; MORE THAN 125 
YEARS OF OYSTER REEF MONITORING EFFORTS IN SOUTH CAROLINA, USA

Peter R. Kingsley-Smith*, Gary W. Sundin, and Benjamin W. Stone

Marine Resources Research Institute
South Carolina Department of Natural Resources
217 Fort Johnson Road, SC 29412 USA
* kingsleysmithp@dnr.sc.gov

The Eastern oyster (Crassostrea virginica) is a keystone species within the estuarine ecosystem in the southeastern United 
States, supporting ecological services such as habitat provision, water filtration, nutrient cycling, and saltmarsh protection 
against erosion.  Furthermore, oysters in South Carolina support both recreational and commercial fisheries which are managed 
by the South Carolina Department of Natural Resources.  The predominantly intertidal nature of the patch and fringing oyster 
reefs in South Carolina, combined with semi-diurnal tides that expose these reefs twice daily for periods of several hours, is 
conducive to visual techniques for monitoring changes in the distribution, extent, and morphologies of these reefs over time.

During the course of the past 125 years, fisheries managers, shellfish restoration practitioners, and research scientists have 
drawn upon a variety of tools and approaches to meet their needs for monitoring oyster reefs (summarized in Table 1 shown 
right).  Such efforts began in 1890 with the completion of the first intertidal oyster survey in the state of South Carolina, 
conducted aboard the U.S. Fisheries Research Steamer Fish Hawk, the first large vessel built by any nation for the research 
and promotion of fisheries.  While this survey provides a valuable long-term perspective, the nature of the vessel prevented 
data collection from the tidal creeks that meander through an extensive estuarine landscape in South Carolina where oysters 
proliferate.

Recognizing this limitation, in the early to mid-1980s, SCDNR researchers conducted a series of boat-based surveys, marking 
reef locations by hand on topographic maps, and later converting these data to digital format for use in GIS.  Starting in 2003, 
a Federally-funded collaboration was undertaken to gather high-resolution aerial imagery of intertidal oysters at low tide on 
a coast-wide geographic scale.  Refinement of this mapping effort involved the use of automated GIS tools, manual editing, 
and corrections made from helicopter-based photographs.  This talk will culminate in an overview of the latest advancement in 
this evolution of oyster reef mapping approaches with a presentation of the development and implementation of ‘drone’-based 
technology.  This will include some recent examples of its application in the context of both oyster reef restoration efforts, for 
both fisheries and habitat value, as well as a tool to monitor recently installed living shorelines.
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LEVERAGING GENOMIC TOOLS IN AQUACULTURED BIVALVE SPECIES IN THE GULF 
OF MAINE

Sarah E Kingston*, Caitlin M. Cleaver, David B. Carlon

Bowdoin College
Department of Biology and Schiller Coastal Studies Center
6500 College Station, Brunswick, ME 04011
skingsto@bowdoin.edu

As coastal marine environments change rapidly, the growing quiver of genomic tools can help inform fisheries managers and 
aquaculture industry stakeholders about how bivalve populations may respond to changing environmental parameters. Two 
Gulf of Maine case studies reveal the power of genome-scale data: mapping adaptive traits in wild populations of blue mussels, 
Mytilus edulis and Mytilus trossulus, and inferring source populations inside and outside of closed Atlantic sea scallop beds 
(Placopecten magellanicus). 

Genotype-by-sequencing methods were employed to assay tens of thousands of loci across the genomes of individual mussels 
and scallops (M. edulis and M. trossulus N=655; P. magellanicus N=96). RNA-seq was used to estimate gene expression levels 
under predicted future climate-stress (-0.3 pH units, +3ºC, and limited food availability) in blue mussels (N=24). 

The underlying genomic architecture of blue mussel calcification under future climate stress was inferred using genome-
wide association models. The stress calcification trait was heritable and likely associated with 2-10 genomic regions; 174 loci 
demonstrated differential expression under the future climates stress conditions (Table 1).

Connectivity among inshore (both closed and open beds) and offshore populations of P. magellanicus was inferred using the 
highly multilocus genotypes. Links among source and sink populations can inform future management decisions for the coastal 
beds. 
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EFFECTS OF TEMPERATURE AND SALINITY ON PHYSIOLOGICAL PARAMETERS 
OF EASTERN OYSTER Crassostrea virginica: IMPLICATIONS FOR AQUACULTURE 
PRODUCTION AND FILTRATION CAPACITY

Jessica D. Kinsella*, Elizabeth S. Darrow, Suzanne B. Bricker, Joao G. Ferreira, Alhambra Cubillo, 
Martin H. Posey, Troy D. Alphin, Susanne M. Brander, Brandon J. Puckett and Aswani K. Volety

Center for Marine Science
University of North Carolina Wilmington
Wilmington, NC 28409
jdk6366@uncw.edu

The Eastern oyster (Crassostrea virginica) is one of the main bivalves used in shellfish aquaculture along the Atlantic and Gulf 
coasts of the United States. In general, bivalves have demonstrated positive effects on water quality through suspension feeding. 
As human population and coastal development increases nutrient loads to coastal waterways, natural resource managers are 
beginning to incorporate shellfish aquaculture into best management practices to mitigate resulting impacts. Farm-scale and 
ecosystem-scale filtration carrying capacity models, such as the Farm Aquaculture Resources Management (FARM) model, are 
useful tools that allow managers and farmers to make informed decisions on shellfish aquaculture siting and scale. Questions 
remain regarding how environmental parameters influence farmed shellfish and whether these relationships interact with 
aquaculture practices (i.e., site specific) to alter shellfish aquaculture’s influence on its environment.

The purpose of this study was to determine the influence of varying temperature and salinity under working culture conditions 
on physiological rates, such as clearance, egestion, respiration, and ammonium excretion rates in oysters from southeastern 
North Carolina. This data will be used to parameterize the FARM model to estimate filtration carrying capacity, farm production, 
and shellfish aquaculture’s role in eutrophication, as well as determine how site-specific application of the model must be. It 
is hypothesized that each of the physiological rates will increase with temperature and salinity. It is also hypothesized that 
individuals from different farms will have different physiological rates based on culture conditions. 

Triploid oysters were collected each month directly from aquaculture sites within Masonboro Island National Estuarine 
Research Reserve (NERR) and the New River Estuary from fall of 2017 to fall of 2018. Physiological rate measurements were 
conducted in the laboratory at ambient temperatures ranging from 5 to 30 °C and salinities of 15, 25, and 35 ppt. Clearance 
and egestion rates were collected during flow-through feeding experiments using filtered estuarine water supplemented with 
cultured phytoplankton. Respiration and ammonium excretion rate experiments were conducted in controlled environmental 
chambers filled with filtered estuarine water. Each of the observed physiological rates was standardized to 1 gram of dry weight 
(DW). 

Preliminary results indicate that physiological rates increase with increasing temperature and individuals sampled from different 
farms perform similarly.
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EFFICACY OF BIOFOULING MITIGATION METHODS FOR FLOATING CAGE 
PRODUCTION OF SOUTHEASTERN TRIPLOID EASTERN OYSTERS Crassostrea virginica

Shannon E. Kirk*, Thomas H. Bliss, Julie E. Davis, Dr. William C. Walton, Dr. Charles R. Weirich, 
Dr. Robert B. Bringolf

Warnell School of Forestry and Natural Resources
The University of Georgia 
180 E. Green Street, Athens GA, 30602
(301) 335-4483
shannonk@uga.edu

Off-bottom oyster aquaculture has the potential to be a major economic contributor in the Southeastern United States. However, 
suitable conditions for optimum bivalve growth are congruent with many suspension-feeding invertebrates that can attach to 
gear, increasing the need for research of appropriate biofouling mitigation methods. This research addresses the efficacy of 
three aerial drying frequencies and a fouling-release coating on the control of biofouling on floating oyster cages (OysterGro®) 
throughout the southeastern U.S. states (NC, SC, GA). Triploid Eastern oyster (Crassostrea virginica) seed with an average 
shell height of 30.9 ± 4.2 mm were stocked at densities of 150 per bag. Cages and oysters were deployed at all locations in 
mid-October 2017. Fifty percent of cage pontoons and culture bags were treated with a water-based silicone release coating 
(Netminder®) in September 2017. Aerial drying regimes include drying frequencies of weekly, every two weeks, and every 
three weeks. 

Quarterly sampling included measurement of shell metrics (height, length, width) and photographic documentation of fouling. 
An initial subsample of 25 oysters per bag was collected in June 2018. Mortalities were bagged and retained for later shell 
height measurements. 15 of the 25 oysters were measured, cleaned, weighed, and discarded. The remaining 10 were frozen for 
further analysis of shell metrics, meat yield, condition, and fouling.

Cages will remain deployed and drying regimes will continue through September 2018 to assess summer fouling. Upon project 
completion, another 10 oysters per bag will be retained and frozen. Bags will be photographed and weighed to determine final 
fouling intensity. Each cage will be photographed for fouling analysis as well. Frozen oysters will be measured, cleaned, and 
fouling weighed to determine intensity. Meat yield and condition will be assessed. A final economic analysis of each fouling 
mitigation method in combination with growth and condition data will allow us to infer which regimen produces the highest 
yields at the lowest cost for growers. 
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THE MASSACHUSETTS SHELLFISH INITIATIVE (MSI): DEVELOPING A STATE-WIDE 
PLAN FOR MAXIMIZING ECONOMIC, ENVIRONMENTAL, AND SOCIAL BENEFITS OF 
SHELLFISH RESOURCES IN MASSACHUSETTS 

Stephen Kirk*, Melissa Sanderson, Chris Sherman, Christopher Schillaci, Sean McNally, and Scott Soares
 
The Nature Conservancy
99 Bedford St Suite 500
Boston, MA  02111
stephen.kirk@tnc.org

In June 2011 in order to enhance the economic, environmental and social benefits of shellfish resources throughout the U.S, the 
National Oceanographic and Atmospheric Association (NOAA) established the National Shellfish Initiative policy. NOAA’s 
initiative has since allowed for the successful development of multiple regional shellfish initiatives, as well as, the recently 
developed Massachusetts Shellfish Initiative (MSI). 

The MSI is an iterative and collaborative process that was started and is currently led by the Cape Cod Commercial Fishermen’s 
Alliance, Massachusetts Aquaculture Association, and The Nature Conservancy. In 2017 the project partners identified issues, 
concerns, interests, and commonalities, across various shellfish resource users to confirm broad support for the concept. Since 
then the initiative has successfully recruited 18 shellfish community leaders and managers who represent the Commonwealth 
of Massachusetts Environmental Secretariat, state agencies, elected and appointed municipal representatives, fisheries and 
aquaculture trade associations, and members of the Massachusetts Legislature to serve as the initiative’s task force. The 
project has also identified over 30 potential shellfish stakeholders to serve on three sub-committees whose work will lead to 
the formulation of the initiative’s recommendations associated with coastal community interests, resource development and 
strategic plan developed by the task force.  

The initiative’s comprehensive nature of engagement in recreational and commercial shellfisheries, aquaculture, and habitat/
ecosystem restoration projects lends itself to stakeholder-driven guidance of a strategic plan. The initiative primary goal is to 
work to balance growing and competing demands for shellfish resources, including the development of new regulations, and 
various recommendations of strategies and tactics, created with robust stakeholder input that can be implemented to make 
progress towards creating resilient shellfish resources and environments across the state.

The development of a state-wide plan by stakeholders to guide these investments is an important step towards properly 
functioning ecosystems that support well managed resources. This will result in robust recreational and commercial fisheries 
and support appropriate development of private aquaculture.   The plan will, in part, aim to provide goals and guidance for how 
the state and municipalities should balance growing and competing demands for shellfish resources. The final implementation 
of the MSI plan will ensure and maintain strong economic growth of shellfish businesses, future and continued investment in, 
research, education, and effective  management throughout the state. 
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Off-bottom oyster aquaculture has the potential to be a major economic contributor in the Southeastern United States. However, 
suitable conditions for optimum bivalve growth are congruent with many suspension-feeding invertebrates that can attach to 
gear, increasing the need for research of appropriate biofouling mitigation methods. This research addresses the efficacy of 
three aerial drying frequencies and a fouling-release coating on the control of biofouling on floating oyster cages (OysterGro®) 
throughout the southeastern U.S. states (NC, SC, GA). Triploid Eastern oyster (Crassostrea virginica) seed with an average 
shell height of 30.9 ± 4.2 mm were stocked at densities of 150 per bag. Cages and oysters were deployed at all locations in 
mid-October 2017. Fifty percent of cage pontoons and culture bags were treated with a water-based silicone release coating 
(Netminder®) in September 2017. Aerial drying regimes include drying frequencies of weekly, every two weeks, and every 
three weeks. 

Quarterly sampling included measurement of shell metrics (height, length, width) and photographic documentation of fouling. 
An initial subsample of 25 oysters per bag was collected in June 2018. Mortalities were bagged and retained for later shell 
height measurements. 15 of the 25 oysters were measured, cleaned, weighed, and discarded. The remaining 10 were frozen for 
further analysis of shell metrics, meat yield, condition, and fouling.

Cages will remain deployed and drying regimes will continue through September 2018 to assess summer fouling. Upon project 
completion, another 10 oysters per bag will be retained and frozen. Bags will be photographed and weighed to determine final 
fouling intensity. Each cage will be photographed for fouling analysis as well. Frozen oysters will be measured, cleaned, and 
fouling weighed to determine intensity. Meat yield and condition will be assessed. A final economic analysis of each fouling 
mitigation method in combination with growth and condition data will allow us to infer which regimen produces the highest 
yields at the lowest cost for growers.  
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FINANCIAL TOOLS FOR IMPROVED ECONOMIC, RESOURCE, AND ENVIRONMENTAL 
PERFORMANCE OF THE AQUACULTURE SECTOR

Dane H. Klinger* and James R. Watson

Conservation International
2011 Crystal Drive, Suite 600
Arlington, VA 22202, USA
dklinger@conservation.org

Financial tools play a critical risk-mitigation role in many food production sectors, for example in agriculture and livestock 
production, but their use in aquaculture is relatively rare. We review key barriers to utilization of financial tools in the aquaculture 
sector and discuss opportunities to overcome these barriers. Improving access to and expanding utilization of aquaculture-
specific financials tools can help the sector achieve faster, more resilient growth with improved resource and environmental 
performance. This in turn will improve resource (e.g. feed, energy, land, water) efficiency, which will be critical to profitable 
expansion of the sector in the face of worsening resource scarcity.

NUTRITIONAL ATTRIBUTES, SUBSTITUTABILITY, SCALABILITY, AND ENVIRONMENTAL 
INTENSITY OF CURRENT AND FUTURE PROTEIN SOURCES FOR AQUACULTURE FEEDS: 
JOINT CONSIDERATION OF POTENTIAL SYNERGIES AND TRADE-OFFS

Dane H. Klinger*, Nathan Pelletier, Neil A. Sims, Janice-Renee Yoshioka, and John N. Kittinger

Conservation International
2011 Crystal Drive, Suite 600
Arlington, VA 22202, USA
dklinger@conservation.org

Aquaculture is anticipated to play an increasingly important role in global food security because it may represent one of the 
best opportunities to increase the availability of healthy animal protein in the context of resource and environmental constraints. 
However, the growth and sustainability of the aquaculture industry faces important bottlenecks with respect to feed resources, 
which may be derived from diverse sources. Here, using a small but representative subset of potential aquafeed inputs (which 
we selected to highlight a range of relevant attributes), we review a core suite of considerations that need to be accommodated 
in concert in order to overcome key bottlenecks to the continued development and expansion of the aquaculture industry. 
Specifically, we evaluate the nutritional attributes, substitutability, scalability, and resource and nvironmental intensity of each 
input. On this basis, we illustrate a range of potential synergies and trade-offs within and across attributes that are characteristic 
of ingredient types. We posit that the recognition and management of such synergies and trade-offs is imperative to satisfying 
the multi-objective decision-making associated with sustainable increases in future aquaculture production.
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EFFECTS OF GREEN ENGINEERING TECHNIQUES ON OYSTER COMMUNTIES ON 
SEAWALLS IN CHESAPEAKE BAY

Kathleen E. Knick*, Rochelle D. Seitz, Jennifer Gonzalez, Alison Smith, Michael S. Seebo, 
Gabrielle G. Saluta

Virginia Institute of Marine Science
The College of William & Mary
Gloucester Point, VA, 23062
keknick@vims.edu

As coastal populations increase and sea levels rise, so has the demand to protect shorelines, properties, and infrastructure from 
inundation and erosion. The development of shorelines has increased the presence of vertical seawalls in urban coastal areas, 
which can negatively impact benthic macrofauna and fish communities. Green engineering techniques can be used to enhance 
inhospitable seawall structures by creating micro-habitats on the structures and using materials that increase the settlement of 
bivalves. The bivalves then serve as ecosystem engineers creating habitat complexity which enhances seawall communities.

In this experiment, we investigated the effects of artificial substrates with 
varying habitat complexity and oyster seeding density deployed along 
seawalls at two field sites in the Chesapeake Bay. The substrates included 
3D printed tiles (0.25 × 0.25 m) with three levels of complexity (flat, 2.5 cm, 
and 5 cm) plus control tiles of the existing seawall, at two different seeding 
densities (36 and 56), and unseeded. Tiles were monitored every three months 
for oyster survival, oyster growth, and primary cover. After a year, tiles 
were destructively sampled for oyster survival, oyster recruitment, and the 
macrofaunal assemblage.  Both increased tile complexity and higher seeded 
oyster density increased seeded oyster survival and recruitment of oyster 
spat. The high complexity, high seeded tiles had 10x more recruits than flat 
unseeded tiles and 70x more recruits than the controls of the existing seawall. 
Macrofaunal abundance and biomass also increased as the habitat complexity 
of the tiles increased, in particular providing habitat for larger organisms, 
such as mussels and mud crabs. Using green engineering techniques such as 
these 3D ecotiles on seawalls would be ecologically beneficial by increasing 
habitat complexity leading to higher bivalve survival, increased recruitment, 
abundance, and biomass in urban coastal ecosystems. 
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BENTHIC COPEPODS AS A REPLACEMENT FOR ARTEMIA NAUPLII: 
ADVANTAGES FOR SMALL-SCALE AQUACULTURE PRODUCTION

Travis G. Knorr* and Michelle L. Walsh 

Florida Keys Community College
Key West, FL 33040
travis.knorr@fkcc.edu

Small-scale aquaculture is an important component of the ornamental aquarium trade. These fish culturists have fewer resources 
when compared to commercial-scale producers and must run their operations with far less labor than established companies. 
When considering labor expenses, some of the largest time consumers are live microalgae and Artemia cultures. Artemia 
nauplii grow rather quickly, requiring fish culturists to constantly hatch new batches. Artemia supply can vary in cost and 
availability, adding uncertainty to the costs of production. 

Copepods are essential in the production of many ornamental marine species. Researchers have worked with several species 
(e.g., Parvocalinus crassirostris; Pseudodiaptomus pelagicus) - providing larval fish with copepod nauplii harvested from a 
stock culture daily. Production is typically done on a larger scale than that of a home breeder and requires a large labor demand 
including the general necessity of culturing live microalgae as feed for the copepods.

Recent refinements in microalgae concentrates have provided alternatives that eliminate the need for live phytoplankton 
cultures. These concentrates provide a cost advantage over live microalgae production (less time and labor), and are now a 
go-to for live rotifer cultures; however, many aquaculturists have had little luck sustaining copepod cultures on non-viable 
microalgae concentrates. 

Some copepod species, including the benthic Tisbe biminiensis harpacticoids, prefer heterotrophic food sources as opposed to 
autotrophic microalgae diets. These scavenger copepods may provide not only a food source, but as detritivores may also assist 
in the break-down and cycling of nutrients in static larval nursery tanks (the common type of system for the hobbyist-level 
breeder). Additionally, these benthic copepod adults remain below the water column, which results in low predation by larger 
larval fish and thus enables the perpetuation of a broad range of nauplii sizes within the static nursery tank. This method may 
provide a low-cost alternative to the production and provision of live microalgae and Artemia. 

To quantify the success rate of this technique, two treatments of newly-hatched clownfish larvae were provided with live 
rotifers followed by the transition to (1) copepods or (2) Artemia nauplii. We examined two species of clownfish, Amphiprion 
ocellaris and A. frenatus. In both treatments larval clownfish were fed an appropriate quantity of prey items and water was 
tinted green using microalgae concentrate. Detritus was not siphoned from either treatment (but mortalities were removed and 
recorded). Additionally, labor hours for each treatment were recorded including culture maintenance, feed preparation, and 
clean-up. Trials culminated at metamorphosis (i.e., when young fish are generally weaned onto a formulated diet). 

This study identifies differences in cost, time, and success rate of the two rearing techniques to identify potential cost-saving 
advantages of using the benthic Tisbe biminiensis copepod in the culture of A. ocellaris and A. frenatus clownfish.
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MOLECULAR COMPARISONS AMONG VIBRIO BELONGING TO THE HARVEYI CLADE 
ISOLATED FROM THE ENVIRONMENT FROM DIFFERENT GEOGRAPHICAL AREAS

Susan E. Knudson*, PhD, and Luke Keeton

Keeton Industries, Wellington Co 80549, USA
susan@keetonaqua.com

Vibrio parahaemolyticus and other members of the harveyi clade are potential oyster and shrimp pathogens.  Vibrio are prevalent 
in sea water and can be isolated readily from coastal water samples and from seafood in the market place.  We have collected a 
number of vibrio isolates from different geographical regions (Table1).

Previously, we reported different responses of these vibrio to antagonists isolated from the environment.  The purpose of this 
study is to identify profiles and virulence factors that might be used to identify isolates that would indicate the need for more 
aggressive treatment.  In this study, we further characterize these vibrio using molecular techniques including PCR and Pulsed 
Field Gel Electrophoresis (PFGE). 

V. parahaemolyticus has a number of virulence factors including toxins, two type III secretion systems (T3SS1, T3SS2) and two 
type 6 secretion systems (T6SS1, T6SS2).  PCR was used to determine the presence or absence of various virulence associated 
genes in our environmental isolates.  A subset of the data is listed in Table 2.

PFGE has been used to detect the genetic diversity among vibrio strains.  Previous studies reported that strains causing AHPND 
harbor a 69-kb plasmid with possession of virulence genes, pirA and pirB.  The electrophoretic profiles of the genome and 
plasmids from the isolates under study will be presented and discussed. 

The transfer of genetic elements has the potential to lead to the emergence of new more virulent strains.  Continued study of the 
phenotypic and genotypic identification of isolates that are pathogenic to shrimp will be useful to the management of shrimp 
aquaculture. 
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Introduction: Stress is a significant challenge in global aquaculture, associated with lower productivity and with the emergence 
of diseases because it causes immunosuppression. In order to prevent diseases, considerable amounts of antimicrobial products 
are used in aquaculture, particularly in South America and Asia. Prophylactic alternatives have been investigated to minimize 
economic losses and the excessive use of drugs. Beta-glucans extracted from yeast cell wall act on the immune system of 
animals, resulting in enhanced immune response, greater resistance to pathogens, and better performance. The objective of 
the study was to evaluate the effect of the replacement of oxytetracycline by beta-glucans on the performance and mortality of 
Nile tilapia during the growth phase.

Material and Methods: Approximately 6,000 Nile tilapia, with 150g initial body weight, were distributed in 12 cages 
measuring 18m2 each. The cages were divided in 3 experimental groups with 4 replicates each, as follows: control (fish fed 
a commercial diet with 32% protein), beta-glucan (fed a commercial diet with 32% protein and 0.1% MacroGard®, Biorigin, 
Lençóis Paulista, Brazil), or oxytetracycline (fed a commercial diet with 32% protein and 0.83% - market product). The fish fed 
beta-glucan or oxytetracycline groups received the experimental diets for 14 and 7 days, respectively, after which, all groups 
were fed the same diet as the control group. Fish were weighed one day before the experimental diets started to be fed and at 
the end of the trial (day 163). 

Conclusion: Considering that feed intake was statistically similar among the evaluated treatments and that the beta-glucan 
group presented higher average weight gain (figure 1), it is suggested that beta-glucans can be used to reduce performance 
losses in Nile tilapia reared under intensive production systems. In addition, beta-glucans decreased fish relative mortality, and 
therefore may be used as a prophylactic alternative to antimicrobials in commercial fish production.



575

EFFECTS OF DIET AND SOCIAL HOUSING ON REPRODUCTIVE SUCCESS IN ADULT 
ZEBRAFISH, Danio rerio

Amy Kolb, Friedhelm Hildebrandt, Christian Lawrence

amy.kolb@childrens.harvard.edu

Zebrafish (Danio rerio) have proven their efficiency as an animal model for genetics and development, but their nutrition 
and housing requirements continue to elude researchers. Diet and housing density were predicted to affect weight change and 
reproductive success in 90 days post fertilization (dpf) Zebrafish, and growth performance of their progeny. Fish were fed one 
of four diets, each utilizing a different primary protein source (fish meal (Zeigler™ or Gemma™), algae, or insect), while being 
housed 0.3 fish/liter or 0.15 fish/liter for three weeks. Clutch size, viability, and larval development/survival of their progeny 
was monitored out to 10 dpf. All diets were sent out for proximate nutrient analysis and fatty acid profiles to understand how 
diet compositions affect reproduction. We found that diet and housing proximity affected adult fish weight and larvae growth; 
diets composed of higher levels of protein and polyunsaturated fatty acids (PUFA; specifically AA and EPA) allowed fish to 
gain weight and produce larvae with high-survivability. Fish housed at higher densities produced smaller embryos, but larger 
larvae than those housed at lower densities. These findings imply that significant effects of a modified stimulus are exhibited 
after relatively short periods.
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Single-celled micro algae such as Schizochytrium sp. and other closely related Thraustochytrids and organic trace minerals 
(OTM) have been recognized as promising sources of n-3 highly unsaturated fatty acids and highly bioavailable TM in modern, 
plant-based aquafeeds. However, information on their nutritional value for farmed aquatic animals is still limited. 

A 12-week feeding trial was conducted to investigate the effects of Schizochytrium sp (AM) and TM (Fe, Cu, Mn, Zn and Se) 
in the diet of largemouth bass (LMB). In a 2 x 3 x 2 factorial design arrangement, triplicate groups of 15 LMB (25.0 g initial 
weight) were fed 42% CP and 12% lipid diets designed to contain two fish meal (FM) levels (high or low), three fish oil (FO) 
replacement levels by AM (0, 50, or 100%), and two TM sources (inorganic or organic). LMB stocked in each of 36, 110-L 
aquaria were fed with one of the randomly assigned experimental diets (n = 3) to apparent satiation twice daily. Water quality 
was maintained within adequate ranges for LMB and a 12-h photoperiod was set for the duration of the study. 

In general, LMB fed high FM diets outperformed those fed low FM diets independently of AM level and TM source (P < 
0.05). In the high FM treatments, the production performance of LMB was unaffected by AM level or TM source and no 
interactions among the two fixed factors were found (P > 0.05). On the other hand, significant responses were observed in low 
FM treatments. Feeding rate of LMB increased with AM inclusion in the diets regardless of TM source (P = 0.040). Significant 
interactions of AM and TM source were found for final weight, weight gain (% of initial weight), and TGC of LMB. As dietary 
AM level increased, growth of LMB tended to decrease in the inorganic TM groups, while the opposite trend was observed in 
the OTM groups (P < 0.05). Analyses conducted on metabolic, antioxidant, immune, and condition parameters revealed the 
significant effects of AM level and TM source on alkaline phosphatase, glutathione, immunoglobulin, and HSI in both high and 
low FM treatments. Analyses for amino acids, fatty acids and TM composition of whole body and/or muscle tissue of LMB 
are underway and will be presented. 

The preliminary results of this study indicate that AM is a good alternative to FO in the diet of LMB and the responses to AM 
in low FM diets can be affected by TM source. 
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Nile tilapia (Oreochromis niloticus) is one of the most farmed fish worldwide, with a total production of 4.2tonnes among 
84 countries in 2016 (FAO, Global Aquaculture Production, 2018). For the past few decades,in an effort to achieve fast 
development and growth, several breeding programs have been established based on the phenotypic and genetic background 
of this species. However, growth and metabolic processes are also affected by epigenetic mechanisms that are likely inherited 
from one generation to the next and shape the expression of related genes. In this study, we investigated epigenetic profiles of 
three tissues (pituitary, liver and fast muscle) from second generation Nile tilapias reared in captivity at our research station. We 
correlate our findings with the epigenetic regulation of the somatotropic axis and its consequences to muscle growth.

DNA hydroxymethylation is a poorly studied epigenetic mechanism in fish species. However, increasing evidence from 
mammalian studies suggests that hydroxymethylation plays a key role in epigenetic regulation of gene expression. In particular, 
several proteins such as UHRF1, MBD3, MeCP2, RPL26, PRPF8, MSH6 and THAP11 with domains that specifically attach to 
hydroxymethylated cytosines (5hmC) can affect gene expression levels (Lin et al., 2017). We have used reduced representation 
hydroxymethylation profiling (RRHP) to determine the 5hmC profiles. Using this method we were able to tag 5hmCs and map 
them to the Nile tilapia genome. A threshold was applied based on the mean number of read counts, and finally we quantified 
the hydroxymethylation levels for each individual 5hmC. We found several differences between tissues at single nucleotide 
resolution. The annotation of these differentially hydroxymethylated cytosines revealed a tissue-specific pattern, which can 
potentially affect several metabolic processes and muscle growth.These results can potentially pinpoint epigenetic marks that 
may enable the manipulation of the somatotropic axis through selective breeding.

Reference: Lin I-H. et al (2017). Correlated 5-Hydroxymethylcytosine (5hmC) and gene expression profiles underpin gene and 
organ-specific epigenetic regulation in adult mouse brain and liver. PLoS ONE.12(1): e0170779. 
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under the Toppforsk programme (grant agreement no 250548/F20).
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Aquaculture is the primary component of the seafood trade which makes up the largest traded food group in the world.   More 
than all grains, banana, cocoa, rice, and all other meats combined. Aquaculture products are also the primary source of protein 
for one fifth of the world’s population, mainly in the developing world.  This is extremely important for food security because 
the world’s population is expected to grow from 6.8 to 9.2 billion in 2050, causing the demand for food to increase 110%.  This 
will result in a huge demand…an opportunity… for aquaculture products. However, there are serious food safety concerns with 
aquacultured products. These concerns include the presence of unsafe residues, pathogens, and the potential to contribute to 
antimicrobial resistance. When food safety problems are found there are a range of negative impacts. These include significant 
costs to producers, processors, buyers, importers, and the regulatory agencies, market disruptions, an increase in the negative 
perception of aquaculture, lost markets, etc.   This talk will describe a new way of approaching aquaculture food safety linking 
it to disease prevention and minimizing the risk of trade interruptions due to food safety concerns, and an approach to obtaining 
more customer confidence in aquaculture. 
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The importance of onshore infrastructure for supporting coastal fisheries has long been acknowledged; its role in remote 
and geographically challenged fishing communities in the Nordic Arctic has visibly impacted community structure and 
development. We explore the Red King Crab (Paralithodes camtschaticus, RKC), fishery in Norway and the ways in which 
its management has been changing the socioeconomic landscape in Northern Finnmark since the beginning of commercial 
exploitation (early 2000’s). The RKC in the Barents Sea is an intentionally introduced species that is viewed both as a nuisance 
and as a valuable economic resource. Norway applies a spatially differentiated management, with a quota-regulated area 
East of 26oE and an open-access area West of 26oE to eliminate the spread. This induces ambivalent preferences among local 
stakeholders and decision-makers. Low harvesting costs, uncertain ecosystem losses and ongoing infrastructure investment 
in onshore landing facilities all shape stakeholders’ myopic interests in favor of a long-term management of the fishery. 
Simultaneously the political willingness to support local coastal communities and livelihoods in northern Norway provides 
significant impetus for maintaining a long-term stock, particularly in Eastern Finnmark. The ongoing infrastructure investments 
favor regional stakeholders over less clearly identified interests in ecosystem changes induced by the invasive crab. With this 
paper, we highlight the path dependencies created by infrastructure development and seek to identify trade-offs inherent in the 
management of the species for ecological and community resilience. 

Economics have rarely addressed trade-offs that arise when non-native species enter human preferences in positive ways, so 
that introduction and spread may generate negative net welfare for others. When established markets for those species exist, 
markets likely fail to internalize environmental 
properties of the invasion. The ambiguous 
net impacts of such species along with the 
uncertainty in their biological characteristics and 
stock dynamics often make decision-making for 
their management difficult and controversial.

We approach the question of how society should 
manage such profitable invasions within a 
bio-economic framework. Understanding of 
the harvesting cost function requires not only 
examination of the marginal costs of harvest but 
also the unfolding role of investment in support 
of any new infrastructure requirements needed 
for the newly present resource. We address the 
ways in which the economic and social landscape 
changes after a species introduction by assessing 
the changes in perceptions of local communities 
across time along with the development of 
investments and the distribution of income from 
the commercial harvest. 
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Previous studies have shown that F1 hybrid females between koi carp (Cyprinus carpio) and goldfish (Carassius auratus) 
produce diploid eggs due to a transformation of meiosis. Crossing F1 hybrid females with koi results in backcross triploid 
hybrids with two haploid chromosome sets of koi, and have one set of goldfish (FBK), while crossing these females with goldfish 
produces triploids with two sets of goldfish and one set of koi (FBGF). The goal of this study was to evaluate the reproductive 
ability of both variants of triploids.

No males produced sperm after injection of carp pituitary extract (CPE). The males were then dissected and their testes were 
investigated. Testes of all triploid hybrid males were pinkish in color and did not contain sperm. FBK males had an average 
gonadosomatic index (GSI) of 1.4%, while FBGF males had an average GSI of 2.4%. 

Some triploid hybrid females of both variants produced eggs after injection of CPE. Eggs were fertilized with sperm from 
diploid males of parental species (koi and goldfish). Progenies obtained from FBGF females did not survive past one month, 
and their ploidy has not been analyzed. Progenies obtained from FBK females also had low survival; nonetheless about 1,000 
5-month-old juveniles were obtained. Approximately 350 juveniles were analyzed for ploidy by analysis of DNA content in 
erythrocytes. Analyzed juveniles had an average ploidy of approximately 2.5n, with the majority of values being within the 
range of 2.3n-3.0n. Since aneuploid fish have in their genomes one haploid set from parental males, this data indicate that FBK 
females produce aneuploid eggs with a ploidy range of 1.3n-2.0n, and a modal ploidy of approximately 1.5n.

The results of this study show that triploid hybrid males are completely sterile, while triploid hybrid females produce aneuploid 
progenies when crossed with males of parental species. Future studies will be directed towards investigation of reproductive 
ability of aneuploid hybrids. 
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Protein synthesis is an intensely energy-consuming process absolutely required to maintain physiological homeostasis in 
response to environmental change and physiological stress.  Combined transcriptomics and proteomics studies of shellfish 
exposed to a variety of stressors reveal that mRNA abundance is a limited proxy for protein abundance, demonstrating the 
importance of translational control and posttranslational modifications.  Especially when energy is limited, translational 
regulation, mediated by mRNA binding proteins, provides cells the ability to allocate ATP to the synthesis of the most 
critically necessary proteins while reducing or silencing other existing transcripts.     A better understanding of the ability 
of bivalves to respond to environmental stress therefore requires a more detailed functional analyses of the roles of RNA 
binding proteins and translational control.   Previously we identified putative binding sites for the RNA binding protein Cold 
Shock Domain Containing Protein E1 (CSDE1/ UNR) on key metabolic and stress-related proteins in scallops and oysters.  In 
vertebrates and Drosophila, CSDE1 cooperates with other proteins to bind to mRNAs and suppress or enhance their stability 
and translation.    We hypothesize that CSDE1 also helps orchestrate translational control during physiological stress in bivalve 
molluscs.  We expanded our computational analyses of available bivalve genomes to identify additional possible targets of 
CSDE1 UNR), and results reveal hundreds of putative target mRNAs with functions related to hypoxia, heat shock, immune 
defense, development, and energy metabolism.  In some cases, CSDE1 mRNA target identity, as well as binding site location 
in 5’ and 3’ untranslated regions, is conserved across phyla.  RNA-CSDE1 protein interactions are being characterized using 
recombinant oyster and scallop CSDE1 and in-vitro transcribed mRNAs to confirm computational predictions.  Additional 
immunoprecipitation experiments are underway to identify protein and RNA binding partners.  Results of these studies and the 
correspondence between predictions and functional studies will be discussed.  By exploring the detailed function of this single 
translational regulator, we hope to contribute to our overall understanding of translational control in bivalve molluscs.  
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Biofloc systems have a dense microbial community in the water column which helps maintain water quality and may act as a 
supplemental nutritional source for shrimp. Biofloc facilitates high levels of biosecurity, water conservation, and production of 
marine species inland. High tunnel greenhouses can help to extend the growing season for warm-weather crops in subtropical 
and temperate latitudes. High tunnel greenhouses have no artificial heat; they are warmed only through solar radiation, and 
cooled using passive ventilation and shade clothes. Varying stocking densities and substrates have shown effects on shrimp 
growth and performance as well as water quality. The purpose of this study was to assess these effects on production, and water 
quality conditions to help optimize shrimp production in high tunnels.

The experiment included 16 wooden framed tanks lined with a 45 mil rubber liner. Four tanks were located in each of four 
high tunnels. Each tank contained approximately 11 m3 of water aerated with one 2.5 HP regenerative blower per high tunnel. 
Solids were controlled using 473 liter conical bottom settling chambers and in-house made foam fractionators with diffused air. 
Shrimp were fed a 35% protein commercial pelleted diet 3 times daily. Four treatments were used: high density with substrate 
(HD-S), high density without substrate (HD-NS), low density with substrate (LD-S), and low density without substrate (LD-
NS). High density tanks were stocked with 300 shrimp/m3, low density were stocked with 200 shrimp/m3; tanks with substrate 
contained 4.2 m2 of polypropylene construction safety fence suspended in the water column. One tank from each treatment 
was randomly assigned to a tank within each high tunnel, thereby blocking for tunnel location.  Shrimp were stocked after a 90 
day indoor nursery period when they weighed 2.71g, and the experiment was conducted in the high tunnel tanks for 101 days.

Few differences were found in shrimp production metrics during this study, potentially indicating the relative equivalence of 
growth in shrimp stocked at higher densities in these low-tech systems.  The concentrations of ammonia and nitrite were higher 
in the high density systems compared to low density, suggesting that some degree of caution is warranted when shrimp are 
grown at higher densities.

Overall, the results of this study are encouraging for the production of marine shrimp in a land-locked, subtropical location such 
as Kentucky using no supplemental heat.  Further investigations will include the financial implications of using low-cost high 
tunnels to produce fresh, high-quality shrimp near potentially lucrative market places.
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The calcium independent type I transmembrane cell-cell adherence proteins; nectins, belonging to the immunoglobulin super 
family constituted by 4 members viz., Nectin-1, 2, 3 and 4. Previous studies demonstrated that several neurotropic viruses 
exploit nectins as cellular receptors mediating their entry. In light of this, present study investigated the role of nectin-4 proteins 
in NNV infection.Molecular docking studies to predict the interaction of nectin-4 was performed in ClusPro server using 
default parameters using the PDB derived structure of NNV- capsid and homology modeled nectin-4 structure based on H. 
septemfasciatus brain transcriptome data. The temporal expression and expression profile of nectin-4 in brain, gill and kidney 
post challenge with NNV in vivo was analyzed using quantitative real time PCR analysis.Eukaryoticexpression construct of 
nectin-4 was based on pcDNA3.1 were used to transfect SSN-1 cells and the expression was confirmed using qPCR. The 
transfected cells were evaluated for its ability to enhance the NNV replication by comparing the replication kinetics in a single 
step growth curve. 

Docking simulation revealed that the N-terminal arm (N-arm, residues 34–51) of the NNV coat interacts with the V and 
C2 motifs in the Ig like ectodomain of nectin-4. Nectins ubiquitously expressed in all the tissues of healthy fish with higher 
transcript abundance in the brain, gill and kidney. Significant up-regulation of nectin-4 expression was observed post NNV 
challenge in vivo in brain followed by the gill and kidney.Experimental infection of the transected cell lines with NNV resulted 
in cytoplasmic vacoulation that formed 24 to 48 h post infection. In contrast, no visible cytopathic effects were seen in the 
wild-type cells at this time point. Comparison of the replication kinetics of NNV in a single-step growth curve (multiplicity of 
infection [MOI] of 4) demonstrated significantly faster replication in cell lines expressing Nectin-4 compared to non transfected 
cells (P < 0.05; t test comparison of mean viral growth rates). Of note, a low level of viral replicationwas detected in non- 
transfected cells, presumably because ofthe endogenous Nectin-4 of SSN-1 cells. These results suggest that H. septemfasciatus 
nectin-4 protein could potentially act as a receptor in NNV entry. However the observations have to be confirmed with more 
investigations and could shed light into the molecular basis of NNV pathogenesis.
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For more than 150 years, sponge products have been exported from the Florida Keys.  At the turn of the 19th century, sponges 
collected from the Florida Keys were a major commercial commodity, with export values from Key West second only to 
hand-rolled cigars.  Unfortunately, these shallow-water sponge species have been in decline since at least 1939, when a sponge 
disease of unknown etiology caused wide-spread die-offs and virtually collapsed the local commercial sponging industry.  After 
WWII, synthetic sponges were invented, and demand for natural sponges declined.  Today, sponging in the Florida Keys is an 
artisanal fishery with a cultural legacy. 

Currently, the Florida Fish and Wildlife Conservation Commission (FWC) and the University of Florida are leading a 
multiagency Community Sponge Restoration Program to restore 15,000 sponges by 2020.  Key questions regarding donor 
sponge propagation still need to be addressed to document the sustainability of sponge culture from wild stocks.  Transplanted 
sponges are placed into nurseries using methods established by Dr. Mark Butler at Old Dominion University, which entails 
cutting sponge tissue from donor sponges and attaching these propagules with zip-ties to brick pavers.  Preliminary work has 
been under the FWC Community Sponge Restoration permit to augment the first ever in situ assessment of the effectiveness 
of sponge community restoration.   Sponges are ecologically, commercially, and culturally important in the Florida Keys.  This 
project is investigating multispecies sponge aquaculture treatments for both commercially and ecologically important sponges 
in nearshore hardbottom habitats.  A key component of the project is to measure the sustainability of sponge culture by tracking 
survival rates for donor sponges and propagules for two cutting methods. 
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Nitrogen compounds are indicated as one of the main problems in intensive shrimp production systems. Ammonia and 
nitrite, respectively, present the highest toxicities for the organisms produced, affecting growth, moulting processes, feeding 
and survival. In BFT system, the bacterial community present in the bioflocs removes nitrogen compounds and represents 
a complementary food source. Furthermore the biofilm present can improve water quality parameters, and accelerate the 
metabolization of the nitrogen compounds and increase of surface of area. The present study aimed to evaluate the evolution of 
the nitrifying bacteria present in the biofilm in the Bioflocos system and clear water system.

A 47 day-trial was conducted at the Marine Station of Aquaculture, University of Rio Grande, Rio Grande do Sul State, Brazil. 
Juveniles of Pacific white shrimp (7.81 ± 0.24) were stocked at 400/m3 in a twelve 800 L. tanks. For the formation of the biofilm 
was used non-floating artificial substrates (Needlona®), previously matured in Bioflocos system (200% of the lateral area). The 
experimental design consisted of three treatments (4 replicates): T1 (Substrate + clear water), T2 (Bioflocos + Substrate) and T3 
(Bioflocos without substrate). In order to guarantee the flow rate of 33.75 L / min in all treatments, a rotameter (Tecnofluid®) 
was coupled to the aeration system. Shrimp were fed with a commercial diet (38% CP, 0.4-1.2mm, Guabi®). Tanks were 
kept with no water exchange through the duration of the study. Water temperature, salinity, dissolved oxygen (DO) and pH 
was recorded twice daily (0800 and 1700) using a YSI 556 MPS meter (YSI Inc®). Water was tested daily for for measuring 
TA-N. Monitoring of NO2-N, NO3-N and PO4+3-P was done every five days, while alkalinity was measured once a week. 
Total suspended solids (TSS) and Settleable Solids (SS) were measured three times per week. Every week, 60 shrimps were 
randomly sampled from each tank and individually weighed. Water quality parameters were compared by two-way repeated 
measures ANOVA (system type). Significant differences of P<0.05 was used in all zootechnical performance, Tukey’s multiple-
range test was applied when significant differences were detected. The water quality parameters were not influenced by the 
treatments (P>0.05) and were not limiting for shrimp survival and growth, except nitrogen compounds (table 1). 

The results demonstrate that treatments containing substrates were more efficient in the control of nitrogen compounds. The 
present study confirms the importance of the use of artificial substrate in Bioflocos systems, since they act in the metabolization 
of nitrogenous compounds.
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The US catfish industry has shown increasing trends toward intensification of production as a means of achieving cost 
efficiencies on farms. Previous studies depicted the potential for cost efficiencies in alternative technologies such as split-
pond systems, intensively aerated ponds, and in-pond raceway systems. This study provides an economic comparison of these 
systems under a uniform set of economic assumptions using a standard enterprise budget analysis. Cost of production of hybrid 
catfish raised in these systems ranged from $2.03 to $2.91/kg, the highest cost being that of in-pond raceways and the lowest 
from split ponds. Positive annual net cash flows from split-pond systems and intensively aerated ponds were sufficient to make 
the investment profitable. Cumulative effects of high investment cost (high annual fixed costs), poor survival, and lower yields 
from the in-pond raceway systems made it economically infeasible. However, the feed conversion ratio (FCR) was the best 
among these technologies. Risk analysis showed stochastic dominance of intensively aerated ponds and split-pond systems 
over in-pond raceway systems (Fig. 1). Variations in catfish price, yield, and FCR were the major contributors to economic risk. 
Implementing combinations of intensively aerated ponds and split-pond systems should be viewed as a strategy to respond to 
production and market needs.
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A pond experiment was conducted to evaluate the economics of raising channel catfish in intensively aerated ponds. Channel 
catfish fingerlings (mean weight: 41 g/fish) were stocked at different densities of 15,000, 20000, 25,000 and 30,000/ha with 
six replicates ponds (0.4ha) per treatment. A pentaplicate treatment of hybrid fingerlings stocked at 30,000/ha were also 
simultaneously studied to evaluate the relative economic performance of channels in intensive environment in comparison to 
the most common hybrids stocking strategy (30,000/ha). All the ponds were provided with a fixed paddlewheel aeration rate 
of 7.46 kW/ha and were fed once daily to apparent satiation for 206 days. For channels, the gross yield ranged from 7,457 to 
10,272 kg/ha showing linear trends of increasing yield with stocking density/initial biomass (Table 1). However, such linear 
trends were absent with regard to cost of production with highest breakeven prices ($2.64/kg) associated with the lowest density 
treatment (15,000/ha) while the least cost ($2.18/kg) with the 20,000/ha treatment. Relative to the channel catfish treatments, 
the hybrid treatment (30,000/ha) out performed channels in terms of yield and growth rate, resulting in lowest cost of production 
($1.90/kg). This study showed that the channels do not perform well over densities of 20,000/ha. Hence, farms with have yield 
maximizing objectives should achieve them by raising hybrids instead of channels in intensively aerated settings. 
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Enteric Septicemia of Catfish (ESC) is a ruinous bacterial disease affecting the U.S. catfish industry. Previous attempts to 
develop ESC vaccines lacked industry acceptance, a phenomenon largely attributed to difficulties in delivering the vaccine 
to immunocompetent fish. Recently an attenuated, live ESC vaccine has been developed as well as a mechanized platform 
designed to accurately deliver measured doses of vaccine for oral delivery. This delivery scheme for vaccine-feed admixture 
shows tremendous promise under various research settings. This study evaluated the economic effect of on-going commercial 
vaccination trials on catfish fingerling operations in Mississippi. Results from the commercial trials for both channel and 
hybrid catfish demonstrate that vaccination significantly improves survival, growth, feed consumption, feed conversion, and 
gross yield. Resultant net economic benefits to channel and hybrid catfish fingerling-production phases were $3,949 and 
$6,895/ha, respectively. Net returns were sensitive varying fingerling prices (Fig. 1). Wholefarm models showed additional 
economic benefits ranging from $266 to $397/ha on farms that integrate fingerling production to their production strategies 
due to the appropriation of more of the otherwise incumbent fingerling production area into foodfish production. Results 
suggest commercial adoption of the oral-vaccination platform would greatly enhance industry profitability, along with laying 
the foundation for development and delivery of polyvalent vaccines against other catfish diseases. 
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Split ponds are recently developed pond-based aquaculture systems that allow intensification of
catfish aquaculture. Successful industry-wide adoption of newly developing technologies like split-pond systems will depend 
upon their productivity and cost efficiencies. Costs and production performance of the following three split-pond design 
scenarios were monitored from farm production data from Arkansas and Mississippi. An economic engineering approach using 
standard enterprise budget analysis was used to develop estimates of breakeven prices (BEPs) ($/kg) for producing foodsize 
hybrid catfish (♂Ictalurus furcatus×♂Ictalurus punctatus) for each scenario. Estimates of BEPs of hybrid catfish raised in 
split ponds ranged from $1.72 to $2.05/kg. The cost of catfish production in split ponds was sensitive to yield (Fig. 1), fish 
prices, and feed prices. Annual net cash flows from both commercial split-pond systems were high and sufficient to make the 
investment profitable in the long run. Feed price, feed conversion ratio, and yield contributed the most to downside risk of split 
ponds. The enhanced productivity demonstrated from split-pond systems appear to have potential to reduce costs, increase 
production, and enhance the competitive position of the US catfish industry. As understanding of the dynamics of production 
relationships of split ponds and farmers’ learning curves grow, improved efficiencies in terms of FCR and yield across different 
scenarios would be expected.
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Acute hepatopancreatic necrosis disease (AHPND) is an emerging shrimp disease caused by virulent strain of Vibrio 
parahaemolyticus (VPAHPND), which typically affects shrimp postlarvae and causes mortality up to 100 %. The VPAHPND acquires 
70-kbp plasmid encoding deadly toxins (VPAHPND toxins) that are responsible for shrimp mortality during AHPND. Therefore, 
to better understand the toxicity mechanism of VPAHPND toxins, we have used the gnotobiotic Artemia franciscana model to 
determine the toxicity of recombinant PirAVP and PirBVP toxins in vivo. Subsequently, the study was validated by VPAHPND 
ECP30, ECP10 and ECP3 concentrated with 30, 10 and 3 kDa amicon filters to establish the toxicity towards brine shrimp 
larvae. It was found that recombinant PirBVP is more toxic to brine shrimp larvae as compared to PirAVP. Moreover, the survival 
of brine shrimp larvae challenged with a mixture of PirAVP and PirBVP toxins decreased ~2-fold as compared to PirBVP toxin 
and ~3-fold as compared to PirAVP toxin, as anticipated, as these 2 toxins seem to form an active complex. The study also 
confirms that VPAHPND ECP10 and ECP3, comprising PirAVP and PirBVP toxins, exhibits toxic effect to brine shrimp larvae. The 
ECP30, lacking PirAVP, showed reduced toxicity. The VPAHPND ECP10 and ECP10 (containing PirAVP and PirBVP toxins, along 
with other proteins) were more toxic than their respective equivalent amounts of pure toxins, suggesting that VPAHPND ECP10 
and ECP10 contains additional, but uncharacterized, toxins. Hence, our study provides substantial evidence that toxicity of 
V. parahaemolyticus AHPND strains is mediated by VPAHPND ECP comprised of PirAVP and PirBVP (mostly) and other ECP or 
toxins produced by the bacterium. 
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Soybean meal (SBM) is regarded as promising alternatives to fishmeal (FM). However, high inclusion of SBM in diets for 
carnivorous fish species often results in reduced growth and efficiency, or change in physiological status and pathologies 
also cause intestinal enteritis in rainbow trout (Oncorhynchus mykiss). This is because rainbow trout are very sensitive to 
antinutritional factors (ANFs) present in SBM. Therefore, we have developed the processing technology to reduce the ANFs 
of SBM, and called processed soybean meal (PSBM) that contains 24% higher protein than SBM. Aim of the present study 
was to replace the FM by using SBM and PSBM. Six practical diets (isonitrogenous: 42% crude protein and isolipidic 20% 
crude lipid) were formulated: D1 (control: 25% FM); D2-D5 replacing 33% and 66% FM by SBM or PSBM and one additional 
diet (D6) wherein 66% FM replaced by with combination (1:1) of SBM and PSBM. These diets were hand fed for 12 weeks.  
Rainbow trout (720, av wt: 5 g) were stocked into each of eighteen 145-L tanks (40 fish per tank) supplied with 8 L min-1 of 
constant temperature (15°C), gravity-fed spring water.
 
Results of the present study revealed that highest growth performance was observed in control (D1), which is significantly 
similar to D3 (low PSBM) and these values were higher than SBM fed groups (table). Low (D3) and high (D5) inclusion of 
PSBM fed groups exhibited 60% and 250% higher growth than low (D2) and high (D4) SBM fed groups respectively. Trypsin 
activity in proximal intestine of fish exhibited the similar trend as growth performance whereas feed conversion ratio shown 
opposite trend. Hepatic genes related to growth are depicted in figure 1 and correlation between final body weight (g) and 
IGFBP1b1 are presented in figure 2. Proximate composition, amino acids and fatty acids composition of whole body was 
measured and distal intestinal histology was also examined. Overall, the results of this study revealed that processed soybean 
meal fed groups exhibited out performing over soybean meal fed groups.
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Aquatic environment and feed are the two main sources of microorganisms available to fish; the factors underlying the successful 
colonization of ingested microbes and the community assembly inside the gut are still poorly understood. Interactions among 
host such as fish, feed, and aquatic environment are important factors that can influence the utilization of any diet, particularly 
as it involves the complex microbial population of the gut. The gut microbiota has been proposed to be essential in digestion, 
health status, innate immunity, proliferation of epithelial cells and structural and functional maturation of the gut and xenobiotic 
metabolism of the fish. Symbiotic relationships between the host and complex microbes in the gut have significant impacts 
on nutrient digestion, and host immune function.  Therefore, we have used the Protein+, an insect-based feed supplement 
(developed by our collaborative research partner – Oreka, Canadian corporation) to manipulate the gut microbiota to enhance 
the survival, growth, digestions and immune systems of Nile tilapia and rainbow trout.  

Nile tilapia fry (1800, average weight: 1.9 g) were randomly distributed and stocked into six 400-L tanks (300 per tank) in a 
closed recirculating system (water temperature 25~26°C). Eighteen hundred rainbow trout fry (average weight: 3.0 g) were 
stocked into each of nine 150-L tanks. Each tank was supplied with constant temperature (14 °C) spring water supplied by 
gravity. Fish (Nile tilapia and Rainbow trout) were fed three experimental diets for 14 weeks. The fish were fed three to five 
times per day at satiation level. Three diets (isonitrogenous and iso-lipidic) were used in the study. A control diet (commercial 
feed without any supplementation); Diet 2: Control with 7% Protein+ and Diet 3: Control supplemented with carbon additive 
(275 ppm).  

The results for growth performance and feed conversion ratio (Nile tilapia: 0.83-0.85 and Rainbow trout: 0.85-0.88) were 
measured. Growth performances were higher in Protein+ (an insect-based feed supplement) fed group than control and carbon 
additive fed groups. The microbiota compositions at the phylum and genus level in the distal intestine of trout were analyzed. 
To understand the impact of experimental diets on the immune response, the expression pattern of a suite of immune related 
genes were quantified.  
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Seaweeds, such as sugar kelp, are rich source of vitamins, minerals, antioxidants, omega-3 fatty acids and especially the 
medicinal bioactive active compounds in the form of dietary fibers (alginates, carrageenan, fucoidan, laminarin) and secondary 
polyphenolic metabolites (fucoxanthin, phlorotannins). The chemical composition and nutritional content of seaweeds depends 
mostly on species, geography, location, season, water temperature, salinity and light intensity. The active metabolites found 
in seaweed have been documented for exhibiting the various biological activities such as anticancer, antitumor, antiviral, anti-
inflammatory and anti-angiogenic effects. Obesity is increasing worldwide at an alarming rate and it is estimated that by 2030 
with 58% of global population will become obese. Many studies have found that the consumption of high dietary fibers of 
seaweed could also help in prevention of obesity related disorders and metabolic syndrome. 

The objective of this research is to study the effect of different particle size on the bio-accessibility of bioactive phytochemicals 
tested under gastrointestinal tract (GIT) condition. Fresh sugar kelp was procured from the local Maine seaweed farmer and is 
farmer and is freeze dried. Dried sample were sifted at different particle size level range from >250 µm, 250-500 µm, 0.5-1 mm 
and >1 mm, respectively. After passing the dried samples through the different GIT (saliva and gastric) phase, the samples were 
centrifuged. The collected supernatant and pellet were tested for proximate content, antioxidant and phenolic activity. These 
studies will help in understanding the digestion of sugar kelp and the absorption of bioactive compounds in human digestive 
system.  
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The mangrove ecosystem harbors a complex microbial community that plays crucial role in biogeochemical cycles. In this 
study, we categorize the microbial community in mangrove sediment samples from eight different locations within a vast 
mangrove system in Kerala, India (1,2). We analyzed mangrove sediments from India using de novo whole metagenome 
next generation sequencing and compared their taxonomic and functional community structures to mangrove metagenomics 
samples from Brazil and Saudi Arabia. We compared this data to other samples taken from the other known mangrove data, 
a tropical rainforest, and ocean sediment. An examination of the microbial communities from a large mangrove forest that 
stretches across southwestern India showed strong similarities across the higher taxonomic levels. When ocean sediment and a 
single isolate from a tropical rain forest were included in the analysis, a strong pattern emerged with Bacteria from the phylum 
Proteobacteria being the prominent taxon among the forest samples.  The ocean samples were predominantly Archaea, with 
Euryarchaeota as the dominant phylum. Principal component and functional analyses grouped the samples isolated from 
forests, including those from disparate mangrove forests and the tropical rain forest, from the ocean.

The most abundant phyla in the mangroves of all three countries were Proteobacteria, followed by Firmicutes and Bacteroidetes.  
A total of 1,942 genes were found to be common across all the mangrove sediments from each of the three countries. The 
mangrove resistome consistently showed high resistance to fluoroquinolone and acriflavine. A comparative study of the 
mangrove resistome with other ecosystems shows a higher frequency of heavy metal resistance in mangrove and terrestrial 
samples. Ocean samples had a higher abundance of drug resistance genes with fluoroquinolone and methicillin resistance genes 
being as high as 28.178% ± 3.619 and 10.776% ± 1.823. Genes involved in cobalt-zinc-cadmium resistance were higher in 
the mangrove (23.495% ±4.701) and terrestrial (27.479%±4.605) ecosystems.  Our findings show similar patterns in samples 
isolated from forests, and these were distinct from the ocean sediment isolates. The taxonomic structure was maintained to the 
level of class, and functional analysis of the genes present also displayed these similarities and comparative analysis of samples 
collected from a variety of habitats shows that genes involved in resistance to both heavy metals and antibiotics are ubiquitous, 
irrespective of the ecosystem examined.

1Imchen M, Kumavath R, Barh D, Azevedo V, Ghosh P, Viana M, Wattam AR. Searching for signatures across microbial 
communities: Metagenomic analysis of soil samples from mangrove and other ecosystems. Sci Rep. 2017 Aug 18;7(1):8859. 
[PubMed: 28821820]  https://www.ncbi.nlm.nih.gov/pubmed/28821820.

2Imchen M, Kumavath R, Barh D, Vaz A, Góes-Neto A, Tiwari S, Ghosh P, Wattam AR, Azevedo V. Comparative mangrove 
metagenome reveals global prevalence of heavy metals and antibiotic resistome across different ecosystems. Sci Rep. 
2018 Jul 25;8(1):11187. doi: 10.1038/s41598-018-29521-4 [PubMed: 30046123] https://www.ncbi.nlm.nih.gov/
pubmed/30046123. 
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Tilapia is one of the main fish of livestock in Africa (Carlos Lietar, FAO, 1984). However, despite the potential of exploitation 
that offers this fish breeding seems not yet mastered in sub-Saharan Africa. The West of the DRC specifically in the provinces of 
Congo-Central, Kwango and Kwilu, tilapia is the main species of livestock. To answer the question whether the low weight of 
tilapia in the West of the DRC was due to a genetic degeneration or simply the wrong system of breeding, we have introduced a 
new strain of tilapia that we compared with the strain local. Both strains were fed on basis of the internal are with a complement 
of 25 kg/ha of concentrated feed (18% PD) and 50 kg/ha of the droppings of chickens every 10 days. 

The average weight of 85,94 g; 150,18 g and 218,22 g were obtained with the local strain respectively at 3, 6 and 9 months. 
While with the introduced strain, the average weight of 83,34 g; 149,12 g and182,28 g were observed. The ANOVA showed that 
the differences are significant. At the end of our investigation, it is clear that the very low weight of tilapia produced by peasant 
farmers in the West of the DRC are due to the use of inadequate nutritional practices. Nutrition is currently the limiting factor 
for performance of tilapia farming in the West of the DRC.
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Nutritional Programming (NP) has been considered a promising approach to counteract the negative effects of dietary plant 
protein (PP) by introducing PP to the fish in their early age to enhance the utilization of the same PP during fish later life. 
Although NP has a great potential to improve fish performance during the grow-out phase, the mechanism behind the NP 
phenomenon and its optimal induction time remain elusive. Therefore, the objectives of our study were: 1) To determine the 
optimal time window for NP in zebrafish early life stages to improve dietary PP utilization; 2) To determine if NP mitigates any 
inflammatory or morphological changes in the gut responsible for improved digestion of dietary PP; and 3) To assess if NP with 
dietary PP affects the expression of appetite-stimulating hormones responsible for enhanced dietary PP utilization. 

At 3 days post-hatch (dph) zebrafish larvae were randomly distributed into 12 (3 L) tanks, 100 larvae per tank. This study 
included four different groups: 1) The first group received NP with dietary PP in the early larval stage via live food enrichment 
during 3-13 dph followed by fishmeal (FM)-based diet during 13-36 dph and PP-based diet during 36-66 dph (LF-NP); 2) The 
second group received NP with dietary PP between 13-23 dph through formulated diet after the live food period followed by 
FM-based diet during 23-36 dph and PP-based diet during 36-66 dph (DF-NP). 3) The third group received FM-based diet after 
the live food period from 13-36 dph and was challenged with PP-based diet between 36-66 dph (No NP); 4) The fourth group 
received PP-based diet after the live food period from 13-66 dph (negative control).

During the PP challenge the DF-NP group achieved the highest weight gain compared to both control groups (P<0.05). The LF-
NP group achieved higher weight gains compared to the negative control (P<0.05), however, no differences were detected with 
No-NP or DF-NP groups (P>0.05). This study suggests that PP utilization can be improved in zebrafish with NP induced right 
after hatching using the live food as a PP vehicle and/or during the weaning period with dry PP feed. The results on intestinal 
inflammation status and expression of appetite-stimulating hormones will be included in the oral presentation.
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Historically, the Great Bay Estuary, New Hampshire was covered in oyster (Crassostrea virginica) reefs.  Due to overharvest 
and environmental stressors, the reefs have largely been lost and with that the loss of the ecosystem services provided by the 
reefs.  The Nature Conservancy in partnership with the University of New Hampshire has been restoring oyster reefs since 
2009 and to date has restored a 28-acre footprint.  As we continue in water restoration work and monitoring we are also 
undertaking an assessment strategy, termed restoration by design to define where and how we conduct restoration in the future. 
The strategy aims to integrate site suitability for oyster restoration with additional interests such as recreational harvest areas, 
oyster aquaculture opportunities and eelgrass regeneration areas.  We present here the ecological and physical site suitability 
criteria and ranking of sites within the estuary.  We will discuss an estuary specific stakeholder planning tool and associated 
vetting process.  A combination of in-water science and stakeholder feedback will produce a map for future reef construction. 
The restoration by design project will enable The Nature Conservancy and our Great Bay habitat restoration and resource 
management collaborators to literally map out and begin to pursue a collective vision for oyster restoration efforts. 
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Understanding what dictates growth and ultimately size structure of a species is critical for effective fisheries management.  
Abalone (Halitoids) are a valuable nearshore fishery in many parts of the world and many stocks have been overexploited to 
the point of collapse.  Size and growth rates of abalone are highly variable on broad and fine spatial scales, yet the underlying 
mechanism(s) that promote or restrain growth are not well understood.  Across abalone species there are occurrences of 
populations that do not reach their full growth potential, referred to as “stunted” populations. In New Zealand, the abalone, 
Haliotis iris, is the focus of an operating fishery and also has stunted populations in specific areas.  It has been suggested that 
stunted populations result from density-dependent processes, fishing pressure and poor habitat quality. The aim of this study 
was to quantify and evaluate the effect of density and the contribution of habitat variables on abalone size (shell length) at 
two spatial scales across two environmental gradients. In the austral summer of 2014, a survey was conducted of habitat type 
and H. iris populations in Tasman Bay and at Long Island Marine Reserve, central New Zealand. To further explore the effect 
of habitat type on growth a translocation experiment was conducted at Long Island Marine Reserve.  The survey determined 
environmental gradients existed at small (<10 km) and large scales (>80 km) and explained how paua size varied along these 
gradients.  The habitat variables that supported larger sized individuals were consistent across both locations, where paua 
were significantly larger in areas that were more exposed and with greater algal cover than those at sheltered areas with low 
algal cover.  This result was further confirmed by translocation experiment results, where paua that were translocated from a 
stunted environment to a normal environment grew significantly more than conspecifics placed at the stunted environment. 
The habitat association results from both the survey and translocation can be used to assist with fisheries and conservation 
management decisions an in New Zealand, such as considerations for potential translocations and closure areas and may 
contribute knowledge to other countries that are working to rebuild or sustain economically important abalone fisheries. 
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What’s a drug? A product’s intended use determines whether it’s a drug or not.

For example, when formalin is used to fix a biopsy sample from a fish, it isn’t a drug because the intended use is to preserve the 
tissue for future study. But when formalin is used to kill external parasites on finfish, it’s a drug because the intended use is to 
treat a disease (parasitism), which makes it a drug under federal law.

Why does FDA review animal drugs? Federal law requires that drug companies submit information to demonstrate that new 
animal drugs are safe and effective before they are approved for marketing.  The FDA evaluates the information submitted by 
the drug company to make sure:
The drug is safe and effective for its intended use; 
Food products from treated animals are safe for people to eat (if the drug is for a food-producing species);  
The drug is properly manufactured;
The drug is properly labeled. 
FDA’s review also considers:
The drug’s impact on the environment; and
The safety of the people who will give the drug to the animal or who may come in contact with the drug. 

This rigorous review process ensures that the animal drug is safe for animals, people, and the environment; effective; high 
quality; and has a complete and truthful label.

FDA continues to monitor the drug’s safety and effectiveness after it reaches the market. FDA also continues to monitor the 
drug’s labeling, the drug’s manufacturing process, and the company’s marketing communications related to the drug.

Why should you care? As a fish producer or animal health professional, if you use an aquaculture drug with legal marketing 
status, you’re assured that the drug is safe, effective, manufactured to a high quality standard, and that the label includes all 
information necessary for you to use the drug safely and effectively, including the risks associated with the drug.

Currently, few legally marketed drugs are available for fish compared to other animals like cats, dogs, cattle, and chickens. 
Drug companies are often hesitant to spend a lot of resources to develop aquaculture drugs when there is little return on their 
investment due to the small size of the U.S. aquaculture market. However, you can help change this. You can collaborate with 
government agencies and other private and public aquaculture professionals and use your facilities and expertise to help get 
more aquaculture drugs to legal marketing status.   
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The gastrointestinal tract of the animals harbor symbiotic communities of microorganisms (also known as microbiome) that 
play vital roles in maintaining the nutrition of their host (e.g. by metabolizing dietary substrates that the host is unable to digest), 
defense against pathogens and maintaining the health status of gastrointestinal host cells. Bacteria typically represent the most 
diverse group of microorganisms in the gut of animals. This diversity is expressed both in terms of taxonomy (i.e. number of 
different species) as well as genetics (i.e. which can be interpreted or translated as metabolic capacity or ability to perform a 
variety of biochemical reactions). 

The relationship between a host and its symbiotic bacteria is the result of co-evolution between the two entities, i.e. that 
it addresses the specific needs and capabilities of the partners involved. The development of gut microbial communities in 
hatchling or neonatal animals is the result of successive waves of colonization and succession, concurrent with the development 
and maturation of their host. While the mechanisms involved remain poorly characterized, a wide body of research in humans 
and in animal models has shown that the type of microorganisms that a young individual is exposed to can affect the composition 
of its microbiome as it matures. This can potentially affect the ability of gut microbial communities to contribute to the health 
and nutrition of their host later in life. 

Since early gut microbial colonization events can impact the future performance or productivity of an animal, the biosafety 
measures implemented in aquaculture operations to prevent pathogen outbreaks may also inadvertently prevent colonization of 
indoor raised shrimp with beneficial bacteria found in natural environments.  
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USEFUL TIPS FOR GROWING DUCKWEED AND OTHER FLOATING AQUATIC PLANTS
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Duckweed are small floating aquatic plants found worldwide and often seen growing in thick, blanket-like mats on still or slow 
moving, nutrient-rich waters. Duckweed has great potential as a cheap easy to grow feed source for fish, chickens, ducks, cattle 
and geese. The high protein content of it makes this an ideal food for fish and livestock. Feeding fish duckweed can reduce feed 
consumption by half. When duckweed is fed to chickens they produce more white meat and eggs laid by hens have a brighter 
colored yolk commanding a higher price on the market. In some parts of the Far East, it is being sold and consumed by humans 
as well. 

Compared with most plants, duckweed leaves have little fiber (5% in dry matter of cultivated plants) as they do not need to 
support upright structures. Roots, however, appear to be more fibrous. As a result the plant has little or no indigestible material 
even for monogastric animals. This contrasts with many crops such as soya beans, rice, or maize, where approximately 50% of 
the biomass is in the form of high fiber, low digestibility residues. 

Duckweeds grow at water temperatures between 6 and 33°C. Many species of duckweed cope with low temperatures by 
forming a turion and the plant sinks to the bottom of a lagoon where it remains dormant until warmer water brings about a 
resumption of normal growth. 

The best nutritional situations for duckweed growth are in waters with decaying organic material, providing it with a steady 
supply of nutrients. A dense cover of duckweed inhibits the growth of competing aquatic plants and they can also often exclude 
algae from growing where duckweed covers the water surface . 

This presentation describes how to grow duckweed. There are many ways to grow duckweed. I will also discuss how to dry and 
store duckweed for later use as animal feed.
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CATFISH MUCUS CHANGES THE Flavobacterium columnare TRANSCRIPTOME

Miles D. Lange*, Jason Abernathy and Bradley D. Farmer
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National Aquaculture Research Center, 2955 Hwy. 130 East Stuttgart, AR, 72160, USA
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Flavobacterium columnare, the causative agent of columnaris disease, severely impacts the production of freshwater finfish 
species. Efforts to better understand F. columnare biological processes including the contribution of biofilm formation to 
disease are ongoing. Our objective was to determine how catfish mucus affects the development of F. columnare biofilms. We 
demonstrate that catfish mucus stimulates in vitro biofilm formation among different F. columnare isolates. Global changes 
in planktonic and biofilm gene expression were then evaluated using high-throughput RNA sequencing.  The analysis of F. 
columnare transcriptomes after the addition of mucus revealed significant differentially expressed genes (DEGs) between 
the planktonic and biofilm states. DEGs common among biofilms were enriched for gene ontology groups including signal 
transduction, ligand binding and cellular homeostasis and are likely necessary for biofilm formation. Iron acquisition systems 
included TonB dependent receptor and ferroxidase genes were expressed among all biofilms, while siderophore synthesis 
genes were only expressed in mucus-stimulated biofilms. The current analysis of F. columnare transcriptomes adds valuable 
information about the basic biological processes that occur during the planktonic and biofilm states. These results add valuable 
information into the physiological processes behind the planktonic-to-biofilm states. This work serves as a basis for future 
studies on understanding how biofilms are established and how they contribute to disease progression.
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MOLECULAR DETECTION OF Toxoplasma gondii AND Enterococcus faecalis IN THE INDIAN 
RIVER LAGOON (IRL) FLORIDA 
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The Indian River Lagoon (IRL) is a 156 mile long biodiverse estuary along Florida’s Atlantic coast. Sewage discharge, septic 
tank effluent, and agricultural runoff all pose health risks to aquatic organisms and humans that depend on this estuary. Indicator 
organisms, such as the natural occurring gut bacteria Enterococcus faecalis, are used as surrogates for human pathogens 
transmitted by fecal-oral routes in water monitoring programs.  Toxoplasma gondii, a zoonotic protozoan parasite and the 
causative agent of toxoplasmosis, is a food borne illness acquired through consumption of infected meat, and accidental 
ingestion of contaminated water or soil. It has been detected previously in marine mammals in the IRL. However, no monitoring 
program exists for this parasite and its presence in IRL waters has not been determined. 

Oysters can serve as useful indicators of ecosystem health due to their ability to filter bacteria, and other pathogens and 
pollutants from surrounding waters. These substances can bio-accumulate in oyster tissue providing evidence of past existence 
in the water column. Bio-accumulation can also impact human health as oysters are often consumed raw. 

A preliminary study was initiated to a) determine whether the same qPCR procedure used to assess E. faecalis in collected 
water could be used in oysters, b) whether a qPCR procedure designed to detect T. gondii in meat could be used to determine 
the presence of the parasite in water and oyster samples, c) and to determine the prevalence and intensity of these organisms 
were in the central and southern IRL.

Water samples were collected (N = 3 replicates) in June 2018 at eight sites in the central (4) and southern (4) IRL and oysters 
(N = 20) were collected at four (2 central, 2 southern) of these sites. All sites received fresh water input from canals and salinity 
ranged from 0-10 ppt.  

E. faecalis was detected in water (100% prevalence) and oysters (25-67% prevalence) at all sites.  Prevalence and intensity were 
highest in the southern IRL and correlated with lower salinities. This indicates that the qPCR assay designed for waterborne 
detection can be applied to oysters.

T. gondii was not detected at any of the sites. This indicates that either the parasite was not present at the time of sampling, that 
concentrations were below detection levels, or that this assay needs further optimization. 



604

PRODUCTION OF THE AMPHIPOD Parhyale hawaiensis: EFFECTS OF TEMPERATURE AND 
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Amphipods are an important live feed for the ornamental industry and command a high dollar value. Paryhyale hawaiensis is 
common in Florida waters and are readily found in association tanks of cultured Ulva lactuca in HBOI-FAU’s land based IMTA 
system. This study focused on two aspects of production: a) the determination of optimal temperature for development and, b) 
whether a commercial shrimp diet or U. lactuca meal would be best utilized as a feed source.

To determine the optimal temperature for development from egg to adult the effect of four temperatures (20, 23, 26, 29°C) were 
evaluated.  Hatchlings (100/replicate) were collected from P. hawaiensis spawning pairs (12/container) and placed into four-
liter aerated containers (N = 3 replicates). Biofloc from the IMTA biofloc reactor served as a food source. Five amphipods were 
collected from each replicate (N = 15/treatment) and measured from week one to six post-hatch.  From week seven to 12, three 
amphipods per replicate were measured.  Survival was assessed at weeks six and 12, when the experiment was halted due to 
Hurricane Irma. By week eight, growth was significantly higher at 26 and 29°C (P < 0.041). Survival was similar at week six but 
at week 12 was significantly higher at 23 and 26°C (P = 0.036). During Hurricane Irma treatments were maintained at ambient 
temperature (~ 23°C) and were not fed. As no hatchlings had been observed by week 12, temperature control and feeding were 
resumed post-Irma (week 13). Hatchlings were observed at week 16 in the 26 and 29°C treatments. At experimental termination 
(week 20) hatchlings had not been observed in the 20 or 23°C treatments. In terms of growth, survival and timing of brood to 
brood life cycle 26°C appeared to be the optimal temperature. 

To determine which type of feed would result in higher production, P. hawaiensis adults (200/replicate) were fed a commercial 
shrimp diet (Zeigler PL 40-9) or dried Ulva meal (N = 3 replicates) for four weeks. Total amphipod density and the percentage 
of hatchlings (<1.5 mm), juveniles (1.5-5 mm) and adults (>5 mm) were determined. Amphipod density in the commercial diet 
treatment was higher (967 + 501) compared to the Ulva meal treatment (313 + 82), but the difference was not significant (P = 
0.089).  A significant difference (P = 0.014) with respect to population dynamics was seen with adults compromising only 8% 
of the population in the Ulva meal treatment, compared to 36% of the population in the commercial diet treatment. Although 
protein levels were similar between diets, lipids were much lower in the Ulva meal, which may have impacted growth and 
reproduction. 
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Taurine is a critical amino acid for all animals, playing several essential roles throughout the body, even serving as an 
immunomodulator. Animals deficient in taurine may manifest severe disease including retinal degeneration and cardiac 
abnormalities. CSAD (cysteine sulfinic acid decarboxylase) is the terminal and rate-limiting enzymatic step in the taurine 
biosynthetic pathway. Our laboratory targeted the csad gene for a complete knockout in order to characterize the phenotype of 
a taurine-deficient zebrafish and perform dietary studies in a taurine-negative background.

We utilized the CRISPR/Cas9 gene editing technique to create a csad mutant in a transgenic strain with green fluorescent 
protein expression linked to myeloperoxidase expression in neutrophils (mpx:gfp). We are interested in observing the effects 
of potentially inflammatory dietary components and chose this strain for the ability to observe a neutrophil response in the 
gastrointestinal system. The F2 generation stemming originally from microinjected embryos exhibited 5 distinct mutations 
(Table 1). In addition to the expected 60 kDa band, bands of 55 kDa and 50 kDa corresponding to CSAD were observed by 
immunoblotting (Figure 1).

The smaller CSAD proteins appear to be expressed only in early development and are not detected after 3.5 weeks post-
fertilization. Surprisingly, CSAD proteins were evident for all genotypes. There may be selective pressure for fish able to 
produce CSAD as this is such a critical amino acid for development and survival. 
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In the Columbia and Snake River basins of the Pacific Northwest United States a significant number of fall Chinook salmon 
hatchery programs use yearling, as opposed to sub-yearling, rearing regimes for smolt production. This strategy produces 
large smolts capable of avoiding predation, but mounting evidence suggests that these programs experience high rates of early 
male maturation (age-1 microjacks, age-2 minijacks, age-3 jacks) as opposed to age-4 and -5 fish. High rates of early male 
maturation are symptomatic of an imbalance in the life-history composition of a population, may have negative ecological 
impacts, reduce the number of full-size adults and are a waste of program resources. Several studies have confirmed that age of 
maturation in Chinook salmon is influenced by dietary lipid and autumn growth rate. Here we report results from a four year 
production scale 2x2 factorial experiment being conducted with Umatilla River fall Chinook salmon at Bonneville Hatchery, 
Oregon examining the effect of High (18%) and Low (12%) lipid diet and Full (7 days/wk) and Low (4 days/wk) ration on 
growth, smoltification, adult size and age at maturation, and smolt-to-adult return rates (SARs). Treatments were differentially 
coded-wire and PIT tagged for subsequent post release evaluation. 

We monitored bi-monthly length, weight, K, body lipid, gill Na+/K+-ATPase activity (smolt index), plasma insulin like growth 
factor -I (IGFI) and final microjack and minijack rates via measurement of plasma 11-ketotestosterone levels. The treatments 
successfully altered growth rate, and body lipid levels. Based on gill ATPase activity all treatments, except LowFat-LowRation, 
smolted in the first fall and then again in the spring with spring levels being highest in the LowFat-LowRation and lowest in 
the HighFat-FullRation. Early male maturation rates (microjacks + minijacks) varied 3-fold from 56% of all males in HighFat-
FullRation, 36% HighFat-LowRation, 39% in the LowFat-HighRation and 19% in the LowFat-LowRation. Taken together, 
these data suggest that reducing autumn size and lipid level had a significant impact on optimizing smolt development and 
decreasing early male maturation at a reduced feed cost. However, this outcome came at the expense of smolt size and adult 
return data will confirm which rearing strategy may be optimal for improving SARs in this and other yearling fall Chinook 
salmon hatchery programs. 
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The Cry toxins are a family of crystal-forming proteins produced by the bacterium Bacillus thuringiensis. Their mode of action 
is to create pores that disrupt the gut epithelial membranes of susceptible species. These pores allow pathogen entry into the 
body cavity which results in death. Genes encoding a spectrum of Cry toxins, including Cry mutants, Cry chimaeras and other 
Cry derivatives, are used commercially to enhance insect resistance in genetically modified (GM) crops. In most countries of the 
world, such GM crops are regulated and must be assessed for human and environmental safety. However, such risk assessments 
often do not test the GM crop or its tissues directly. Instead, assessments rely primarily on historical information from naturally 
occurring Cry proteins and on data collected on Cry proteins (called ‘surrogates’) purified from laboratory strains of bacteria 
engineered to express Cry protein. However, both surrogates and naturally occurring Cry proteins differ substantively from the 
proteins to which humans or other nontarget organisms are exposed. We report the first systematic survey of these differences 
and present our assessment that their potential to enhance activity and reduce specificity is high and sometimes proven. Lastly, 
we offer recommendations for improving risk assessments.

GENE EDITING: THE FUTURE OF MUTANT FOOD?

Jonathan R. Latham, PhD

The Bioscience Resource Project; Ithaca, NY, 14850, USA
jrlatham@bioscienceresource.org

Gene editing is a collection of techniques for the targeted modification of DNA inside living cells.  Although CRISPR/Cas9-
based methods of gene targeting are most widely discussed, gene editing can also include procedures based on other enzymes 
and techniques, primarily Meganucleases, Zinc finger nucleases, Transcription activator-like effector nucleases (TALENS) and 
Oligonucleotides. Key claims frequently made about gene editing are that its methods are precise, that they are easy to apply, 
and can be used in many species, especially crops that are hard to genetically alter by other means. I will assess these claims 
in turn with a particular emphasis on aspects, such as precision, that are likely to impact on food safety and ecological safety.
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PREVALENCE OF LERNAEA IN Catla catla AND TILAPIA COLLECTED FROM DIFFERENT 
LOCALITIES OF LAHORE PAKISTAN
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Fish is an important source of food worldwide. Like all other living organisms, fish is also infected with both ectoparasites 
and endoparasites which decreases its nutritional value. Most commonly found parasites of fish include lerneae, argulus 
and dactylogyrus. During present study Catla catla and Tilapia were obtained from different localities of Lahore. Total 60 
specimens, 30 each fish samples were examined and their prevalence according to the body weight, total length of the fish 
and seasonality was determined. The only ectoparasites recovered from these fishes were Lerneae. The overall prevalence in 
Catla catla and Tilapia was 46.67% and 33.3% respectively. The most common site of attachment in Catla catla was abdomen 
(45%) and head (25%) while in Tilapia greater prevalence was found in ventral and caudal regions. The highest prevalence 
was found in winter months which decreases as spring approaches. In Catla catla highest prevalence was observed in February 
(100%) while tilapia was highly infected during January (57.1%). With respect to size (weight and length) of the fish, smaller 
fishes were found more infested with lerneae while in Tilapia bigger fishes were found more infested. This study revealed that 
ectoparasites infestation led to the economic loss of fishes. Thus, emphasizes the need for proper health inspection of fishes and 
control of the parasitic fauna by the government agency concerned as well as individuals.
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Populations of eastern oyster, Crassostrea virginica, in the Chesapeake Bay have been historically decimated by overharvest, 
pollution, and disease. We have lost most of our natural shell oyster reefs in the Chesapeake Bay; current population sizes are 
less than 1% of their historic highs. Efforts to restore oysters to the Bay are widespread, many focus on the physical shape and 
material type of artificial reefs, there is very little evidence of the effect of interstitial space on oyster recruitment and survival 
to these artificial reef structures. Prior research suggests that interstitial space influences predator-prey relationships occurring 
within oyster reefs; however, no practical method has been developed for measure this space. This study aims to fill that gap 
and develop a method to measure interstitial space of oyster reefs in order to increase recruitment to and subsequent survival of 
oysters on artificial reefs. We define interstitial space as the relationship between structural complexity and the volume of space 
between projections such that as the structural complexity of an object increases, the object’s interstitial space increases, while 
the physical volume of the space decreases (Figure 1). Achieving our objective will allow us to facilitate on recruitment, and 
thus survival, of oysters by mitigating the effects of predation on artificial oyster reefs. An indirect benefit of this research could 
be an increase in oyster harvest and economic revenue, while additionally filling the knowledge gaps in quantifying interstitial 
space in general that exist across biomes.

A 2018 field study (May – October) used concrete artificial reef tiles which had been constructed with three treatments of 
interstitial space each with five replicates (Figure 2). Recruitment spat count was monitored biweekly using visual counts. We 
used photogrammetry on the concrete artificial reef tiles to measure the interstitial space by creating a digital model and then 
the negative space of each model was quantified using Boolean operations. An index of interstitial space (total negative space 
volume/#of spaces) was correlated to spat count. Initial results suggest successful recruitment but further analysis is required.
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AREAS OF ACTIVE SALMON AQUACULUTRE
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Cores collected with an intact sediment-water interface coupled to a Gust erosion chamber were used to examine the effect 
of increasing shear stress on bottom sediments collected at areas of salmon aquaculture.  Cores were taken along transects of 
stations at a cohesive and a non-cohesive seabed site.  Organic matter percentage in bottom sediments at both aquaculture sites 
correlated with the cumulative mass eroded.  As the percentage of organics increased the mass eroded decreased.  Two way 
ANOVA indicated that a significant increase (p<0.05) in organic matter percentage in bottom sediments occurred at both sites 
over the time of the sampling, which was coincident with the period when the aquaculture site was first stocked with salmon 
smolt until just before fish were removed for market.  At the cohesive site along the sampled transect, the percentage of organics 
in bottom sediment increased significantly out to 200m from the site.  At the non-cohesive site, organic fraction in the sediment 
only increased at locations that were immediately adjacent to the cage site.  Organic matter flux in kgm2d-1 doubled over the 
time of the study at both sites and values suggest that material would be available for resuspension and transport.  The ability 
to parameterize the movement of this material in transport models will increase predictive capacity regarding dispersal of farm 
wastes, which may help to increase the environmental sustainability of salmon aquaculture in the marine environment.
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Aeromonas hydrophila is a Gram-negative pathogen that causes motile aeromonas septicemia (MAS) in farm-raised catfish, 
which is the largest aquaculture industry in the U.S. Although it is historically considered a secondary pathogen, MAS outbreaks 
in healthy catfish caused by an emergent clade of virulent A. hydrophila (vAh) from 2009 to 2014 have resulted in the loss 
of more than 16 million pounds of market-size catfish in Alabama and Mississippi. However, our knowledge of pathogenic 
mechanisms of vAh is limited, and effective prevention measures are not available. 

We previously identified recombinant vAh surface proteins that are effective in protecting catfish against MAS caused by 
vAh (Fim, FimMrfG, OmpA1, TonB, and ATPase) (Figure 1).  Furthermore, we showed that a patented attenuated E. ictaluri 
vaccine strain, ESC-NDKL1, is an effective carrier for these antigens using a recombinant plasmid-based expression system. We 
constructed stable recombinant derivatives of ESC-NDKL1 carrying chromosomally integrated genes encoding vAh protective 
antigens. Our hypothesis is that the live recombinant ESC-NDKL1 strain expressing vAh proteins will effectively stimulate 
a protective catfish immune response against MAS caused by vAh. In the current presentation, we describe construction of 
recombinant vaccine candidate strains and efficacy testing. 
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Bacterial pathogens such as Edwardsiella ictaluri, Flavobacterium columnare, and virulent Aeromonas hydrophila have a 
significant economic impact in farm-raised catfish production in the United States. Due to the limited number of licensed 
vaccines and regulations with antimicrobials usage, there is need for alternative therapeutics for sustainable aquaculture. 
Therefore, the antibacterial activity of trans-cinnamaldehyde (TC), caprylic acid (CA), and β-resorcylic acid (BA) was assessed 
against E. ictaluri 93-146, F. columnare 94-081, and A. hydrophila ML09-119 using broth microdilutions, and the capacity of 
TC to prevent E. ictaluri infection was evaluated during a challenge trial. Results demonstrated that TC inhibited the growth 
of E. ictaluri, F. columnare, and A. hydrophila at concentrations of 40, 20, and 80 µg/ml. Scanning electron microscopy 
(SEM) and transmission electron microscopy (TEM) of E. ictaluri, F. columnare, and A. hydrophila after incubation with 
TC revealed cell walls lysis, leakage of cytoplasmic contents, and pleomorphism with rupture of outer membranes. On the 
basis of histological analysis, no abnormal changes were observed in the catfish intestines as a result of supplementation of 
TC. Moreover, an increase number of goblet cells was observed in catfish groups that received TC compared to the control 
group. In the challenge trial, significantly lower mortality following E. ictaluri infection occurred in catfish that received TC 
at 15 and 20 mg/kg compared to control (51.47% and 34.36% vs 89.31% mortality). Indeed, bacterial concentrations in spleen 
and anterior kidney were significantly lower (P < 0.05) in fish fed TC (20 mg/kg diet) compared to the control group at 5-day 
post-infection. It can be concluded that supplementation of TC in catfish feed enhances disease resistance. The development 
of a safe and efficacious alternative therapeutic will reduce the use of antimicrobials and accumulation and dissemination of 
antimicrobial resistant strains. 
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The emergence of multi-drug resistant (MDR) bacterial strains is a concern within the aquaculture industry. Here we report 
a multi-drug resistant (MDR) strain of Edwardsiella ictaluri isolated from moribund catfish in east Mississippi at the aquatic 
diagnostic laboratory at Mississippi State University College of Veterinary Medicine (MSU-CVM). To elucidate the molecular 
mechanisms of resistance in this isolate, whole genome sequencing and assembly of E. ictaluri strain MS-17-156 were 
conducted. Data from genome analysis revealed that E. ictaluri MS 17-156 carries an 135,268 bp plasmid (pEI MS-17-156-
1). Based on RepA similarity, the pEI MS-17-156-1 plasmid belongs to IncA/C1 group and is nearly identical to previously 
sequenced IncA/C plasmids isolated from a wide variety of Gram-negative bacteria (Table 1). Genome annotation identified 
170 open reading frames (ORFs), of which 4 were identified as pseudogene and 166 were identified as protein encoding 
regions. pEI MS-17-156-1 plasmid contains chloramphenicol/florfenicol efflux MFS (floR) and tetracycline efflux MFS (tetD) 
genes flanked by insertion sequences (IS6 family), suggesting that they were gained through IS-mediated transposition (Figure 
1). The plasmid contains two conjugative transfer-associated regions designated Tra1 and Tra2. The Tra1 region consists of four 
proteins. The Tra2 region consists of 10 proteins. The plasmid encodes six transposases and insertion sequences (belonging to 
IS91 family, IS6 family IS15DIV, and IS256 family ISEic2). The plasmid also encodes plasmid stability protein (StbA), two 
plasmid replication proteins (RPA), three chromosome partitioning proteins (ParB, ParA, and ParM), and a putative toxin-
antitoxin (TA) system. Conjugation mating experiments demonstrated that the IncA/C plasmid can transfer from E. ictaluri to 
E. coli J53 and A. hydrophila ML09-119.  The plasmid is stable in E. ictaluri even without selection pressure.
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The objectives of the present study were to assess the effects of varying dilutions, pH, temperature, osmolality, and cations on 
sperm motility parameters in Waigieu seaperch, Psammoperca waigiensis throughout spawning seasons. The sperm samples 
were collected three times in March, July and November, corresponding to the beginning, middle, and the end of the spawning 
season. The maximum velocity of average in path (VAP), percentage of motile cells (MOT), and duration of sperm motility 
(DSM) were observed when sperm was diluted in artificial seawater (ASW) at a ratio of 1:100 in the middle and 1:150 in the 
beginning or the end of the spawning season; at 30ºC and pH 8 in the beginning, middle, and end of the spawning season. 
Maximum VAP, MOT and DSM were obtained in each solution containing 0.55 M NaCl at the beginning; 0.6 M NaCl at the 
middle and 0.65 M at the end; 0.6 M KCl at the beginning and middle; 0.55 M KCl at the end; 0.15 M CaCl2 at the beginning, 
middle, end of the spawning season; 0.1 M MgCl2 at the beginning, middle and 0.15 M at the end of the spawning season; 
and osmolality of 400 mOsm/kg at the middle, 450 mOsm/kg at the beginning and the end of the spawning season. Our results 
illustrate that the optimal motile medium to activate sperm is depending on the time of the spawning season. To effectively 
activating sperm in Waigieu seaperch, it is recommended using an artificial motile medium containing 0.55 M NaCl, 0.6 M 
KCl, ASW or 450 mOsm/kg at the ratio of 1:150 in the beginning, 0.6 M NaCl, 0.6 M KCl, ASW or 400 mOsm/kg at the ratio 
of 1:100 in the middle, 0.65 M NaCl, 0.55 M KCl, ASW or 450 mOsm/kg at the ratio of 1:150 in the end of spawning season. 
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684 Le Francois

MACROALGAL CULTIVATION AND BIOREMEDIATION R&D AT THE BIODÔME DE 
MONTREAL, QUEBEC CANADA: WATER QUALITY, COASTAL RESTORATION AND 
ECOSYSTEMIC REPRESENTATIVENESS 

Nathalie R. Le François*, Jean-Christophe Boussin, Nicolas Lemaire and Eric Tamigneaux

Live collections and Research Division
Biodôme de Montreal/Space for life
4777, Ave Pierre-De Coubertin
Montreal, QC Canada H1V 1B3
NLe_Francois@ville.montreal.qc.ca 

Macroalgae (seaweeds) are the object of significant research efforts worldwide because of their recognized ecological 
importance, growing commercial aquaculture sector and economical significance as a sustainable harvesting industry.  The 
Biodôme de Montréal is increasingly involved in macroalgae applied research in close collaboration with two institutions 
specializing in fishery and aquaculture technologies (École des Pêches et de l’Aquaculture du Québec and Mérinov inc.).   
Since 2016, the Biodôme de Montréal is more specifically engaged in the exploration of the potential of indigenous species of 
seaweeds (e.g. Palmaria palmata, Saccharina latissima, Alaria esculenta and Sacchoriza dermatodea) as useful agents for: 
aquatic bioremediation purposes; coastal restoration and/or natural enhancement of the ecosystemic representativeness of our 
major seawater exhibits.  The latter would enable us to reach a higher degree of complexity in our featured marine species 
assemblages.  

TO KNOW OR NOT TO KNOW THE NATURE OF AQUACULTURE PRODUCTS: 
IMPLICATIONS FOR THE POTENTIAL DEVELOPMENT OF EUROPEAN FARMED 
SEAFOOD PRODUCTS

Bertrand Le Gallic*, Estelle Masson, Claudio Pironne, Catherine Marijouls and Katrin Zander

University of Brest
UMR AMURE
12, rue de Kergoat
29200 BREST
FRANCE
bertrand.legallic@univ-brest.fr 

*Proposal for the Special Session on Social Issues

The aquaculture sector has been worldwide the fastest growing sector in the field of food production over the last 20 years, and 
represents one of the main component of the European Commission Blue Growth Agenda. However, most of the aquaculture 
seafood products consumed in the EU are currently imported, despite a genuine production potential, at sea or in land. A key 
factor that might explain this phenomenon relates to the consumers’ knowledge and decision choices. In order to investigate 
this issue, a 3-steps research was undertaken as part of the H2020 European project SUCCESS, combining online surveys and 
focus groups in 6 countries. The research suggests that while some consumers declared a clear interest for origin and quality 
differenciation tools, part of them also recognized that the lack of knowledge might hamper them to appropriately choose the 
seafood products in accordance with their preferences. 
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THE DEPREDATION OF FARMED SEAFOOD PRODUCTS: OVERVIEW AND ISSUES AT 
STAKE

Bertrand Le Gallic1 and Magdalena Raftowicz2 

1 University of Brest
UMR AMURE
12, rue de Kergoat
29200 BREST
FRANCE
bertrand.legallic@univ-brest.fr 

2 WROCŁAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES. POLAND.

What is the common point a sheep being eaten by a wolf in a farm, coastal fish eaten on nets by Dolphin in the Mediterranean 
Sea (Italy; Lauriano, Caramanna, Scarno and Andaloro, 2009) and Carps eaten by protected birds in German and Polish ponds 
(http://www.strefowe.lto.org.pl/index.php?id=10&lng=en)? The answer is the phenomenon of depredation, i.e. the act or an 
instance of plundering; robbery; pillage (Collins dictionary). While being a global phenomenon, depredation is still rather 
unknown, especially in the field of aquaculture. However, the phenomenon looks also rather universal, affecting both marine 
and inland farms: carp by Cormorant in Poland and Germany; mussels by Sea Gull, Ducks, Seabream and wincle in France; 
oyster by Starfish in the Mediterranean Sea, etc.) 

For the time being, most of the research activities address biological aspects, mostly to understand the interactions between 
protected / vulnerable populations and human activities. This papers focusses of the costs incurred for the society in case 
of depredation in aquaculture farms (losses in revenues; higher producing costs; changes in ecosystems’ dynamic), but also 
underlines the (potential) positive aspects of the phenomenon (e.g. external externalities associated with the feeding of 
vulnerable populations). 
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INHIBITING FUNGUS ON LARGEMOUTH BASS EGGS WITH COPPER SULFATE

Cynthia K. Ledbetter*, David L. Straus and David L. Heikes

USDA - Agricultural Research Service
Harry K. Dupree - Stuttgart National Aquaculture Research Center
Stuttgart, AR  72160
Cindy.Ledbetter@ars.usda.gov

This study determined the effectiveness of copper sulfate (CuSO4) to inhibit fungal growth (caused by Saprolegnia spp.) on 
largemouth bass (LMB; Micropterus salmoides) eggs spawned on/in fiber mats in high alkalinity/hardness waters (384 ppm and 
452 ppm, respectively).  Experiments also determined toxicity of CuSO4 to LMB fry and juveniles.  

An untreated control and three CuSO4 concentrations (10, 20, and 40 mg/L) were tested under a flow-through scenario in 
the effectiveness experiment.  Eggs were treated daily until hatching began.  Fungal load at time of hatch was heavy in the 
untreated controls, moderate in the 10 and 20 mg/L treatments and light in the 40 mg/L CuSO4 treatments.  Fungus samples 
were identified as Saprolegnia salmonis through genetic sequencing.  

The 24 h median lethal concentration (LC50) values on LMB sac and swim-up fry were 32.0 and 4.6 mg/L CuSO4, respectively; 
the No Observed Effect Concentrations (NOEC) was 16.0 and 0.125 mg/L CuSO4.  LMB swim-up fry were very sensitive to 
CuSO4, as would be expected.  Juvenile LMB are extremely tolerant to CuSO4 and their 24 h LC50 values were 185.5 mg/L and 
the NOEC was 64 mg/L.  This is our latest study to confirm that CuSO4 is an inexpensive, important resource for hatcheries to 
control of egg fungus in high alkalinity/hardness waters.
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CARIBBEAN REEF OCTOPUS EGG DEVELOPMENT AND HATCH IN SITU: 
AN ANNOTATED PHOTO-TECHNICAL REPORT

T. Hunter Ledbetter*, Michelle L. Walsh, Lucja Rice, and Lana C. Sielski

Florida Keys Community College
Key West, FL 33040
thomas.ledbetter@fkcc.edu

The Caribbean Reef Octopus Octopus briareus typically has a 15-18 month life span. As its common name implies, it can be 
found on reefs of the Caribbean and is fairly common to the waters of the lower Florida Keys, US. The animal reaches sexual 
maturity at around four months and does well in public aquariums.  Although much is known about its sexual reproduction in 
captivity, in situ observation of the animal’s brooding habits are not well documented.   

Florida Keys Community College in Key West, FL, maintains a 40-foot deep dive lagoon at the rear of its campus that is used 
for training by marine science classes, dive teams, rescue operations, and government agencies from across the country. Since 
Fall 2013, female Caribbean Reef Octopuses have been observed brooding eggs in small recessed holes within the lagoon. 

A primary objective of this study was to determine the seasonal, temperature-dependent variation in time mothers were in 
brood.  A secondary objective was to photo-document development of the young within eggs over time.  

The first mother observed hung her eggs on October 12, 2013, which hatched November 20, for an incubation period of 40 
days. A second mother hung her eggs on January 19, 2014, which hatched April 3, for an incubation period of 75 days. The 
average water temperature was much colder from January to April, than it was from October to November. On both of these 
first occasions, the mothers were observed in situ before laying eggs, and the eggs were observed with them subsequently. 
Photographs were taken underwater of egg development approximately every 3 days until hatch via SCUBA. 

Although the recessed habitats were monitored frequently in years following, no other octopuses were observed brooding in the 
lagoon again until Fall 2018. Two female octopuses with eggs were first observed in two different locations in the lagoon on 
September 26, 2018 and October 3, 2018. The eggs of the former hatched on October 27, 2018 and the eggs of the latter began 
hatching on November 3, 2018. Photographs and video were taken underwater of egg development approximately every 3 days 
until hatch via SCUBA. In addition, images and video of juveniles hatching were captured from the latter mother’s brood. 

To our knowledge, this is the first time development and hatch of O. briareus has been tracked and documented in situ. The 
unique dive-training facilities of Florida Keys Community College enable repeated, long-term observation for the continued 
study of the brooding and early life history of this species. 
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DIETARY SUPPLEMENTATIONS OF Bacillus spp. IMPROVE GROWTH PERFORMANCE 
AND RESISTANCE OF PACIFIC WHITE SHRIMP (Litopenaeus vannamei) AGAINST ACUTE 
HEPATOPANCREATIC NECROSIS DISEASE

Chorong Lee*, Jee Eun Han, Ji Eun Kim, Sung Hun Kim, Jae Won Kim, Jong Su Eun, and Kyeong-Jun Lee

Department of Marine Life Sciences
Jeju National University
Jeju 63243, South Korea
kjlee@jejunu.ac.kr

Probiotics has been used as an alternative therapeutic way to reduce the antibiotic use in shrimp culture. Many studies have 
reported on the probiotic use in shrimp diets for alternative treatments of the acute hepatopancreatic necrosis disease (AHPND). 
Bacillus spp. was found to have great potentials as supplemental probiotics in diets for shrimps. However, no information is 
available on the dietary addition of Bacillus as a treatment especially for AHPND in L. vannamei. Experimental diets were 
prepared by supplementing powder forms of Bacillus spp. (1 × 1010 CFU g-1) with a combination at 0.2% (BS, B. subtilis 
only), 0.4% (BS/BP, a mixture of B. subtilis and B. pumilus) and 0.6% (BS/BP/BL, a mixture of B. subtilis, B. pumilus and B. 
licheniformis) into a fish meal-based control diet (no supplement). Quadruplicate groups of shrimp (average body weight, 0.51 
g) per diet were hand-fed the diets for 33 days. Shrimp fed the BS diet had significantly higher weight gain and specific growth 
rate than shrimp fed the control diet or other diets (BS/BP and BS/BP/BL). After the feeding trial, the shrimp were challenged 
with V. parahaemolyticus through an immersion method at a concentration of 2 × 105 CFU ml-1 water for 193 h. The shrimp 
became lethargy and showed erratic swimming and less diet consumption immediately after the infection. The shrimp groups 
fed Bacillus supplemented diets showed significantly increased cumulative survivals compared to the group fed the control diet. 
The findings indicate that addition of Bacillus spp. in shrimp diets can increase the disease resistance of the shrimp to AHPND. 
Moreover, the sole dietary supplementation of B. subtilis could be a promising practice to improve growth performance of L. 
vannamei.
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PHYTASE IMPROVES PERFORMANCE AND NUTRIENT RETENTION IN RAINBOW 
TROUT Oncorhynchus mykiss FED DIETS DEVOID OF INORGANIC PHOSPHORUS

Sophie A. Lee*, Ingrid Lupatsch, Gilson A. Gomes, David Terrey, Ivan Tankovski, Jack James 
and Michael R. Bedford

AB Vista, Marlborough, SN8 4AN, UK 
Sophie.lee@abvista.com

Phytases are enzymes that dephosphorylate phytate, an anti-nutrient found in plant-based ingredients, thereby making phytate-P 
more available to the animal. This consequently reduces the requirement for more expensive inorganic P sources, such as 
monocalcium phosphate (MCP), in the diet. Phytase is widely used in the formulation of feed for other species such as poultry 
and pigs, but its use in aquatic species has been limited. One of the reasons for this relates to  variable but universally lower 
body temperature of aquatic versus terrestrial food animals which would restrict enzyme efficiency, especially in cold water 
fish. The objective of this trial was therefore to evaluate the effect of phytase supplementation, as a replacement for inorganic 
P in diets, on performance and nutrient retention of trout.

Rainbow trout (Oncorhynchus mykiss; average weight 55.7g) were 
allocated to one of 4 diets, with 3 replicate 200L tanks per diets 
and 35 fish per tank. Water temperature was set at 11±1°C. Plant-
based diets were fed to satiation (3 to 5 meals a day) over a 75-day 
period. Treatments included a P adequate diet (PC) with a 1.8% 
MCP inclusion (0.91% total P; 0.25% phytate-P) or a low P diet 
(NC), in which MCP was absent (0.51% total P; 0.22% phytate-P), 
supplemented with 0, 500 or 2500 FTU/kg phytase (Quantum Blue). 
Data was analysed using Standard Least Squares procedure using 
JMP Pro 13.1. When ANOVA differences were significant, treatment 
means were separated using Tukey’s HSD test, with significance 
being accepted at P≤0.05.

Feeding phytase at 500 or 2500 FTU/kg increased (P<0.01) weight 
gain of fish fed NC diets back to that of PC fed fish (Table 1). 
Moreover, FCR was the same in fish fed PC and NC+2500 FTU/kg 
phytase diets. Nitrogen retention was improved (P<0.05) beyond that 
of both control treatments  by supplementing phytase to the NC diet 
(Table 2). Furthermore, 2500 FTU/kg phytase increased P retention 
by around 29% and 18% compared to the NC and PC, respectively.

In summary, phytase supplementation allowed the reduction of 
inorganic P in trout diets while maintaining performance by enhancing 
nutrient retention. The opportunity to reduce protein content of such 
diets should be investigated as a tool to reduce pollution.
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EFFECTS OF LOWERING DIETARY FISHMEAL AND CRUDE PROTEIN LEVELS ON 
GROWTH PERFORMANCE, BODY COMPOSITION, PLASMA BIOCHEMISTRY AND 
MUSCLE METABOLIC GENE EXPRESSION OF RAINBOW TROUT (Oncorhynchus mykiss) 
WITH AND WITHOUT HANDLING STRESS

Seunghan Lee*, Karthik Masagounder, Brian C. Small, and Ronald W. Hardy

University of Idaho, Hagerman Fish Culture Experiment Station
3059F National Fish Hatchery Rd, Hagerman, ID 83332
seunghanl@uidaho.edu

The present study evaluated the effects of lowering dietary fish meal (FM) and crude protein (CP) levels, while maintaining 
essential amino acid levels, on growth performance, body composition, plasma biochemistry and gene expression in muscle of 
rainbow trout (Oncorhynchus mykiss) with and without handling stress.

Eight experimental diets (isocaloric) with 2x4 factorial design were formulated to contain two levels of FM (20%, 5%) and 
four levels of CP (48%, 45%, 42%, 39%). Diets were supplemented with increasing levels of amino acids to maintain dietary 
EAA levels. Trout (34.8±0.3g) were randomly stocked into triplicate groups of tanks at 30 fish per tank. Fish were fed to 
apparent satiation twice daily for nine weeks to assess growth performance under laboratory rearing conditions, and then for an 
additional six weeks with and without exposure to handling stress twice per week.

The 9-week growth trial demonstrated that reducing dietary FM levels from 20% to 5% significantly reduced fish growth and 
increased feed conversion ratio (P<0.05). Reducing dietary CP levels from 48% to 42% did not affect trout growth or weight 
gain. Dietary FM level significantly affected whole-body dry matter, crude protein and total EAAs (P<0.05); while, dietary 
protein level significantly affected dry matter, crude fat, gross energy and total EAAs (P<0.05). Reducing FM and CP levels 
had no effect on measured indices of plasma cortisol, glucose and lysozyme activity (P>0.05) after stress. The expression of 
genes in the GCN2/eIF2α/ATF4 pathway, triggered in response to protein or amino acid starvation, were evaluated. GCN2 
decreased with increasing dietary CP level above 42% in both non-stress and stress groups (P<0.05). Reducing dietary FM 
level significantly decreased expression of eIF2a in muscle tissue under handling stress (P<0.05) but there were no dietary 
effects (FM or CP levels) on ATF4 expression. Together, these results support increased amino acid availability for protein 
synthesis with increasing CP, and suggest phosphorylation, rather than expression, may be a more important regulator of eIF2 
activity. Hexokinase (HK), which catalyzes the first reaction of glycolysis, was unaffected by dietary treatments. In total, gene 
expression results suggest no adverse effects on muscle protein and carbohydrate metabolism as a result of feeding low CP 
diets supplemented with adequate EAA. In conclusion, our study demonstrated that greater than 5% dietary FM is required for 
maximal growth performance, while diets balanced for essential amino acids show an opportunity to reduce CP level from 48% 
to 42% without any reduction in growth performance, body composition, metabolic amino acid sufficiency or stress tolerance. 
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NIFA PACIFIC REGIONAL AQUACULTURE CENTER: EXPLORATION OF AQUACULTURE 
OPPORTUNITIES IN US AFFILIATED PACIFIC ISLANDS 

Cheng-Sheng Lee

USDA NIFA Center for Tropical and Subtropical Aquaculture
College of Tropical Agriculture and Human Resources and Fishery Sciences
University of Hawaii at Manoa
Honolulu, HI 96822
chenglee@hawaii.edu

The Center for Tropical and Subtropical Aquaculture (CTSA), one of five Regional Aquaculture Centers (RAC), is uniquely 
situated to support aquaculture development across a wide demographic. Unlike the other RACs, which work within a defined 
geographical region, the CTSA “region” encompasses tropical and subtropical species wherever they are cultured. Due to 
limited funding, CTSA efforts have thus far focused on aquaculture development projects spanning the American Insular 
Pacific. For more than thirty years, CTSA has funded projects that increase food security, provide training and economic 
opportunities, and restore depleted populations of important species in Hawaii and the U.S. Affiliated Pacific Islands; impacts 
of funded projects extend beyond this region. 

CTSA shares the same mission with all RACs to enhance sustainable aquaculture as an industry-driven center. The CTSA 
project development process begins with a region-wide survey to gather funding priority suggestions from industry members, 
researchers and other stakeholders. The Industry Advisory Council (IAC) and Technical Committee (TC) develop problem 
statements for each final funding priority area and then subsequently release a call for pre-proposals. The TC convenes to 
review the technical merit of each pre-proposal received, and forwards their comments to the IAC. The IAC and TC then review 
all pre-proposals together and each member selects the pre-proposals he/she supports for further development at their annual 
joint meeting. The Board of Directors approves the final set of selected pre-proposals before CTSA requests full proposals from 
the PIs. 

CTSA faces different challenges than other RACs, and also has unique opportunities; both will be discussed during the 
presentation. The Center’s efforts have largely focused on our small island communities. Much of CTSA’s support has gone to 
projects that consume fewer resources, including low maintenance and/or non-fed species. CTSA projects have contributed to 
the development of farming techniques for non-fed species such as Giant clam, bath sponge, black pearl oyster, sea cucumber 
and soft coral, as well as the establishment of skilled local workforces. CTSA projects have also included high value marine 
aquatic species such as Pacific threadfin, coral grouper, amberjack, mangrove crab and ornamental fish. 

CTSA posts the annual call for pre-proposals on our website (https://www.ctsa.org) and shares it via email, social media, and 
our monthly e-newsletter. We encourage researchers to employ a multidisciplinary approach to our listed priority areas, and 
remind them that the key to succeeding in their CTSA application is maintaining close communications with local communities 
about issues and expected outcomes. 
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THREE DIFFERENT INHIBITOR OF NUCLEAR FACTOR KAPPA-B KINASE SUBUNITS 
FROM DISK ABALONE Haliotis discus discus INVOLVED IN IMMUNE RESPONSES AND 
EARLY EMBRYONIC DEVELOPMENT  

Thanthrige Thiunuwan Priyathilaka, Gabin Kim and Jehee Lee*

Department of Marine Life Sciences and Fish Vaccine Research Center
Jeju National University
Jeju Special Self-Governing Province, 63243
Republic of Korea
jehee@jejunu.ac.kr 

Disk abalone is an economically important edible gastropod species in Eastern Asia including South Korea, owning to its high 
demand as delicacy. Due to the pathogenic infections, large scale culturing practices and severe stress conditions, the mass 
mortalities of abalones have been reported and this will ultimately lead to the economic loss in abalone aquaculture industry. 
Therefore, investigation of abalone innate immune components and their underlying mechanisms during the pathogenic stress 
is important for establishment of novel disease prevention strategies. In present study, three different inhibitor of nuclear factor 
kappa-B (NF-κB) kinase subunits (IKK) were identified from disk abalone and functionally characterized.

A complex of IKK is an important modulator for the involvement in activation of NF-κB via phosphorylation of IkB. The full 
length coding sequences for the IKKs were identified from previously constructed disk abalone transcriptome library using 
Roche 454 Genome sequencer FLX system (GS-FLX™). The abalone IKKs were designated as Ab-IKK1, Ab-IKK2 and Ab-
IKK3 and shown to be comprised with typical IKK structural features similar to mammalian counterparts. Expressional analysis 
revealed that Ab-IKKs mRNA were constitutively expressed at all the early embryonic stages of disk abalone, suggesting 
their potential involvement in developmental process. In the healthy abalones, Ab-IKKs were ubiquitously expressed in all 
the tissues tested. Significantly modulated mRNA expression of Ab-IKKs were detected in hemocytes and gills after Vibrio 
parahemolyticus, Listeria monocytogenes, viral hemorrhagic septicemia virus (VHSV), LPS and poly I:C challenges. Forced 
expression of Ab-IKKs in mammalian cells exhibited enhanced NF-κB activity and which activity was dramatically augmented 
by cytokine and endotoxin treatments. Moreover, overexpression of abalone IKKs in RAW264.7 murine macrophage cells lead 
to induced expression of mRNA and protein levels of iNOS and COX2 as well as transcription of pro-inflammatory cytokine 
genes. Altogether our findings suggest that Ab-IKK1, Ab-IKK2 and Ab-IKK3 play potential role in abalone innate immune, 
inflammatory responses as well as developmental process.
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VALIDATION OF BIOASSAYS FOR THE DETECTION OF ALGAL TOXINS

Tod Leighfield*, Chris Whitehead, Steve Morton

NOAA National Ocean Service
National Centers for Coastal Ocean Science
219 Fort Johnson Road
Charleston, SC 29412
tod.leighfield@noaa.gov

Algal toxins produced by harmful microalgae accumulate in the marine food web and pose a risk to consumers of seafood. 
Monitoring of algal toxins through the application of testing methods and limiting the distribution of products found to be 
above toxic thresholds has proved to be successful in mitigating potential health risks. Acceptance of specific testing methods 
by regulatory authorities is a key component in ensuring safe products. Development, validation and acceptance of improved 
methods continues to be a challenge. Recent efforts have resulted the acceptance of a variety of non-animal models that 
include both bioassay and analytical approaches. The accreditation process includes assessment of both the method and specific 
matrices. Validation criteria for methods include assessments of ruggedness, precision, recovery, specificity, sensitivity, and 
comparability. Experiences from validation of detection methods for paralytic shellfish toxins will be described, including 
recent efforts that include a method matrix extension for geoduck clams in an approved method for the measurement of 
saxitoxins. We will highlight approaches and challenges in implementing new testing methodologies for algal toxins.
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NUTRIENT DIGESTIBILITY IN FARMED SHRIMP: CRITICAL EVALUATION AND 
PERSPECTIVES OF METHODS FOR DETERMINATION IN VIVO AND IN VITRO

Daniel Lemos*1, Rodrigo Carvalho2, Fanny Yasumaru1, Albert Tacon1,3

1 Aquaculture Laboratory (LAM), University of São Paulo, Oceanographic Institute, São Paulo, Brazil 
2 Rio Grande do Norte Federal University, Macaíba, RN, Brazil
3 Aquatic Farms Ltd., Hawai´i
*(dellemos@usp.br)

Published data on determination of apparent digestibility in shrimp feedstuffs dates from the early 1980´s. Nutrient digestibility 
has been mostly assessed in diets containing an inert marker through collection and analysis of feces in feeding trials. The 
determination of apparent digestibility coefficients (ADC) in feed ingredients has been typically following standard procedures: 
the mathematical comparison of ADCs in reference versus test diet containing the target ingredient in a fixed inclusion level 
into the reference diet mixture (most commonly 30:70; ingredient:diet ratio). A variety of raw materials from different sources 
has been tested so far and outputs suggest a considerable variation in ADC according to the type of ingredient. However, it is 
rather well known the range of inclusion in shrimp diets depends on the nature of ingredient and unsuitably excessive dietary 
inclusion levels of some ingredients may affect palatability, nutritional content and digestibility. In addition, the majority of 
ingredient ADC has been determined in studies reporting little attention to consistent performance in trials (growth, FCR) that 
could further validate ADC outputs. Traditional methodology for ADC determination in shrimp species has generated sound 
information for some raw materials but should not be applied indiscriminately. Moreover, most calculation formulae used 
for estimating ingredient ADC produce extremely reduced (and perhaps underestimated) values if ADC difference between 
reference and test diets is elevated. The assessment of the potential nutrient supply of important feed ingredients with low 
dietary inclusion recommendation may require specific experimental diet design in digestibility trials, and should be ideally 
tested over different level ranges. Other potential methodological weaknesses include pre-ingestion nutrient leaching from 
pellets leading to overestimated ADCs and could be minimized with proper feeding management. On the other hand, some in 
vitro digestion outputs may predict in vivo ADC and have been applied to rank raw materials for shrimp diets but still did not 
reach ample use possibly due the complexity of application in the feed mill routine. The present paper aims to discuss these 
methodologies and provide some perspective for development in digestibility determination. 
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IMPACTS OF LONG-TERM EXPOSURE TO THE POLYFLUORINATED COMPOUND, GENX, 
ON THE EASTERN OYSTER Crassostrea virginica

Melissa Lenentine*, Rebecca Werner, Ai Ning Loh, and Aswani Volety

University of North Carolina Wilmington
601 S. College Rd
Wilmington, NC 28409
mnl7198@uncw.edu

GenX is a polyfluorinated compound (PFC) that was fabricated by Dupont to make Teflon. GenX was created to replace 
the more toxic chemical perfluorooctanoic acid (PFOA). PFOA and PFCs are known to have negative health impacts on 
humans and marine organisms, however research that explores the environmental and ecological impacts of GenX specifically 
is scarce. Since its implementation over 20 years ago, GenX has been contaminating rivers and estuaries in southeastern North 
Carolina. Previous research suggests that filtration and mortality is negatively affected in juvenile oysters when exposed to 
high levels of GenX (100 parts per billion) during a short-term experiment. The present study explores the potential for long-
term accumulation of GenX in wild oysters and whether GenX concentrations in tissue samples correlate with salinity changes 
and distance from the contamination source. Oysters were collected from several sites along a salinity gradient downstream 
of the contamination source and GenX concentration in oyster tissue was measured using solid phase extraction and mass 
spectrometry. Although the concentration of GenX found in wild oysters was low, the risk for biomagnification could be 
present. We are in the process of investigating the rate of bioaccumulation and depuration of GenX as well as examining the 
cellular responses of GenX in oysters.
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BARRIERS TO NEW YORK AQUACULTURE WITH A FOCUS ON THE GREAT LAKES 
BASIN: CAN WE PLAN INITIATIVES AND GROW THE INDUSTRY?

Jesse M. Lepak1*

Support and input provided by the “Aquaculture Development in New York Program Work Team” housed 
within Cornell Cooperative Extension

1New York Sea Grant
4 Penfield Hall, State University of New York Oswego
Oswego, New York 13126
jml78@cornell.edu

Globally, aquaculture production is growing, 
and outpacing wild capture fisheries that have 
been reasonably stable the last 2 decades (Fig. 
1). However, in Great Lakes states like New 
York, sustaining businesses is more salient than 
growing the aquaculture sector (Fig. 2). Despite 
vast freshwater resources, the aquaculture industry 
has been in decline in the Great Lakes for the past 
2 decades, and aside from mollusk production 
(mainly marine and outside the Great Lakes basin), 
Great Lakes state’s aquaculture sales are in the 
bottom 50% for all US states. Barriers to expanding 
production in New York and other Great Lakes 
states include consumer stigma, energy costs, 
regulatory hurdles, and lack of startup funds.

More recently, efforts have been made to 
better understand and address barriers facing 
aquaculturists in the Great Lakes basin. Here we 
describe some of the limitations that have been 
identified and efforts that are underway to identify 
other factors and address those that have been 
hindering aquaculture production in the region. New 
technologies (biofilm and invertebrate production) 
and business models (coupling with agricultural 
digesters) will be discussed to encourage exchanges 
about potential solutions to some of the challenges 
facing Great Lakes aquaculturists.
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BROWN MACROALGAE SOURCE OF ANTIOXIDANT, ANTIMICROBIAL AND 
CAROTENOIDS COMPOUNDS: GREEN EXTRACTION AND FERMENTATIVE PROCESS

Allison Leyton*, María-Elena Lienqueo and Carolina Shene

Center for Biotechnology and Bioengineering (CeBiB)
Universidad de La Frontera, Francisco Salazar 01145, Temuco
leytonallison@gmail.com

In this work the feasibility of using the brown macroalgae Macrocystis pyrifera from the extraction of antioxidant and 
antimicrobial compounds, phlorotannins, through a green extraction process.  The residual algae extract (RAE), obtained of 
phlorotannins extraction process, was used for the production of carotenoids by a marine, Rhodotorula mucilaginosa, was tested. 
The phlorotannis were extracted from the enzymatic treated algal followed by alkaline extraction; separation of phlorotanins 
was carried out using a macroporous resin. The RAE was utilized as carbon source for growth of R. mucilaginosa. The effects of 
initial pH of the medium, nitrogen source (organic and inorganic), temperature and agitation rate, were determined. Incubation 
time, concentrations of RAE and yeast extract concentration that maximized the content of the total carotenoid in the biomass 
were determined using a Box-Behnken experimental design (Table 1). 

The phlorotannins concentration obtained was 2.65 ± 0.77 g/L 
with antioxidant activity of 2.88 ± 0.22 g/L. The antibacterial 
activity of the phlorotannins extract was tested, Figure 1. 
Inhibition of pathogen microorganisms Bacillus cereus and 
Salmonella was detected using the zone of inhibition test.

The carotenoid content of R. mucilaginosa ranged between 287 
and 427 mg/g of dry biomass and was significantly affected 
(p<0.05) by concentration of algae extract and yeast extract. The 
optimized conditions for total pigments production (427±7.6 µg/g 
DB) were pH of the culture fixed at 7, yeast extract as nitrogen 
source, incubation at 25°C and 150 rpm, 40 v/v % of RAE, 4 g/L 
yeast extract with an incubation time of 3 days 

This work was supported by Centre for Biotechnology and 
Bioengineering, CEBIB FB-0001and Fondecyt 3170610.
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OXIDATION OF ENERGY SUBSTRATES IN TISSUES OF LARGEMOUTH BASS (Micropterus 
salmoides)

Xinyu Li, Sichao Jia and Guoyao Wu

Department of Animal Science, Texas A&M University 
College Station, TX 77843, USA
Email: Lixinyu664476@tamu.edu

In the wild environment, the major food source of Largemouth bass (Micropterus salmoides) is animals that contain high levels 
of protein. The protein requirement of this fish also has been reported to be greater than 45%. This high requirement for dietary 
protein may be related to high rates of amino acid oxidation in different tissues. The present study was conducted to test the 
hypothesis that amino acids are oxidized at a higher rate than carbohydrates (e.g., glucose) and fatty acids (e.g., palmitate) to 
provide ATP for tissues of Largemouth bass. The liver, intestine, kidney, and skeletal muscle were isolated from Largemouth 
bass and incubated at 26 °C for 2 h in oxygenated Krebs–Henseleit bicarbonate buffer (pH 7.4) with a mixture of nutrients (2 
mM glutamate, 2 mM glutamine, 2 mM aspartate, 2 mM alanine, 2 mM leucine, 5 mM glucose, and 2 mM palmitate). The rate 
of oxidation of each energy substrate was determined by using [U-14C]-labeled glutamate, glutamine, aspartate, alanine, leucine, 
glucose, or palmitate. Results indicated that aspartate, glutamate and glutamine were extensively oxidized in all the four tissues 
and contributed to 67% of total ATP production. For alanine, leucine, palmitate and glucose, each of them contributed to < 
10% of total ATP production. Together, the oxidation of aspartate, glutamate, glutamine, alanine plus leucine provided 82-85% 
of ATP for the liver, intestine, kidney, and skeletal muscle. We conclude that amino acids are the primary energy substrates in 
major tissues of Largemouth bass. 
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THE DEVELOPMENT AND TECHNICAL EFFICIENCY OF TILAPIA PROCESSING INDUSTRY 
AND ITS INFLUENCING FACTORS——EVIDENCE FROM 16 LISTED COMPANIES AND 4 
PROVINCES WHICH MAINLY PRODUCT TILAPIA IN CHINA 

Bowei Li* Xiang Xu

Nanjing Agricultural University   Economics and Managerment Academy
WeiGang NO1 XuanWu District NanJing City JiangSu Province China
1052195380@qq.com

        
Abstract: This paper uses DEA (Data Envelopment Analysis) estimates the technical efficiency of tilapia processing, based 
on 16 listed company and 4 provinces which mainly product tilapia in China, then try to find out the factors which effect the 
efficiency of tilapia processing industry in China. The main conclusions are: (1)From the year of 2008 to 2014, the average 
technical efficiency of the 2 listed companies which produt tilapia is 0.81 and 0.77,which can be ranked fouth and fifth in 
the total 16 listed companies, We can believe that tilapia processing industry has the technical advantage compared to other 
freshwater aquaculture processing industries in China.(2)From the year of 2003-2013, The average comprehensive technical 
efficiency of 4 provinces in China which mainly product tilapia is 0.5 ,presenting a rolling upward trend during these years, 
which shows that the tilapia industry in China has a big efficiency loss.(3) The average comprehensive technical efficiency and 
scale efficiency of tilapia processing industry in GuangDong Province are 0.76 and 0.91 from the year of 2003 to 2013,which 
are higher than the other 3 provinces, the average pure technical efficiency of tilapia processing industry in FuJian Province is 
0.94,which is higher than the other 3 provinces.and the tilapia processing technical efficiency in HaiNan Province and GuangXi 
Province is relatively backward. (4)The main factors that effect technical efficiency of tilapia processing industry is lack of 
deep processing technology, caused by limited independent R&D capability of the enterprises of tilapia processing industry in 
China, while the deep reason is that the enterprises lack capital and talent support.
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CHANGES OF NUTRIENTS OXIDATION IN TISSUES OF LARGEMOUTH BASS IN RESPONSE 
TO DIFFERENT DIETARY PROTEIN AND STARCH LEVELS

Xinyu Li * and Guoyao Wu

Department of Animal Science, Texas A&M University, College station, Texas, USA

As a kind of carnivorous fish, Largemouth bass (Micropterus salmoides) prefers to utilize amino acids as energy source rather 
than glucose and fatty acids. This study was conducted to test whether their energy metabolism could be regulated in response 
to different nutrients intake. Juvenile Largemouth bass (initial weight 18 g) were fed with three iso-energetic diets with different 
dietary protein level from 40% to 50% by decreasing starch levels for 8 weeks. The growth performance, energy retention and 
lipid retention of juvenile fish increased with increasing dietary protein level. The serum glutamine and glucose level after 
feeding was affected by treatments. Largemouth bass can up-regulate the glucose oxidation rate in liver, kidney and intestine 
in response to high starch intake. However, the glucose oxidation rate in muscle cannot be regulated by different diets, which 
may be the main reason of the poor glucose utilization of this fish. In this study, fish fed diet with 50% protein has significantly 
higher liver glutamine oxidation rate than other treatments. However, the results from kidney and intestine indicated that low 
protein diets result in higher oxidation rate of glutamine or glutamate. In sum, this fish could regulate glucose and amino acids 
metabolism in specific tissues, such as liver, intestine and kidney, in response to different feeds intake. Moreover, feeding study 
indicated that Largemouth bass has a limited capacity to utilize high dietary starch level as energy sources. 
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THE REGULATORY PATHWAY OF ANDROGENIC GLAND HORMONE IN SEX 
DEVELOPMENT OF THE MALE PENAEID SHRIMP

Shihao Li, Qing Guo, Jianhai Xiang, Fuhua Li

Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences 
Qingdao 266071, China
Email: fhli@qdio.ac.cn

The insulin-like androgenic hormone (IAG) is the key regulator in crustacean male sexual differentiation. Previously, two 
alternatively spliced IAG transcripts, encoded by a same genome locus, were identified from the penaeid shrimp Fenneropenaeus 
chinensis. As a secreted peptide hormone, IAG might play the biological function through interacting with its membrane receptor. 
In the following studies, we identified a putative IAG receptor gene (FcIAGR) in F. chinensis. FcIAGR showed a male-specific 
expression pattern and predominantly expressed in androgenic gland and testis. Protein co-localization analysis and yeast 
two-hybrid assay confirmed the interaction between FcIAGR and FcIAGs. Long-term knockdown of FcIAGR led to delayed 
development of the germ cells in the testis, most of which were arrested at the secondary spermatocytes. Homologues of IAG 
and IAGR were also identified from the penaeid shrimp Litopenaeus vannamei. We further found two crustacean hyperglycemic 
hormone (LvCHH) genes, dominantly expressed in eyestalk, and their putative receptor gene guanylate cyclase (LvGC) in L. 
vannamei. They all exhibited sex-biased expression patterns. Both LvCHHs and LvGC could regulate the expression of LvIAG. 
These data presented a possible endocrine regulating pathway of IAG controlled sexual differentiation of male crustacean and 
provided important evidence for the “eyestalk-AG-testis” endocrine axis hypothesis.
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RESEARCH PROGRESS ON THE SEX DETERMINATION AND SEXUAL DIFFERENTIATION 
IN PENAEID SHRIMP

Fuhua Li*, Shihao Li, Yang Yu, Jianhai Xiang
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Qingdao 266071, China
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Understanding the mechanism of sex determination and differentiation in shrimp will facilitate the development of 
biotechnologies for the culture of monosex populations. In recent years, we have focused our studies on the sex determination 
and sexual differentiation of shrimp. The morphology of androgenic gland and its potential role in sex development of penaeid 
shrimp were first clarified. A high-density SNP genetic linkage map was constructed and a sex-linked QTL was identified. 
Sex-specific DNA markers were also developed based on the QTL or BSA analysis. In order to isolate genes important for sex 
determination and sexual differentiation, high throughput sequencing technologies were performed on the androgenic gland 
(AG) and shrimp of different genders and developmental stages. Based on the data, genes including sex lethal (Sxl), transformer 
2 (Tra-2), doublesex (Dsx), crustacean hyperglycemic hormones (CHHs) and their receptor guanylate cyclase (GC), insulin-
like androgenic gland hormone gene (IAG) and its receptor (IAGR) were identified and characterized. Sxl, Tra-2 and Dsx are 
homologs of genes in the sex determination cascade of Drosophila. They all show sex-biased expression patterns, indicating 
their involvement in sex determination or sexual differentiation. The expression of IAG, which controls sexual differentiation 
of crustacean, was regulated by Dsx, CHHs and GC in shrimp. An IAGR, which was mainly detected in AG and testis, could 
interact with IAG. The expression of IAGR was also regulated by CHHs and GC. The data suggest that IAG expression is not 
only regulated by sex determination gene Dsx, but also influenced by the endocrine system in the eyestalk. The results provide 
new clues to understand the molecular mechanism of sex determination and sexual differentiation of crustacean and present 
possible targets for developing sex control technology.
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THE REGULATORY PATHWAY OF ANDROGENIC GLAND HORMONE IN SEX 
DEVELOPMENT OF THE MALE PENAEID SHRIMP
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The insulin-like androgenic hormone (IAG) is the key regulator in crustacean male sexual differentiation. Previously, two 
alternatively spliced IAG transcripts, encoded by a same genome locus, were identified from the penaeid shrimp Fenneropenaeus 
chinensis. As a secreted peptide hormone, IAG might play the biological function through interacting with its membrane receptor. 
In the following studies, we identified a putative IAG receptor gene (FcIAGR) in F. chinensis. FcIAGR showed a male-specific 
expression pattern and predominantly expressed in androgenic gland and testis. Protein co-localization analysis and yeast 
two-hybrid assay confirmed the interaction between FcIAGR and FcIAGs. Long-term knockdown of FcIAGR led to delayed 
development of the germ cells in the testis, most of which were arrested at the secondary spermatocytes. Homologues of IAG 
and IAGR were also identified from the penaeid shrimp Litopenaeus vannamei. We further found two crustacean hyperglycemic 
hormone (LvCHH) genes, dominantly expressed in eyestalk, and their putative receptor gene guanylate cyclase (LvGC) in L. 
vannamei. They all exhibited sex-biased expression patterns. Both LvCHHs and LvGC could regulate the expression of LvIAG. 
These data presented a possible endocrine regulating pathway of IAG controlled sexual differentiation of male crustacean and 
provided important evidence for the “eyestalk-AG-testis” endocrine axis hypothesis.
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EPIBIOTIC COMMUNITIES ON THE AQUACULTURED SUGAR KELP Saccharina latissima 
IN LONG ISLAND SOUND, USA

Li, Judy Yaqin1; Barbery, Kendall2; Clark, Paul1; Krisak, Melissa1; Liu, Yuan1; Dixon, Mark1; 
Pitchford, Steven1; Smith, Bren2, and Wikfors, Gary1 

1 NOAA Fisheries, Milford Laboratory, 212 Rogers Avenue, Milford, CT 06460
2 GreenWave, 43 East Pearl Street, New Haven, CT 06513

Surveillance of epibiota, including epiphytes and epifauna, was conducted on aquacultured sugar kelp collected from March 
to May of 2018, aiming at providing the information to farmers for maximizing production without compromising the quality, 
with regard to fouling.  Epibiontas that are large enough to be detected by visual inspection were all present on the top one 
third of the blades.  On average, less than 1% of blade surface was covered by epibionts. Colonial hydroids were the dominant 
species in this group. Brown and red algae also were observed.  Up to hundreds of individual, small hydroids were present on 
each blade toward the end of the season.  TCBS (Thiosulfate-Citrate-Bile-Sucrose Agar) culture revealed Vibrio spp. bacteria 
on the surface of one third of blades (not in the middle or stipe) in the May sample. Vibrio spp. bacteria were not detected 
in March or April.  The two human pathogenic Vibrio species, V. parahaemolyticus and V. vulnificus, were not present in the 
strains recovered from TCBS culture using multiplex QPCR assay. Among the microscopic epibiota, pennate diatoms made 
up more than 80% of total abundance throughout the growth season.  The most abundant species were in the genera Nitzschia, 
Navicula, and Thalassionema.  Centric diatoms, dinoflagellates, and other benthic algae were present in small abundance.  Up 
to 1,021 cells cm2 of microscopic organisms were present in late May. Toxic algal species that sometimes occur in the region 
were not present on kelp blades examined.  Additional information on the microscopic organisms will be obtained using high-
throughput DNA sequencing technology. 
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CHRONIC EXPOSURE TO LOW ENVIRONMENTAL CONCENTRATIONS AND LEGAL 
AQUACULTURE DOSES OF ANTIBIOTICS CAUSE SYSTEMIC ADVERSE EFFECTS IN NILE 
TILAPIA (Oreochromis niloticus) AND PROVOKE DIFFERENTIAL HUMAN HEALTH RISK

Samwel M. Limbu1,2*, Li Zhou1, Sheng-Xiang Sun1, Mei-Ling Zhang1, Zhen-Yu Du1

1 Laboratory of Aquaculture Nutrition and Environmental Health (LANEH), School of Life Sciences
East China Normal University, Shanghai, PR China 
2 Department of Aquatic Sciences and Fisheries Technology, University of Dar es Salaam, Dar es Salaam, 
Tanzania
mchelelimbu@yahoo.com

Antibiotics used globally to treat human and animal diseases exist ubiquitously in the environment at low doses because of 
misuse, overdose and poor absorption after ingestion, coupled with their high-water solubility and degradation resistance. 
However, the systemic chronic effects of exposure to low environmental concentrations of antibiotics (LECAs) and legal 
aquaculture doses of antibiotics (LADAs) in fish and their human health risk are currently unknown. We investigated the in 
vivo chronic effects of exposure to LECAs and LADAs using oxytetracycline (OTC) and sulfamethoxazole (SMZ) in intestine 
and liver organs of Nile tilapia, (Oreochromis niloticus) and their human health risk. Twenty O. niloticus weighing 27.73 
± 0.81 g were exposed to water containing LECAs (OTC at 420 ng/L and SMZ at 260 ng/L) and diets supplemented with 
LADAs (OTC 80 mg/kg/day and SMZ 100 mg/kg/day) for twelve weeks. General physiological functions, metabolic activities, 
intestinal and hepatic health were systemically evaluated. The possible human health risk resulting from consumption of the 
experimental Nile tilapia fillets in adults and children were assessed by using risk quotient. After exposure, we observed 
retarded growth performance accompanied by reduced nutrients digestibility, feed efficiency, organ indices, and lipid body 
composition in treated fish. Antibiotics distorted intestinal morphological features subsequently induced microbiota dysbiosis 
and suppressed intestinal tight junction proteins. Exposure of fish to LECAs and LADAs induced oxidative stress, suppressed 
innate immunity, stimulated inflammatory and detoxification responses, concomitantly inhibited antioxidant capacity and caused 
lipid peroxidation in intestine and liver organs. Both LECAs and LADAs enhanced gluconeogenesis, inhibited lipogenesis and 
fatty acid beta oxidation in intestine and liver organs. The exposure of fish to LECAs and LADAs induced anaerobic glycolytic 
pathway and affected intestinal fat catabolism in intestine while halted aerobic glycolysis, increased hepatic fat catabolism, and 
induced DNA damage in liver. The hazard risk quotient in children for fish treated with OTCD was > 1 indicating human health 
risk. Overall, both LECAs and LADAs impair general physiological functions, nutritional metabolism, and compromise fish 
immune system. Consumption of fish fed with legal OTC provoke health risk in children. Global stringent prohibition policy 
for use of antibiotics in aquaculture production and strategies to limit their release into the environment are urgently required 
to protect human health. 
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CHARACTERISTICS OF ALTERNATIVE HYDROLYSATES FROM CHICKEN INTESTINE 
BYPRODUCT AND THEIR PRACTICAL VALUE FOR HYBRID CATFISH (Clarias macrocephalus 
x Clarias gariepinus) FED DIET 

Kanokrat Limpisophona*, Pattariga Hirunrattanaa, Noratat Prachomb
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In feed industry, protein hydrolysate has been commonly used for coating on aquaculture diets to enhance palatability. Among 
aquatic and terrestrial animal origins, poultry byproducts, especially chicken intestine, are reported as considerable feeding 
effector on shrimp growth performance because of their levels of small peptide and nucleotide. In Thailand, the broiler has 
been produced 1,470.26 million in 2017 and raised in response to an increased demand domestically and globally 5.19% annual 
since 2013; therefore, the utilization of chicken intestine byproduct (30% of chicken weight) has impact on the economy and 
environmental concern. The use of chicken intestine, possessing endogenous enzyme, could be hydrolyzed itself to obtain protein 
hydrolysate, namely autolysis by optimization the pH to 3. Moreover, enzyme adding to the chicken viscera maybe has more 
effective hydrolysis. However, combination between enzyme adding and autolysis by pH optimization to study the characteristics 
of chicken intestinal hydrolysate has no report. Therefore, three types of protein hydrolysate from chicken intestine by adjusting 
pH to 3, enzyme adding, and combination between enzyme adding and then adjusting pH to 3 were studied the chemical and 
physical characteristics, and a 10-week nutrition trial of hybrid catfish (initial weight 26 g fish-1) as compared with commercial 
hydrolysate from tuna. Two hydrolysates (Enzyme and Enzyme + pH 3) had higher TCA-soluble peptide amounts (p < 0.05), 
indicating their hydrolysis by enzyme adding was more effective than autolysis (pH 3). Total solid, viscosity, protein content of 
protein hydrolysate from chicken intestine were lower than commercial hydrolysate from tuna, but their fat content was higher. 
It was because the difference in original chemical component of raw material. Yield of hydrolysate by enzyme adding was the 
highest amount. Feed, coated with 2% hydrolysate, was composed of 31% protein, 4% fat, 7% ash, 5% fiber, 10% moisture, 
and 44% carbohydrate. Weight gain, FCR, PER of diet with enzyme demonstrated the excellent as compared to the commercial 
diet (p < 0.05). Replacement of chicken hydrolysate did not affect survival rate or the health status of fish (p ≥ 0.05). From the 
practical point of view, hydrolysate from chicken intestine byproduct could be used as an alternative feed coating material. 
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NEW TOOLS FOR SELECTIVELY IMPROVING STRAINS OF SUGAR KELP Saccharina 
latissima FOR FOOD AND FUEL 
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As a part of ARPA-E’s MARINER program, we are pursuing a selective breeding program to improve the productivity and 
composition of Saccharina latissima, which could serve as feedstock for biofuels. Our goal is to develop tools and a pathway 
toward low-cost (< $80/DWT) feedstock that could supply 10% of US transportation fuels. Current markets are human and 
animal food, phycocolloids and ecosystem services. To facilitate swift creation of family crosses, the NOAA Milford Lab and 
UCONN developed cell-sorting methods to efficiently isolate and clone gametophytes. USDA/Cornell and HudsonAlpha are 
employing PacBio and Illumina sequencing to create a deep-sequenced reference genome and establish a variant catalog for our 
founding populations and families. WHOI, UCONN and GreenWave oversee field trials of thousands of unique sporophytes 
resulting from crosses generated from hundreds of gametophytes isolated from sporophytes collected from more than a dozen 
field sites in New England. These were planted in late 2018 on two farm sites (nearshore and offshore) and will be evaluated over 
two growing seasons. We will report on early family phenotypic data. Results will be associated with genetic markers (GWAS), 
and we will identify variants significantly associated with primary productivity and composition traits. A goal is to develop 
methods to predict offspring (sporophytes) performance based upon genotype and breeding values of parents (gametophytes) 
as a short cut around extensive and expensive field-testing. A separate ARPA-E project will test the potential laborsaving use of 
WHOI’s autonomous underwater vehicles and sensors for conducting nutrient, acoustic, and optic measurements of macroalgae 
plots. These will be compared to conventional hands-on field measurements. Ultimately, our project goal is to select sugar kelp 
best suited genetically to offshore farm environments and possessing qualities of increased dry matter yield per unit area (up to 
10% per generation) and improved composition for use as a bioenergy feedstock. 
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CAUSE OF COLLAPSE AND RESTORATION OF THE ICONIC OYSTER FISHERY IN 
APALACHICOLA BAY, FLORIDA

Romuald N. Lipcius*
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The Apalachicola Bay (AB) oyster fishery persisted for over a century despite catastrophic natural disturbances until its 
unexpected collapse in 2012. Hypotheses for the collapse included (i) contamination from Deepwater Horizon (DH) oil spill, 
(ii) drought-related, low-river flow increasing salinity, predation and disease, and (iii) unsustainable harvest after the DH 
spill. I evaluated published information and analyzed fishery-independent and fishery-dependent data on oyster and stone crab 
abundance, landings, reef-reshelling activity, and fishing pressure to assess each hypothesis. Published information rejected 
hypothesis (i) and disease in hypothesis (ii). Oyster and predator abundance data rejected predation by the rock snail and stone 
crab in hypothesis (iii) as the cause. Oyster density only declined significantly on the major fishing reefs, whereas oyster density 
remained high on reefs throughout AB that were not exposed to extreme fishing pressure and reef degradation (Figure 1). The 
collective information supports only the hypothesis of unsustainable harvest due to overfishing and habitat destruction after 
the DH spill, when harvest, exploitation rates and fishing pressure on the major fishing reefs increased to unprecedented levels 
while reef re-shelling dropped sharply. Rehabilitation of oyster reefs and recovery of the fishery are feasible if reef-reshelling 
is enhanced, and if management implements sustainable levels of fishery harvest.
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CHARACTERIZATION OF DIGESTIVE ENZYME ONTOGENY AND GASTROINTESTINAL 
DEVELOPMENT IN Gymnocorymbus ternetzi FOR WEANING OPTIMIZATION 

Taylor N. Lipscomb, Amy L. Wood, Shane W. Ramee, and Matthew A. DiMaggio
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Among the many challenges encountered during the production of freshwater ornamental fish, larval nutrition persists as a 
bottleneck. Limited survival, abbreviated growth, and apparent dependence on live feeds are all characteristic of this life stage 
in many ornamental fishes. A significant amount of the ornamental larvae reared intensively upon first feeding are fed newly-
hatched Artemia franciscana (brine shrimp) nauplii, which are costly and have inconsistent availability. Members of the family 
Characidae, and particularly tetras, appear to be particularly dependent on live feeds for larval propagation. However, research 
into early digestive physiology of ornamental Characids is largely absent. 

The current study employed a series of experiments with Black Tetra Gymnocorymbus ternetzi (Fig. 1) to evaluate replacing 
Artemia with commercially available micro-particulate diets (MD) at first feeding. Three MDs were compared to Artemia (n 
= 6) as feed items for the first 10 days of exogenous feeding, with growth and survival being primary indicators of success. 
After limited success was observed with the MDs relative to Artemia (6.9 ± 2.1% and 20.8 ± 7.3%, respectively), additional 
larvae were fed exclusively Artemia for 24 days post hatch to evaluate digestive system ontogeny. The activity of three critical 
digestive enzymes (trypsin, pepsin, and lipase) as well as histological development of gastrointestinal structures were evaluated. 
The results of these investigations are forthcoming and could be used to develop appropriate feeding and weening protocols for 
the production of the Black Tetra and similar species. 
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DEVELOPMENT OF AQUACULTURE TECHNIQUES FOR TWO FLORIDA NATIVE 
ORNAMENTAL FISHES: Elassoma gilberti AND Pteronotropis metallicus
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International demand for ornamental fish species native to the southeastern United States has increased in recent years. This 
demand has provided the opportunity for domestic aquaculture producers to raise these fish in their native range. The Gulf 
Coast Pygmy Sunfish Elassoma gilberti (Fig. 1a, c) is one of the most colorful and desirable percomorph species in the Gulf 
Coast drainage of north Florida and extreme southwest Georgia, with breeding males exhibiting distinct sexual dimorphism 
with iridescent blue markings on a dark background. In addition, the Metallic Shiner Pteronotropis metallicus (Fig. 1b, d) 
is a small, native cyprinid species with bright coloration, making for colorful aquarium specimens. While both species are 
excellent candidates for Florida’s thriving ornamental aquaculture industry, a paucity of information currently exists regarding 
commercial protocols for reproduction, larval culture, and growout of these fishes. 

Adult broodstock of E. gilberti were collected from a spring-fed tributary of the Wakulla River in northwest Florida. P. 
metallicus were collected from Hurrah Creek, a tributary of the Alafia River, in west-central Florida. The fish were held in 
10-gallon aquaria within a recirculating aquaculture system, with various spawning media to simulate aquatic vegetation and 
conditioned for subsequent spawning.  Both E. gilberti and P. metallicus volitionally spawned and a suite of applied culture 
experiments were conducted. Egg incubation environment (static or upwelling), egg disinfectant dose response (formalin, 
iodine, and hydrogen peroxide), and first feed type (three microdiets, Artemia) were evaluated for each species. In addition, 
larvae were photographed to document growth and developmental milestones. Results of these trials will be used as a foundation 
for commercial production protocols in the aquaculture of these two promising Florida native fish species. 
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DEVELOPING SOFT TEXTURE AND WATER STABLE TROUT FEED  
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Over the past 40 years, extrusion processing has become the primary technique for producing fish feed.  A common extrusion 
process takes place at low moisture (15-40%) levels. Upon exiting from the extruder, the feed undergoes a sudden drop in 
pressure, causing rapid moisture loss and volume expansion.  The porous extrudate is cut into pellets and then dried. In water, 
these pellets disintegrate easily and quickly. Addition of starch as a binder improves feed stability, but the increased starch 
content can reduce performance in some fish species.  To address the issues associated with the conventional extrusion process, 
we have developed a new extrusion method. It features using a twin-screw extruder and a tempering unit under high moisture 
(50-80%) levels.  Unlike conventional extrusion methods, high moisture extrusion (HME) prevents product expansion and 
moisture loss at die outlets due to the cooling effect of the tempering unit. The addition of a binding agent also becomes 
unnecessary.  HME aquafeed has a texture like natural aquatic foods.  The product can also be cut into pellets and dried.  

In this study, trout feed formulations were processed with a twin-screw extruder by two methods: conventional extrusion and 
HME.  Under each method, five different extrusion temperatures were used, ranging from 240 to 315°F.  Fresh extrudates (like 
large noodles) were divided into two portions, one was refrigerated (as fresh feed) and the other was dried under a forced air 
oven (as dried feed).  All feed samples were measured for moisture content, strength of rupture after soaking for different times, 
and solid loss after shaking in water for 6 hr.  The objective was to compare the effect of the two extrusion methods on physical 
properties of the trout feed.  

Results show that, when freshly made, conventional feed had higher strength of rupture than HME feed, but when dried, HME 
feed had harder texture.  Yet, upon contacting with water, conventional feed (fresh or dried) quickly lost its resistance to rupture, 
while dried HME feed slowly returned to the soft texture of freshly made feed, and both fresh and dried HME feed showed 
some resistance to rupture even after 24 hr of soaking. Upon shaking in water for six hr, dry matter loss from conventional 
feed was significantly higher than HME feed. Extrusion temperatures had some effect, but it was much less than the effect of 
method itself. It is concluded that, unlike conventional feed, HME feed (fresh or dried) retained its structural cohesion for an 
extended amount of time upon submersion of water. The technology provides a promising strategy to produce aquafeed that is 
soft texture and water stable and to mitigate water pollution issues associated with aquaculture.
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ANTIOXIDANT CAPABILITIES OF EXTRACTS PREPARED FROM RED ALGAE Porphyra 
haitanensis AND THEIR POTENTIAL APPLICATION AS NATURAL FOOD ADDITIVES  
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Porphyra haitanensis is a well-accepted commercial red algae in China and other countries in Asia. Different extract fractions 
were prepared from Porphyra haitanensis by using ethanol, followed by petroleum ether (PE), ethyl acetate (EA), and n-butanol 
(BU), respectively. Their antioxidant capabilities and contents of polyphenols and flavonoids were compared. Solvents in all 
fractions were completed removed by using a vacuum rotary evaporation method prior to all tests. EA fraction possessed the 
highest contents polyphenols and flavonoids. In the meantime, EA fraction exhibited the DPPH radical scavenging and reducing 
power, followed by PE and BU fractions. Compared with a commercial synthetic antioxidant agent butylated hydroxytoluene 
(BHT), EA fraction of P. haitanensis exhibited similar inhibitory effects against lipid oxidation of red bean paste fillings of 
Chinese moon cake. 
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Small-bodied live-bearing fishes, such as Goodeidae and Poeciliids, are considered among the most at-risk groups in the 
world. Artificial insemination is key to the conservation programs of these imperiled fishes, such as captive breeding, 
establishment of germplasm repositories, and related research. The existing standard mouth-pipetting method (Fig. 1) for 
artificial insemination for small-bodied live-bearing fishes has not been upgraded since its first description in 1950. The major 
problems with this technique are the lack of standardized control of volume and flow rate of sample transfer, and involvement 
of mouth operation, leading to poor and unpredictable production of live young, high mortality of female broodstock, low 
reproducibility of research results across different laboratories, safety hazards for personnel, and sample contamination. In this 
project, endangered Goodeids and Poeciliids are used as models to develop standardized inseminating devices to assist artificial 
insemination of small-bodied imperiled live-bearing fishes. The specific objectives are to 1) develop standardized in vitro 
and in vivo methods to evaluate physical and biological performance of conventional and proposed inseminators, 2) design 
and fabricate inseminator prototype devices, 3) test physical and biological performance of the most promising prototypes in 
vitro and in vivo; and 4) test prototypes by external users and develop standard operating procedures of artificial insemination 
with proposed inseminator. Equipped with mechanical and electrical engineering components, the inseminators are designed 
to deliver sperm sample with standardized volume and flow rate and not rely on mouth-pipetting. Thus, these devices will 
contribute to conservation of threatened or endangered species by benefiting artificial reproduction of endangered live-bearing 
fishes for users such as aquariums, stocking centers and laboratories, and for activities such as captive breeding, establishment 
of germplasm repositories via sperm cryopreservation, and research. The inseminators can also be adapted in the future to other 
small-sized imperiled animals, such as amphibians, reptiles, birds, and mammals. 
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Freshwater live-bearing fishes are important as ornamental species and biomedical research models. Previous studies of sperm 
cryopreservation of live-bearing fishes have been limited to two genera within the family Poeciliidae. The goal of the present 
study was to investigate the feasibility of producing live young of viviparous goodeids (family Goodeidae) with cryopreserved 
sperm, using aquarium-trade populations of the endangered species Redtail Splitfin (Xenotoca eiseni, Rutter, 1896). Evaluation 
of ovarian development of 34 mature females by histology showed 68% of ovaries had primary- or secondary-growth oocytes, 
and 32% had ovulated eggs. Ovarian development had no significant relationship (P = 0.5077) with body wet weight, but 
had a significant relationship (P < 0.0001) with ovary weight and gonadosomatic index. Sperm cells were observed within 
ovaries that were fixed for histology at 12 h after insemination with fresh sperm. A total of 117 females were inseminated with 
cryopreserved sperm, 81 were inseminated with fresh sperm, 27 were mixed with males for natural breeding, and 30 were 
maintained without males or insemination. A total of 29 live young (Fig. 1 A-C) were produced from 2 females inseminated 
with thawed sperm (8% post-thaw motility with HBSS300 as extender, 20-min incubation in 15% DMSO, cooling rate at 10 
°C/min, and thawing at 40 °C for 7 s), 12 were produced from 2 females with fresh sperm (1-20% motility), 41 were produced 
from 5 naturally spawned females, and no live young were produced from the female-only group. This study provides a 
foundation for establishment of germplasm repositories for goodeids that are imperiled throughout their natural range, and can 
be integrated into comprehensive conservation programs. 
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Integrated multi-trophic aquaculture (IMTA) is an ecological and economic farming strategy that minimizes waste from culture 
systems, reduces the risk of diseases and provides additional income source. 

A trial was conducted to evaluate the effects of adding maize starch on the yield, water quality, formation of bioflocs and 
economic return in an IMTA system comprising white shrimp (Litopenaeus vannamei), spotted scat (Scatophagus argus) 
and water spinach (Ipomoea aquatic). Shrimp were randomly assigned to 12 cemented tanks (T1, T2, T3 and T4 with three 
replicates) and reared in monoculture (T1) without the addition of starch, or in polyculture (with spotted scat and water spinach) 
with (T3 and T4) or without (T2) the addition of starch. Shrimp in T4 were fed at 80% of the feeding amount of other treatments. 
The results showed that shrimp survival was higher in T3 and T4 (95.6% and 94.3%, respectively) than in T1 and T2 (51.1% 
and 56.5%, respectively) (P< 0.01). The shrimp yield was the highest in T3 (0.495 kg m−3), which also had the lowest feed 
conversion ratio (1.02) and best economic performance. The levels of nitrite-N (NO2-N) were significantly lower in T3 and T4 
at the end of the experiment than in other treatments (P < 0.01). Similarly, total ammonia nitrogen (TAN) was lower and total 
suspended solids (TSS) was higher in T3 and T4 than in T1 and T2 (P <0.05). The results suggested that the addition of starch 
into the IMTA system of shrimp, spotted scat and water spinach improved productivity, profitability and water quality. 

The combination of the IMTA model and biofloc technology had a synergistic effect on overall FCR and economic return, and 
was more effective at improving shrimp survival, production and reducing nitrite-N and TAN than use of the IMTA model 
alone.
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It is significant for supply-side structural reform of fishery economic policy to sort out the logic and effectiveness of fishery 
economic reforms over the past 40 years. From perspective of mainstream economics evolution, the paper established a general 
analysis framework for the evolution of industrial policy. Based on the framework, using FAO and the statistical data of the 
Fisheries Chief of China, it thoroughly analyzed the fishery reform logic and its effects in China. Finally, put forward fishery 
policy based on supply-side structural reforms in future. The results showed that the continuous emergence of new problems 
in economic reality has led to the continuous evolution of mainstream economic theory. Economics evolves according to the 
logic of market-government-both hands. In the supply shortage phase, to increase supply was main goal of policy, and its path 
was exploitation of ‘invisible hands’, such as division of labor, specialization, competition etc. To 1930s, over supply became 
a more serious issue. In this phase, economic policy focused on stimulating demand by playing the role of the government. 
“Visible hands” includes of government investment, infrastructure construction and social security, etc. To 1970s, main issues 
was stagflation, and it was successful in balancing the economic growth and inflation through both hands together. As an 
important industry in the basic sector, fisheries was one of the earliest industries that have undergone market-oriented reforms 
in China. From 1978 to 1994, fishery was in the supply shortage phase. Supply increased rapidly and sharply benefit from 
production responsibility system and market reform. The problem of eating fish was solved. To the phase of sufficient fishery 
production, from 1995 to 2011, the fishery major contradiction were disorderly development, destruction of resources and 
pollution of environment. Fishery policy focused on strengthening government role to promote sustainable supply. With the 
release of “invisible hand” and strengthened “visible hand”, China’s fisheries have achieved increased supply and standardized 
development. At present, the fishery economy has been relative and structural excess from the shortage. Fishery functions 
such as society, ecology, and life rather than economic are priority and more important. To balance multiple goals is policy 
direction. In the future, the fishery economic policy should focus on supply-side structural reforms and adhere to use “tow 
hands” together. On one hand, it is necessary to give a decisive role of the market in the allocation of fishery resources, such as 
clarifying and reforming property rights of fishery resource, rights to entering fishery and expanding opening up, participating 
in the international specialization division. On the other hand, it should that give full play to the role of the government in 
solving external and basic issues, including of ecology priority, green development, quality and safety of aquatic products, 
investment in infrastructure, preferential taxation, investment in research, and brand cultivation. It concluded that the logic 
of China’s fishery reforms basically follows the general law of the evolution of mainstream economics, and the constructed 
industrial policy analysis framework can be used as a logical framework for the transformation of industrial policy.
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Soft crab production is a lucrative aquaculture practice that increases value of blue crab harvests.  It is notoriously prone to high 
mortality, yet the causes and remedies for mortality are poorly defined.  In order to better understand the current practices in 
the soft shell blue crab industry, we designed a survey (LSU IRB#E9798) for shedders in Maryland, Virginia, and Louisiana.  
Shedders were asked to take the survey at workshops, during direct research interactions, other outreach events, and a mailing 
in Virginia.  We collected a total of 71 surveys (45 from VA; 12 from MD; and 14 from LA) in 2016- 2018.  

We obtained data from new and seasoned crab shedders with the average time in the industry of 23.2 years.  These shedders 
reported producing an average of ~8,000 soft shell crabs per year with a range of 120 to 100,000 individual soft shell in a range 
of 1 to 250 trays.  

Overall, the vast majority of shedders catch their own peelers or busters (76.9%), but ~17% also buy peeler crabs from others. 
Mortality rates in shedding systems using peeler pot-caught crabs ranged from 10-30%, while those caught in traps had mortality 
rates ranging from 5-65%.  It is possible that crab injury is less likely in a peeler pot than in a standard trap or during harvest 
of a standard trap where peelers are mixed in with other hard crabs. Therefore, it is important to screen peelers for injuries and 
damage before entering the shedding system.  Almost twice as many shedders (n=40) screen for injuries compared to those that 
don’t (n=23).  

Recirculating or flow through systems are the most common for soft shell production with a few using a hybrid combination of 
both.  In all three states, 53% of shedders reported using a recirculating system while 38% were running flow through systems.  
This supports anecdotal reports that shedders are switching to recirculated systems for better control over water quality and 
other factors. The water source is also very important, especially for flow through systems. The vast majority (71%) of shedders 
were using the local waterway as their water source (Table 1).  

The length of time a peeler stays in the system before it sheds also affects survival.  The average length of time peeler crabs 
spent in the system was 4 to 7 days with a range of 1 to 21 days.  

Our survey began to characterize an aquaculture industry that often operates with little notice or attention.  Our findings will 
help educate and guide research and outreach efforts with this sector in the future.
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MicroRNAs (miRNAs) are small non-coding endogenous RNA molecules which have been identified as post transcriptional 
regulators of gene expression. They play key roles in diverse biological processes including immune responses. Among different 
miRNAs, miR146 is known to associate with the inflammatory responses and acts as a negative regulator of inducing protective 
immune responses against the pathogens in mammals. However, immune regulations of miR146 have not been studied broadly 
in teleost fish, as compared to mammals. 

In this study, we investigated the expression of miR146 in zebrafish (Danio rerio) larvae and adults upon infection of pathogenic 
bacteria (Aeromonas hydrophila and Edwardsiella piscicida). qRT-PCR results showed endogenous expression level of miR146 
was significantly (p <0.05) increased in zebrafish larvae exposed to A. hydrophila (2.37×108 CFU/mL) at 24 hours post infection 
(hpi) and E. piscicida at (5×1010 CFU/mL) 24 and 48 hpi. Moreover, intraperitoneally injected A. hydrophila (8.70×105/fish) 
and E. piscicida (1.02×105/fish) into adult zebrafish showed significantly (p <0.05) up-regulated miR146 in gills at 6 and 24 
hpi. Thus, overall results revealed that miR146 can act as an inflammation inducible miRNA and capability to exert their crucial 
roles in A. hydrophila and E. piscicida infections in zebrafish.
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The ocean quahog, Arctica islandica, is an infaunal biomass-dominant bivalve resident on the continental shelf of the Mid-
Atlantic Bight and Georges Bank. Demand for its use as a food source supports a fishery for the quahog, but its status as the 
longest-lived metazoan has also enabled quahogs to be used in climate studies. Quahogs are expensive to obtain due to the 
cost of operating the ships and equipment used to collect them from the seafloor. This equipment has historically been poor at 
collecting quahogs smaller than the adult sizes collected by the fishery. Recent advances in quahog dredge design have enabled 
the collection of very small quahogs in larger numbers than previously reported. Additionally, these collections have been 
expanded by the inclusion of opportunistic sampling using lined sea scallop dredges. The resulting collection of pre-recruit-to-
the-fishery quahogs represents the most comprehensive archive of the early growth and recruitment of this species known to 
exist. Examination of these specimens has revealed widespread recent recruitment in the stock, annual recruitment at multiple 
locations, differences in growth rate by region and sex, and an increase in early growth rates among quahogs that recruited 
within the last decade compared to quahogs that recruited previously.



651

INCREASING OYSTER LEASE PROFITABILITY WITH ADVANCED REHABILITATION 
TECHNIQUES 

Jessie Todd Long*, Jeffrey Cornwell,  Kennedy Paynter, Don Webster

University of Maryland Center for Environmental Science
Horn Point Laboratory
2020 Horns Point Road
Cambridge, MD 21613
jtodd@umces.edu

Chesapeake Bay bottom conditions have degraded over the past century due to sedimentation and overuse of the commercial 
oyster dredge; many areas can no longer support healthy oyster populations. Even in leased aquaculture areas, oysters experience 
less than optimum survival and production due to lack of suitable bottom characteristics. The addition of oyster shell substrate 
is an ideal method for stabilizing and restoring oyster beds, but is not practical due to high costs and lack of shell availability. 
In response to the growing oyster aquaculture industry in Maryland, there has been an increasing desire to improve techniques 
that restore the base layer of oyster grounds, but there has been minimal research to guide these efforts. This project aims to use 
a combination of new sediment removal harrowing and traditional shell substrate techniques to rehabilitate bottoms in more 
cost-effective manner. Developing a “best practice” for managing the grow-out process is vital to future aquaculture endeavors. 

An oyster lease was segmented into three, one acre plots which represented different bottom types (i.e. buried shell, mud sand, 
and mud shell). A combination of harrowing and shell addition treatments were applied to each plot to create four different 
scenarios, including a control. Half of the plot was seeded with oyster spat on shell, while the other half remained unseeded. The 
plots will be sampled by a dive team during the grow-out period at three, eight, twelve and twenty-four months after planting. 
The sampled shells are analyzed for live, dead, scarred and gaping oysters and measured for size. Data was recorded to evaluate 
survival, growth, production of market oysters, disease presence, natural recruitment, as well as labor and production costs. 
This will provide more insight on the most economical and effective rehabilitation techniques.
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Marine fish larval development and culture protocols have evolved significantly over the years, but it´s still the most critical 
stage were most mortalities occur, particularly during the stage were larvae have consumed their yolk sac/oil droplet and 
start exogenous feeding. Typically exogenous feeding starts with rotifers and Artemia with a series of essential fatty acid 
enrichments that in many cases have led to better survival during larval stages. In recent research the addition of taurine has 
brought about in a number of marine species were survival, growth and health has been relatively low with only standard fatty 
acid enrichment. For Totoaba juvenile development and proper growth it has been proven that taurine is a requirement. The 
current study was designed to test if enrichment of live feed´s had an effect on growth, survival and enzyme activity of Totoaba 
early life stages from post hatched to fully weaned fish.

1 Day post hatch larvae (DPH) were placed in 100 L black walled/bottom conical tanks, connected to a RAS system, at a 
concentration of 30 larvae L-1. Five different levels of taurine enrichment for live feeds were tested:  0, 200, 400, 600 and 800 
mg L-1 by triplicate in addition to the feeding protocol reported by Galaviz et al. (2015). Biometric and enzyme analysis were 
performed on strategic ontogenic/feed transition days, were both feed and larval samples were taken and stored for further 
analysis. Growth was assessed both by length and weight and enzyme protease enzyme analysis according to Galaviz et al. 
(2015).

The treatment that showed greater growth had a calculated value of enrichment of 600 mg L-1 of taurine. According to several 
authors, taurine enrichment accelerates growth and development of larvae, shortening the larval stage, avoiding unnecessary 
expenses in the production of live food. Likewise, for totoaba preliminary results show that as the level of taurine increases 
in the diet, certain digestive enzymes such as trypsin and chymotrypsin also increase in concentration, which could result in a 
better utilization of the nutrients present in the live food.
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The Pacific white shrimp Penaeus vannamei is the most cultured shrimp species around the world. Because females grow larger 
than males, the culture of ´only females´ is of great interest, but knowledge on sex determination and differentiation is required 
for producing only females. In an effort to obtain information associated with reproduction in P. vannamei, transcriptomic data 
from female gonads was generated, and partial sequences of a transcript were identified as Sex-lethal (Sxl) with high similarity 
to Drosophila melanogaster Sxl, where it has been described as the master switch of feminization, showing differential 
expression patterns resulting of alternative sex-specific splicing. The expression of this and other genes (involved in the gene 
chain of sexual determination described in insects) is related to critical events of larval and post-larval sexual differentiation 
suggesting their participation in this process.

Sxl characterization in P. vannamei indicated that, differently from other penaeids in which this gene has been isolated, there 
are six isoforms of the Sxl transcript in P. vannamei (PvanSxl1-6). These isoforms result from alternative splicing at three splice 
sites (SS1, SS2, SS3). The first splice site is unique to P. vannamei, as it has not been reported for other Arthropod species; the 
second splice-site (SS2) is common among crustaceans, and the third splice-site (SS3) is also unique to P. vannamei and when 
spliced-out, it is always together with SS2. Sxl is expressed in most tissues of white shrimp, with greater expression in gonad, 
eye-stalk and intestine of females. All isoforms (PvanSxl 1-6) are expressed during embryogenesis, larval development, post-
larvae and in the gametogenesis of both genders, showing that PvanSxl is not sex-specific. However, differences in expression 
and translation were observed between the isoforms at different stages of development and between sexes. These results, in 
accordance with expression results obtained in other crustaceans during embryonic, larval, post-larval and in different tissues, 
suggest that in shrimp, Sxl plays an important role in sexual differentiation and gametogenesis.
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Tilapia (Oreochromis spp.) are one of the most cultivated fish worldwide. Latin American countries, including Costa Rica, 
have had an important contribution to national and international tilapia markets. Disease related losses are significant 
obstacles limiting aquaculture production, with infectious disease posing one of the greatest threats, estimated to cost the 
industry millions of dollars annually in the form of lost feed days and mortality. At present, very little is known regarding the 
diversity of fish pathogens present in different production systems and definitive diagnoses of agents associated with disease 
outbreaks are rare.  Streptococcus spp., Edwardsiella spp. and Francisella noatunensis subsp. orientalis are some of the most 
important fish pathogens affecting global tilapia (Oreochromis spp.) aquaculture. The diagnosis of these fish pathogens has 
many constraints, including the fastidious nature of some isolates, in addition to inconsistencies in biochemical, serological and 
molecular tests. The diagnosis of these pathogens remains a challenge as current techniques can be laborious, time consuming 
and expensive, often requiring specialized personnel and equipment.  Moreover, current techniques can be prone to false 
negatives due to low sensitivity, or false positives attributed to low specificity. Real-time Polymerase Chain Reaction (qPCR) is 
a well-known molecular technique that is currently used in many laboratories for diagnosis of microbial pathogens, including 
the fastidious bacteria. The high sensitivity, high specificity, and rapid turnaround time make this technique an attractive 
alternative to conventional diagnostic techniques. Given the importance of these pathogens to tilapia aquaculture, the current 
study investigated the utility of multiplex qPCR methods in the diagnosis of diseased fish and application as a surveillance tool 
in apparently healthy animals collected from tilapia hatcheries throughout Costa Rica. A total of 350 fingerlings were subjected 
to a complete necropsy and molecular diagnosis. Genomic DNA from all spleen sub-sample pools were subjected to a multiplex 
real-time PCR assay targeting the four Edwardsiella spp. known to infect fish. In the same way, spleen sub-sample pools were 
subjected to a multiplex qPCR assay targeting Francisella noatunensis subsp. orientalis, S. iniae and S. agalactiae. As a result, 
for the first time, Edwardsiella anguillarum was recovered and molecularly confirmed from diseased tilapia fingerlings in Costa 
Rica. Additionally, Francisella noatunensis subsp. orientalis was identified in a region of Costa Rica it had not been previously 
reported. This study demonstrated the applicability and value of using molecular methods to obtain accurate diagnostics in 
fish hatcheries facilities in symptomatic and asymptomatic populations. Our methods and results can be used to design future 
surveillance programs for fish diseases and decrease the chances of dissemination of bacterial pathogens between hatcheries, 
farms and environment. 
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Mariculture of Florida pompano Trachinotus carolinus in Central America has increased over the last few decades and is now 
a highly valued food fish. High feed costs and infectious diseases are important impediments to the expansion of mariculture. 
Members of the genus Megalocytivirus (MCV), subfamily Alphairidovirinae, family Iridoviridae, are emerging pathogens 
that negatively impact Asian mariculture. A significant mortality event in Florida pompano fingerlings cultured in Central 
America occurred in October 2014. Affected fish presented with abdominal distension, darkening of the skin and periocular 
hemorrhages. Microscopic lesions included cytomegalic “inclusion body-bearing cells (IBCs)” characterized by basophilic 
granular cytoplasmic inclusions in multiple organs (Fig. 1). Transmission electron microscopy revealed arrays of hexagonal-
shaped virions (155-180 nm in diameter) with electron-dense cores within the cytoplasm of cytomegalic cells. Pathological 
findings were suggestive of an MCV infection and the diagnosis was later confirmed by partial PCR amplification and 
sequencing of the viral gene encoding the myristylated membrane protein. The viral sequence revealed the Florida pompano 
fingerlings were infected with an MCV strain, red seabream iridovirus (RSIV), previously reported only from epizootics in 
Asian mariculture. This case underscores the threat RSIV poses to global mariculture including the production of Florida 
pompano in Central America.
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The topic of this research was spurred from a USDA funded SBIR grant awarded to AST to look into the implementation of 
electrocoagulation into a bead filter to achieve turbidity readings below 1 Nephelometric Turbidity Unit (NTU). When this goal 
proved to be challenging to achieve, it was decided to take a theoretical approach to design a tool to aid in the design process. 

Turbidity is also a good indicator of the presence of solids, being directly correlated to the combined surface area of the 
suspended solids within the given fluid. This relationship between turbidity and suspended solids is useful, especially when 
combined with theoretical models of solids removal in a granular bed, like the one derived by Kuan Mu Yao in 1971, which 
is based off of 3 solids transport mechanisms: interception, sedimentation, and diffusion. A turbidity-particle surface area 
correlation was established from several lake and river samples. The integration of both the turbidity / particle relationship and 
the theoretical solids removal model has been derived and calibrated against 3 separate media types (Enhanced Nitrification 
(EN), Standard Media (Std.), and Fine Polyethylene Bead (FPB)), showing that it is capable of reasonably projecting the 
effectiveness of the bed on removing turbidity. This newly integrated model can provide design engineers with a tool to help 
design filtration systems to reach specific turbidity goals. 

Results from the model show that particle density has the strongest impact on the effectiveness of a granular bed; however, this 
is a parameter that’s not adjustable. Subsequent to particle density are the flux and media size / shape. Data shows that lower 
flux and smaller media results in better removal efficiencies and it implies that altered shape can also effectively remove finer 
particles. 
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Aquaculture now produces more than half of the seafood consumed globally, and Atlantic salmon (Salmo salar) is an important 
farmed fish species. The aim of this study is to better understand veterinary drug use in United States (U.S.) net pen Atlantic 
salmon aquaculture. There are differences in salmon aquaculture by country, region, and producer; research focused on 
understanding production methods in different regions is important for identifying best practices and areas where negative 
impacts could be occurring.

We collected and analyzed monthly records on Atlantic salmon provided by state regulators in Maine from 2014 to 2017 
and Washington from 2012 to 2017, which are the only states with significant net pen salmon production. In 2016, the U.S. 
Atlantic salmon aquaculture industry produced 19,700 metric tons of fish and used 7.8 metric tons of antimicrobials and 4.5 
kg Emamectin benzoate (an antiparasitic). Antimicrobial medicated feeds were used in 24% and 93% of production cycles 
in Maine and Washington, respectively, while Emamectin benzoate medicated feed was used in 62% of Maine production 
cycles and none in Washington. Rates of antimicrobial use in Washington, measured as mg drugs per kg salmon produced, 
were generally higher than other countries. Overall, the U.S. Atlantic salmon aquaculture industry is responsible for 1% of 
global salmon production and 2% of global salmon antimicrobial use. Surveillance and monitoring of veterinary drug use in 
animal production are needed to identify time series trends and areas with elevated use rates and to assess possible impacts 
on the environment and public health. Antimicrobial resistance is a worldwide public health concern; the overuse or misuse 
of antimicrobials in any setting-- aquaculture, agriculture, or human medicine-- can compromise the treatment of bacterial 
infections in humans and animals. This study presents the first summary and analysis of veterinary drug use in the U.S. net pen 
salmon aquaculture industry. 
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Temperature-controlled supply chains (cold chains) require an unbroken chain of refrigeration to maintain product quality and 
safety. This study assessed the performance of cold chains for farmed oysters produced in Washington and the Chesapeake Bay. 
Over 120 boxes and bags of oysters were shipped to wholesalers, food retailers, and restaurants in 20 states and Hong Kong 
over a two-year period (Figure 1). Interviews were performed with dozens of producers, freight carriers, wholesalers, food 
retailers and restaurants to further understand how cold chains function. 

Temperature abuse in supply chains was similar between Washington and the Chesapeake Bay. Temperature sensors inside 
oysters recorded values > 50 °F for over one hour in 13% (6 of 47) of Washington shipments and 14% (5 of 36) of Chesapeake 
Bay shipments. In months when Vibrio Control Plans (VCPs) were in effect, temperature sensors inside oysters exceeded 50 °F 
for over one hour in 14% (5 of 36) of Washington shipments and 19% (5 of 26) of Chesapeake Bay shipments. 

We modeled the effects of temperature fluctuations on Vibrio parahaemolyticus. In the Chesapeake Bay, the model predicted 
moderate bacterial growth before oysters were under temperature control, but cold chains prevented further growth and allowed 
for a moderate drop-off in abundance. The highest estimated risk of vibriosis in Chesapeake Bay shipments was 0.06 cases per 
100,000 servings. We are in the midst of analyzing the data from Washington collected in Summer 2018. The findings provide 
the first nationwide study of cold chain performance for shellfish, and improve understanding of V. parahaemolyticus growth 
in supply chains. These findings can aid in industry and regulatory policy development.
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Harvester practices that negatively affect the industry surrounding the eastern oyster (Crassostrea virginica) in Florida center 
on a few core issues that lead to direct and indirect stressors on the resource and the sustainability of the industry. Sometimes, 
root causes of harmful behaviors are associated with a lack of understanding and given the opportunity; informed harvesters 
will change their practices. Other times, harmful behaviors are driven by factors that trump ethical harvesting practices; even 
when someone knows that they are harming the resource or breaking the rules. A fact sheet series was published to address 
biological and social factors that would provide harvesters with the rationale to change resource/industry-harming behaviors.

Three titles in the series to-date include: “Proper Culling Techniques Matter,” “Oystering Rules: The Whys and 
Wherefores” and “The Value of Science-Based Management in the Oyster Fishery.” Topics covered address both direct and 
indirect stressors associated with the health and integrity of publicly harvested oyster reefs or the industry itself. An example of 
a direct ecological stressor is the practice of tonging oysters from the reef and moving to a more convenient location (i.e. shade 
under a nearby bridge) to “cull” the catch. Undersized oysters returned to the water likely fall on unsuitable bottom to survive. 
An example of an indirect stressor is unsafe handling practices following harvest. An illness outbreak due to negligent handling 
will close harvesting areas that are actually safe and lead to economic hardship on the industry.

The series is published as part of the University’s Electronic Data Information Source (EDIS), which is available electronically 
to a broad audience. Printed copies are available at local festivals or events and in the local Extension office. During the first 
year of publication, web visits to the three fact sheets totaled 1,366.
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Native shellfish aquaculture has many benefits, but interbreeding of hatchery and wild populations poses genetic risks to wild 
populations. The type and magnitude of these risks depends in part on the genetic population structure of native shellfish species 
as well as hatchery management practices, for which data are limited. We aim to provide decision support for stakeholders 
in the shellfish growing community by filling existing knowledge gaps and conducting a genetic risk assessment of native 
shellfish aquaculture. To achieve this goal, we are using a modeling approach supported by multidisciplinary empirical data. 
First, we quantified genetic differentiation among wild populations of two shellfish species that are currently being developed 
for aquaculture production. Second, we surveyed and interviewed stakeholders to quantify growing practice parameters. These 
data, in addition to available literature, are used to construct, parameterize, and implement an open-source simulation model 
quantifying genetic risks to wild populations of escapes from a shellfish farm through time (Figure 1). Our model includes 
processes that are commonly not considered in similar efforts, especially the effects of overlapping generations, gamete escape, 
domestication selection, and population structure in the wild. Ultimately, the model will be used to conduct a management 
strategy evaluation and to synthesize best management practices, for general use as well as for select case study species. Here, 
we present preliminary results of genetic differentiation among wild populations of two case study species, of stakeholder input 
data, and of resulting model simulations. 
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Population structure and local adaptation are important factors in the management of exploited and cultured species. 
Biocomplexity resulting from the interaction between isolated, locally adapted populations and their environment affords 
resilience against environmental perturbation, disease and exploitation. On the other hand, overfishing, enhancement efforts 
as well as interbreeding between wild and farmed organisms may erode such adaptive genetic diversity. Such dangers may be 
particularly pertinent in shellfish species that are subjected to commercial and recreational exploitation as well as are potential 
candidates for aquaculture, as erosion of natural genetic diversity may harm both natural population and the genetic resource 
of aquaculture production.

Here, we present genomic data on genetic diversity, population structure and connectivity in two native shellfish species in the 
northeast Pacific Ocean. Giant red sea cucumbers (Parastichopus californicus) are in high demand from Asian markets, have 
consequently been heavily fished and are declining in both Alaska and Washington State. Because of these declines in wild 
populations and their high value, sea cucumbers are of great interest as a native aquaculture species. In contrast, commercial 
harvest of purple hinged rock scallop (Crassadoma gigantea) is prohibited primarily due to a very patchy distribution and 
consequent susceptibility to overharvesting, though the species is highly prized among west coast sports divers, and because of 
high market value, it is also of great interest to the aquaculture industry.

We used RAD (restriction site associated DNA) sequencing to survey thousands of SNP loci across the genome. Both species 
presented unexpected problems because of extremely high variability and genome complexity that complicated the identification 
of reliable markers. We describe avenues to overcome these challenges. After filtering, several hundred markers remained, 
which showed relatively little differentiation in scallops, but subtle differentiation between Puget Sound and coastal populations 
of sea cucumbers. Ongoing analyses include estimation of dispersal patterns and population sizes as well as identification of 
adaptive genetic variation. These results will be used to parameterize a simulation model as part of a genetic risk assessment, 
which are presented in an accompanying poster and will be briefly reviewed here. Our results address not only specific issues in 
two species, but also provide a case study of the application of genomic techniques to question in the management of exploited 
and cultured species. The potential implication for the management of Pacific white shrimp (Penaeus vannamei) will also be 
discussed.
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Biofouling of baskets used in oyster aquaculture reduces access to food and flushing of wastes. Common approaches to 
removing fouling include manual washing, scrubbing and using harsh chemicals. This often results in high labour and resource 
use, in addition to compromised oyster health in both fouled and cleaned culture systems. This study investigated the effect of 
co-culturing Pacific oysters with a common endemic New Zealand grazing gastropod, catseye or Lunella smaragdus (Gmelin, 
1791), on biofouling of the oyster baskets. Snails were graded and matched to oyster baskets of three different mesh sizes (6, 12, 
18 mm). Baskets of each mesh size were deployed with snails at three starting biomasses: 200 g (n= 3 baskets per mesh size), 
350 g (n = 3 baskets per mesh size), 500 g (n = 3 medium and large mesh baskets; n = 2 small mesh baskets baskets). Control 
baskets had oysters only. 

At the end of the study at 466 days there was a significant 
negative correlation between snail treatment and basket 
biofouling levels (d = - 0.484, p < 0.001), with control 
baskets and low density baskets being associated with 
proportionately higher biofouling scores. Each basket 
supported ~ 42 g in snail biomass, with the amount of 
fouling and hence available food for the snails as the 
limiting factor. Snail survival was size dependent and 
affected by mesh size and starting biomass: (F (2, 15) = 4.05, 
p = 0.039, η2 = 0.35, and (F (2, 15) = 31.9, p < 0.001, η2 
= 0.81 respectively). Snail growth was slow, with weight 
and opercular diameter (OD) affected by both basket mesh 
size and starting snail biomass: weight (F(4, 255) = 4.56, p = 
0.001, η2 = 0.067), and OD  (F(4, 255) = 7.82, p = 0.001, η2 

= 0.11). There was an interactive effect of starting snail 
biomass and basket mesh size on oyster survival (F(6, 21) = 
3.2, p = 0.022, η2 = 0.48). Oyster shell height (F(1, 18) = 12.5, 
p = 0.002, η2 = 0.41) and length (F(2, 36) = 26.2, p < 0.001, 
η2 = 0.59) increase over the experiment was dependent on 
basket mesh size, and final oyster height and lengths were 
the same within each mesh size class regardless of snail 
treatment (p > 0.05). There was a significant interaction 
effect between basket mesh size and snail treatment 
biomass (F(6, 343) = 5.20, p < 0.001, η2 = 0.083), on oyster 
meat condition. Overall oyster meat condition in control 
baskets was lower than oyster meat condition in baskets 
with low and high starting snail biomass (p < 0.05).
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Culturing seaweed with bivalves and fishes has been shown to be an effective method of bioremediation by removing nutrients 
released by the cultured animals from the seawater. Cultured seaweeds have known uses as food, industrial raw materials, 
as well as for pharmaceuticals and cosmeceuticals, including the use of fucoidan recovered from fucoid seaweeds. In New 
Zealand, little is known about the potential for the aquaculture of native seaweeds. The feasibility of producing fucoidan by 
co-culturing a native fucoid seaweed, Hormosira banksii, with Pacific oysters using existing oyster farm infrastructure in the 
Mahurangi Harbour, New Zealand, was examined in this study. 

An initial experiment aimed to see if the source populations (N = 6) of H. banksii affected seaweed growth, and fucoidan 
yield when grown out in oyster culture baskets on an intertidal oyster farm. Seaweed for starting cultures were sourced from 
six populations from within a 10 km radius of the oyster farm and cultured in oyster baskets for 200 days. At each source 
population, the H. banksii was growing on either rocky or muddy mangrove substrate. A subsequent growout experiment was 
carried out with macroalgae from two of the six populations showing the most favourable growth and highest fucoidan yield 
in the initial experiment. 

Assessment of the thalli morphology and fucoidan content 
showed marked differences among the populations for H. banksii.  
Fucoidan yield was highly variable among the source populations, 
ranging from (2.2 – 7.0 % of dry weight, SE = 0.38) which is 
within the range of other commercial fucoidan species. The wet 
mass of cultured seaweed from all six source populations declined 
over the experimental period of culture, but the rate of decline 
was (F = 11.37, p < 0.001, η2 = 0.76). Post-growout fucoidan yield 
did not differ significantly from seaweed harvested from the wild 
(F = 2.18, p = 0.11, η2 =0.41). Despite the prospects for fucoidan 
yield, the lack of growth of H. banksii when cultured in suspended 
baskets on an oyster farm indicates that more conducive culture 
conditions may need to be identified for this seaweed species 
before commercial culture can be progressed.

different among locations on the oyster farm (F = 36.13, p < 0.001, 
η2 = 0.91). Location, growth substrate and source population of 
seaweed were found to influence fucoid yield after 200 days
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Lead (Pb) is one of the major heavy metals of the antiquity and has gained considerable importance as a potent environmental 
pollutant. ABCC4/MRP4 is an organic anion transporter that mediates cellular efflux of a wide range of exogenous and 
endogenous compounds such as cyclic nucleotides and anti-cancer drugs; however, it remains unclear whether ABCC4 and 
its orthologs function in the detoxification and excretion of toxic lead. Here, we demonstrated the roles of zebrafish Abcc4 in 
cellular efflux of lead. The transcriptional expression of zebrafish abcc4 gene was significantly induced by lead exposure in 
developing embryos and adult tissues, and overexpression of Abcc4 markedly decreased the cytotoxicity and accumulation 
of lead in LLC-PK1 cells. Moreover, we have successfully generated a stable abcc4-transgenic zebrafish line. Compared to 
the wide-type (WT) zebrafish, this abcc4-transgenic zebrafish exerts strong ability in the detoxification and excretion of lead. 
Furthermore, the CRISPR/Cas9 system was used to create an abcc4-/- mutant line. In comparison with the WT zebrafish, the 
abcc4-/- mutant line showed the higher death rate and lead accumulation under toxic lead exposure. Taken together, zebrafish 
Abcc4 plays crucial roles in cellular efflux of lead and can be used a potential molecular marker for the monitor of lead 
contamination in the aquatic environment.
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The U.S. Department of Energy Advanced Research Projects Agency-Energy (ARPA-E) MacroAlgae Research Inspiring Novel 
Energy Research (MARINER) program retained nine teams to identify ways to grow and harvest macroalgae for less than $85 
per dry metric ton (DMT). ARPA-E wants the teams to have a path-to-market, meaning an immediately profitable way to build 
and operate pilot and then full-scale structures. 

The University of Southern Mississippi’s (USM) path-to-market uses a new type of aquaculture ecosystem, ocean forestry, 
where the essential input is ammonia or nitrate and phosphate on a floating artificial reef.  Nutrient conversions, per the figure 
at right, combine with photosynthesis to add carbon to inorganic nutrients as basis for the food chain.  As a result, the floating 
artificial reef can have an optimally balanced suite of products including macroalgae, shellfish, and finfish, without adding 
fishmeal.  Based on natural circulation through the ecosystem, ocean forestry takes Integrated Multi-Trophic Aquaculture to a 
new level.

When ocean forests are operating at energy scales of a few million hectares, millions of tons of shellfish and finfish can be 
harvested per year. Lapointe demonstrated in 1978 and 1990 that it is possible to generate yields of Gracilaria tikvahiae near 
127 DMT per hectare per year with sufficient nutrients and frequent harvests. (Current macroalgae systems harvest 20 to 40 
DMT/ha/yr.)

The shellfish, mollusks, and free-range finfish produced in ocean forests are worth up to $150,000/ha/yr, while the macroalgae 
might be worth only $10,000/ha/yr as energy feedstock. This value differential drives a path-to-market that starts by building 
and operating structures that feed the world with high-value seafood. After accessing high-value food market, energy producers 
can count on a reliable supply of macroalgae. Food co-production is achieved using the same structure as energy production. 
Nutrients are supplied from food and energy-processing wastes. The USM team has several designs for efficient planting and 
harvesting systems.
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Marine finfishes are often reared in ocean net-pen systems during the grow-out phase of aquaculture. Escapement is therefore an 
important ecological concern due to potential genetic contamination of wild conspecifics or introduction of non-native species. 
To mitigate these risks there is interest in developing approaches for reproductive sterilization. Sterilization would reduce 
environmental concerns associated with marine aquaculture and may confer growth advantages by reducing or eliminating 
dedication of energy toward reproductive development. 

This study tested the potential of high temperature exposure during early development for sterilization or female-to-male sex 
reversal of sablefish (black cod, Anoplopoma fimbria). Monosex female sablefish larvae (~30 mm in length) were separated 
at random into three treatment groups and exposed to either 15°C (Control), 20°C (Moderate), or 22°C (High) for 19 weeks. 
Fish were sampled at week 4, 12 and 19 for gonadal histology and gene expression analysis to assess gonadal development. 
Afterward, remaining fish were PIT tagged and transferred to ambient temperatures for one year to determine whether effects 
of high temperature exposure were maintained post-treatment. 

Short-term (4 week) exposure to elevated temperatures stimulated ovarian differentiation relative to control fish. However, 
longer exposure (12-19 weeks) severely impaired early ovarian development. Fish from the moderate and high temperature 
groups had significantly lower perinucleolar oocyte counts and less developed oocytes relative to controls, and germ cell-specific 
(vasa, zpc) and apoptosis-related genes (p53, casp8) generally indicated germ cell degeneration. High temperature-treated fish 
also exhibited reduced plasma estradiol levels. Surprisingly however, one year after the shift to ambient temperatures, impaired 
ovaries were no longer observed and most of the moderate and high temperature-treated fish had ovaries indistinguishable 
from those of controls. Still, two genotypic females possessing immature testes (i.e., neomales) were observed in the high 
temperature group, indicating that temperature-induced sex reversal had occurred in 6% of the fish from that group.

Neomale broodstock are a key component for all-female sablefish production, and being able to generate them via high 
temperature exposure may represent an improvement upon current methodology using methyltestosterone. Based on our 
results, we conclude that high temperature is not likely an effective method for reproductive sterilization of sablefish, but 
with optimization may be a preferable method for neomale production. Ongoing research in our lab continues to focus on 
development of a non-GMO method for reproductive sterilization of sablefish.



667

COMPARATION OF NITRATE REMOVAL EFFICIENCY AND MICROBIAL PROPERTIES 
USING PCL AND PHBV POLYMERS AS CARBON SOURCE TREATING AQUACULTURE 
WATER

Guozhi LUO Zhiwei HOU Hongxin TAN 

College of Fisheries and Life Science
Shanghai Ocean University
Hucheng Ring Road 999
Shanghai, China, 201306
gzhluo@shou.edu.cn

The accumulation of nitrate in closed aquaculture systems with high stocking densities present a problem for both the animals and 
environment. Biodegradable polymer supported denitrification (BDPs-denitrification) shows good nitrate removal performance 
for the water with high nitrate concentrations. This study compared the denitrification performance, utilization ratio, microbial 
community of polycaprolactone (PCL) and Poly (3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) supported denitrification 
packed reactors were comprehensively studied during 102 d. Results indicated that average nitrate removal rates of 0.27 ± 0.07 
and 0.19 ± 0.05 g L-1 d-1 could be achieved with influent concentrations ranged 81.1 to 132.75 mg L-1 and a flow rate of 1 L 
h-1. The removal nitrate-nitrogen vs consumed PCL were (1:1, w/w) were significantly high than that of PHBV (0.3:1, w/w) 
(p<0.05). The concentrations of effluent total ammonium nitrogen and nitrite-nitrogen were maintained at the acceptable level, 
lower than 1.00 mg L-1 and 0.50 mg L-1. The bacteria community structures varied and closed linked to the types of BDPs. 
Acidovorax and Denitratisoma were the top two genus of the bacteria community in the biofilm of the PCL beads with the 
dominance of 26.83% and 6.67%, respectively. For PHBV beads, 17.95% of Acidovorax and 6.37% of Bdellovibrio were the 
top two. PCL-denitrification reactor developed in this study showed better potential than PHBV-denitrification reactors for 
removal nitrate from aquaculture water. 
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Although the concept of Extension education can be traced back almost 4,000 years, modern Extension education got its 
start in England in the 1850’s and 1860’s.  These initiatives eventually came to focus on agricultural education, and became 
the inspiration for similar efforts in the U.S. and elsewhere.  Extension has not only served to disseminate research-based 
information to producers (agricultural producers in the Land Grant system, fisher-folk in the Sea Grant system, and aquaculture 
producers in both), but also to present university researchers with real-world problems prioritized by stakeholders.  As the 
historically targeted audience for Extension outreach has declined significantly, Extension has reached out to new audiences 
and stakeholder groups in an effort to remain relevant. Specialized producers (including many aquaculture producers) who 
may not have direct access to Extension professionals with the appropriate expertise are increasingly seeking information from 
other sources.            

Another phenomenon has begun to undercut the value of the traditional Extension model in U.S. aquaculture: the privatization 
of research.  Many large companies have reached a point where a significant portion of their research needs can be addressed 
in-house.  And, many of the smaller aquaculture operations currently in business have no nearby university or government 
professionals to collaborate with.  As a result, these businesses have also chosen to embark on in-house R&D, often with limited 
resources.  

There is little incentive to share results generated from privately funded work, so the role of Extension becomes somewhat 
constrained in these situations.  Some government funded grant programs also result in technologies or methods that are not 
freely available to the public. Fortunately, many government programs now require funded researchers to include specific 
outreach goals and information-sharing deliverables.  
 
In the age of the internet, and in spite of the decline of the role of Extension, tools still exist for publicly funded aquaculture 
research to reach industry stakeholders digitally and objectively.  We will need more effort to connect the dots and translate 
results for practical applications.     
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With oyster aquaculture rapidly developing in North Carolina, shellfish crop diversification may allow for more resilience 
against loss due to disease or water quality issues. The bay scallop, Argopecten irradians, is a significant component of shellfish 
fisheries in the eastern United States and has historically contributed much to North Carolina’s commercial fisheries. However, 
due to red tides, habitat loss, and increased numbers of predators, the bay scallop fishery in North Carolina has been non-existent 
since the late 1980s. Introducing cultured bay scallops to habitats where native populations once thrived could provide another 
option for shellfish fisheries in North Carolina, as well as potentially restore wild stocks that could support future harvesting. 
We conducted a mark-recapture experiment with hatchery-reared bay scallops in estuarine seagrass beds starting in late June 
2018 and terminating in late August 2018. Scallops were deployed in three density treatments: (i) low (2 per m2), (ii) medium (4 
per m2), and (iii) high (8 per m2) in a square-within-a-square design to quantify mortality and migration over time. Preliminary 
results indicate that initial scallop mortality is very high (> ~50%), and that scallop mortality decreases with increasing seagrass 
density. Additionally, the mean cumulative mortality of hatchery-reared bay scallops may be less for those in medium densities, 
which better represent natural abundances, than low or high densities. Based on the amount of broken shell present at the sites, 
we believe that the major influence on scallop mortality was predation. Using mesh to exclude predators like crabs and rays 
could potentially result in lower initial scallop mortality after deployment. 
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Mussel farming is widely practiced in the estuarine areas during post monsoon months using rack and rope method or on-bottom 
method along the South West coast of India. After reaching a peak production of 18400 t in 2009; farmed mussel production 
has stagnated around 9000-10000 t per year. Large scale collection of seed from the natural mussel beds for farming has led 
to conflicts. Successful captive spawning, larval rearing and mass spat production of this species was achieved at Vizhinjam 
Research Centre of ICAR-CMFRI, India.  Brood stock was collected from the wild and larvae produced were reared in 2 t 
FRP tanks at the rate of 10-15 nos./ml. At eye-spot stage larvae were transferred to down-welling system with 24 wells (30 cm 
diameter) with airlift mechanism to keep water continuously circulating and were stocked at the rate of 0.25 million per 30 cm 
diameter down-weller. When they reached above 2 mm size (survival 67-74 %) they are transferred to upwelling system with 
16 wells of 30 cm diameter and stocked at the rate of 0.1 million per well. It took 20 days to reach spat stage of an average size 
of 2.7 mm   in the down-welling system and 60 days to reach 15 mm seed (survival 76-92 %) in the upwelling system. Both 
down-welling and upwelling systems were continuously fed with seawater containing cultured mixed algal feed (Isochrysis 
galbana and Chaetoceros calcitrans at 1:1 ratio) from two separate reservoirs using two 0.2 hp pumps.
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BREWERY EFFLUENT AS A WATER SOURCE FOR AGRICULTURE AND AQUACULTURE: 
MITIGATING THE BUILDUP OF SALT IN RECYCLED BREWERY EFFLUENT
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South Africa is a water scarce country. Suitable water is therefore one of the key challenges for industries that depend on this 
resource. The agriculture and aquaculture industries are such examples. The reuse or recycling of wastewater produced by food 
processing industries is an alternative water source that could be used for downstream purposes in agriculture and aquaculture. 
Ibhayi Breweries (Pty) produces a lot of nutrient rich waste water which is released into the municipal sewer. This water could 
instead be exploited for use in agriculture and aquaculture. The high salt content of the effluent is a constraint in its reuse. 
Halophytes have been identified as valuable plants in the removal of salts from recycled industrial effluent, making this effluent 
available for use in aquaculture without compromising the growth, health and production of fish.

Plants such as Salicornia, Atriplex (saltbush), Spinacia oleracea (spinach) and Sorghum bicolor (sorghum) were grown in 
raised beds of soil. The growth, health of plants as well as the effect on soil structure by the brewery effluent were compared 
between plant treatments. The same plants will be grown in constructed wetlands to determine salt and nutrient removal 
efficiency as well as water treatment. The treated water will be tested for suitability of growth and health of two fish species i.e. 
Oreochromis mossambicus and Clarias gariepinus. 

Plant growth varied between treatments with spinach having produced the highest biomass. Salicornia seedlings died within a 
month of planting. Osmotic shock is likely to have been the cause of death. The other plants survived and grew for the rest of 
the trial (Figure 1).
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Giant clams are native inhabitants in shallow coral reefs in the Indo-Pacific region. These iconic giant clams could experience 
salinity fluctuations during monsoon season and extreme precipitation. Given the limited studies on the effects of osmotic stress 
in tridacnids, this study investigated the heterotrophic feeding, phototrophy and zooxanthellae thriving in their mantle. Juvenile 
Tridacna gigas (Fig. 1a) were exposed to reduced salinities of 25 and 18, with 35 salinity as the control for 14 days. 

The mean survival time for giant clams exposed to salinity 18 was 3.58 ± 1.5 days. No mortality was recorded under salinity 
25 and in the control. Clearance rates were significantly reduced in both low salinities, but absorption efficiencies were not 
affected. However, no significant eamaboloc@connect.ust.hk.

Photosynthetic rates were not significantly different between 
salinity treatments, but Pg / R ratios were significantly reduced 
at low salinities especially on day 4 (Fig. 1b) due to increased 
respiratory demands. At salinity 18, there was a significant 
increase in degenerating zooxanthellae which possibly resulted 
to the significant reduction in the carotenoid and chlorophylls 
a and c concentrations. Zooxanthellae density was significantly 
reduced, and cell enlargement was also observed in both 
salinity 18 and 25. Despite low zooxanthellae density, high 
chlorophyll a, c and carotenoid concentrations were observed 
at salinity 25. This high pigment concentrations may explain 
why there was no significant differences in the photosynthetic 
rates compared to the control. After 14 days of exposure, there 
was no significant differences in all the parameters measured 
between salinity 25 and the control. 

This study shows that exposure to salinity 18 and 25 negatively 
affected the juvenile T. gigas. However, exposure to the latter 
displayed acclimation response as indicated by the recovery in 
all measured parameters.
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PARTICLE BOUND POLLUTANTS IN SUSPENDED SEDIMENTS AND TILAPIA IN WATER 
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Freshwater ecosystems are vigorous and complicated usual systems. Corrosion activity basically manage the water flowing 
system in nature. The recycling of inorganic and organic materials and addition of from the watershed regulate the concentration 
of pollutants in lakes, rivers and canals.  The increase in the concentration of metals, organic and inorganic pollutants greatly 
affected the productivity of biotic life. The fluctuation in the concentration of the chemical pollutants may cause harmful effect 
on the fauna flora of the freshwater reservoir. 

The accumulation and transport of pollutants like polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) 
and heavy metals in the freshwater reservoirs is generally through the suspended sediment particles. Suspended sediments are 
responsible for transport and organic and inorganic chemical contaminants in the rivers, canals etc., The aim of this study was 
to assess the status of persistent organic pollutants such as PAHs (polycyclic aromatic hydrocarbons) or PCBs (polychlorinated 
biphenyls) and heavy metals in the water and sediment of freshwater reservoir “Wadi Haneffah” in Riyadh, Saudi Arabia.  It 
has observed that the loadings of suspended sediments with organic and inorganic contaminants was varied in the different 
locations of this reservoir. The concentration of PAHs, was fluctuated with load on suspended particles from discharge of 
untreated effluents from domestic and industrial discharge in this river. The level of heavy metal exhibited a geogenic origin. It 
has been concluded that analysis of suspended sediments may give more reliable results for a more heterogeneous contaminant 
distribution. 
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Saprolegnia spp, Ichthyophonus hoferi AND Branchiomyces demigrans IN Oreochromis niloticus IN 
EGYPT

Heba Hassan Mahboub 

Fish Diseases and Management Department, Faculty of Veterinary Medicine, Zagazig University
Zagazig, Sharkia, Egypt, 44519
Address: Flat 137a, O’ Driscoll house, Du Cane road.W120UB. East acton
Email address: hhhmb@yahoo.com

Recently, Oreochromis niloticus is being threatened by pathogenic serious fungal diseases affecting its health and causing 
higher mortalities, Saprolegnia spp, Ichthyophonus hoferi and Branchiomyces demigrans infections are major problems 
resulting in economic losses and mortalities in fish farms. Infected fish with Saprolegnia spp. showed white cotton-like growth 
on the skin, fins and on eye. Infected fish with I. hoferi were suffering from dark discoloration of the external body, abnormal 
swimming behavior and the postmortem lesions were severe congestion and enlargement in highly vascularized visceral organs 
with sometimes presence of grayish nodules on the liver. While, infected fish with Branchiomyces demigrans were suffering 
from respiratory distresses and massive mortalities, which resulted in the loss of 90% of the collected fish, gills appeared 
congested in acute condition and white-colored in chronic condition. Saprolegnia spp.  was identified microscopically through 
a wet mount preparation from infected skin by presence of broad, branching and non-septated hyphae, the tips of the hyphae 
were capped by zoosporangia that filled with great number of sporangiospores, also, it had the ability to grow on both SDA 
media and MEM media at pH 7.0 and it is the first report for the ability of Saprolegnia spp. to grow on MEM media with 
releasing of its spores at the end of incubation period.  Saprolegnia hyphae were identified as basophilic thin and non-septated 
in histopathological section from infected skin.

 Ichthyophonus hoferi was characterized by spherical double-walled multinucleate cysts which identified through squash 
preparation from infected visceral organs and through histopathological examination of infected liver tissue. Also, I.hoferi 
developed two forms of growth on MEM media, at low pH 3.5, a hyphal form appeared but at shifting to higher pH 7.0, a cyst 
form developed. A key diagnostic feature to genus Branchiomyces was the branching of hyphae at their tips which identified 
through stained microscopic growth on SDA media with duck decoction. Branchiomyces demigrans was identified through 
measuring hyphal and spores diameters and through histopathological examination of gill tissue.
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COMPARATIVE STUDY OF Enterocytozoon hepatopenaeid (EHP) CHALLENGE METHODS IN 
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Recently, Enterocytozoon hepatopenaei (EHP) has been considered an emerging pathogen which is threatening the shrimp 
industry worldwide. EHP is an intracellular parasite which was first discovered in shrimp ponds where animals were experiencing 
growth retardation s in Thailand in 2009. Since then, the involvement of EHP in growth retardation, as well as in white fecal 
syndrome have been reported in several countries from South East Asia to Latin America. Although the impact of EHP to the 
shrimp industry is now known, many aspects of host-pathogen interactions are not well understood.  We compared different 
routes of experimental challenge in EHP in an effort to identify a method which is robust and reproducible. 

Specific Pathogen Free Penaeus vannamei shrimp were challenged via different routes and using different sources of inocula 
including injection with either fresh EHP infected tissue or EHP infected tissue kept in refrigerator, feeding shrimp with fresh 
EHP infected tissue and co-habitation. Samples were collected at different time points post-challenge for EHP detection by 
PCR.

The results showed that only approaches that introduce EHP orally (i.e. feeding and co-habitation) could produce an EHP 
infection. Meanwhile, injection methods did not produce an EHP infection. The data raises a hypothesis about the requirement 
of spore activation in EHP infection.
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Greater amberjack, Seriola dumerili, is a pelagic and epibenthic species with a global distribution in subtropical areas of the 
Atlantic and Pacific oceans, the Gulf of Mexico, and Mediterranean Sea at depths of 18 to 360 m. Greater amberjack is a prized 
recreational and commercial species and is the largest jack in the Carangidae family with maximum length of 190 cm and 80.6 
kg.   Wild greater amberjack have been captured from North Carolina to the Florida Keys and in the Gulf of Mexico in spawning 
condition from January through June, with peak spawning occurring in April and May. 

Greater amberjack are considered a good candidate for aquaculture due to their fast growth rate (5X greater growth rate than 
European seabass, Dicentrarchus labrax), market demand and excellent flesh quality. Aquaculture production of this species 
began in the 1980s; however, there is limited commercial production of greater amberjack today, in Spain, Malta, Greece, 
Turkey and Japan. Greater amberjack was identified as a priority fish for species diversification of aquaculture in the European 
Union (EU). Bottlenecks to commercial production were examined for the Gulf of Mexico stocks in a 2-year funded project 
conducted at University of Maryland and Mote Marine Laboratory (2013-2015), in the EU funded EMBRIC program, and in 
the recently completed 5-year EU funded project DIVERSIFY (2013-2018).   Research in Maryland and Florida focused on 
broodstock acquisition, parasite management and control, evaluating the reproductive cycle of greater amberjack in captivity, 
and examining the effect of different environmental regimes on inducing maturation and spawning. Research in the DIVERSIFY 
project focused on reproduction, larval rearing methods, juvenile production, commercial on-growing trials in sea cages, health 
management and immune system characterization.  Research in the EMBRIC program focused on developing molecular tools 
to help farmers monitor the genetics of their broodstock and determine potential improvements that could be achieved through 
selective breeding. 

Currently, there is no active research or commercial production of greater amberjack in the US; however, in the EU, there are 
a number of laboratories continuing to work closely with the commercial farms to resolve aquaculture industry bottlenecks. To 
develop the aquaculture technology needed for commercial production in the USA, there is a need for long-term funded research 
directed in the following areas:  domesticated broodstock development, selective breeding, reliable captive reproduction, 
production of adequate numbers of juveniles, and health management strategies to control parasites in land-based and offshore 
production systems. 
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The conservation, sustainable use and development of aquatic genetic resources (AqGR) are crucial for the continued 
development of aquaculture. Accelerating and expanding genetic improvement of key AqGR represents a significant opportunity 
to enhance the efficiency of aquaculture production and sustainably grow production. FAO has worked with member countries 
to develop the first comprehensive report on the State of the World’s Aquatic Genetic Resources for Food and Agriculture 
and has also developed a Framework of Essential Criteria for the development of these resources. FAO remains engaged in a 
number of activities, in support of the needs of its member countries, including the design and initial development of a global 
information system for AqGR. 

This presentation will report on some of the highlights of the State of the World report for which ninety-two countries provided 
extensive information on the status of their AqGR, through a structured reporting process, covering farmed aquatic species 
and their wild relatives in areas within national jurisdiction. This report provides a truly global perspective as these reporting 
countries account for more than 96 percent of total global aquaculture production. This process, in itself, has enhanced 
engagement, built capacity and strengthened information systems related to AqGR in many member countries. 

The report highlights that a wide diversity of species are used in aquaculture (currently 554 species or species items). There 
are drivers for consolidation of commercial production around a small number of major aquaculture species, which seems to 
be occurring, but also drivers for continuing diversification into new species. It is also evident that aquaculture still depends to 
a large extent on wild types and that genetic improvement is still having a relatively limited impact on aquaculture production. 
The small number of recognised and distinct strains currently used in aquaculture is in strong contrast to the huge diversity of 
breeds of livestock and varieties of crop species used in terrestrial agriculture.

Current data on aquaculture production is reported to FAO at the level of species (or species items). While these data are 
comprehensive they do not fully reflect the broad diversity of AqGR in use today. The process of developing the State of the 
World Report has thus highlighted the need to record information on AqGR for a broader range of species but specifically to 
record additional information at the level of the “farmed type”, i.e. below the level of species. The Report further recognises 
capacity building needs for future assessment and characterisation of AqGR. 

The presentation highlights some of the issues and challenges around the development of information systems for AqGR 
including the standardisation of terminology, the definition and characterisation of farmed types, the appropriate role of 
molecular genetic data and the design of efficient and sustainable reporting systems. 
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For decades, fish oil has been used extensively in the manufacturing of aquafeeds. Fish oil is rich in polyunsaturated and 
highly unsaturated fatty acids (PUFA and HUFA, respectively). The n-3 HUFA include eicosapentaenoic (20:5n-3, EPA) and 
docosahexaenoic (22:6n-3, DHA) acid, which promote optimal growth performance of cultured fish. However, production of 
fish oil is limited and its use in aquafeeds is an environmental and economic concern, prompting the search for environmentally 
sound and economic alternatives to replace it. For finfish, plant oils have been tested as alternative sources, with variable 
results, depending on the species. Oils tested include palm oil, canola oil, cottonseed oil, and soybean oil, among others. A 
promising group of alternative feedstuffs is represented by microalgal meals, because microalgae typically contain high levels 
of PUFA and HUFA. For example, the thraustochytrid Schizochytrium limacinum, has exceptionally high levels of crude fat 
(CF) and DHA, up to 77 and 27.7%, respectively.

Among finfish, an outstanding candidate species for commercial culture because of its fast growth and high-quality meat 
is totoaba, Totoaba macdonaldi, endemic to the Gulf of California, Mexico. Previous studies indicate that juvenile totoaba 
(128.3 ± 9.9 g) tolerates a wide range of dietary lipid. For example, using fish oil-based diets, similar growth performance 
was observed when fed diets with 8 to 22% CF, at a fixed crude protein level of 46%. Fish oil replacement by alternative 
lipid sources for totoaba has not been investigated, yet. In the present study, the use of soybean oil and meals derived from S. 
limacinum to replace fish oil in diets for T. macdonaldi was evaluated. A reference diet was formulated to contain 50% crude 
protein and 12% crude fat, using fish oil as the main lipid source. Fish oil was then replaced by three different lipid sources, 
including soybean oil and two commercial S. limacinum meals. Each lipid source was tested at four levels of replacement, 0, 
33, 66, and 100%, and fed during 6 weeks.

Fish with an overall initial mean weight of 8.1 ± 0.5 g were stocked into polyethylene circular tanks (71 cm diameter, 0.4 m2 
bottom area, and 250 L capacity, but filled with 95 L of water), at a density of 25 fish/tank. Each experimental diet was randomly 
assigned to six replicate tanks. Water recirculated through a 1,100-L sump tank, a biofilter, a sand filter, and a 120-Watt UV light 
chamber. The daily feed ration was divided into three equal portions, administered at 08:30, 13:30, and 18:30 h. Fish growth 
performance was evaluated in terms of final weight, weight gain, percent weight gain, and thermal growth coefficient. Feed 
efficiency and survival also were evaluated. The fatty acid profile of the experimental diets and fish muscle at the beginning 
and at the end of the study was determined. In addition, lipase gene expression was assessed in response to increasing fish oil 
replacement.

Preliminary data suggest that fish oil can be successfully replaced, at least to some extent, by the lipid sources tested, without 
altering fish growth performance.
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AST received a USDA Phase II SBIR grant to develop technologies for the indoor recirculating production of the marine 
shrimp (Litopenaeus vannamei) for inland farmers. During the Phase I study, a suspended growth, a modified suspended 
growth (“Hybrid”), and a fixed film water treatment format were compared at a small 250-L scale.  The fixed film approach 
demonstrated better water quality and survival but failed to demonstrate increased production with all replicates showing a 
production capacity around 5 kg/m3.  This result is likely an artifact of experimental feeding protocols that did not adjust for the 
fixed film system’s increased survival. Economic analysis conducted during the Phase I study indicated production densities 
in excess of 15 kg/m3 would be required to justify the cost of improving system performance with the modified or fixed film 
strategies.   Thus ambitiously, a major objective of the Phase II effort is focused on increasing shrimp density to at least 25 kg/
m3, a density that has been approached by others. 

Working under the presumption that RAS densities are limited by water quality associated with the biofloc production 
replicated fixed film of 250-L systems with oversized Endurance PolyGeyser® floating bead filters, fine sand fluidized beds, 
foam fractionators, and ozonation were configured.   An anaerobic denitrification reactor employing bioplastics as a carbon 
source is held in reserve to minimize nitrate levels.  A second set of replicates is identically configured with provision for 
artificial substrate to determine if increase surface area has impact on production density.                                                                                                     
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THE USE OF THE PHYTASE IN AQUACULTURE, ITS ZOOTECHNICAL INTERESTS AND 
THE POSSIBILITIES OF INCORPORATION IN THE AQUAFEED

Niang Mamadou S1,2, Patrice Brehemer3 , GAMAL Abd El Rahman4, Malick Diouf2

1Institut Sénégalais de Recherches Agricoles/Centre de recherche Oceanographique de Dakar
2 Université Cheikh Anta Diop de Dakar / Institut Universitaire de Pêche et d’Aquaculture/ED-SEV
3Institut de Recherche pour le Developpement
4 Centre Egyptien International pour l’Agriculture

The study turns on the use of the phytase in aquaculture, its zootechnical interests and the possibilities of incorporation in the 
feed. The goal is to reduce the waste in phosphorus linked to the feeding of fishes, without any loss of zootechnical performances 
and with a decrease of feed costs. We have studied the bibliography data, in order to enhance the value of the raw materials (total 
phosphorus, phytate and available phosphorus) used Gouessant for the manufacturing of rainbow trout of feed ; to determine 
the needs of phosphorus for aquaculture species; to determine the needs of phosphorus for aquaculture species, to determine the 
sings of lack of phosphorus for fishes; to study the antagonism between the phosphorus and the calcium and to study also the 
different forms of waste for the rainbow trout. The results found in the bibliography enable us test several Hypothesis of feed 
formulation for rainbow trout with different raw materials. This simulation and the calculation for wastes allowed to validate 
two formulation of feed: a control feed (0.5% of monocalcique phosphate) and a trial feed (supplementation with 0.002% of 
phytase Ronozyme PL and without inorganic phosphate). The feeds have been produced and sent to a experimental structure 
(agricultural college of Brehoulou).The result of the formulation give a decrease of the phosphorus waste of 28% for the trial 
feed compared to the feed. The supplementation enables a gain of 2.3 euro per ton. The partial results of the current test show 
no significant difference yet for the zootechnical parameters (growth rate, mortality, weight gain and obvious conversion rate) 
between control feed and the trial one. The waste measures do not show either significant difference between the control feed 
and the trial one, but however, the average difference would to decrease the wastes of 35.6% thanks to the use of phytase
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The relationship between spawning stock size (S) and subsequent recruitment (R) is of fundamental interest in both the ecology 
of a species and management of that species as an exploited stock. There are few focused studies of the S/R relationship in 
oysters. Herein we examine the S/R relationship in Crassostrea virginica populations in the Virginia Chesapeake Bay. Data 
originates in long term (1994-2016) summer recruitment (shellstring surveys) and fall stock assessment (patent tong surveys 
employing stratified random sampling) studies. The time series encompasses a period of intense epizootic through recovery 
to a recent decade of general population growth to higher, stable standing stocks and year class representation. The footprints 
defining “stocks” within the population were examined for two options. The first uses just river basins and assumes modest 
to minimal connectivity between adjacent rivers. The second aggregates data in some instances to larger footprints based on 
similarity in oyster morphology (a basis for examining shell budgets that will be reported on elsewhere). The S/R relationship is 
examined using several metrics: (1) biomass of entire broodstock versus biomass of YOY recruits (2-5 months post recruitment 
to the benthos) in the fall; (2) egg production (from sex ratio versus size and size versus individual fecundity relationships) 
versus numbers of both initial recruits (< 1 week post recruitment) to clean substrates; (3) egg production versus YOY recruits.  
A general perusal of the overall S/R plots (relationships (1) and (3)) suggests a poor predictive capability for R based on 
estimates of S over both time and space in the available records. 
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While the rates of recruitment, growth and mortality in oyster populations dictate the rate of addition of shell to the underlying 
reef structure (blue in Figure 1, supplemented by repletion in managed systems) the companion shell loss rates associated 
with biological degradation and chemical dissolution (red in Figure 1) may not be of equal value. We examine long term 
stock assessment data from the Virginia Chesapeake Bay to generate time series of oyster standing stock biomass, growth and 
mortality rates, and thus rates of addition to the shell base. These values are compared with simultaneous measures of the brown 
(oxic above the sediment water interface) and black (buried below the sediment water interface) shell for populations that are 
either in long term stability (modest variation around a long term mean) or responding to targeted shell repletion. Both data sets 
are then examined in concert to describe rates of transfer of shell from the live to brown pool, and brown pool to the black pool 
on an annual basis. These reflect populations with overall modest growth rates compared to more southerly populations, and 
truncated age structure with respect to historical populations. While the current addition and loss rates appear to be at a stable 
equilibrium we pose the question as to the historical range of the quantities and rate functions extant in Figure 1 should either 
mortality/longevity change to reflect documented historical values – in other words how much would shell accumulation or 
turnover rate change if oysters lived substantially longer and died at a larger size? 
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Termites have high nutritional value and may be used as an important source of protein, fats, fiber, ash, vitamins and minerals. 
Increasing cost of high quality fish meal demands to search for cheap alternative sources of animal protein. Present study 
was conducted to evaluate the nutritive potential of subterranean termites ‘‘Heterotermes indicola’’ as protein supplements 
on tilapia, Oreochromis niloticus. Proximate analysis of termite showed 37% crude protein, 39.4% moisture and lowest ash 
contents 3.44% while crude fiber was high 14.8 % which showed high chitin content, due to the termite exoskeleton. Fish 
were fed with experimental diets specially formulated to evaluate termites as a dietary protein source for tilapia. Termite meal 
was used to replace fish meal in the diets at 0% (Diet Tm1- control diet), 50% (Diet Tm2), 75% (Diet Tm3) and 100% termite 
meal inclusion levels (Diet Tm4). Water stability of the experimental diets ranged between (33.6-33.8 0C). Fish were subjected 
to proximate analysis for evaluation of total protein content, crude fiber, fat, ash and moisture content of control and treated 
groups. Termite meal had a crude protein of 37% while fish meal used has 30% crude protein that was significantly varied at 
P<0.05. Results showed an increasing order in growth performances with increasing termite meal. Significantly highest mean 
weight gain of 31.7 g/fish with a specific growth rate of 3.16%/day was observed in tilapia fingerlings fed TM whereas protein 
efficiency ratio (PER) of 86.1 and lowest feed conversion ratio of 1.17 were exhibited by D4 (100% termite meal). Growth in 
group D3 (75% TM/25% FM) resulted in second best values. Least values of growth parameters were recorded in D2 and D1 
with inclusion levels of 0% and 100% TM. Thus 100% inclusion levels of termite meal yielded the best result in a practical diet 
for Oreochromis niloticus fingerlings for a profitable and sustainable aquaculture ventures. 

POPULATION GENETICS OF FOUNDING STOCKS OF Saccharina latissima FROM 
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As a part of ARPA-E’s MARINER program, we are pursuing a breeding program to improve the productivity and composition 
of Saccharina latissima, which could serve as feedstock for biofuels. Our goal is to develop tools and a pathway toward a 
feedstock cost of less than $80/DWT. Both Genome Wide Association (GWA) and Genomic Prediction (GP) studies will be 
based on this data.  The population genetics of the species fundamentally affects the power and accuracy of these analyses.  In 
particular, both GWA and GP are strongly affected by the level of linkage disequilibrium (the extent to which alleles at different 
loci segregate in non-random combination) across the genome, and by population structure (the existence of subpopulations 
whose members rarely migrate or interbreed, leading to allele frequency differences). Both of these characteristics are in 
turn affected by the effective population size of S. latissima across its range.  These population genetic characteristics of S. 
latissima from the Northeast American have to date only been assessed with up to a few dozen simple sequence repeat markers.  
In this study, we are using next generation sequencing to obtain DNA marker scores from several tens of thousands of loci.  
This level of marker density will enable us to determine with accuracy the effective population size, the level of linkage 
disequilibrium, and the existence of population structure of S. latissima.  In turn, knowledge will guide our development of 
effective association study and breeding schemes.
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IN SITU FILTRATION RATES OF OLYMPIA OYSTER Ostrea lurida HABITAT AND PACIFIC 
OYSTER Crassostrea gigas AQUACULTURE

Althea N. Marks1* and Danielle Zacherl1

1University of California Fullerton, Department of Biology P.O. Box 6850 Fullerton, CA 92834
theamarks@csu.fullerton.edu

The filtration services of Olympia oyster (Ostrea lurida) habitat and Pacific oyster (Crassostrea gigas) aquaculture operations 
along the North American west coast have been little explored. In situ filtration studies can incorporate variable environmental 
conditions important to filtration as well as the contributions of other filter feeders living among oysters (i.e. mussels, tunicates, 
scallops, and sponges). This ongoing study is quantifying in situ filtration rates of two restored Olympia oyster habitats in 
Newport Bay, CA and San Francisco Bay, CA, two Pacific oyster aquaculture operations in San Diego Bay, CA and Morro Bay, 
CA. Questions are: 1) How do filter feeder community composition and density affect filtration rates of oyster habitat? 2) How 
do water quality parameters affect oyster habitat filtration rates? 3) What are the filtration rates of C. gigas FLoating UPwelling 
SYstems operated by the Port of San Diego in San Diego Bay, CA and C. gigas floating long lines operated by Morro Bay 
Oyster Company in Morro Bay, CA? Two identical instruments are deployed upstream and downstream of the oyster habitat 
to measure temperature, salinity, turbidity, chlorophyll, and water velocity; filter feeder density and total particulate organic 
matter are also measured. Each site will be measured four times over twelve months. Filtration rates are expressed in Lhr-1g-1 to 
compare to previous filtration studies and Lhr-1m-2 to calculate bay-wide filtration. This research bridges oyster-centric filtration 
studies with incorporation of aquaculture and restored oyster habitat into filtration service estimates.
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POPULATION TRENDS AND ABUNDANCE OF PISMO CLAMS Tivela stultorum IN 
CALIFORNIA

Alexandria Marquardt*, Sara Park, Denisse Almaguer, Grant Waltz, Lisa Needles, 
and Benjamin Ruttenberg 

Biological Sciences Department
California Polytechnic State University 
San Luis Obipso, CA 94037
armarqua@calpoly.edu

Pismo clams (Tivela stultorum), an iconic fishery species in California, once supported a thriving commercial and recreational 
fishery. Overharvest led to the closure of the commercial fishery in 1947, while recreational harvest is still permitted today. 
However, Pismo clam populations have continued to decline throughout the state of California despite numerous management 
actions by the state. We designed a study to examine the relationship between Pismo clam abundance and a variety of abiotic 
and biotic factors. This study will improve our understanding of this socioeconomically important species and potentially 
improve Pismo clam management within California. 

We quantified Pismo clam presence and abundance 
along their entire range in California from Monterey, 
CA to the US-Mexico border (Fig. 1). Additionally, we 
evaluated biotic and abiotic factors, such as predator 
presence, human population density, beach slope, 
sediment grain size, and wave intensity, to determine 
potential drivers of clam presence and abundance. 

Our results suggest that predators and human population 
density are not strongly correlated with Pismo clam 
presence and abundance. Abiotic factors were generally 
more strongly correlated with Pismo clam presence. It 
is likely that several of these factors interact to drive 
clam abundance. Future work will examine these 
biotic-anthropogenic-habitat interactions to help us 
better understand the ecology and potential recovery of 
Pismo clams in California. 
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LET’S DO THIS! PREPARATION AND RECOVERY AFTER HURRICANE DISASTER

Raul E. Marrero-Ramirez*, Travis G. Knorr and Michelle L. Walsh 

Florida Keys Community College
Key West, FL 33040
raul.marrero@fkcc.edu

Hurricane Irma wrecked the Florida Keys.  Florida Keys Community College (FKCC) suffered substantial damage to its 
infrastructure.  The natural disaster’s aftermath interrupted more than just the support systems for the ornamental marine 
aquaria projects.  While the loss of marine life was substantial, and the loss of the laboratory building was still a reality, prompt 
triage efforts allowed FKCC staff to recover and stabilize many of the ornamental fish.   Here we outline the critical procedures 
implemented during the recovery process, and highlight the importance of maintaining bio-security measures in the face of 
adversity.

Prioritization of the needs of fish ensured that crucial life sustaining factors were addressed in the appropriate order.  

Order of operations:

1 – Restore aeration
2 – Restore clean water supply
3 – Modify feeding schedule to mitigate ammonia, nitrite, nitrate build-up
4 – Maintain bio-security procedures 
5 – Modify temporary laboratory space
6 – Restore tank and hardware function in temporary laboratory space
7 – Continue operations until original laboratory is repaired

  
After any natural disaster, power loss is guaranteed, which means that securing a reliable supply of oxygen to tanks is paramount.  
Portable, battery operated air pumps aided nullifying the threat of power loss, but that’s a temporary measure.  The next priority 
is water quality, followed by feedings as needed.  

As recovery efforts were carried out, all ornamental projects were relocated to a building with a functional electrical grid. This 
alleviated the need to procure additional batteries, which were scarce in the aftermath of a hurricane.  Fish were transported a 
short distance across campus and maintained in 5 gallon buckets, and eventually transferred to proper tanks in the temporary 
laboratory.  Once all the hardware and permanent components were relocated, and the situation stabilized, laboratory functions 
were adapted to overcome the new realities.  Since the temporary laboratory was a traditional classroom, it lacked running 
water, sinks, or drains.  Hurricane Irma destroyed the saltwater intake system at FKCC.  Both Mote Marine Laboratory in 
Summerland Key and the Key West Aquarium agreed to provide natural seawater, although it required transport via truck.   

A regular diet of wet and pellet feeds allowed brooding pairs to begin spawning regularly again about 6 months after the 
hurricane.  The degraded infrastructure required keen adherence to biosecurity measures to keep fish healthy.  FKCC’s Tropical 
Ornamental Mariculture Program has been able to successfully breed, hatch, and raise anemone fish (Amphiprion oscellaris, A. 
frenatus) as well as Blue Neon Gobies (Elacatinus oceanops) in a post-hurricane, temporary laboratory setting. 
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PRESENCE OF MICROPLASTIC CONTAMINANTS IN PACIFIC OYSTERS FROM PUGET 
SOUND

Julieta C. Martinelli1,2* and Jaqueline L. Padilla-Gamiño

1School of Aquatic and Fishery Sciences, University of Washington, Seattle, WA 98105, USA 
2Joint Institute for the Study of the Atmosphere and Ocean, JISAO, University of Washington
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julimar@uw.edu

Marine plastic pollution is a serious threat to marine life with long term impacts to ecosystems and organisms. Over time, 
plastics in marine environments break into smaller pieces, or microplastics (< 5 mm). These particles float in the ocean, flow 
through rivers and accumulate in sand. Washington state is home to Puget Sound, the third largest estuary in the United States. 
Puget Sound supports populations of filter feeders such as oysters, that easily capture and accumulate microplastics from 
the surrounding water. In this research, we quantified the abundance and type of microplastics in Pacific oysters Crassostrea 
gigas (n = 200) from 10 wild populations in Puget Sound. Bivalve tissue was digested with 30% H2O2, incorporated to a 25% 
NaCl solution, and lastly filtered with a 5µm membrane. The filter membrane was examined under a microscope to count and 
visually identify the microplastics retained. Preliminary data from two sites indicates that the mean number of microplastics 
per oyster ranges from 1.6 to 3, with a maximum of six (Fig. 1A). Larger oysters did not have more microplastics (Fig. 1B), 
suggesting pollution might be size-independent and site-specific. Microfibers were the dominant type of microplastics found 
(Fig. 2), and a subset of these were analyzed with different techniques to determine their polymer composition and possible 
sources of origin. These findings will help to better understand the abundance and distribution of microplastics in ecological 
and commercial important species in Washington state and introduce mitigation strategies to ensure shellfish health for current 
and future generations. 
.
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CONSERVATION PALEOBIOLOGY AS A TOOL TO SUPPORT OLYMPIA OYSTER 
RESTORATION IN WASHINGTON STATE
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Historical baselines are fundamental to inform and monitor restoration efforts, and to interpret long-term changes in marine 
ecosystems. However, the validity and reliability of historical baselines can be compromised if the ecosystem has already been 
degraded and/or modified by anthropogenic activities. In Washington state, restoration of native oysters is limited by shifting 
baselines and the lack of information of Olympia oyster populations before they collapsed in the late 1800s due to over-
exploitation. Conservation Paleobiology is an emerging multidisciplinary field that aims to use recent fossil and archeological 
records to develop historical baselines and support conservation and restoration strategies. For this study, I will compile 
information from historical assemblages to increase our understanding on what healthy oyster beds looked like in the past. 
Preserved oyster beds can help us learn about species diversity in a community, biotic interactions, and habitat provision to 
other organisms (Figure 1). Furthermore, important metrics for oyster restoration such as reef height, oyster density per m2 and 
size frequency distributions can also be quantified from preserved oyster beds. At the individual level, oyster shells function 
as archives of proxies such as water temperature, salinity and pH at the time organisms were alive and depositing their shells. 
These proxies can be quantified through δ18O, Ba-Ca isotope ratios and radiocarbon dating. Better integration of historical 
baselines and ecological studies, together with increased collaboration between paleobiologists, ecologists and restoration 
managers and practitioners will help improve the planning, design and implementation of conservation and restoration efforts 
of Olympia oysters. 
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Polydora SPP. (POLYCHAETA: SPIONIDAE) IN WASHINGTON STATE

Julieta C. Martinelli1,2*, Heather M. Lopes, Lorenz Hauser, Isadora Jimenez-Hidalgo, Teri L. King, 
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1School of Aquatic and Fishery Sciences, University of Washington, Seattle, WA 98105, USA 
2Joint Institute for the Study of the Atmosphere and Ocean, JISAO, University of Washington
Seattle, WA 98105, USA 
julimar@uw.edu

Some spionid polychaetes can burrow into the shells of bivalves, creating unsightly mud blisters. Because they are unappealing 
to consumers and can burst open if nicked by a shucking knife, fouling oyster flesh, these blisters are an economic burden 
on affected oyster half-shell industries. Invasions by the spionid Polydora websteri have resulted in the historical collapse of 
aquaculture operations in Australia, New Zealand, Hawaii, and on the east coast of USA. Mud blisters have been observed, but 
the polychaete has never been identified on Pacific oysters (Crassostrea gigas, Figure 1) in Washington. Recent observations 
suggest that the area might currently be experiencing a spionid polychaete invasion. Washington State is the leading producer 
of farmed oysters in the country, and this new invasion could threaten the profitability and sustainability of that industry. To 
determine whether P. websteri is the polychaete creating the mud blisters observed, we obtained 668 Pacific oysters from 14 
sites (Table 1) and examined the shells for blisters and burrows. Infection prevalence was quantified for each site, and shells 
with blisters or burrows were considered to be infected. Prevalence ranged from 0 to 91%.
 
Polychaetes were extracted from infected shells from four 
sites and vouchered for sequencing. We used mitochondrial 
(cytochrome c oxidase 1, CO1) and nuclear (18S rRNA) 
genes for species-level identification. These data confirm 
that polychaetes isolated from Oakland Bay are P. websteri. 
Sequencing efforts are ongoing, and the results will allow 
us to map the distribution of P. websteri in Washington, 
and possibly to document the presence of other boring 
polydorid polychaetes. This is the first confirmed report 
of P. websteri in oysters from Washington, USA. Results 
from this study will be the foundation for advising the 
Washington shellfish industry on strategies for reducing 
and mitigating the economic impacts of this potentially 
destructive invasive polychaete on the half shell oyster 
market.
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REBUILDING RESILIENT HABITAT: INFLUENCE OF OYSTER REEF RESTORATION ON 
DEVELOPMENT OF OYSTERS, INFAUNA AND REEF-ASSOCIATED MACROFAUNA IN ST. 
CHARLES BAY, TX

Meghan J Martinez*, Terry A. Palmer, Natasha Breaux, and Jennifer Beseres Pollack

Texas A&M University-Corpus Christi
Department of Life Sciences
6300 Ocean Dr. Corpus Christi, TX 78412
mmartinez70@islander.tamucc.edu

The Eastern oyster, Crassostrea virginica, is a foundational species that enhances estuarine ecosystems by performing numerous 
ecological functions, such as filtration of water, provision of complex three-dimensional habitat and food for nekton, and 
stabilization of shorelines via mitigation of erosion processes. In summer of 2017, approximately 600 meters of oyster reef were 
restored using recycled oyster shells in St. Charles Bay, TX to support the establishment of a self-sustaining oyster population 
and improvement of ecosystem services and benefits. Ecological monitoring is being conducted to quantify the effects of 
restoration on oyster recruitment and health and faunal community metrics for nekton and infauna. We hypothesize that the 
density and size of oysters on the restored reef will become more similar to reference reefs over time. We also expect that the 
restored oyster reef will support higher densities and diversity of infauna and nekton compared to the adjacent, unstructured 
bottom. 

Preliminary assessments of the restored oyster reef indicate that oyster heights and densities from the restored reef are gradually 
increasing over time with populations becoming more similar to that of the reference reef. In 2018, density, biomass, and 
diversity of macrofauna found on the restored reef surpassed those collected on the reference reef. Dermo disease (Perkinsus 
marinus) prevalence and severity varies in oysters at both reefs and is dependent on external factors. Densities of infaunal 
organisms has been greater at restored sites than reference sites for all sampling dates in 2018; both density and biomass follow 
trends in salinity in St. Charles Bay. Continued monitoring will provide a better understanding of the effects restoration efforts 
have on important estuarine species and ecosystem service provisioning, and support decisions in management, conservation, 
and restoration planning of oyster reef habitat.
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ADVANCES IN THE CULTURE OF MEXICAN PIKE SILVERSIDE (Chirostoma estor): A LOW 
TROPHIC SPECIES WITH HIGH NUTRITIONAL VALUE 

Carlos A. Martínez-Palacios*, C. Cristian Martínez-Chávez and Ma. Gisela Ríos-Durán
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S/N, Col. Nueva Esperanza, CP. 58336, Morelia, México
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The endemic Mexican pike silverside of Lake Patzcuaro (Chirostoma estor) is an endangered zooplanktophagous fish species 
of great socioeconomic importance in the region of the central Mexican plateau with prices reaching $80 USD/Kg. Unlike other 
freshwater species, C. estor has the advantage of being able to biosynthesize high proportions of long chained polyunsaturated 
fatty acids, specifically DHA (30%) from cheap vegetable sources (linolenic acid). The latter characterizes them as more 
sustainable and thus an important emerging aquaculture species. Since the last decade, much progress has been made to develop 
and improve on the aquaculture of these species.

For this, our multidisciplinary group has approached the species from several lines of research ranging from basic ecology to 
applied physiology and from broodstock management and nutritional requirements to transcriptomics and, more recently, its 
microbiome. With this information and the development of ad hoc diets for a short intestine-agastric model such as C. estor, 
we have accomplished better growth and survival at all stages. Recent inclusion of probiotics has further reduced weaning from 
45 to 10 days post hatching. Importantly, the integral use of this information allows today the possibility of transferring the 
technology for commercial culture.
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THE EAST COAST MOLLUSCAN HEALTH INITIATIVE PART 3:  INTERACTIVE DATABASE 
DEMO
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With funding from the NOAA Saltonstall-Kennedy efforts are underway to develop a web-accessible, East Coast regional 
database on molluscan shellfish health that can be used to provide the best available science to regulators and industry to 
guide decisions on the safe and prudent inter- and intrastate movement of shellfish seed and broodstock.  The effort addresses 
a critical need recurrently identified by industry, government agents, and scientists through a series of workshops focused on 
enhancing biosecurity associated with molluscan shellfish transfers between waterbodies.  The interactive database is currently 
being populated with data from across the Atlantic Coast.  Most recently, representatives of regulatory agencies, industry, 
research and extension met with database programmers to evaluate the structure and performance of the initial prototype 
during a workshop in Cape May, NJ, October 9-11, 2018.  This presentation will provide a demonstration of the database in 
its current state to showcase some of the features and functionality that have been developed to meet the needs of the industry, 
regulators, academics and extension personnel in making informed decisions regarding shellfish health and intra- or interstate 
seed transport.  Attendees will be given the opportunity to provide feedback and ask questions of the project and development 
team.   
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LIMNOLOGICAL STUDY OF EARTHPONDS OF TILAPIA CULTURE

Nassrin Mashaii*, Farhad Rajabipour, Mohammad Jafari, Habib Sarsangi, Mohammad Mohammadi
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In the present study, some limnological factors of earthponds of monosex and mixed tilapia culture were investigated during 
the breeding season of 2016. Comparison of the length and weight of the cultured tilapia and FCR between two treatments in 
the earthponds indicate a more favorable growth performance in monosex tilapias, as expected.

Tilapias are the world’s second largest farmed fish and their production in the world has sharply increased, especially in 
recent decades. Nile tilapia, Oreochromis niloticus production consisted more than 70% of total farmed tilapia in the last 
decade. Tilapia farming is now done in more than 135 countries and its’ global production has exeed than 5.6 million tons 
(Fitzsimmons, 2016; FAO, 2014).

Nile tilapia O. niloticus samples were entered to Iran for research purposes at December 2008 for the first time. Studies 
about the feasibility of introduction of tilapia to inland aquaculture in Iran were begun in National Research Center of Saline 
Water Aquatics in Yazd province at the center of Iran (Rajabipour, 2013). Different aspects of reproduction, culture, feeding, 
monosex production, processing are studied (Bitaraf, 2012; Mashaii et al., 2016; Mohammadi et al., 2014; Morady et al., 2012; 
Rajabipour, 2013 & 2016; Sarsangi et al., 2012).

In the present study, some limnological factors of earthponds of monosex and mixed tilapia culture were investigated during 
the breeding season of 2016. The minimum and maximum of water temperature ranges were 16.6-27.5°C and 20.5-31°C, air 
temperature 2-27°C and 30-48°C, dissolved oxygen in the morning and afternoon 2.11-10.19mg/l and 7.06-14.64mg/l, pH in 
the morning and afternoon 8.97-10.9 and 9.04-13, the depth of transparency 40-105cm, salinity 7.94-8.82ppt and ammonium 
density less than 0.05mg/l to 0.4mg/l. The most abundant phytoplankton and zooplankton were Chlorophytes, diatoms and 
rotifers, and dominant macrobenthos were chironomids. There was significant positive correlation between pH value with 
ammonium density and body length and weight, water temperature with total length, and negative correlation between dissolved 
oxygen and temperature and pH (p<0.05). Tilapia culture in earthponds has advantages especially for using water biomass 
by fish and lower costs of the structures. Comparison of the length and weight of the cultured tilapia and FCR between two 
treatments in the earthponds indicate a more favorable growth performance in monosex tilapias, as expected.
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MEETING CHALLENGES IN AQUACULTURE: NUTRACEUTICALS USED TO IMPROVE 
FISH PHYSIOLOGY AND GROWTH OF STRESSED Oreochromis niloticus

Destin Furnas, Lindee Mason*, Cecelia Smith and Ahmed Mustafa
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Maintaining animal health is critical to ensuring high quality products, mitigating economic losses, and increasing biomass 
in aquaculture.  Isoflavone supplements and other nutraceuticals may be useful in improving fish health.  A 12-week feeding 
trial was conducted in a recirculating system to assess changes in the growth and physiology of stressed and unstressed tilapia 
(Oreochromis niloticus) fed commercial diets supplemented with isoflavone extracts: soybean (Glycine max), kudzu (Pueraria 
lobata), and red clover (Trifolium pretense). Apparently, the preliminary results indicate that, among the five experimental 
groups (control, stress, kudzu, red clover, and soybean) fish fed soybean supplemented feed have better physiological and 
growth performances compared to fish fed other diets. A detailed analysis will be presented at the meeting. 
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GROWTH OF NILE TILAPIA (Oreochromis niloticus) IS SUPPORTED BY DIETS WHERE 
SOYBEAN MEAL IS SUBSTITUTED WITH HIGHER PROTEIN / LOWER FIBER DISTILLERS 
DRIED GRAINS
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Feed costs persist as the leading operational expense for animal production; consequently, aquaculturists continue the search 
for economical dietary ingredients. Although distillers dried grains present a theoretical opportunity based on price and value, 
past aquaculture performance with their dietary inclusion has been disappointing. ICM hypothesized that inclusion of a higher 
protein / lower fiber distillers dried grains (HPDDG) produced by its patented Fiber Separation Technology Next GenerationTM 
process may ameliorate such performance issues. ICM has conducted a feeding trial with this new feed ingredient in Nile tilapia 
(Oreochromis niloticus) diets and measured animal performance, as well as hematological and organoleptic properties. The 
feeding trial focused on growth, using fish with a mean starting weight of 241 grams, which lasted 12 weeks, and was replicated 
five times. Associated analytical components were measured on experimental fish as well as larger commercially produced Nile 
tilapia raised concurrently elsewhere, in order to provide a benchmark of comparison. 

Feeding trial diets included a soybean meal-based control diet and two experimental diets with one containing 15% HPDDG 
and the other containing 25% HPDDG that replaced soybean meal. Feeding trial data show that diet containing 25% HPDDG 
provided performance that was not different from the control (P > 0.10), as measured for their specific growth rates or feed 
conversion ratio. However, the Nile tilapia fed with HPDDG diets display a small but significant (P = 0.04) increase in fillet 
yield as compared to those fed the control diet. No significant changes in fillet color, while a good texture and flavor profile 
were observed in fish fed HPDDG diets. The combination of hematological and histological trial data provides evidence of 
differences in mineral metabolism (particularly iron) that should be further investigated. Based on the results of this feeding 
trial, it is recommended that a larger full scale trial of HPDDG-based feeds for Nile tilapia be evaluated, by blending the 
HPDDG product with other feed ingredients to create a novel and value added product for the aquaculture feed market.
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ADDRESSING THE CHALLENGES POSED BY OBTAINING, HOLDING, AND SPAWNING 
MARINE ORNAMENTAL BROODSTOCK
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University of Hawaii at Hilo
Hilo, HI 96720
rmasse@hawaii.edu

The production of marine ornamental species either for research or for commercial production faces many technical, economic, 
and regulatory challenges, some common to all aquaculture and others very unique. However, the sheer diversity of life-history 
strategies, mating systems, and reproductive strategies used found across tropical marine species means that there are a large 
number of immediate concerns that must be addressed at the start of the process by focusing on the broodstock. Designing 
and constructing suitable facilities for housing the desired species can be costly and often must proceed without complete 
knowledge of the biology and behavior of the target species. For example, species that spawn in pairs and release pelagic 
eggs will have very different requirements than species employing haremic or lek-like mating systems or species that release 
demersal eggs. Acquiring sufficient numbers of compatible individuals to serve as broodstock is also a challenge. Facilities 
located near the natural habitat of the target species can use local divers to collect the juveniles or adults. However, permitting 
and regulatory issues can present significant challenges. For example, in Hawaii, the recent ban on reef fish collection has 
forced collaborative efforts to ensure that research on marine ornamental aquaculture can continue. Finally, the broodstock 
needs to be conditioned for spawning and egg production with the challenge being to produce enough quality fertilized eggs to 
accomplish the initial research often with only incomplete knowledge of the dietary requirements of the target species. In this 
talk, we will discuss how these challenges were addressed at the University of Hawaii at Hilo’s Pacific Aquaculture and Coastal 
Research Center’s Coral Reef Fish Breeding Program.
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VARIATION IN LYSOZYME ACTIVITY, IMMUNITY AND GROWTH RESPONSE AS 
INFLUENCED BY DIETARY SUPPLEMENTATION OF ZEOLITE IN NILE TILAPIA 
(Oreochromis  niloticus)
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Zeolite, an immune-stimulant, adsorbent and disinfectant is being used in formulated feeds. Other than growing biomass, 
zeolite enhances the wellbeing status of fish also. Present study is therefore conducted to evaluate the lysozyme activity, 
immunity in terms of WBCs count and growth response of Nile tilapia (Oreochromis niloticus) under the influence of zeolite 
supplemented feed. Effect of zeolite was determined on the selected parameters in Nile tilapia by adding sodium salt of zeolite 
in fish feed at two levels i.e. 2% (T1)and 6% (T2) along with control (0% sodium zeoloite, T0) fed @ 6% of body weight daily. 
The experiment was conducted in glass aquaria having 80 liters water in triplicate with 20 fishes in each treatment for a period 
of 80 days. Growth parameters selected and monitored weekly was gain in body weight and total body length. At the end of 
experiment the difference among the growth parameters remained statistically significant. In T0, T1 and T2, total weight gain (g) 
was recorded to be 10.95 ±0.02, 11.53±0.04 and 12.40±0.80 g respectively. Total length gain was recorded to be 8.16±0.01, 
8.39±0.02 and 8.35±0.01 cm in T0, T1 and T2 respectively. A highly significant variation was recorded in lysozyme activity in 
Nile tilapia under all the treatments. Maximum activity was recorded in T2 (6% sodium zeolite) and minimum in control. At the 
termination of experiment the lysozyme activity was calculated to be 40 ±0.10, 65 ±0.08 and 115 ±0.06 (enzyme units/ml) in 
T0, T1 and T2. The immune response in terms of WBCs count also showed a statistically significant response. This also showed 
the same trend as in lysozyme activity. The total WBC count was found to be 1000 ±0.10, 1370 ±0.08 and 1820±0.10 (/mm3) 
in T0, T1 and T2 respectively. The difference among the immunity parameters was substantial. It is inferred from the results 
that sodium zeolite is highly efficient in maintaining the fish health and growth improvement. Important physico-chemical 
parameters recorded remained under suitable limits for fish.
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PROSPECTS OF AQUACULTURE DEVELOPMENT IN THE SOUTH OF RUSSIA
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Experts of the Food and Agriculture Organization of the United Nations (FAO) note that the total production of fish in the 
world has reached a record high level due to the growth of fish farming (aquaculture). The number of the caught fish has not 
changed since the late 1980s, and currently stands at 90 million tones. The total fish catch is by 33.1% greater than the ability 
of populations to recover (FAO, 2018).

Over the past 30 years, the consumption of fish and fish products in Russia has increased. The largest growth in consumption 
was observed in 2000 – an increase by 55.6% for the year. There are 21.5 kilograms of fish and fish products on average for one 
person per year in Russia in 2017. The volume of exports of food fish products of the Russian Federation in 2017 amounted 
to 1,919.7 thousand tons or 3,776.3 million US dollars, exceeding imports by 2,127 million US dollars. In the total volume of 
both exports and imports of frozen fish is the maximum share, 88% and 53% respectively. However, Russia lags behind in the 
development of aquaculture biotechnology. This is due to the lack of investment in this industry, and it is only 0.4% of the total 
catch (Matishov et al., 2017).

The main task is the intensive development of aquaculture, which is possible only in case of its industrialization and integration 
of relevant scientific and technological solutions: cultivation, reproduction, feeding and maintenance, as well as processing. 
The southern regions of Russia have great prospects for the development of aquaculture as pond and pasture fish farming and 
mariculture can be developed here, as well as industrial high-tech methods of growing applied at aquaculture facilities.

The scientific and experimental complex of SSC RAS is used for the development of biotechnologies, their approbation and 
development of new technical means for aquaculture of Russia. To carry out experimental studies, a specialized complex 
developed at the SSC RAS is used, which is a system of modules, one of which is a unique modular installation – a complex 
that allows fully adjust the parameters of aquatic environment and simulate various conditions.

Biotechnologies of sturgeon growing under controlled conditions have been developed, allowing obtaining marketable products 
for 1.5 years, high-quality food caviar for 4 years. Multifunction technologies to grow food objects and fries (pike perch, 
sturgeon species and mullets) in a single system have also been developed. The use of new biotechnologies and specialized 
technical means will allow developing aquaculture industry in Russia, especially in its southern regions with favourable 
climatic conditions.
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FLEXIBILTY IN INTENSIVE LARGE-SCALE BASS PRODUCTION

Michael Matthews*, Shawn Coyle, and Rick Stout

A. E. Wood State Fish Hatchery
Texas Parks and Wildlife Department
San Marcos, TX 78666
mike.matthews@tpwd.tx.gov

Spawning bass in indoor raceways offers several advantages compared to spawning ponds for fry production—more control 
over spawning time and duration, nursery pond space requirements, and addressing genetic variability concerns. Controlled 
spawn timing reduces spawning season duration and number of broodfish required, and nursery ponds can be stocked within a 
shorter time frame and with more uniform age and number of fry. An out-of-season technique that successfully produced large 
numbers of bass spawns in September and October utilized pond space in fall when more space is available. Protocols, stocking 
ratios, and stocking rates are identical to spring production, but temperature and daylight are manipulated to induce spawning 
(Table 1).

Broodstock were initially stocked at a 1:1 female to male ratio in indoor raceways with the number of spawning mats dictating 
the number of males. This allows each male to have a spawning territory. Stocking a 3:2 female to male ratio increased the 
number of spawns collected compared to a 1:1 ratio. Bass are commonly spawned for 21–28-day periods. The mats can be 
removed, bass fed forage, raceway cleaned, and mats replaced. Allow bass 4 days to feed and 3 to 4 days clear their digestive 
tracts before spawning resumes (Figure 1).
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COMPARATIVE ANALYSIS OF THE LABORATORY GROWTH OF YELLOWFIN TUNA 
Thunnus albacares AND PACIFIC BLUEFIN TUNA Thunnus orientalis LARVAE, AND GROWTH 
OF EARLY-JUVENILE YELLOWFIN REARED IN LAND BASED TANKS AND A SEA CAGE

Enrique Mauser*, Dan Margulies, Vernon Scholey, Susana Cusatti, Luis Tejada, Jeanne Wexler, 
Maria Stein, Tomoki Honryo, Ryo Katagiri, Michio Kurata, Yasuo Agawa, Yoshifumi Sawada

Inter-American Tropical Tuna Commission
8901 La Jolla Shores Drive 
San Diego, CA 92037 USA
emauser@iattc.org

The IATTC has been conducting research on the early life history and biology of tropical tunas at the Achotines Laboratory in 
the Republic of Panama since 1986. Spawning from a population of yellowfin tuna (YFT) has taken place almost daily in the 
Laboratory’s land-based tank since 1996. Eggs and larvae collected from the broodstock tank are used to conduct biological 
and physical experiments aimed at gathering ecological information on early life history stages. 

Comparative studies of the early life histories of YFT and Pacific bluefin tuna (PBF) have been conducted from 2011-2018 
in collaboration with Kindai University of Japan.   Work conducted on PBF at the Oshima Branch of Kindai University in 
Kushimoto, Japan, has allowed us to compare patterns of larval growth and survival with results obtained from the IATTC’s 
work on YFT larvae at the Achotines Laboratory. Rearing both species independently but with identical experimental methods 
and physical tank conditions, we have compared larval growth dynamics and survival of YFT and PBF into the early juvenile 
stages. An update on these comparative trials is covered in the presentation.

Early-juvenile growth data of tunas from either in situ or laboratory studies are rare.  Survivors from different groups of YFT 
larvae used for experiments at the Achotines laboratory often reach the transformation period into the early juvenile stage. 
These fish are reared as long as possible, with sampling occurring at intervals dictated by mortality. Early juvenile growth 
estimates have been made examining the effects of food type and abundance, life stage and rearing conditions on growth.    

Over a span of 18 years, the growth of 1,077 individual survivors that reached post-transformation stage from a total of 22 
rearing trials was analyzed. YFT have been reared to a maximum length of 28 cm and 158 days after hatching.  Growth rates 
have been estimated for all transformation and juvenile individuals, classified by a minimum standard length of 16 mm. The 
growth pattern of an early juvenile group transferred to a sea cage will also be presented.

The ongoing research on pre-recruit growth will help fill the knowledge gap about growth dynamics of YFT and PBF at these 
early life history stages.  
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EFFECT OF DIETARY INCLUSION LEVELS OF Artemisia afra ON GROWTH, SERUM 
CHEMISTRY AND RESISTANCE IN Clarias gariepinus SUBJECTED TO Aeromonas hydrophila

Esau M. Mbokane1,2* & Ngonidzashe A.G. Moyo2

1 Aquaculture Research and Development, Department of Agriculture, Forestry and Fisheries, Private Bag 
X2, Vlaeberg 8012, Cape Town, South Africa
2Aquaculture Research Unit, School of Agricultural and Environmental Sciences, University of Limpopo 
(Turfloop Campus), Private Bag X1106, Sovenga, 0727, South Africa

The effect of five Artemisia afra-based diets were investigated on growth, haemato-biochemical parameters and disease 
resistance in Clarias gariepinus. The diets were referred to as D1 (control), D2, D3, D4 and D5 and each diet was fed to 
triplicate groups of 45 fish (32.49 ± 0.27 g) in a completely randomized design. All groups were fed ad libitum twice a day, 
09:00 h and 15:00 h for 45 days. There were no significant differences (P > 0.05) in WG, FCR and SGR of fish between dietary 
treatments. White blood cells, RBC, HGB and HCT increased with increasing A. afra inclusion levels, suggesting that A. afra 
could be beneficial to the health of fish. No significant changes (P > 0.05) were observed in AST, ALT, ALP and LDH levels 
between dietary treatments. Fish fed with D3-D5 had significantly higher (P < 0.05) NBT and lysozyme activity compared to 
fish fed with D1 and D2. To evaluate the capacity of the immune system, fish from each group were injected with five different 
concentrations (0, 1 x 106, 1.5 x 106, 3 x 106 and 4 x 106 cfu ml˗1) of Aeromonas hydrophila. Fish fed with D1, D2 and D3 
had lower survival rates compared to fish fed with D4 and D5. This shows that A. afra possess therapeutic properties that can 
improve the health status of captive C. gariepinus. The therapeutic properties of A. afra can be attributed to the presence of 
secondary metabolites with immunostimulatory properties. Phytochemistry of the A. afra leaves used in this study revealed the 
presence of polyphenols, phenols, flavonoids and alkaloids.
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MINIMIZING FISHMEAL USE IN HYBRID STRIPED BASS Morone chrysops ♂ x Morone 
saxatilis♀ DIETS USING COMMERCIAL PROTEIN CONCENTRATES DESIGNED FOR 
AQUAFEEDS

Katie McCann*, Steven D. Rawles, Rebecca Lochmann, Gibson Gaylord, Wendy Sealey 

University of Arkansas at Pine Bluff
1200 University Drive
Pine Bluff, Arkansas 71601
mccannk3543@uapb.edu

As part of on-going work at the Harry K. Dupree Stuttgart National Aquaculture Research Center (HKDSNARC) and the 
University of Arkansas at Pine Bluff (UAPB) to find alternatives to fishmeal (FM) in warmwater fish diets, we evaluated four 
proprietary commercial protein concentrate blends (Elite 60, Elite 65, Elite 70, and Procision; HJ Baker & Bros, Tuscola) in 
hybrid striped bass (HSB). These test ingredients are comprised of a proprietary mix of animal (blood meal, feather meal, meat 
and bone meal, and poultry by-product meal) and plant proteins (soy protein isolate, soy protein concentrate, wheat gluten 
meal, corn gluten meal, and dried distillers grains with solubles). Evaluation consisted of two phases; a digestibility trial was 
conducted to assess nutrient availability in the test products, followed by a 13-wk FM replacement trial. Each of the products 
replaced FM on an ideal protein basis. All diets were supplemented with the first-three limiting amino acids (Met, Lys, Thr) 
based on the HSB muscle amino acid profile. Diets were isonitrogenous (38% digestible protein), isolipidic (16%), contained 
10% lipid from marine fish sources and nearly constant ratio of fish to poultry to soy lipid. Digestibility and replacement 
diets were extruded using commercial methods (Bozeman Fish Technology Center, MT). Responses in the replacement trial 
included growth performance, body/ fillet composition, nutrient retention, insulin growth factor- 1, appetite gene expression 
(cholecystokinin; neuropeptide Y), and innate immunity.

There was a linear trend in digestibility of protein and select amino acids (His, Ile, Leu, Phe, Tyr, Val) in the Elite products. 
Availability of Leu and Phe in Procision was significantly different than FM. At 8 wks, responses to replacement diet showed 
similar trends with FM outperforming the other diets, Elite products being intermediate, and Procision lagging. There was no 
linear trend in responses among the Elite products at 8 wks. FCR and ADI (%) of the Elite 70 and FM diet did not differ. Intake 
on a per gram basis (ADI) was highest but FCR poorest in the Procision diet. 13-wk results and additional responses will be 
presented.
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BREEDING AN OYSTER FOR MARYLAND: WHAT IS THE GENETIC BASIS OF LOW 
SALINITY TOLERANCE IN THE EASTERN OYSTER Crassostrea virginica?

Alexandra J McCarty*, Standish K Allen, Louis Plough

University of Maryland Center for Environmental Science
2020 Horns Point Road
Cambridge, MD 21613
amccarty@umces.edu

The Chesapeake Bay oyster fishery, once one of the largest in the US, has declined to <1% of historic harvest levels, prompting 
investment in oyster aquaculture to supply market demand. Oyster aquaculture production in Maryland’s portion of the 
Chesapeake Bay has been increasing, but yield is often reduced in its low salinity waters (<10ppt). Rapid or prolonged salinity 
reductions due to storms or water engineering also challenge oyster production in the southeastern US. Development of an 
oyster line bred specifically for low salinity would increase production and allow farming in areas where disease is significantly 
reduced (<10 ppt). 

This study investigated the potential for breeding a low salinity oyster by examining the extent of genetic variation for acute 
low salinity tolerance in lab challenges of half-sib families and in pair-crossed F2 families used for QTL mapping of individual 
survival. Adult oysters from fifty half-sibling LOLA families (produced by ABC breeding program at Virginia Institute of 
Marine Science) were exposed to 30-day low salinity challenges (~2.7 ppt) under summer temperature conditions (26 ± 0.09 
°C). Survival was monitored daily and narrow-sense heritability was investigated using linear mixed models for survival 
(binomial; live versus dead), to establish the genetic architecture of this trait. A second low salinity exposure was conducted on 
F2 families derived from low (LOLA) and high (HANA) salinity selected grandparental lines, with DNA sampled from both 
live and (recently) dead animals. Genome wide SNP data were generated via a ddRADseq, and QTL mapping of survival and 
days to death are being performed to identify genetic regions associated with acute low salinity tolerance.
 
Preliminary analysis reveals a significant (P<0.005) family effect among the fifty half-sibling families (Fig. 1), indicating a 
strong genetic basis for this trait. Estimates of narrow-sense heritability ranged from 0.40- 0.73 (95% credible interval). The 
wild population control (Choptank River, MD; 8-14 ppt) had relatively poor performance in these trials, further justifying the 
need for a low salinity oyster line for Maryland waters. Genomic analyses for two F2 families are currently in progress using a 
ddRAD protocol that generated ~200k SNPs from ~36,000 distinct RAD loci in pilot work.
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STATUS AND DIRECTION OF CORMORANT MANAGEMETN UNDER THE 2017 US FISH 
AND WILDLIFE SERVICE ENVIRONMENTAL ASSESSMENT

John E. McConnell*, Laurel Barnhill and Carmen Simonton

USDA, APHIS, Wildlife Services (WS)
920 Main Campus Drive, Suite 200
Raleigh, NC 27606
John.e.mcconnell@aphis.usda.gov

United States Fish and Wildlife Service (USFWS)
Migratory Bird Program, Southeast Region
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Atlanta, GA 30345
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Over the past 40 years a significant rise in the population of the double-crested-cormorant (Phala-crocorax auritus) a long-lived 
fish eating bird has led to cormorant-society conflicts associated with commercial and natural resources such as aquaculture, 
property and fisheries.   In the 1990’s, DCCO’s became a management priority for the USFWS as conflicts, real or perceived, 
continued to escalate.  Following extensive National Environmental Policy Act and rule making process review the USFWS 
in cooperation with USDA Wildlife Services recommended new options to address cormorant conflicts.  The Aquaculture 
Depredation Order (AQDO) was issued in 1998.  A 2003 Final Environmental Impact Statement led to the Public Resource 
Depredation Order (PRDO) and updates to the AQDA.  The AQDO and PRDO affected 13 and 24 states respectively, providing 
producers and management agencies increased flexibility including the use of lethal control while maintaining sustainable 
cormorant populations.

In accordance with NEPA procedures, the orders were reviewed and renewed via Environmental Assessments (EA) in 2009 
and 2014.  However, in May 2016 the orders were vacated when a federal judge concluded that the USFWS did not adequately 
consider the impacts on cormorant population and failed to consider additional alternatives under the EA issued in 2014.  
Without the orders and adequate NEPA documentation the USFWS stopped issuing or renewing depredation permits for 
cormorant take in states previously covered by the orders.  In 2017, the USFWS finalized an “EA for Issuing Depredation 
Permits for Double-Crested Cormorant Management”; making decisions on depredation permit applications (pursuant to 50 
C.F.R 21.41 for the take of double-crested cormorants across 37 states for the protection of human safety aquaculture, natural 
resources and property.  The EA does not cover free swimming fish and establishes conservative maximum allowable take 
limits for each state.  As better cormorant data is available the USFWS may consider less restrictive take.  Information on 
depredation permit issuance and take data under the 2017 EA will be presented.  Efforts to evaluate the EA status, direction, 
alternatives; communication and take levels including USFWS supported workshops and state agency supported bird fish 
conflict working groups and the future of cormorant management will be presented.  
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TOWARDS UNDERSTANDING SHELL DEFORMITIES IN FRESHWATER MUSSELS: 
COMPARING POTENTIAL PATHOLOGICAL CHANGES TO TISSUES AND CHANGES IN
SHELL GROWTH AND LONGEVITY OF MUSSELS (UNIONIDAE AND
MARGARITIFERIDAE) FROM THE NASHUA AND NISSITISSIT RIVERS, 
MASSACHUSETTS 

Andrew McElwain*, Andrew Gascho Landis, and Peter Hazelton 

Department of Biological Sciences
State University of New York at Oswego
Oswego, NY 13126
andrew.mcelwain@oswego.edu

Shell damage and deformities represent a mussel health problem that has received little attention over the years. A damaged 
or misshapen shell may result from physical trauma to the shell and or mantle or from the action of a chemical agent. Limited 
literature on this topic may be explained by the rarity of certain malformations and or shell deformities were not the focus of 
the investigation. We lack a detailed understanding of the anatomical and physiological changes that have occurred and any 
potential ecological impacts. Herein we report preliminary results from an investigation into a shell deformity among Elliptio 
complanata, Lampsilis radiata, Strophitus undulatus (Unionidae), and Margaritifera margaritifera (Margaritiferidae) from the 
Nashua River, Massachusetts that were collected during the summer of 2017. Affected mussels display a truncated posterior 
shell margin and the severity of this deformity ranges from slight to severe. Prevalence values and sample sizes (data sourced 
from whole mussels and empty shells) are as follows: E. complanata, 49%, n = 71; L. radiata, 33%, n = 3; S. undulatus, 
100%, n = 1; M. margaritifera, 57%, n = 7. An additional 19 normal E. complanata were collected from the Nissitissit River, 
Massachusetts during the summer of 2017 for further comparison. Strayer (2008) documented a similar deformity among E. 
complanata, Alasmidonta undulata, Pyganodon cataracta, Lasmigona costata, and L. compressa in streams in the Hudson 
River Valley and Southern Tier regions, New York. To the best of our knowledge, this phenomenon has not been reported 
elsewhere, has not been pursued further since 2008, and the cause remains indeterminate. We are interested in exploring the 
mechanisms that are responsible for this shell deformity to hopefully shed light on the responsible factors. Our approach is 
to examine potential histopathological changes to the mantle, visceral mass, and use shell thin-sections to look for changes in 
growth and longevity. We are presently uncertain whether this deformity results from shell damage or cellular changes to the 
tissues that would alter shell growth. Although the primary literature contains little information about shell deformities among 
freshwater mussels, we suspect this problem may occur elsewhere in the Northeastern U.S.
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PHENOTYPIC RESPONSE OF Crassostrea virginica LARVAE UNDER STARVATION STRESS: A 
COMPARISON BETWEEN WILD AND AQUACULTURE LINES TO TEST FOR UNINTENDED 
DOMESTICATION SELECTION

Katherine McFarland*, Matthew P. Hare, Matthew Gray, Michelle Nguyen, Brendan Campbell, 
Louis V. Plough

Horn Point Laboratory
University of Maryland Center for Environmental Science
Cambridge, MD 21613
Mcfarland.316@gmail.com

In order to revive oyster populations and restore the ecosystem services they provide, juvenile oysters (spat) are being produced 
and put back in the environment on a massive scale through hatchery propagation. Best practices suggest that oyster spat 
used for restoration should be produced from wild adults (wild broodstock). However, where natural populations are scarce 
project managers may rely on broodstock from the aquaculture industry to supplement restored reefs, which typically involves 
selectively bred strains of oysters that have been propagated for years in hatchery environments. Although using aquaculture 
strains provides a quick solution to increasing oyster densities where natural broodstock are limited, the effects these oysters 
might have on the long-term viability of restored populations is unknown. One concern is that generations of hatchery 
propagation can lead to inadvertent domestication selection (shifts in traits due to adaptation to the hatchery environment), and 
little is understood about the potential fitness effects of these changes for oysters planted in the wild. To test this hypothesis, 
larvae were produced from wild Choptank River (Maryland, U.S.) broodstock and from two long standing aquaculture lines 
selected for disease resistance (Deby) and low salinity tolerance (LoLA). Over a series of three experiments, 5 to 7-day old 
larvae were subjected to a 10, 7, or 3-day starvation period followed by a recovery period in which ad libitum feeding was 
resumed, all compared to a consistently ad libitum fed set of controls. Growth and survival were monitored every 2-3 days 
and physiological measures (respiration, feeding, assimilation) were taken during the starvation and recovery periods. Before, 
during and after the starvation period, larvae were also sampled and stored in RNAlater for gene expression analysis using 
RNAseq in order to assess transcriptomic differences between cohorts and treatments. Differential survival was observed 
between lines and experiments which scaled with starvation duration (Fig. 1). By coupling gene expression data with phenotypic 
data (physiological measurements), we aim to understand the magnitude of domestication effects and the genes involved and 
the underlying mechanisms driving differential survival among lines.  
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MOLLUSC RESTORATION – AN OVERVIEW AND INTRODUCTION TO THE SESSION

Katherine A. McGraw1* and Megan La Peyre2*
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Mollusk restoration in the United States (U.S.) has been underway for several decades and encompasses many marine and 
estuarine species, as well as freshwater mussels and gastropods.   Many of these species and their habitats are threatened or 
endangered, and this has been a major impetus for trying to restore populations.  Restoration refers to both replenishment of 
commercial species for harvest by the shellfish industry, as well as those being restored for strictly ecological reasons. 

Restoration of native oyster species has been the predominant type of mollusk restoration in most places, and has taken on 
many forms, such as reef construction, creation of spawner sanctuaries, and building living or “green” shorelines.  However, 
other mollusk species are also being restored, including abalone, scallops, clams, and mussels.  Many of the restoration projects 
involve shellfish hatcheries or the use of other sophisticated aquaculture techniques, while some rely on more passive methods 
(e.g., spreading shell or cultch material on substrate for settlement and attachment of larvae).   In many cases, whether projects 
are for ecological or commercial purposes, collaboration amongst scientists, restoration practitioners, and those in the shellfish 
industry, and sharing information, has been the key to successful restoration efforts.

This session is focused on different facets of estuarine and marine mollusk restoration, with presentations from all U.S. coasts, 
and featuring different approaches to restoration.  Some of those include species diversity on restored reefs; perceptions about 
ecosystem services; oyster-eelgrass interactions in restoration projects; importance of early recruitment in restoration projects; 
efforts to restore white abalone (Haliotis sorenseni); evaluation of various oyster mapping techniques; and hatchery production 
technologies. 
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AN UPDATE ON THE DISTRIBUTION AND CONSERVATION STATUS OF THE CRAYFISHES 
OF ALABAMA

Stuart W. McGregor*, Guenter A. Schuster, Christopher A. Taylor, Rebecca A. Bearden, and E. Anne Wynn
 
Geological Survey of Alabama
420 Hackberry Lane
Tuscaloosa, Alabama 35486
smcgregor@gsa.state.al.us

 
Each state is required to have a State Wildlife Action Plan (SWAP) to be eligible for federal funds through the Wildlife 
Conservation Restoration Program (WCRP) or the State Wildlife Grants Program (SWG). For Alabama to move forward in 
conserving its aquatic species, a first step is understanding biodiversity patterns: What species do we have and where are they 
found? Second, it is important to know which species need conservation action. These fundamental levels of understanding 
did not exist for crayfishes in Alabama before our project. Starting in 2005 Drs. Guenter Schuster and Chris Taylor performed 
an exhaustive literature search and visited numerous museum collections and compiled a database with over 4,600 records 
documenting 85 crayfish species from Alabama. Subsequently, with funding supplied on two occasions by the SWG program 
and independently by the U.S. Fish and Wildlife Service, Geological Survey of Alabama staff, Drs. Schuster and Taylor, and 
associates sampled crayfish in areas of the state that showed a dearth of records based on maps generated from the Schuster 
and Taylor database and surveyed for species petitioned for listing by the U.S. Fish and Wildlife Service. The first SWG project 
(2008-10) added over 760 collection records, documented 64 of 85 species recognized from the state at that time, tightened 
collection coverage gaps, and recommended a preliminary conservation priority status for each species. In 2012 a group of 
subject matter experts convened in Auburn, Alabama, for the Third Nongame Wildlife Symposium and subsequently provided 
information on each species known from Alabama at the time. The result was an updated SWAP with conservation priority status 
designated for each species. Crayfish were included for the first time and 12 species were found to be of Highest Conservation 
Priority, 30 of High Conservation Priority, 15 of Moderate Conservation Priority, 14 of Low Conservation Priority, and 12 of 
Lowest Conservation Priority. Another important result of the first SWG project was the need to further close coverage gaps, 
further address under sampled habitats, and refine species-specific distributional information. The second SWG grant was 
secured to address those needs (2014-17). Final results of these studies yield about 9,300 records documenting 97 species of 
crayfishes (94 natives), with 15 state endemics, a few species whose taxonomic status remains unclear, a few undescribed taxa 
awaiting formal descriptions, and 5 hypothetical species. Another result was the opportunity to make preliminary conservation 
priority recommendations for species added to the state list or systematically reassigned during the latter phase of the project. 
We recommended 1 species status be changed to Highest Conservation Priority, 6 others added to Highest Conservation 
Priority, 4 to High Conservation Priority, 2 to Low Conservation Priority, and 1 to Lowest Conservation Priority. The state list 
will very likely surpass 100 species upon further research. During our studies 94 of the 97 species known from the state were 
encountered, with only 3 rare troglobites unobserved (but likely extant.) Ten genera are represented in Alabama. 
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SHRIMP FARM BIOSECURITY IN ASIA: AN EVOLVED AND HOLISTIC APPROACH 

Robins McIntosh

Executive Vice-President Charoen Pokphand Foods, Limited (CPF)
C.P. Tower 27 Floor 313 Silom Road, Bangrak Bangkok, 10500, Thailand
Email: robmc101@yahoo.com

My first experience with the meaning of shrimp farm biosecurity centered on the exclusion of primary pathogens; which in the 
1990’s, were shrimp viruses such as White Spot Syndrome Virus (WSSV).   Soon it became apparent that some viruses were 
difficult to exclude from a farm; such as the Taura Syndrome Virus (TSV); and for these pathogens genetic tolerance in the 
shrimp had to be developed.    Systems based on total exclusion or tolerance worked well until a new disease that caused by 
Vibrio parahemolyticus carrier of certain toxin genes entered the shrimp farming industry.   Typical exclusionary management 
no longer was effective, and new concepts of shrimp biosecurity had to be included into farm management protocols.  These 
new concepts emphasized reducing the prevalence (not elimination) of the pathogen; whereas at the same time, we worked on 
increasing the robustness of the shrimp through both genetics and promoting pond environmental stability. 
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PRELIMINARY ASSESSMENT OF NEW TECHNOLOGY FOR POST-HARVEST 
PURIFICATION OF OYSTERS

Dennis McIntosh*, Grant Blank, Daniel Grosse, Robert Lane, Dorothy Leonard and Paul Snyder

Aquaculture Research and Demonstration Facility
Delaware State University
Dover, DE
dmcintosh@desu.edu

Shellfish farming is the fastest-growing marine aquaculture sector in the United States, and Delaware plans to develop a 
progressive and innovative bivalve shellfish aquaculture industry.  At the same time, growers and regulators face more 
stringent post-harvest treatment requirements, including the use of depuration, a basic post-harvest purification which reduces 
contamination by allowing bivalves to filter out pathogens in clean water.  Our primary goal is to improve consumer safety by 
reducing pathogen levels in live shellfish through accessible, inexpensive, non-lethal, post-harvest purification that leaves the 
oysters alive, and taste and texture unaffected.  

We tested two related, proprietary disinfecting technologies (Puradigm Water Technology or PWT and Puradigm Photo 
Catalytic Oxidation or PPCO) alone and in combination and compared them to conventional ultraviolet (UV) disinfection.  We 
constructed an array of recirculating saltwater systems (n = 4).  Each experimental system consisted of a single 100-L fiberglass 
tank equipped with a mag-drive pump, mechanical filtration, and one of four disinfection treatments (UV, PWT, PPCO, or PWT 
+ PPCO).  All four experimental tanks sat in the same 2,000-L water bath to modulate temperature.  

Oysters were assessed at 24, 48 and 96 hours (the latter, twice the normal depuration period) for survival, and thereby suitability 
of each disinfection technology for future study.  We also measured dissolved oxygen, pH, salinity, temperature, water flow, 
free chlorine (as a proxy for free radicals produced by the PPCO), and potential energy as a measure of the output of the PWT.  
We repeated this experiment three times to ensure the validity of our results.  

Based on the results from this project, we feel confident that the two new technologies tested, PWT and PPCO, alone and in 
combination, will be suitable for use in a more effective post-harvest purification of live oysters.  Future studies will seek to 
quantify and control the output of both technologies in aquaculture systems, and to determine the doses that will kill naturally 
occurring microbes in sea water and in oysters. 
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LOBSTER MOVEMENT AROUND SALMON FARMS IN SOUTHEASTERN CANADA

Christopher W. McKindsey*, Annick Drouin, Shawn M. C. Robinson, and Émilie Simard

Institut Maurice-Lamontagne, Fisheries and Oceans Canada, Mont-Joli, QC, Canada G5H 3Z4
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Aquaculture production is increasing world-wide and, with it, so too have concerns about its interactions with the natural 
environment. Organic waste from coastal net-pen fish farming may settle to the sea bottom close to farms, becoming a novel 
and attractive food source for wild stocks, including fisheries-important species. Little is known about how such species interact 
with fish farms and farming. The American lobster (Hommarus americanus) has the greatest commercial value of all fished 
species in eastern Canada (ca. $CAN 1.3B in 2016) and there have been public concerns about the influence of fish farms on 
these animals. To address these concerns, the present study used acoustic telemetry methods to evaluate the movement of 
American lobsters and rock crabs (Cancer irroratus) within and around Atlantic salmon (Salmo salar) farm sites in southwest 
New Brunswick, eastern Canada, in 2016 and 2017, and the abundance of crustaceans within and around farms in 2016 and 
2018. 

Animal movements were recorded in and around three farms (two muddy bottom sites – NI and CI, and a hard-bottom and 
very hydrodynamically active site – DC, the latter in each of two years) using a VEMCO passive fine-scale acoustic telemetry 
positioning system. A total of 215 animals were tagged over the 2 year study. Crustacean abundance was determined by 
SCUBA divers. Lobsters at NI tended to leave the monitored area fairly rapidly whereas those at CI stayed around the farm but 
only rarely went below it. At DC, most lobster stayed within the monitored site for the duration of the observations, remaining 
below and within and outside of farm boundaries. Movement of lobsters in DC were altered on one occasion, corresponding to 
a period of treatment for sealice on salmon. Crabs were seemingly attracted by farms. Lobster densities did not differ between 
inside and outside of farms whereas crabs were more abundant below farms than outside of them, at times markedly so. Overall, 
results show that salmon farms affect lobsters in various and site-specific ways. Although farms may have little affect on lobster 
movements (NI and DC), they may also keep lobsters from using space below them (CI) and sea lice tratments may affect 
lobster movements. Overall, salmon farms show little effects on adult crustaceans.
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ASSESSING THE BREADTH AND DEPTH OF US STATE AND REGIONAL SHELLFISH 
AQUAUCLTURE BEST MANAGEMENT PRACTICES (BMPS): ARE THEY OF EQUAL RIGOR 
AS GLOBAL THIRD-PARTY VOLUNTARY SHELLFISH CERTIFICATION PROGRAMS? 

Sean P. McNally* and Michael F. Tlusty 

School for the Environment, University of Massachusetts Boston
100 Morrissey Blvd. 
Boston, MA 02125

Best management practices (BMPs) and global third-party certification programs have been key improvement tools for the 
shellfish aquaculture industry, as they are an important factor to help growers implement practices to not exceed environmental 
thresholds. They primarily serve as a promotion of environmental standards and policies, operational and community standards, 
and are used as a voluntary regulatory tool to create a more sustainable food production system. To date, little work has been 
done to compare the robustness of shellfish aquaculture BMPs to third-party global standards. 

This work builds on prior work by Tlusty et al. (2016) where the authors examined both national and voluntary shrimp aquaculture 
certification programs to provide an understanding in the variation across shrimp aquaculture standards. The work presented 
herein conducted a similar evaluation for shellfish, where the baseline FAO Technical Guidelines on Aquaculture Certification 
were then compared to Best Management Practices (BMPs) for the shellfish aquaculture industry. Criteria addressed within the 
BMPs were compared to determine their similarity, as well as to address how they overlap with voluntary third-party global 
shellfish aquaculture certification programs. 

This analysis divided all BMP factors into six impact areas (siting and permitting, food safety, environmental management, 
community, disease management, and operational management), for four voluntary state shellfish BMPs (Maryland, Virginia, 
Massachusetts, and New Jersey), one mandatory state shellfish BMP (Florida), one regional association BMP (East Coast 
Shellfish Growers Association), and two global standards (Global Aquaculture Alliance and Aquaculture Stewardship Council). 
Overall, most state BMPs shared a similarly high degree of specificity in the structuring of local environmental management 
and protection BMPs. However, they did not utilize performance metric criteria as found in global certification programs. All 
evaluated groups compared generally only offer methods in order to reduce environmental impact but lack in providing concrete 
and quantifiable metrics. Ideally, as new technologies allow for cost effective environmental monitoring future iterations of 
BMPs will move more towards performance based metrics.
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ESTABLISHMENT OF NON-RADIOACTIVE ASSAYS FOR PLASMA INSULIN-LIKE 
GROWTH FACTOR-I (IGF-I) AND GROWTH HORMONE (GH) IN RAINBOW TROUT 
Oncorhynchus mykiss AND EFFECTS OF SHORT AND LONG-TERM ADMINISTRATION OF 
GH AND GHRELIN ON PLASMA IGF-1 AND GH LEVELS

Lea R. Medeiros* and Andrew L. Pierce

Department of Biological Sciences
University of Idaho
Moscow, ID 83844
lmedeiros@uidaho.edu

In teleost fishes, as in other vertebrates, growth is regulated by the GH/IGF axis. The axis consists of the peptide hormones GH, 
secreted by the anterior pituitary gland, and the IGF family hormones, produced in most tissues, along with their receptors and 
binding proteins. GH increases liver production and circulating levels of IGF-I, which is thought to be the principal mediator of 
the growth promoting effects of GH.  Pituitary GH secretion is regulated by a variety of factors, including the stomach hormone 
ghrelin, which is a strong GH secretagogue. In salmonids, the GH/IGF axis is involved in a variety of physiological processes 
that are related to somatic growth (e.g., smoltification, reproduction, osmoregulation, and the response to fasting). As a result, 
this axis influences salmonid life history decisions. To better understand the role of the GH/IGF axis in salmonid life history 
decisions, we sought to establish assays for salmonid plasma GH and IGF-I in our laboratory. 

We utilized custom recombinant and commercially available reagents to establish, optimize, and validate time-resolved 
fluoroimmunoassays (TR-FIAs) for salmonid plasma GH and IGF-I. Ethanol remaining from standard acid/ethanol extraction 
to remove IGF binding proteins interfered in the IGF-I TR-FIA, and drying down and resuspending samples removed the 
interference, with the additional benefit of allowing extracted samples to be stored prior to being run. Extracted and resuspended 
rainbow trout plasma diluted in parallel to the IGF-I standard. As expected, short-term GH injection elicited a significant 
increase in plasma IGF-I (Fig. 1). In the GH TR-FIA, rainbow trout plasma and pituitary extract diluted in parallel to the 
recombinant GH standard.  The effect of short-term ghrelin injection on plasma GH and IGF-I levels will be presented.  The 
effects of long-term administration of ghrelin and GH to juvenile rainbow trout via osmotic minipumps on plasma GH and 
IGF-I levels will be presented. 
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SCREENING OF A BIODEGRADABLE POLYMER, POLYHYDROXY BUTYRATE (PHB) 
ACCUMULATING BACTERIA FROM THE BIOFLOC BASED GIFT TILAPIA PONDS

M. Menaga*, S. Felix & A. Gopalakannan

*PhD Scholar
Department of Aquaculture
Fisheries College and Research Institute
Tamil Nadu Dr.J.Jayalalithaa Fisheries University
Ponneri

Polyhydroxybutyrate (PHB) producing bacteria from biofloc reared GIFT Tilapia ponds were isolated for the first time. Out of 
28 bacterial isolates screened from 180 days culture, 6 isolates showed positive results for PHB production against Acridine 
orange, Nile blue A and Nile Red staining. Based on 16s rRNA sequence analysis the six isolates were identified as Bacillus 
infantis, Exiguobacterium profundum, Bacillus subtilis, Bacillus megaterium, Klebsiella pneumoniae and Enterococcus hirae. 
The maximum PHB productionof 4.2 g/L was seen in K. pneumoniae. Absorption band in the range of 4000cm-1 to 650cm-1 
using FTIR analysis confirmed the C=O group in PHB produced by bacterial isolates. The results indicated the presence of PHB 
producing bacteria in biofloc based GIFT Tilapia aquaculture systems.

INVITRO PROBIOTIC PROPERTIES OF BACILLUS SP ISOLATED FROM BIOFLOC 
REARED GENETICALLY IMPROVED FARMED TILAPIA (Oreochromis niloticus)

M.Menaga*, S.Felix , A.Gopalakannan & M.Charulatha

*PhD Scholar
Department of Aquaculture
Fisheries College and Research Institute
Tamil Nadu Dr.J.Jayalalithaa Fisheries University
Ponneri

A study was conducted to investigate the probiotic potential of the bacterial species from biofloc reared GIFT Tilapia using 
invitro quantitative assays. Based on the morphological, biochemical and 16S rRNA sequencing analysis, isolated bacterial 
species from GIFT Tilapia gut were identified as Bacillus infantis, Exiguobacterium profundum, Bacillus subtilis and Bacillus 
megaterium. The invitro probiotic properties such as bile tolerance, growth at different bile concentrations, bile salt hydrolase 
activity, antibiotic susceptibility test, antimicrobial activity, auto aggregation test, bacterial adhesion to hydrocarbons and 
resistance to gastric acidity were performed. All the isolates showed higher resistant to bile tolerance test and growth of cultures 
were observed from 0.5 to 8% bile salt concentrations. The distinct zone of hydrolysis was marked in the tested isolates in 
bile salt hydrolysis activity. Except B. infantis all the other three isolates were predominantly resistant to the tested antibiotics. 
Antimicrobial activity against three pathogens viz. Vibrio parahaemolyticus, Vibrio harveyi and Aeromonas hydrophila was 
observed in all the isolates. E. profundum and B. subtilis showed improved auto aggregation. Enhanced resistant to bile salt 
adhesion to hydrocarbon and invitro gastric acidity (pH 3) was seen in B. megaterium. It is one of such unique studies confirming 
the probiotic effect of Bacillus sp. isolated mainly from GIFT Tilapia biofloc culture. B.subtilis and B. megaterium exhibited 
remarkable invitro probiotic properties and thus can be recommended as a successful probiotic strain for fish farming.
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MANAGEMENT OF MINERALS USING MINSOLPLUS IN LOW SALINE CULTURE OF 
Litopenaeus vannamei

Menaga Meenakshisundaram* ,Sreenadh Madapati & Ranjith Kallur

*Country Manager-Technical
Abode Biotech India Private Limited 
cmts@abodebiotec.com

Inland or Low saline shrimp culture is being practiced in several regions of India.The culture of shrimp (Litopenaeus vannamei) 
in low saline water (2.0 ppt) faces several challenges. The ionic composition of these waters is deficient in several key minerals, 
including calcium (Ca), potassium (K) and magnesium (Mg). The objective of the present study was to evaluate the effects of 
Minsol Plus on growth and survival of L. vannamei stocked at 60PL/m3 for 90 days. Six tanks of 500 m3 were used and tanks 
with Minsol plus addition served as treatment and without Minsol plus was the control. Minsol plus were applied at a rate of 
3kg per acre on alternate days in the initial days of fertilization and later was added according to the water quality.Following 
completion of growth trials, measurements of mineral content in hepatopancreas of culture animals were conducted to assess 
the absorption rate. Results from growth trial indicated significant differences (P < 0.05) in survival and growth was found 
between the treatment and control. Individual weight, specific growth rate, and percent weight gain appeared to increase with 
the addition of Minsolplus. Hepatopancreas mineralization showed significant difference for Na+ and K+ concentration and 
no significant difference was found for Ca2+ and Mg2+.Neverthless the significant difference in the Ca:Mg of the culture water 
was found in the treatment. These results suggest a potentially higher energetic cost associated with depressed aqueous Mg2+ 
concentrations can be improved by the supplementation of Minsol plus in the culture water for vannamei farming. 
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HERBIVOROUS MARINE FINFISH CULTURE – THE COMPELLING CASE FOR KYPHOSIDS

Helen Meigs*, Dr. Dale J. Sarver, Neil A. Sims, Lisa D. Vollbrecht

Kampachi Farms, LLC 
PO Box 4239 
Kailua-Kona, HI 96745 
 
Correspondence to: 
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Marine finfish aquaculture is dominated by carnivorous species, requiring diets high in proteins and oils, often fulfilled through 
wild-sourced fish products.  Reliance on wild fish resources is a scalability and sustainability obstacle, driving research (including 
nearly a decade of work by Kampachi Farms) to identify alternative ingredients and reformulate feeds for ‘carnivorous’ fish.  
However, herbivorous marine finfish offer a more direct means of circumventing these obstacles by not demanding dietary 
fishmeal and fish oil in the first place.

Kyphosids (aka chubs, rudderfish) are popular food fare among the Pacific Islands, and there are species native to much of 
the world.  Research has shown Kyphosus vaigiensis (brassy chub) to be amenable to larval rearing, resist skin flukes, yield 
commercially attractive growth rates, and produce fillets with up to 28% lipid (by dry weight).

Initial spawns from Kampachi Farms K. vaigiensis broodstock in 2017 provided preliminary data for successful larval rearing.  
We have built upon this groundwork in 2018 by achieving consistent high-quality spawns, completing a successful larval run, 
developing algae-based pellet formulations, and collaborating with community fishponds to incorporate this species into their 
production.

Grow-out studies of juvenile rudderfish confirm an attractive growth rate and FCR for production.  Feed trials are in progress to 
determine the ideal herbivorous diet; data suggest they may thrive on macroalgae based feeds, exceptionally low in oils.  The 
successful culture of high-quality herbivorous marine finfish could provide a sustainable, low-cost option for fish farmers and 
seafood consumers.
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COMPARATIVE STUDY OF REPRODUCTIVE DEVELOPMENT IN WILD AND CAPTIVE-
REARED BONEFISH (Albula vulpes)

Sahar Mejri 1*, Cameron Luck 1, Matthew J. Ajemian1, Aaron Adams 1,2, Travis Van Leeuwen3, 
Jon Shenker4,  Paul Wills 1

 
1 Harbor Branch Oceanographic Institute – Florida Atlantic University, USA 
2 Bonefish and Tarpon Trust, USA
3 Cape Eleuthera Institute, Eleuthera, Bahamas 
4 Florida Institute of Technology, FL, USA

* Presenting

Bonefish (Albula vulpes) are a valuable flat fishery resource of tropical and subtropical ecosystems worldwide. Despite 
their importance, there is a limited information on bonefish life history and ecology. Besides, the population is decreasing 
tremendously, mainly in the Florida Keys, Florida. The present study aims to develop a husbandry and stocking technology of 
bonefish as a management tool for enhancement of Florida sport fisheries. The domestication of bonefish represents an ambitious 
challenge for aquaculture. The occurrence of reproductive dysfunctions in bonefish reared in captivity was investigated by 
comparing reproductive development of wild and captive-reared individuals. Wild and captive-reared breeders were sampled 
in the Bahamas during the reproductive season. Captive-reared individuals spent one year in captivity under natural light and 
temperature at Cape Eleuthera Institute, Eleuthera, Bahamas. Fish reproductive state was evaluated using histological analysis 
of the gonads and determination of sex steroid levels in the plasma, and correlated with gonad biochemical composition. During 
the spawning season, when the wild bonefish breeders were already in spawning condition, ovaries of captive breeders showed 
primary growth stages with sex steroid hormones lower in captive-reared than wild fish. During the spawning period, all 
captive fish had regressed gonads, while wild bonefish still displayed reproductive activity. Oocytes of captive bonefish showed 
different total neutral lipid content, as well as specific lipid classes, fatty acid, and free amino acid profiles with respect to wild 
individuals. This study underlines the need for an improvement in rearing technology and spawn induction of bonefish, which 
should include minimum handling and the right hormonal injections during the reproductive season and the formulation of a 
specific diet to overcome the observed oocytes decrements in terms of essential fatty and amino acids. 
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EVALUATION OF WASTE CONSUMPTION BY THE POLYCHAETE Alitta brandti IN A 
RECIRCULATING INTEGRATED MULTI-TROPHIC AQUACULTURE SYSTEM 

Frank D. Mele*, Andre Buchheister, and Rafael Cuevas-Uribe

Department of Fisheries Biology
Humboldt State University
Arcata, CA 95521
fdm35@humboldt.edu

Integrated aquaculture methods are known to enhance the sustainability of many fishes and their production. The wastes and 
byproducts from the culture of one species can be managed to contribute to the requirements of another. One of the biggest 
challenges in marine recirculating aquaculture systems is the handling of wastewater. Finding organisms that might feed on 
these organic wastes such as deposit-feeding polychaete worms could be beneficial for waste bioremediation. Some of these 
worms are used as a highly prized fish bait and they could be used as meal replacement in aquaculture feeds. The goal of 
this pilot study was to evaluate the nutrient bioremediation and growth responses of the nereid polychaete (Alitta brandti) by 
feeding them waste from a recirculating land-based integrated multi-trophic aquaculture system. 

Effluent was collected from a Bead Filter which collected the solids from an integrated system of sablefish (Anoplopoma 
fimbria) and Pacific dulse (Palmaria mollis). Polychaetes were collected from Humboldt Bay, CA and allocated in equal 
numbers (n=3) into 16 plastic aquariums (5.48 L) which were treated as the experimental units. Four experimental diets 
(treatments) were evaluated at two temperatures (13°C and 27°C) for a 30 day feeding trial, with 2 replicates per treatment 
combination. The four diet treatment levels consisted of dry and wet waste, commercial salmon feed (46% protein), and an 
unfed control group. Polychaetes were fed daily, uneaten feeds were siphoned prior to the next feeding and water quality 
parameters were measured weekly. 

After 30-days, A. brandti fed a pelleted diet had significantly higher weight gain per individual (P<0.05; 2-way ANOVA) 
compared to the other diets which had negative growth (Figure 1). No significant differences in weight gain were observed 
between temperatures. Worm survival was higher at 13°C compared to 27°C and lowest for the unfed control group (Figure 2). 
Feeding trial is still undergoing; further data will be presented.  
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CRYOPRESERVATION OF GERM CELLS OF Totoaba macdonaldi AND Seriola lalandi: TWO 
IMPORTANT MARINE FISHES IN MÉXICO

Leonardo D. Mendoza-González*, Carmen G. Paniagua-Chávez and Fabiola Lafarga-De la Cruz

Aquaculture Department
CICESE
Carretera Ensenada-Tijuana No. 3918 Zona Playitas, 22860
Ensenada, Baja California, México 
leonardo@cicese.edu.mx

The development of new reproductive biotechnologies is key to meet a growing world population’s demand for food of 
animal origin as well as to conserve endangered and critically endangered species. The germ cells (GC) are the precursors of 
gametogenic cells and they have the potential to colonize and proliferate in the gonad, as well as to differentiate into functional 
gametes and transmit genetic information to their offspring. This features make them suitable to be cryopreservated either as 
male or female germplasm, keeping the genetic resources for long periods. The advantage of GC is that they can be transplanted 
allogeneically or xenogeneically resulting in surrogate organisms. This technique opens the door to new breeding programs. 
The main aim of this study was to develop a method to dissociate, isolate and cryopreserve GC of two important Mexican 
fishes: the biggest member of the family Scianidae, Totoaba macdonaldi and yellowtail amberjack, Seriola lalandi, which 
represent endangered and commercially valuable marine fishes in México respectively. 

Thirty four Totoba  and twenty five yellowtail amberjack were mantained in recirculating aquaculture systems before 
experimentation. Organisms were selected at random and euthanized by decapitation followed by pithing and gonads were 
removed aseptically. Three enzimatic media were tested to determine the optimal tissue dissociation. The enzimatic media 
contained Hank´s Balanced Saline Solution (HBSS), 0.04% Dnase and different concentrations of trypsin and collagenase: 
(1) 0.3% trypsin, (2) 0.2% collagenase and 0.25% trypsin, and (3) 0.5% collagenase and 0.25% trypsin.  To isolate the GC, 
a Percoll discontinous gradient (10%, 25% and 40%) was used. After isolation, GC were identified by immunofluorescence. 
To detect Vasa protein, the rabbit polyclonal anti-Vasa antibody  DDX4/MVH (Abcam,Cambridge, MA, USA) was used. 
Two cryoprotectants (dimethyl sulfoxide DMSO, and ethylen glycol EG) at 10%, 15% and 20% concentrations and three 
freezing rates (1°C/min, 5°C/min and a non-controled rate until reach -35°C) were used to determine optimal cryoprotectant 
and freezing rate. For vitrification two previtrificant solutions: (1) 1 M DMSO and 2 M EG, and (2) 2 M DMSO and 0.5 M 
EG and two vitrificant solutions: (1) 2 M DMSO and 3 M EG and (2) 5 M DMSO, 1 M EG and 5% sucrose) were used. After 
each treatment, viability was evaluated by cytometry using a live/dead cell double staining kit. All experiments were tested by 
triplicate. Results obtained from each treatment will be discussed and presented in the meeting.
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OPTIMAL SIZE, DENSITY AND FEEDING FREQUENCY OF THE NEMATODE Panagrolaimus 
sp. FOR REARING Litopenaeus vannamei LARVAE

Laurence Mercier*, Laurent Seychelles, Julio Ayala, Mriya López, Norma Estrada and Maurilia Rojas
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The unreliable supply and high price of Artemia are problems threatening world production of the shrimp Litopenaeus vannamei. 
As an alternative, research has recently focused on the nematode Panagrolaimus sp. as a live prey because it can survive 
desiccation and long-term storage. It also contains eicosapentaenoic (EPA) and arachidonic (ARA) acids. Although Artemia 
nauplii were successfully replaced by Panagrolaimus sp. during larval and first days of postlarval rearing of L. vannamei, 
further research is required. Thus, the objectives of this study were to: (1) compare two size ranges and two densities of 
Panagrolaimus sp. in larval feeding of L. vannamei and (2) determine the effect of two nematode densities with two feeding 
frequencies on the expression of the digestive enzyme genes of L. vannamei larvae.

Two feeding trials were performed from Zoea 2 to PL 1. Larvae were reared at 30-32°C and 35-37 ups in 1µm filtered seawater 
under a 12D:12L photoperiod. Shrimp nauplii were distributed in tanks at 150 organisms L-1. In trial I, dietary treatments 
were administered using four replicate tanks: (A) 100% Artemia, control; (NS) 100% nematodes [200-800 µm]; (NB) 100% 
nematodes [800-1,200 µm]; (75NS) 75% nematodes [200-800 µm] and 25% Artemia; (75NB) 75% nematodes [800-1200 µm] 
and 25% Artemia. The two most successful treatments with nematodes (NB and 75NB) in Trial I were repeated in Trial II and 
compared to (A), using three replicate tanks. These three dietary treatments were tested using two feeding frequencies (one and 
three times day-1). For both trials, total length, dry weight, survival, as well as biochemical and fatty acid composition of larvae 
were determined. For trial II, total RNA was extracted from a pool of larvae for each dietary treatment, and cDNA synthesis 
was performed. Gene expression of trypsin, chemotrypsin, lipase, amylase and cathepsin genes was analyzed by RT-qPCR. 

In Trial 1, larvae fed nematodes were longer than control larvae, except for those fed (NS). Survival, dry weight and biochemical 
composition of larvae were not different among dietary treatments. In Trial 2, larvae fed (A) exhibited higher total lengths, and 
those fed three times daily were longer. Control larvae were also heavier than larvae fed (NB) but not significantly different 
to those fed (75NB). Concentration of total lipids, proteins and carbohydrates between larvae fed (A) and (75NB) were 
not significantly different. Nevertheless, larvae fed (75NB) had about 2 and 1.5 more ARA and DHA than control larvae, 
respectively. Results of gene expression are shown in Table 1. Down-regulated genes were observed when larvae were fed three 
times a day compared to only one.
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ARE WE DOING OYSTER AQUACULTURE A DISSERVICE BY IGNORING CULTURAL 
ECOSYSTEM SERVICES?

Adriane Michaelis*, Don Webster, William C. Walton, and L. Jen Shaffer. 
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The significant regulating, provisioning, and supporting ecosystem services provided by oysters are increasingly well-
researched and publicized. However, the associated cultural services have received far less attention.  Enhanced recognition of 
the cultural ecosystem services obtained from oysters could be vital to the continued development of U.S. aquaculture.  As this 
study will illustrate, cultural services, those nonmaterial benefits provided by oysters, are often more important to people than 
other ecosystem services and thus should not be disregarded.

Maryland commercial fishermen and oyster farmers were interviewed as part of a larger research project to understand 
participation in the state’s growing oyster aquaculture industry. Using ethnographic methods of participant observation and 
semi-structured interviews, the introductory question “why did you decide to get involved in oyster aquaculture?” was asked of 
Maryland oyster farmers. Likewise, commercial fishermen not involved in oyster aquaculture were asked the reverse question 
“why not get involved in oyster aquaculture?” 

Interpreting the answer to this basic, but important, question using a lens of ecosystem services revealed that one category 
of service outweighed others in motivating individuals both toward and away from oyster aquaculture. Cultural ecosystem 
services were more often mentioned as the primary reason someone decided to begin or avoid a career in oyster aquaculture 
than other regulating, provisioning, and supporting services combined. Examples of cited cultural services include: a connection 
to nature, sharing in a family trade, independence via self-employment, and personal fulfillment. While ecosystem services are 
rarely stand-alone services in terms of the benefits provided, it is evident that cultural services are most salient to those active 
in Maryland’s oyster industry.

A perceived lack of certain cultural services -- as cited by those not active in aquaculture -- reflects areas for improvement 
both in terms of fisheries management and public relations. First, if commercial fishermen are expected to transition into oyster 
aquaculture, or at least incorporate it into their current livelihood activities, it must match the cultural services they obtain from 
work in a public fishery. Second, as new oyster leases continually face public protest, in Maryland and throughout the U.S., a 
better understanding of the social and cultural goods provided to individuals and communities may assist in enhancing public 
awareness and acceptance of new oyster aquaculture endeavors. Addressing these themes could be especially beneficial in 
regions, like much of the south, where oyster aquaculture represents a relatively new industry. Ongoing work aims to describe 
and compare the cultural services provided by oyster aquaculture in the Chesapeake Bay, Gulf of Mexico, and New England.
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EVOLUTION, DIVERSITY, DISTRIBUTION AND THE ENDANGERED FUTURE OF THE 
GIANT CLAM-SYMBIODINIUM ASSOCIATION

Mies, M.*

Benthic Dynamics Laboratory, Oceanographic Institute, University of São Paulo, Brazil
miguel.mies@usp.br
 

Giant clams are large, reef-inhabiting bivalves found in mutualistic association with Symbiodinium dinoflagellates. Their 
diversity has been investigated separately and holobiont diversity is largely unassessed. This work compiled data and verified 
that giant clams associate exclusively with Symbiodinium types within clades A, C and D. Only 20 symbiont phylotypes associate 
with giant clams, forming only 50 holobiont combinations, which is significantly less than corals. Giant clams are specific hosts 
and holobiont distribution is partitioned by host species and geography. Diversity and functional diversity are highest in the 
Coral Triangle and there are multiple cases of holobiont endemism. The association evolved in the Eocene-Oligocene transition 
and there is evidence for coevolution, including host organs developed specifically for housing and transporting symbionts, 
dramatic change in host habitat and multiple symbiont phylotypes exclusively found in giant clams. The holobiont is currently 
threatened by overfishing, pollution, ocean acidification and, most importantly, global warming. Giant clam bleaching events 
are recorded worldwide, although largely undocumented. Bleaching events have been extensively documented in Southeast 
Asia, French Polynesia and the Great Barrier Reef. The latter is particularly at risk, as clams in the Great Barrier Reef do not 
associate with thermally-tolerant, low-irradiance adapted and opportunistic symbiont types. Giant clams are more vulnerable 
than corals, as they rarely associate with stress-tolerant symbionts, do not reproduce asexually and are heavily targeted by 
fishing. Giant clams may be early indicators of coral reef collapse. 

PRODUCTION IN GIANT CLAM AQUACULTURE: TRENDS AND CHALLENGES

Mies, M.*, Dor, P., Güth, A. Z. & Sumida, P. Y. G.  

Benthic Dynamics Laboratory, Oceanographic Institute, University of São Paulo, Brazil
miguel.mies@usp.br
 

Giant clams are bivalves found across Indo-Pacific coral reefs and intensively harvested for both food and marine aquarium 
trade markets. Aquaculture protocols are well established, but there is very little data available on production and trade. This 
review compiled data from several international agencies and from each one of the 20 giant clam farms active in 13 countries 
in the Indo-Pacific. The findings show that the import/export data do not match, and that approximately 50% of internationally 
traded clams are aquacultured. Approximately 150,000 individuals were produced in 2015, mostly by private companies 
targeting the aquarium trade. Government hatcheries produced clams not only for the aquarium trade, but also for restocking 
and feeding local communities. However, production is still low and only three of the 20 farms collaborate with universities 
or research institutions and all of them reported production problems related to technical, commercial, infrastructure, and 
environmental issues. In order to fight such problems and optimize production, it is important that producers, universities, and 
government agencies throughout the world communicate with each other. 
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OPTIMIZING SUPPLEMENTAL PHOSPHORUS IN SOYBEAN MEAL-BASED DIETS FOR 
LARGEMOUTH BASS Micropterus salmoides
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Plant feedstuffs are foremost among the most cost-effective and sustainable sources of nutrients and energy for farmed aquatic 
animals but in general have low phosphorus (P) availability. In modern aquaculture, the increased utilization of soybean meal 
(SBM) as a substitute for fish meal inevitably depletes available P in feeds and increases the need for supplementation. Thus, 
precise supplementation of inorganic P is necessary to ensure optimum production performance and health of aquatic animals 
while minimizing P output to the environment. 

A 9-week feeding trial was conducted to evaluate graded levels of dietary P (as Ca-P monobasic) in SBM-based diets for 
Largemouth bass (LMB), Micropterus salmoides. A SBM-based basal diet (Basal) containing 40% crude protein, 12% lipid, 
and 0.4% non-phytate P (NP-P) was supplemented with Ca-P to obtain dietary NP-P ranging from 0.4 to 1.10%. Each diet was 
fed twice daily and to apparent satiation to triplicate groups of 20, feed-trained LMB (9.5g) stocked in 110-L glass aquaria 
operating as a recirculating aquaculture system. Water quality was maintained within adequate ranges for LMB and a 12-h 
photoperiod was set for the duration of the study. 

LMB accepted and fed actively on the SBM-based diets 
and survival was > 90% in all treatments (P > 0.05) (Table 
1). Likewise, regression analyses on weight gain (WG, % 
of initial), thermal-unit growth coefficient (TGC), and feed 
efficiency (FE) reveled no significant effects of dietary NP-P 
on the production performance of LMB. However, whole-
body P of the fish responded to dietary P and according to 
a four-parameter saturation kinetics (4-par SK) model, the 
dietary NP-P supporting 95% of maximum theoretical whole-
body P of LMB is 0.71% (Fig 1.). 

In conclusion, this study indicates that SBM-based diets for 
LMB should contain a minimum of 0.71% non-phytate P. 
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Strong consumer demand and high fillet market value support the development of Yellow perch aquaculture; however, 
commercial perch production yields fish with highly variable sizes, due to females growing  larger and faster than males (gender 
associated growth dimorphism). One approach to eliminating this variability is mono-sex culture.  While current methods 
have proven inefficient and typically involve the controversial application of exogenous hormone, a promising alternative 
technique is to harness the effects of temperature-dependent sex determination (TSD). TSD is a wide-spread phenomenon 
among vertebrates and has been described in more than 50 fish species ranging over 7 taxonomic orders, suggesting it is 
also a wide-spread phenomenon in finfish. The primary mechanism seems to be higher temperatures causing lower estrogen 
levels, thus yielding predominantly male (masculinized) progeny. Masculinized progeny are genotypically female and produce 
“XX” sperm, which when crossed with a normal female, produces female mono-sex progenies.  Although TSD can result in 
masculinization in several teleost species, this phenomenon has yet to be investigated in Yellow perch or other closely related 
species. Thus, the objective of this study is to determine the influence of temperature on gonadal differentiation in Yellow perch 
raised at low (14°C) or high (27°C) temperature during sex differentiation (6-20mm total length, TL).

In Spring 2018, Yellow perch larvae from 11 full-sibling progenies were stocked (n=1000) to 37L aquaria prior to the start of 
exogenous feeding. Each progeny was randomly stocked to 2 aquaria, each within a separate closed recirculation system (11 
aquaria per system). Temperature within both aquaria systems was 17°C at stocking and was increased ordecreased by 1°C/day 
until experimental temperatures were reached (27 and 14°C).  Larvae were fed live saltwater rotifers Brachionus plicatilis at the 
start of exogenous feeding and transitioned to live Artemia nauplii once reaching an appropriate gape size.  During the period 
of live food, system water was maintained with salinity of 3-4ppt and food for zooplankton was also provided (yeast and algae) 
that maintained high turbidity. Once fish reached approximately 14mm TL, at 30 days of feeding (df) in high temperature and 
63 df in low temperature, fish density was decreased to 100-150 fish/tank and fish were transitioned to dry diet (Otohime B1).  
Fish were reared in experimental temperatures until reaching approximately 30mm TL and sex differentiation was complete (64 
df in high temperature), at which time recirculation systems were opened and fish were reared in seasonal water temperatures.  
Rearing of low temperature experimental groups is ongoing as fish have not yet reached 30mm TL.  

Both experimental groups will be grown-out over winter and sex ratios will be evaluated in January 2019 to determine the effect 
of temperature on gonad differentiation.  Differences in growth and time to male maturation between high and low temperature 
reared sibling groups will also be compared upon completion of the low temperature rearing.  
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BIOFILTER DYNAMICS IN RECIRCULATING AQUACULTURE WHEN TRANSITIONING 
FROM FRESHWATER TO SEAWATER
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Optimizing the microbial ecology of Recirculating Aquaculture Systems (RAS) is essential to ensuring proper water quality 
in a healthy system and maintain optimal growth conditions for cultured aquatic organisms. Currently, there is a transition 
in aquaculture as a whole towards large scale, land-based RAS facilities and a healthy biofilter is essential to their success. 
A major gap in biofilter research with respect to diadromous fish husbandry (i.e. Atlantic Salmon, Steelhead trout, etc.) is in 
the dynamics of the biofilter and how its microbial communities adapt or change as a system is transitioned from freshwater 
to fully saline. Research has shown microbial communities in RAS water and in the biofilter to be least diverse in brackish 
environments and most genetically diverse in fully freshwater or fully saline – thus exposing the transition between the two 
states as a problem area in the nitrification process. In addition, the microbial communities in freshwater, brackish water and 
fully saline water to be significantly different from each other which is another confounding variable that needs to be addressed 
to understand the dynamics of a functioning RAS facility. The need to best understand the rate at which to change salinity, or not 
change the salinity, to maintain healthy levels of nitrifying bacteria in RAS is critical to the success of land-based aquaculture. 
This research investigates the microbial ecology of the biofilter through salinity changes and aims to further the understanding 
of the microbial communities that inhabit the biofilter under differing water quality conditions.
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This research takes a deeper dive into the properties of kelp 
detritus which we know farmed bivalves are consuming. By 
understanding what sources of detritus bivalves use and how 
long it takes for the material to be utilizable, we can be more 
informed in farm site selection, resulting in expanded growing 
locations. The motivation behind this work was to establish 
baseline data of δ13C, δ15N, and lipid fatty acid profile for Alaria 
esculenta and Laminaria saccharina during the degradation 
process to detritus so that we can trace energetic pathways from 
this organic matter source to bivalve nutrition. The resulting 
signature can be tracked in the field and through trophic levels, 
ending up in bivalve stomachs allowing us to know where the 
food source originated. A. esculenta and L. saccharina were 
homogenized and kept in tumble cultures for 3-5 weeks. Kelp 
was exposed to two treatments of light: A normal light cycle 
supported live kelp and a treatment of complete darkness 
facilitated decay of kelp. Once a week, samples were collected 
for stable isotope and lipid fatty acid analyses. Results show 
degraded kelp was significantly isotopically lighter than fresh 
kelp (3.07 ± 1.91‰) (Figure 1). Fresh kelp was performing 
photosynthesis and respiration at a higher rate than degraded 
kelp which resulted in light isotopes being reacted away, while 
heavier isotopes were retained within the kelp. Therefore, 
kelp in the dark treatment retained lighter isotopes, which 
resulted in isotopic fractionation. Regarding lipids, there was 
a decreasing trend of total lipid content in L. saccharina over 3 
weeks (45- 0% ± 1.07%). This is due to degradation by natural 
bacteria in the seawater which make the lipids available for 
larger organisms like bivalves, through carbon cycling (Figure 
2). This occurs as a side effect of bacteria’s consumption of 
the kelp and thus removal of lipids from the system through 
digestion. Ongoing research examines mussel digestion and 
utilization of kelp detritus. This research informs energetic 
pathways between organic matter and bivalve nutrition which 
have implications for food web studies and for bivalve or 
polyculture farm management. 
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Pinto abalone, once abundant throughout their range from Alaska to Point Conception, California, have undergone a precipitous 
decline particularly within Washington waters in the past half century. Due to both poaching pressure and significant recreational 
harvest until 1994 in the Pacific Northwest, populations now fall below densities required for successful reproduction at all 
sites monitored by the Washington Department of Fish and Wildlife (WDFW). With few individuals left to reproduce in 
the wild, experts believe it unlikely that populations will rebound without human intervention. To combat these declines, 
restoration groups have tried supplementing wild stocks with hatchery-reared individuals (outplants) in hopes of boosting 
population densities above the reproduction threshold. Of the outplanting attempts to date within the San Juan Archipelago, 
only preliminary studies have included larval abalone. Outplanting of larvae (which only remain in their pelagic stage for 7-10 
days) would reduce hatchery time dramatically compared to juvenile abalone (6 to 18 months old) which are most commonly 
used for outplants. 

My study aims to test the feasibility of using larvae as an alternative to juveniles, reducing costs, maximizing hatchery output, 
and potentially leading to better survival of outplanted individuals. Using two sites within the San Juan Archipelago, larvae 
have been outplanted into pre-constructed modules and are currently being sampled over four months testing various retention 
methods and growth rates. Two types of modules are being used at each site to determine the necessity of Nitex tenting for 
larval retention after outplanting. In total nine modules will be placed at each site, three with Nitex tenting (tented modules), 
three without tenting (open modules), and three which will receive no larval abalone (site controls). All larval abalone were also 
dosed with settlement cue GABA at time of outplanting to stimulate the metamorphosis into their benthic life phase. Larvae 
of the same families outplanted are also being reared in tanks at Shannon Point Marine Center so that growth and mortality 
measurements can be compared to in situ modules. My experiment will ultimately test the feasibility of larval outplanting for 
pinto abalone and aid with current Puget Sound Restoration Fund efforts.  
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In shrimp aquaculture, infectious disease outbreaks are considered one of the principal limiting factors to high production 
(Stentiford et al., 2017). Studies in aquatic and terrestrial animals show a strong relationship between the microbiome composition 
of an organ (e.g. gut, hepatopancreas) and health status of the animal (Hooper et al., 2002; Li et al., 2018). In previous 
studies, it has been observed that the gut microbiome of Litopenaeus vannamei (whiteleg shrimp) is mostly formed by the 
Proteobacteria, which does not change with diet and/or the shrimp growing environment, and by Actinobacteria, Bacteroidetes, 
and Firmicutes, whose proportions can instead change based on development stage, diet, environmental factors, and shrimp 
health status. Opportunistic and pathogenic bacteria and eukaryotes colonising the shrimp tissues can thus change depending 
on the composition of the microbiome, which may in turn directly influence the health status of the shrimp and the appearance 
and prevalence of diseases and therefore mortalities. However, temporal analysis of animals and environmental microbiome in 
shrimp aquaculture is still lacking. To better understand the association of microbiome changes and disease outbreaks in shrimp 
aquaculture, weekly whiteleg shrimp tissues samples and filtered water were collected from a pond in a Thailand aquaculture 
system from day zero (seeding the post larvae in the pond) to end of production cycle (day 56, emergency harvest day due to 
high mortalities likely caused by a yellow head virus outbreak). The weekly microbiome changes from individual organs and 
from filtered water were analysed by high throughput sequencing. We present the temporal microbiome changes of the shrimps 
organs leading up to an emergency harvest.
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Oncorhynchus mykiss culture is likely to be affected by the rising of water temperatures, increasing oxygen demand and 
decreasing energy available for growth. However, there is still uncertainty about the lower environmental tolerance of triploid 
fish compared to their diploid counterparts. The objective of this study was to assess the effects of water temperature on the 
oxidative stress status and cellular energy fractions of both diploid and triploid O. mykiss under culture conditions. Two batches 
of O. mykiss (diploid and triploid) were sampled during one year (7 sampling points, with a temperature range from 6 up to 
22°C) in Quinta do Salmão, Portugal. Animals were anesthetized with MS-222 prior to dissection and sampling of liver and 
muscle. Liver tissue was analyzed for lipid, sugar, protein, electron transport system (ETS) activity, lipid peroxidation, catalase, 
glutathione-S-transferase and total glutathione. Muscle tissue was used for the analysis of energy reserves and ETS activity. 

Temperature increase significantly affected antioxidant defenses showing differences between diploid and triploid fish  
(figure 1).

ETS activity decreased at high temperatures, but a tendency for a higher activity was observed in triploid fish, which might 
be related to a deficiency on oxygen delivery for these organisms. The different content of energy reserves underlines the 
differences on feed efficiency, previously reported for diploid and triploid of other species. In sum, metabolic differences 
between diploids and triploids were observed in response to water temperature increase.

This work is part of project ALISSA_3520 supported by Portugal and the European Union through FEDER, COMPETE 
2020 and CRESC Algarve 2020, in the framework of Portugal 2020. RJMR has a postdoctoral grant from FCT (SFRH/
BPD/99819/2014). 
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Community based aquaculture is an important activity to produce protein for human consumption in developing countries, 
which can represent a path for sustainable development. Low trophic species, namely marine bivalves, are excellent candidates 
for community-based aquaculture. These species can be produced with a low environmental impact in low technology systems.  
Additionally, as filter feeders, bivalves obtain the necessary nutrients from the surrounding environment, thus obviating the 
need for external feed inputs. In coastal villages of Northern Mozambique, oysters of genus Pinctada are harvested for human 
consumption. 

This study was developed during 8 months to assess the feasibility of Pinctada cf. margaritifera culture on tables, in the village 
of Quiwia, Northern Mozambique. The effect of air and sun exposure on Pinctada cf. margaritifera survival, growth rate and 
AFNOR quality index (meat yield) was evaluated in 3 culture scenarios (n=3 oyster bags per scenario): 1) sub-tidal (ST), 2) 
intertidal with air exposure (AE, bags covered with coconut palm leafs) and 3) intertidal with air and sun exposure (ASE, no 
coverage). 

Intertidal environments were daily exposed for 4 – 6 hours during low tide. Survival rate was assessed and compared between 
ST (63.47 ± 5.00%), AE (61.15 ± 5.19%) and ASE (0%). Meat yield was higher for the oysters of AE (M = 25.63, SD =3.33) 
than for oysters of ST (M = 22.18, SD =3.96), t(118) = 5.17, p < .001, 95% CI [2.13, 4.77], Cohen’s d = 0.94, CL effect 
size=0,748. 

Facing the opposite result of the other biomarkers, a Bayesian analysis was performed for the difference of AFNOR-QI between 
ST and AE. The Bayes factor obtained by the analysis was 14088.376 in favor of alternative hypothesis. 

Overall, we concluded that P. cf. margaritifera is a good candidate for community-based aquaculture in intertidal environments. 
Additionally, we observed that sun exposure is lethal for this species, which can survive and grow under shade air exposure 
environments.
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Depending on microbiological load (Most Probable Number – MPN – of Escherichia coli per 100 g of flesh and intravalvular 
liquid), marine bivalves require depuration, before being commercialized for human consumption. After depuration, bivalves 
are packaged and refrigerated (4 – 6 ºC) during the commercialization period, which can usually last up to 6 days. During this 
time, despite being alive, bivalves suffer a degradation, mainly due to air exposure. The main objective of this study was to 
evaluate the effect of temperature during the depuration process, in the quality of clams (Ruditapes decussatus) during 6 days 
of refrigerated storage (mimicking the commercial procedures). Depuration was performed during 24 h in 250 L recirculated 
tanks, with a filtration system composed of a protein skimmer, a 25W UV-c unit and a temperature controller system (chiller 
and heater), testing 4 temperatures (10, 15, 20 and 25 ºC). After this process clams were packaged in net plastic bags (1 kg) and 
storage at 5 ± 1 ºC. Biochemical biomarkers of oxidative damage: lipid peroxidation (LPO) and genetic damage indicator (GDI, 
measured by comet assay incubated with endonucleases FPG), were measured in edible tissue and gills, respectively. Samples 
were collected at 24 h (after depuration period) and at 2, 4 and 6 days of storage. 

After 6 days of storage survival rate was 100% in all treatments. Although the fluctuation pattern is similar for all temperatures, 
two nuances were recorded (Figure 1 squares in dashed lines). Descriptively, these nuances appear to be created by a lower 
value of LPO at 24 h at 20 ºC of temperature, and a lower value of LPO at 6 days at temperature 15 ºC. Regarding the main 
effect of temperature, the absolute results show that the highest GDIFPG value (241.85) was observed at 25 ºC, followed by 20 
ºC (210.90), 10 ºC (201.00) and finally 15 ºC (200.35). In conclusion, the results support that 15 ºC is the better temperature for 
R. decussatus depuration in order to improve product quality during shelf life.
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IN SPLIT-POND AQUACULTURE SYSTEMS TO INTENSIVELY AERATED PONDS

Charles C. Mischke* and Ambika Tiwari

National Warmwater Aquaculture Center
Delta Research & Extension Center
Mississippi State University
Stoneville, MS  38776
Ccm16@msstate.edu 

In the catfish industry, ponds have been historically managed by stocking about 5,000 fish/acre under typical pond systems.  
However, the industry is currently interested in two alternative production systems with intensified production possibilities.  
One system is the split-pond system and the other is the intensive aeration system.  The split-pond consists of a small fish-
holding basin connected to a waste treatment lagoon by two conduits.  Water is circulated between the two basins to remove 
fish waste and provide oxygenated water to the fish-holding basin.  With the intense aeration system, aeration is increased to 7.5 
hp/ac compared to the normal 2 hp/ac.  In these systems, ponds are stocked at about 16,000 fish/acre rather than the traditional 
5,000/ac rate.  

The aim of this study was to compare water quality, phytoplankton communities, and zooplankton communities between these 
two production systems.  Water samples were collected bi-weekly throughout the growing season (March through October) for 
two years.  Water samples were analyzed for chlorophyll a, pH, total ammonia-nitrogen, nitrite-nitrogen, nitrate-nitrogen, and 
total nitrogen. Phytoplankton and zooplankton counts to the lowest practical taxa were done using a Sedgewick-Rafter counting 
chamber and a phase contrast microscope.

Overall, water quality, phytoplankton (Table 1), and zooplankton communities were similar between the two production 
systems.  Cyanophyta were the dominant algal phylum present in both production systems, averaging >100,000 natural units/
mL.  Therefore, water quality, phytoplankton, and zooplankton management will also be similar between the two systems.
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Largemouth bass (Micropterus salmoides) is native to North America and is the largest member of the Centrarchidae family. 
Historically, the primary culture focus has been stock enhancement for the sportfish industry, but it has also become a popular 
food fish sold live in ethnic Asian markets (Brandt 1991; Cochran et al. 2009). Fish are raised in much higher densities in 
aquaculture than in wild populations and suboptimal environments generate a physiological stress response that weakens the 
immune system. A compromised immune system increases the chance of a disease outbreak; therefore, stress must be minimized 
throughout production to reduce disease occurrences, but not to the point where the production level becomes unprofitable. 
Therapeutants applied to the water are used to treat external parasite and bacterial infections. In the case of a bacterial disease 
outbreak, necessitating the use of antibiotics (which are formulated in or sprayed on commercial feed), it is important for bass 
to be feed trained in order to receive medication. This presentation provides an overview of the maladies and diseases found 
in largemouth bass, as well as treatment and prevention methods.  Figure 1 is a diagnostic summary of largemouth bass cases 
submitted to the Kentucky State University Fish Disease Diagnostic Lab from 1990 – 2017. 
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In recent years interest in fate of chemical compounds in aquatic environment has increased. There are many reports on 
presence of chemical compounds such as pesticides, steroid hormones or antibiotics in the aquatic environment but little 
is known about synthetic organic dyes as contaminants of water bodies. These dyes are omnipresent in many application 
areas from textile, leather as well as cosmetic and food industry to human and veterinary medicine. Their large production 
and widespread applications cause that synthetic organic dyes permeated to the aquatic environment directly or indirectly 
through sewage treatment plants where they are insufficiently treated. Another source of dyes in water environment could 
be aquaculture production. To prevent and treat parasitic, fungi or bacterial infections in fish, some synthetic organic dyes 
such malachite green, crystal violet or methylene blue are globally used due to their high efficiency, availability and low cost. 
Although in most countries these dyes are not registered for use in food-producing animals their residues have been detected 
in aquaculture products such as finfish and crustaceans. The results of many reports indicate that illegal use of the dyes as 
pharmacologically active substances in fish farming is still a worldwide problem. If fish farmers apply prohibited synthetic 
organic dyes to water bodies it may cause water and sediment contamination. When water from such fish farms are discharged 
to the receiver (river) it may cause also contamination of other neighboring fish farms (especially in case of semi-open or 
open water system in aquaculture) as well as human water resources. So far, apart from aquaculture, dyes have been found in 
different environmental samples such as water, suspended particulate matters, sediments and wild fish. For this reason, dyes are 
considered as micropollutants of aquatic ecosystems. Due to toxicological (genotoxic and carcinogenic) properties of synthetic 
organic dyes their occurrence in water bodies should be monitored. The hazard potential of synthetic dyes should be estimated, 
especially their influence on aquatic biota. The environmental occurrence of illegal synthetic organic dyes poses a threat for 
water resources both for people who use water supply as drinking water and for aquaculture where water cycles in open or semi-
open systems. The widespread application areas of synthetic organic dyes cause that dyes cycle in ecosystems. Considering 
all the sources of synthetic organic dyes both direct and indirect it is difficult to determine whether dye residues in aquaculture 
products are a result of intentional use of dyes (as pharmacologically active substances) in fish farming or it is a consequence 
of environment contamination with dyes due to their widespread application as colorants followed by insufficiently treated 
wastewater discharge into water bodies.

The research was funded by KNOW (Leading National Research Centre) Scientific Consortium „Helathy Animal – Safe Food” 
allocated on the basis of the decision of the Ministry of Science and Higher Education No. 05-1/KNOW2/2015.
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Florida pompano Trachinotus carolinus is a highly prized species as a game and food fish, presenting favorable characteristics for 
aquaculture, such as resistance to handling stress and diseases, tolerance to a wide range of salinity and oxygen concentrations, 
good adaptation to recirculating systems, and can breed in captivity. Despite presenting a good farming potential, commercial 
operations were not successful due to low growth. Some carnivorous fish species do not accept inert diets and it is necessary 
to investigate what stimulates feeding. Lack of both visual (movement and color) and chemical (odor and taste) stimuli may 
render inert diets unattractive, causing fish to not feed properly. Therefore, the use of visual and chemical stimuli as feeding 
stimulants can benefit aquaculture practices by stimulating appetite, increasing intake. This study evaluated the synergistic 
effect of visual and chemical stimuli from natural prey on feed intake, weight gain, and growth of juvenile Florida pompano.

Fish of similar weight were exposed concomitantly to visual (live animals) and chemical (extract) from Artemia, mole crab, 
pellets or water. The variables evaluated as potential growth indicators (feed intake, weight gain, and specific growth rate SGR) 
were measured weekly, for 7 weeks. Fish exposed to Artemia and mole crab stimuli ingested more feed, gained more weight 
and obtained higher SGR when compared to pellets (stimuli control) and sea water (procedures control). Therefore, these 
stimuli act as feeding stimulants, promoting greater ingestion and weight gain, providing a higher growth on juvenile Florida 
pompano. 
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Microplastics (MP, < 5 mm) have become a major environmental concern as they pervade the oceans from the coast to open gyres. 
These particles are present across environmental compartments, including water, biota and marine snow (heteroaggregations). 
MP incorporated in marine snow sink faster than individual particles, exposing benthic organisms to increased levels of plastic 
particles. Studies have demonstrated that benthic animals, including suspension feeders, consume MP and under certain 
experimental conditions consumption can lead to harmful effects.  

This study focused on determining the polymer composition, shapes and sizes of MP found in different environmental 
compartments on a recreational oyster bed (eastern oyster, Crassostrea virginica) in Norwalk, Connecticut. Oysters were 
chosen because they are an abundant suspension feeder, commercially important, and discriminately feed; they do not consume 
all particles to which they are exposed. Oyster, water, and marine snow samples were collected and the quantity and types of 
MP in each were determined (Table 1). Many precautions were taken to minimize MP contamination in the laboratory and 
field such as: pre-filtering liquid reagents, ashing glassware prior to use, and wearing cotton laboratory coats at all times. The 
oyster digestive gland and gut (DG/G) were isolated by dissection after the anterior region of the mantle was rinsed with filtered 
seawater to collect pseudofeces. All samples (DG/G, water, marine snow) were processed using validated digestion methods 
(Table 1), and polymer structures identified using Raman Spectroscopy.  These data will aid in determining the types of MP 
(polymer composition, shape, size) to which oysters are exposed, and identify those they actually ingested. Such comparisons 
are important to determine if MP in the environment are problematic for the eastern oyster and if so, what MP types should be 
addressed in future environmental policies. Additionally, the dominant MP types and shapes identified in the environment will 
be used in laboratory exposure experiments to determine MP particle selection and potential impact on digestive efficiency.
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An experiment was conducted in the green house at the Lilongwe University of Agriculture and Natural Resources, Bunda 
Campus, Malawi, to assess the technical and economic feasibility of a portable aquaponic system made from locally available 
materials. The experiment used a shallow wooden box (25cm deep and 100cm2 area) as a grow bed. Fine gravel was filled 
into the box as a growing medium. Two plastic buckets (60 litres each) that held water were used as fish tanks. Oreochromis 
shiranus was used as a fish species and lettuce (Lactuca sativa) as a crop. The tanks were stocked with 25 fish each with an 
average initial weight of 8.4g. The fish were fed with formulated pelleted feed containing 30% crude protein. Twenty-one days 
old lettuce seedlings were transplanted on to hydroponic component. Water was partially (30% of total volume) being pumped 
twice daily to the hydroponic component by syphoning. 

The system sustained life of the fish with a survival rate of 96%. The mean weight gain was 19g and 204g for the fish and lettuce 
respectively in 42 days. The system showed a positive Gross Profit Margin (52%) for both fish and lettuce. Aquaponics seems 
to be more commercial and more complex in terms of its technicality but the portable aquaponic system from locally available 
materials proved to be feasible.
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The eastern oyster, Crassostrea virginica, native to the Atlantic coast of North America and the Gulf of Mexico, is part of a 
rapidly growing aquaculture industry. Aquaculture production depends on a healthy and constant supply of oyster larvae that 
are provided by the hatcheries. Several hatcheries on the Atlantic coast of the US that provide C. virginica larvae to oyster 
farms face significant losses owing to Vibrio infections causing massive larval mortalities. The use of antibiotics in shellfish 
hatcheries is avoided to prevent development of antibiotic resistance. Probiotics Phaeobacter inhibens S4 and Bacillus pumilus 
RI06-95 have been shown to successfully protect C. virginica larvae from V. coralliilyticus RE22 infection. In order to design 
best practices for probiotic use it is crucial to understand their mechanism of action. Prior research in our laboratories shows 
that complex mechanisms, including antibiotic production, biofilm formation, and inhibition of pathogen quorum sensing, 
are involved in the mechanisms of probiotic activity of P. inhibens S4.  The aim of this study is to understand the role of 
immunomodulation in the mechanisms of action of probiotics S4 and RI06-95, and to characterize the effect of V. coralliilyticus 
RE22 infection on larval oyster immunity. 

Transcriptomes of C. virginica larvae exposed to (i) pathogen for 6 hours, (ii) probiotics for 6 and 24 hours in a lab setting, 
and (iii) probiotic RI06-95 for 5 to 16 days in a hatchery, were sequenced using high throughput RNA sequencing. Key 
features of the host immune response to the probiotics were shared despite the length of probiotic exposure, type of probiotic 
exposure and the type of environment in which exposures were conducted. Immune responses of oyster larvae to probiotics 
included: (a) increased transcription of immune receptors involved in environmental sensing and detection of pathogens, such 
as Toll-like receptors (TLRs); (b) activation of genes for signaling pathways (eg. NF-kB and MAPK); and (c) stimulation of 
the transcription of effectors such as a serine protease inhibitor, mucins and perforin-2.  On the other hand, exposure of larval 
oysters to the bacterial pathogen RE22 led to a rapid (by 6 hours after exposure) repression of key immune signaling pathways 
like TLR and NF-kB, increased metabolic demand and oxidative stress and showed lack of expression of protease inhibitors 
such as serine protease inhibitor.

Results from this study suggest that, while larval oysters show a robust and effective immune response to probiotic exposure 
contributing to clearance of the probiotic within 24 hours after exposure, inhibition of immune signaling pathways may 
contribute to RE22 pathogenesis.  Activation of antibacterial immune effectors by probiotics may play an important role in 
protecting larvae from mortality by RE22. However, for continued effective protection, probiotics should be applied repeatedly 
and for at least 6 hours prior to RE22 challenge.  This study contributes to the development of protocols for the effective use 
of probiotics in bivalve hatcheries.
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Rainbow trout (Oncorhynchus mykiss) is a popular aquaculture species in almost all continents. Uses of artificial photoperiod 
application to manipulate the circadian rhythm is very common in trout hatcheries nowadays. Sperm quality parameters in 
rainbow trout were investigated during the spawning periods in normal season (November-January) and out-season (July-
August). Normal season spawning males (n=15) were kept in an open concrete pond under natural condition. Out-season 
spawning males (n=15) were treated with artificial LED light (50 lm/m2) in a closed concrete pond. Sperms were collected 
from July to August 2016 in the out-season spawning or photoperiod manipulated group (PG) (water temperature 14.21 ± 0.31 
°C) and from December 2016 to January 2017, in the normal season spawning group (NG) (water temperature 8.81 ± 1.03 
°C). Volume of sperm, osmolality of seminal plasma, density of sperm, percentage of motile spermatozoa (MOT), curvilinear 
velocity (VCL) and duration of motility were measured for each male. Sperm quality parameters showed significant differences 
in most of the cases (p <0.05) and fertilization rate at eyed egg stage (150 ̶  160 degree-days) was significantly higher in normal 
season spawning group than the photoperiod-manipulated group (p <0.05). Though the rate of fertilization was low in out-
season, it was able to get enough gametes in summer using only artificial light having no changes in other parameters. 
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In teleost fish, as in other oviparous vertebrates, the production of a fertilizable egg is a complex process driven by the specific 
spatiotemporal coordination of endocrine and paracrine factors in multiple tissues. Across the reproductive endocrine axis, 
this includes the synthesis and release of pituitary gonadotropins, the ovarian production and release of sex steroids, and the 
hepatic synthesis and release of egg yolk protein precursors, as well as numerous factors that mediate these processes. The 
factors controlling the earliest stages of oogenesis, as well as later vitellogenesis, and final maturational stages of development 
are fairly well understood, but the endocrine mechanisms that regulate the previtellogenic growth stages (primary and early 
secondary growth) and the transition from primary to secondary growth, analogous to the onset of mammalian puberty, are less 
clear. Previous studies on coho salmon, anguillid eels and Atlantic cod have shown that the non-aromatizable natural steroidal 
androgen, 11-ketotestosterone (11-KT), promotes development of primary and/or previtellogenic secondary follicles in vitro. 
This research addresses the regulation of the ovarian transcriptome by 11-KT during the primary and early secondary growth 
stages in coho salmon. A 3-day exposure of coho salmon to near physiological concentrations of 11-KT caused dramatic 
alterations in the transcriptome of late primary and early secondary ovarian follicles.  Over 400 genes were identified as 
differentially expressed by late primary follicles, and the early secondary follicle was even more transcriptionally sensitive to 
11-KT, with over 3800 genes being differentially expressed. Alterations in the expression of specific genes encoding proteins 
involved in gonadotropin signaling, growth factor signaling, the extracellular matrix, lipid incorporation, and steroidogenesis 
were identified. Pathway analysis identified numerous pathways and biological processes altered by exposure to 11-KT. These 
data indicate that both the late primary and early secondary growth ovarian follicle are extremely sensitive to androgens, 
and that androgens play an important role in controlling aspects of the development of the early secondary ovarian follicle 
phenotype.
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Egg quality in fish is commonly understood as the ability for an egg to be fertilized and the resulting embryonic fish to 
run a normal developmental course. Egg quality is difficult to identify, and macroscopic distinction is often impossible. 
Retention of low quality eggs during mass aquaculture production can result in the significant over expenditure of resources 
and could potentially impact broodstock maintenance. High egg quality is associated with early developmental success, but 
the biomarkers identified as hallmarks of quality have not been correlated with growth success past embryogenesis. The 
identification of mechanisms during embryogenesis that predict future growth potential may ultimately allow identification 
of robust molecular markers of egg quality. Recent work suggests that metabolic rate is a stable trait of an individual and that 
embryonic metabolic rate is predictive of later growth rates. Effort has been made to identify RNA transcripts associated with 
normal ovulated eggs and embryos, but only several studies have addressed the egg proteome in fish, and these have suffered 
from an inability to identify lower abundance proteins. Recent advances in bioinformatics have made it possible to perform data 
independent analysis of mass spectrometry data, and workflows have been established that allow for the identification of rare 
proteins. Studies in progress are utilizing this approach and the measurement of early embryonic metabolic rate to determine the 
differences in the proteome of rainbow trout embryos exhibiting high and low metabolic rate. The overall goal of this project 
is to identify a genomic basis for egg quality. 



742
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We analyzed experimental and field data obtained in 2015 and 2016 from different genetic groups involving crossing two genetic 
L. vannamei lines (a line with a higher resistance to WDS from Ecuador called RES, and a line selected for high growth rate 
in absence of disease exposure from Mexico called GRO) in a large Mexican hatchery (Maricultura del Pacífico). Inbreeding 
effects were obtained by comparing inbred organisms (F+) created by full-sib mating with an inbreeding coefficient close to 
25%, with non-inbred organisms (F-) with an average inbreeding coefficient of less than 3%. For the AHPND challenges, 
the postlarvae were exposed by immersion using a Vibrio parahaemolyticus strain (M0904) culture. For the WSD challenge, 
organisms were given per os ground muscle fragments from dead WSD-infected shrimp. Time to death after inoculation up to 
the end of the complete experimental time was the response variable analyzed (STA for AHPND and STW for WSD). Survival 
rate (SR), harvest weight (HW) and biomass production (BP) were estimated in two ponds in 2015 for the RES line and in three 
ponds for RES, GRO and F2 (F1xF1) in additional organisms from the same families for the grow-out period (75-130 days). 
Ponds were classified as + or -, indicating their infection status. Average number of F-/F+ organisms analyzed by year, line and 
pond, were 1664/262 for STA or STW, 1844/305 for SR and BP, and 855/121 for HW. Data were analyzed using linear models, 
and the percent change on the trait mean per 10% increase on inbreeding (CMF) was estimated. 

CMF estimates were all negative for STW, ranging from -6.6 (P=0.04) for the RES group in 2015 to -0.7 (P=0.44) for the 
GRO group in 2016. CMF for STA ranged from positive (5.9, P<0.01) for the RES group, and 5.8 (P<0.01) for the GRO group 
in 2016, to somewhat negative but not significant for the F2 group in 2016 (-0.9, P=0.55), and the RES group in 2015 (-0.3, 
P=0.93). CMF in 2015 for SR in the RES group was negative in the + pond (-9.8, P<0.01), and nonsignificant for the - pond 
(1.1, P=0.70), but results for SR in 2016 had a less clear pattern with mostly nonsignificant (P>0.10) results. CMF for HW were 
mostly negative and significant (P<0.05), ranging from -0.6 to -14.1, but there was no trend for a more negative CMF value in 
+ ponds. For BP, there were only significant (P<0.05) negative effects on - ponds. We find that inbreeding may increase survival 
rates to AHPND, which is far from that which might be expected under the usual hypothesis of harmful recessive gene effects. 
Negative inbreeding effects in more stressful environments were not magnified in all cases. Inbreeding effects for SR and BP 
are likely to depend on many interacting factors; thus it is difficult to make general conclusions.
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We analyzed experimental data obtained in 2014, 2015, 2016 and 2017 from different genetic groups involving crossing 
two genetic L. vannamei lines (a line with a higher resistance to WDS from Ecuador called RES, and a line selected for high 
growth rate in absence of disease exposure from Mexico called GRO) in a Mexican hatchery (Maricultura del Pacífico). 
Genetic groups involved purebred RES and GRO groups, F1 and F2 (F1×F1) and 3/4 (reciprocal backcrosses of F1). For the 
AHPND challenges, the postlarvae were exposed by immersion using a Vibrio parahaemolyticus strain (M0904) culture. For 
the WSD challenge, organisms were given per os ground muscle fragments from dead WSD-infected shrimp. Time to death 
after inoculation up to the end of total experimental time was the response variable analyzed (STA for AHPND and STW for 
WSD). Survival rate (SR) was estimated in two ponds in 2015, and in three ponds in 2016 and 2017 in additional organisms 
from the same families for the grow-out period (75-130 days). Data were analyzed by year using Kaplan-Meyer survival 
analysis and linear mixed models. 

Survival Patterns for STA and STW differed between them and between years. In STA, survival rates initially dropped more 
rapidly but stabilized and at a higher survival rate than for STW. STA had a consistent trend for a higher survival in the RES 
compared to the GRO group across years, with F1/F2 being intermediate, and closer to the GRO group most years. STA 
showed a more variable ranking of genetic groups results across years, which may be partially attributed to differences in the 
experimental conditions. Average correlation between genetic group means for STA and SR in infested ponds was 0.91 (0.85 
to 0.98), while for STW it was -0.06 (-0.52 to 0.93). Considerable heterogeneity in survival patterns across the experiments 
were observed between families within all genetic groups and years. Average heritability estimates for the RES line were 0.11 
for STA, 0.08 for STW, and 0.17 for SR. Average genetic correlation between STA and STW was close to zero (0.07). Average 
genetic correlation between STA and SR, and between STW and SR in infected ponds were 0.20 and 0.33, respectively. 
Expected selections for SR in infected ponds response per generation and unit of selection intensity for SR, STA or STW were 
11.5, 2.1 and 3.2% with 20 sibs, respectively, and 13.6, 2.6 and 4.2%, with 100 sibs, respectively. STW allowed us to rank the 
studied genetic groups for SR with high accuracy, despite large scale differences. Practical use of STA and STW in within-line 
selection is limited by its relatively low heritabilities and genetic correlations with SR. Therefore, in this case, direct selection 
for SR is indicated to increase disease resistance. 



744

HERITABILITY, CROSSBREEDING AND INBREEDING EFFECTS FOR GROWTH AND 
DISEASE RESISTANCE IN Litopenaeus vannamei

Hugo H. Montaldo*, Héctor Castillo-Juárez, Gabriel R. Campos-Montes, Juan C. Quintana-Casares, 
Sonia A. Soto-Rodríguez, Leobardo Montoya-Rodríguez, Miguel Betancourt-Lozano, 
Alfonso Martínez-Ortega, Rodolfo Lozano-Olvera, Bruno Gómez-Gil, Erika P. Gallaga-Maldonado

Facultad de Medicina Veterinaria y Zootecnia
Universidad Nacional Autónoma de México
Ciudad Universitaria, 04510 CDMX, Mexico 
montaldo@unam.mx

We analyzed experimental and field data obtained in 2015, 2016 and 2017 from different genetic groups involving crossing two 
genetic L. vannamei lines (a line with a higher resistance to WDS from Ecuador called RES, and a line selected for high growth 
rate in absence of disease exposure from Mexico called GRO) in a Mexican hatchery (Maricultura del Pacífico). Crossbreeding 
effects were estimated with purebred RES and GRO groups, F1, F2 (F1×F1) and 3/4 (reciprocal F1 backcrosses). Heritabilities 
were estimated for the RES group aiming to develop a line with high biomass production in the field under the presence of 
AHPND/WSD. Inbreeding effects were obtained in the RES group in 2015 and 2016 by comparing inbred organisms created by 
full-sib mating with an inbreeding coefficient close to 25% with non-inbred organisms with an average inbreeding coefficient 
close to 0%. For the AHPND challenges, the postlarvae were exposed by immersion using a Vibrio parahaemolyticus strain 
(M0904) culture. For the WSD challenge, organisms were given per os ground muscle fragments from dead WSD-infected 
shrimp. Time to death after inoculation up to the end of total experimental time was the response variable analyzed (STA for 
AHPND and STW for WSD). Survival rate (SR), harvest weight (HW) and biomass production (BP) were estimated in two 
ponds in 2015, and in three ponds in 2016 and 2017 in additional organisms from the same families for the grow-out period 
(75-130 days). Data were analyzed by year using linear mixed models. 

The RES group had an advantage (P<0.01) over GRO for STW, as well as for SR and BP in infected ponds in all years. Values 
for crosses were intermediate. Average RES/GRO ratios for STW were 1.7, 1.2 and 1.1 for 2015. 2016 and 2017, respectively. 
Average RES/GRO ratios for BP in infected ponds were 17.3, 11.6 and 9.8 for 2015. 2016 and 2017, respectively. Average RES/
GRO ratios for BP in non-infected ponds were 0.8, 0.6 and 1.1 for 2015. 2016 and 2017, respectively. Average RES/GRO ratios 
for HW in infected ponds were 1.1, 1.2 and 1.0, respectively. Average RES/GRO ratios for HW in non-infected ponds were 0.7, 
0.6 and 0.8 for 2015, 2016 and 2017, respectively. Average heritability values for STA, STW, SR in infected ponds, SR in non-
infected ponds, HW in infected ponds and HW in non-infected ponds were 0.11, 0.08, 0.17, 0.14, 0.45 and 0.55, respectively. 
Inbreeding effects were unfavorable (P<0.01) on STW, SR and BP in infected ponds in 2015, and on HW in most studied ponds. 
Inbreeding effects on STA were favorable (P<0.01) in 2016. These results point to the development of a selection line based 
on the RES group for the conditions of northwestern Mexico. Selection should be optimized based on the economic values and 
expected selection responses for these traits. 
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The greatest barrier to growth in the salmon aquaculture industry is infestation by parasitic copepods known as sea lice. Sea 
lice can render fish unmarketable or vulnerable to secondary infections by feeding on the blood, skin, and muscle tissue of their 
host. Overuse of pesticides has resulted in drug-resistant strains, creating a need for new treatments. In the infective copepodid 
stage, sea lice must locate and attach to their host. Disruption of this behavior could be achieved by administering compounds 
to susceptible farmed salmon. Few behavioral bioassays are available to screen potential compounds. This project aims to 
reassess, develop, and compare behavioral bioassays to ultimately identify environmentally sustainable compounds for the 
abatement of these pests in salmon aquaculture. 

In this project, bioassays were developed to measure the efficacy of anti-parasitic compounds in deterring sea lice from their 
salmon host. These bioassays were developed to target three measurable components of copepodid host search behavior; taxis, 
kinesis, and attachment. Taxis (general sea lice activity) was quantified using an arena bioassay, kinesis (directionality toward 
salmon derived cues) was assessed via a Y-tube maze, and attachment (physiological development required for infection) 
was analyzed using the development of a frontal filament in treatment bins.  These bioassays were compared for reliability, 
variability, ease, and efficiency. Salmon “scent” (either salmon-conditioned-water or isophorone) was used in behavioral choice 
trials for positive control validation and comparison in all bioassays.

Reliable and validated behavioral bioassays are needed to assess compounds that could deter sea lice from finding and/or 
attaching to their host. Comparable bioassays and best practices would benefit researchers as well as industry. Identifying 
natural compounds that deter and reduce sea lice infestations will dramatically increase salmon aquaculture profitability and 
environmental sustainability. 
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The main problem in abalone production is to ensure survival and growth of postlarvae and juveniles. Abalone hybrids of 
Red Abalone (R) and Green Abalone (G) were produced at Abalone Laboratory of CICESE to increase survival, and thermal 
tolerance. However, a suitable fed to abalone hybrids is required. It’s documented that abalone of different species eats different 
algae species. Transcriptomic is the study of the total RNA content of a cell, tissue, or an organism. This tool is used to 
characterize the genes that are up and down-regulated in a specific moment and condition. The transcriptomic response is 
specific to species, tissue, environmental conditions, and the feed. The goal of this work was to evaluate survival, growth, and 
the transcriptomic response of RR and RG abalones fed with Macrocystis pyrifera (M) and Ulva lactuca (U).

Red abalone and hybrid abalone juveniles of 4±1 mm were produced in Abalone Laboratory of CICESE. The treatments 
evaluated were RR-M, RR-U, RG-M, and RG-U. Forty abalones were placed in plastical recipients per triplicate for 12 weeks. 
Organisms were kept at 18±1 °C and aeration was provided by air stone in the center of the recipient. Water change was carried 
out weekly, then, survival (%), Shell Length (SL), and growth rate (mm/month) were evaluated. At the end of the experiment, 
three organisms per replicate were preserved in RNA-Later® for RNA-Seq analysis. RNA was extracted with RNeasy Plus 
Mini kit® following the instructions of the fabricant. RNA libraries were synthetized whit TruSeq® RNA Sample Prep v2. 
Sequencing was carried out in Illumina HiSeq®. Quality of raw data was evaluated with FASTQC. Cleaning sequences were 
done with Trimmomatic. Assemble was done with Trinity v2.4.0. Gene Ontology was carried out with Blast2GO using KEGG 
PATHWAY database. Differential expression was observed with RSEM and bowtie2. And then, was measured with DESeq2. 
Enrichment analysis was done with DAVID v6.8. Later, data was upload to STRING database to identify protein association. 
After 12 weeks of the experiment, abalone survival was 60±7.5% for RR-U treatment, 70±3.8% for RR-M, 65±6.3% for RG-M 
and 87±6.5% for RG-U. The growth rate was significantly lower with Macrocystis that Ulva in booth crosses (0.85 RR-M, 0.69 
RG-M, and 120 RR-U y 1.17 RR-U). Results of differential expression will be discussed in the presentation. 
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Macroautophagy is a mechanism that contributes to different cellular process as cellular homeostasis or innate immunity. This 
pathway has been described from yeast to mammals and recent results indicate that it occurs in the mantle of the Pacific oyster, 
Crassostrea gigas. The autophagy pathway has never been explored in haemocytes which are the main effectors of the immune 
system of C. gigas. These cells play a key role in the defense of the Pacific oyster against pathogens. 

In order to investigate autophagy in oyster haemocytes, tools currently used to monitor this mechanism in mammals were 
adapted and applied to the Pacific oyster haemocytes: flow cytometry, fluorescent microscopy and transmission electron 
microscopy. Oysters were exposed for 24h and 48h to an autophagy inducer (carbamazepine increases the production of 
autophagosomes), or an autophagy inhibitor (ammonium chloride avoids the degradation of autophagosomes). Autophagy 
was monitored in fresh haemocytes withdrawn from the adductor muscle using the combination of the three methods. We 
successfully labeled autophagosomes (observed by flow cytometry and fluorescent microscopy) and observed ultrastructural 
modifications (observed with electron microscopy) related to autophagy including double membrane vacuoles. Our results 
demonstrate that autophagy occurs in haemocytes of C. gigas and can be modulated by molecules know to modulate autophagy 
in other organisms. This study describes an integrated approach that can be applied in marine bivalves to investigate autophagy 
at the cellular level. 
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The autophagy pathway contributes to different cellular process (homeostasis, starvation, microorganism’s elimination and 
cell death) and is implied in response to different biotic (pathogens) and abiotic (environmental stressors) stress. The response 
of this pathway is driven by a molecular machinery constituted of several genes and proteins called ATG (autophagy related 
genes). The molecular mechanism of autophagy is well-documented and conserved in many model organisms from yeast to 
mammals, but in mollusks it remains unknown. In the pacific oyster, Crassostrea gigas, which is easily subjected to stress and 
diseases during the culture, the autophagy pathway was proved to be implied in response to different pathogens and several key 
genes of this mechanism have been identified. However the structure of the autophagy pathway and the proteins constituted it 
stay poorly documented in this specie.
  
In order to decipher the autophagy pathway in the pacific oyster, C. gigas, a datamining step was performed to identify and 
compare autophagy proteins members in this specie with ATG proteins counterparts of others organisms. Then the autophagy 
pathway was characterized at a molecular level by following the protein and gene expression of several key ATG (Beclin1, LC3A, 
mTOR and sequestosome-1) in different tissular compartments by real time PCR, western blot and immunohistochemistry. 
Our results demonstrated that this pathway is highly conserved in comparison with other eukaryotes organisms. Furthermore, 
autophagy was detected at a molecular and proteic level in all the tissues of the pacific oyster. This study allows for the first 
time to structurally and constitutively characterize the autophagy pathway of a mollusk bivalve.
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Mortality outbreaks of young Pacific oysters, Crassostrea gigas, have seriously affected the aquaculture economy in several 
countries around the world. Although the causes for these mortalities outbreaks appear complex, a viral agent has been identified 
as the main factor, the herpesvirus ostreid herpesvirus 1 (OsHV-1). 

Autophagy is an important degradation pathway involved in the response to several pathologies including viral diseases. In C. 
gigas, recent studies have demonstrates that this pathway is highly conserved and occurs in haemocytes, which are important 
immune cells. Furthermore, it has been demonstrate that autophagy is involved during an OsHV-1 infection in the mantle, 
which is the most important place of viral replication. Considering these results, the aim of the present study was to monitor 
autophagy in the pacific oyster throughout an infection by the virus OsHV-1, in different tissular compartments suspected to be 
implied in response to the virus OsHV-1: the mantle and the haemocytes. 

For this purpose, an experimental infection was carried out on a pacific oyster family displaying an intermediate level of 
susceptibility to an OsHV-1 infection. At a molecular level, the quantity and replication of the virus were investigated and 
several key ATG expressions were followed by real time PCR in the two tissular compartments. At a cellular level, autophagy 
flux was monitored in haemocytes by flow cytometry and the expression of ATG8, a key protein marker of the autophagy 
pathway, was assessed by western in the mantle.

Results show an activation of the autophagy pathway in haemocytes and mantle 14 hours post infection. The results demonstrate 
a different regulation in the two tissues and support the important role of the autophagy pathway in the response to the virus 
OsHV.-1.
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A MODEL FOR ACHIEVING CONTINUOUS IMPROVEMENT AND INNOVATION (CI & I) 
IN THE FRESHWATER AQUACULTURE SECTOR OF NORTH WEST PROVINCE, SOUTH 
AFRICA

Matebo Y. Moroasui*, Akwasi Ampofo-Yeboah, Michael A. Antwi

College of Agriculture and Environmental Sciences
University of South Africa
Florida Campus Johannesburg, 1710
58537856@mylife.unisa.ac.za

The aquaculture sector remains recognised as the significant alternative contributor in reducing hunger and creating employment 
globally. A number of specie-related interventions and investments have been practised for over a decade and seldom on 
improving thinking and action of the resource owners or managers. The principle of Continuous Improvement and Innovation 
(CI & I) was applied to address this gap. The aim of the study was to use proven business management model to achieve 
improvements and innovations in small scale aquaculture farming business.

Research participants met regularly to plan, implement, assess and refocus to achieve increased outcomes guided by the sequence 
of eight steps from CI & I process (Figure 1). Research participants were also equipped with appropriate tools, technologies, 
resources and expertise. The results indicated improved project management skills, communication skills, team work, formal 
project registration, secured funding and market, confidence, enjoyment and satisfaction from the process. The information 
gathered will be used to support rural fish commercialisation and profit making and enhance local economic growth potential.
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THE NORTH CENTRAL REGIONAL AQUACULTURE CENTER: INVESTMENT AND 
IMPACTS OF PRODUCER-FOCUSED RESEARCH AND EXTENSION PROJECTS

Joseph E. Morris

USDA NIFA North Central Regional Aquaculture Center
Department of Natural Resource Ecology and Management
Iowa State University
Ames, IA 50011
jemorris@iastate.edu

The North Central Regional Aquaculture Center (NCRAC) represents the 12-state North Central Region (NCR) of the U.S.  
The NCRAC community consists of an Industry Advisory Council (IAC; 18), a Technical Committee (TC; researchers [16] and 
Extension [12]) and a Board of Directors (4 of 10 members are IAC, remainder represent institutional research and extension 
programs and TC). This presentation addresses the key features of the NCRAC’s funding process, including how regional 
industry priorities are identified, how information and technology is transferred to stakeholders, examples of impacts from 
NCRAC’s investments, and key elements of a successful NCRAC proposal.

Project Development. — Since 2016, projects are developed as part of a RFP process that uses targeted research and extension 
priorities identified by the IAC; priorities are reviewed every two years. All pre-proposal outlines are initially reviewed by 
Executive Committees of the IAC and TC (10 members) and are provided to the NCRAC Board to select which proposals to 
request for full proposals.  Full Proposals are then peer reviewed by well qualified individuals for a particular project because 
of their expertise and interests. The NCRAC Board selects the final projects for submission to USDA/NIFA for funding request; 
selection is based on peer reviews and final review done by the NCRAC community during the annual NCRAC meeting.

Information and Technology Transfer. — In addition to a funded Extension liaison for each project, there is a regional 
aquaculture conference hosted in the region with the goal of engaging more industry members with regional extension and 
research contacts. Presentations from the 2014, 2016 and 2018 conferences can be found at https://www.ncrac.org/presentations 
. 

Strategic Investments and Impacts. — Since inception in 1988, NCRAC has concentrated on cultivating regional food-fish 
species, e.g., bluegill and largemouth bass (sunfish), walleye, and yellow perch.  NCRAC-funded projects have: 1) provided 
needed culture technology information for identified culture species for the region; 2) provided needed information regarding 
viral hemorrhagic septicemia(VHS) and aquatic invasive species (AIS) to the aquaculture industry through workshops and 
materials; 3) provided leadership on fish health issues through support of projects that investigate new animal drugs; 4) 
developed needed information for fish feeds; 5) developed and maintain a web site for state import regulations; and 6) provided 
extension and outreach materials for the aquaculture industry.

Key Elements of a Successful NCRAC Proposal. — Key aspects that internal and external reviewers analyze include quality of 
the science, predicted benefits to aquaculture industry in at least two NCR states, inclusion of an effective Extension/outreach 
plan that is well integrated with the research effort, and qualifications of the investigator(s). Details of review criteria and other 
aspects of proposal development, along with the biennial request for proposals can be found on the NCRAC website (https://
www.ncrac.org/). 
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USE OF CITIZEN SCIENTISTS TO MONITOR HARMFUL ALGAL BLOOMS, CHANGES IN 
ENVIRONMENTAL CONDITIONS AND ITS UTILZATION IN AQUACULTURE

Steve L. Morton*, Jennifer Maucher-Fuquay, and Antonio Bravo

1NOAA/NOS/NCCOS 
HAB Monitoring and Reference Branch
Charleston, SC USA
steve.morton@noaa.gov

The negative environmental public health impacts from harmful algal blooms (HABs) have been noted recently in association 
with pet deaths, fish kills, and disease outbreaks in marine birds and mammals.  Mounting evidence indicates global climate 
changes support increased frequency and geographic extent of HABs.  The Phytoplankton Monitoring Network (PMN) is 
a NOAA research-based program utilizing volunteers to monitor phytoplankton species composition and environmental 
conditions.   Volunteers are trained to identify general classes of phytoplantkon, including 14 known toxin producing species.    
Since 2001, the network area includes coastal Atlantic, Gulf and Pacific waters.  In 2014, NOAA and EPA collaborated to 
expand this citizen science program into freshwater habitats.  Volunteers participate in hands-on research by collecting water 
samples, identifying species of interest, and entering data on a weekly or bi-weekly basis. Volunteers monitoring these sites 
represent public and private schools, colleges and universities, Native American tribes, state and national parks, aquariums, civic 
groups, shellfish growers and other non-governmental organizations.  The PMN was able to grow into a national monitoring 
program by use of various web-based tools such as an interactive web site and a geographic information system tool for data 
visualization and searchable database. NOAA scientists using internet teleconference capabilities and next generation digital 
microscopes give volunteer training sessions and workshops.   This presentation will outline the use of these technologies and 
highlight the use of volunteer data in aquaculture settings.   
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AQUACULTURE AS A TOOL FOR MARINE CONSERVATION AND COASTAL RESOURCE 
MANAGEMENT IN ISLAND COMMUNITIES

Shaun M. Moss

Oceanic Institute of Hawai`i Pacific University
41-202 Kalaniana`ole Hwy.
Waimanalo, HI  96795-1820 USA
smoss@hpu.edu 

More than 50% of the global seafood supply comes from aquaculture and aquaculture will play an increasingly important 
role in global food security.  In island communities, aquaculture not only provides fresh, sustainable aquatic protein to local 
inhabitants, it can serve as an important tool in marine conservation and coastal resource management.    
 
In Hawai`i, stock enhancement programs for striped mullet (Mugil cephalus) and Pacific threadfin (Polydactylus sexfilis) 
indicate that fingerlings produced in land-based hatcheries can contribute significantly to nearshore, recreational fisheries.  
Stock enhancement can also be used for important coral reef fish collected for the aquarium trade.  For example, over 250,000 
yellow tang (Zebrasoma flavescens) are collected annually from Hawaii’s reefs.  However, scientists at Oceanic Institute 
recently produced the world’s first population of captive-reared Z. flavescens which can be used for stock enhancement or to 
provide aquarium hobbyists with an alternative to wild-caught fish.  Aquaculture can also be used as a tool to combat invasive 
algae in island ecosystems.  In Hawai`i, juvenile collector urchins (Tripneustes gratilla) have been produced in land-based 
hatcheries and outplanted into nearshore waters in an effort to mitigate the negative impacts of invasive algae on coral health.  
T. gratilla is an herbivorous grazer which can effectively reduce the spread of invasive algae such as Kappaphycus.   

Aquaculture should be considered as a tool for marine conservation and coastal resource management and is compatible with 
certain types of marine protected areas.  Finally, aquaculture can be integrated into broader strategies for carbon sequestration 
and nitrogen removal in nearshore habitats surrounding island ecosystems. 



754

ENGAGING K-12 CLASSROOM AND INFORMAL SCIENCE EDUCATORS IN AN 
AQUACULTURE RESEARCH PROJECT
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Decreasing water availability and its quality are growing threats to global stability, human health, economic development 
and food supplies. Simultaneously, aquaculture, which relies on inexpensive, safe water, is rapidly expanding to meet global 
protein demands.  As water resources tighten, aquaculturists will be forced to knowingly or even unknowingly utilize lower 
quality, “nontraditional water” supplies. This would include the direct use of reclaimed water (treated wastewater effluent) 
from wastewater treatment plants (WWTPs) or indirect use of effluent diluted in surface waters. This effluent contains trace 
levels of a group of pollutants known as contaminants of emerging concern (CECs), which include but are not limited to 
pharmaceuticals, personal care products, flame retardants and plasticizers.

A research team from multiple universities is engaged in a project to improve our understanding of human exposure to 
contaminants from consumption of aquacultured fish as this industry becomes increasingly influenced by and dependent on 
nontraditional water sources, specifically wastewater effluent containing CECs.  The team is modeling impacts of changing 
population and climate on surface water availability and the impact of effluent on receiving streams, as well as assessing the 
role of pH and biotransformation in the bioaccumulation of ionizable CECs in two dominant aquacultured fish (channel catfish 
and tilapia).

Additionally, the project has a goal to increase stakeholder and general public awareness of water quantity and quality 
projections and its implications for the aquaculture industry.  To help meet this goal, two workshops were held on the Texas 
coast in the summer of 2018 to engage educators from K-12 institutions (focusing on high school science teachers) and informal 
science educators (teachers of science outside of classrooms such as at nature centers).  The workshops utilized a combination 
of lectures, hands-on activities and field trips to a wastewater treatment plant and a freshwater aquaculture facility to increase 
participants knowledge and awareness of aquaculture, wastewater treatment processes, and contaminants of emerging concern.  
The focus of the workshops was on empowering the two groups to engage the audiences they work with around these topics in 
support of educational standards and goals at their institutions.

We will share results of a pre- and post- workshop survey assessing impact on educator’s confidence and willingness to include 
aquaculture and other workshop topics in their future teaching practices.  A discussion of educational standards identified as 
relevant to this project that may have applicability for other projects will also be shared. 



755

ECOLOGICAL INTERACTIONS OF HORSESHOE CRABS AND SHELLFISH AQUACULTURE: 
A CASE STUDY FROM THE DELAWARE BAY 

Daphne Munroe*, David Bushek, and Lisa Calvo

Haskin Shellfish Research Laboratory, Rutgers University
6959 Miller Ave. 
Port Norris, NJ 08349
dmunroe@hsrl.rutgers.edu

Globally, shellfish aquaculture is growing rapidly. For the first time in history, global seafood supply from aquaculture exceeded 
that of wild fisheries.  Although shellfish culture is viewed as an ecologically sound industry, as farm production expands it will 
face key challenges assuring ecological and social sustainability in the United States.  Understanding the ways shellfish farms 
interact with coastal wildlife is among those challenges.  

Farms for Eastern oyster (Crassostrea virginica) are commonly located in shallow coastal areas along the US east coast, use a 
range of equipment, and involve regular access to care for and harvest livestock. In some cases, these farms are located in areas 
used by American Horseshoe Crabs (Limulus polyphemus) as they come ashore during spring to spawn along sandy Atlantic 
Coast beaches. Horseshoe crabs are economically and ecologically important; their blood is highly valuable in the medical 
industry and migratory shorebirds including the red knot (Calidris canutus rufa), a threatened migratory shorebird, feed on crab 
eggs when stopping in Delaware Bay.

Concern has been raised about horseshoe crab ability to traverse oyster farms to reach spawning habitat. A case study examining 
potential farm interactions with Horseshoe Crabs was done in Delaware Bay, New Jersey, during the 2018 crab spawning 
season. Experiments included a range of controlled experiments and surveys during high and low tide using sonar and walking 
respectively, to observe crab behavior at farm and non-farm sites. In all cases, results indicate that crabs can successfully 
traverse farms and reach spawning beaches, and crabs do not differentially use farm versus non-farm areas of the Delaware Bay 
flats. These results provide important context for developing frameworks for ecological interactions among farms and species 
of concern.
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THE ROLE OF FISHERY ENHANCEMENT IN THE SUSTAINABLE OYSTER FISHERY IN 
DELAWARE BAY 

Daphne Munroe*, Kathy Ashton-Alcox, Jason Morson, and David Bushek  

Haskin Shellfish Research Laboratory, Rutgers University
6959 Miller Ave. 
Port Norris, NJ 08349
dmunroe@hsrl.rutgers.edu

Wild harvest of Eastern oysters (Crassostrea virginica) has been culturally and economically important to the Delaware Bay 
for well over a century. For centuries, the fishery has operated in part as a form of agriculture, with fishers transplanting seed 
oysters into ideal growing locations and cultivating bottom with shell enhancement and protections on cultch. More recently, 
this fishery has remained stable over the past two decades with an average of 89,014 bushels (1 NJ bushel = 35 L and yields 
about five pounds [2.27 kg] of meat) of oysters harvested annually since 2007.  Quotas are set using an exploitation-based 
reference point system that uses data from catch and annual assessment of oyster abundance. Additionally, fishery management 
employs enhancement strategies, funded primarily through self-imposed harvest taxes that fishers contribute to, that include 
habitat improvement (planting shell) and transplanting of oysters from lower to higher productivity regions.  

The effect of these enhancement strategies was analyzed using repeat observations in space and time of oyster abundance on 
these areas relative to adjacent unenhanced areas in the central region of the stock.  Results show that on average, without 
enhancement, oyster abundance in the Delaware Bay oyster stock remains constant; however, with enhancement, oyster 
abundance is significantly increased.  On average, enhanced grids (~25 acres each) saw an increase of 20 oyster/m2 (> 2 million 
oysters per grid) over a three-year period following the enhancement activity.  Oyster enhancement on a scale of relevance to 
the fishery not only contributes to the sustainability of the stock, but is also of great importance to the ecology of the bay.
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DETERMINING THE EFFICACY OF SINGLE CELL PROTEIN MEAL AS AN ALTERNATIVE 
PROTEIN SOURCE IN AQUAFEEDS USING RAINBOW TROUT Oncorhynchus mykiss
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One Old Ferry Road
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Aquaculture is a multibillion-dollar global industry that is constantly growing to keep up with consumer demand. As global 
demand increases, the sustainability of the industry has to be considered.  Aquaculture has relied heavily on the use of fishmeal 
and fish oil as the main protein sources in aquafeeds. Producing these feeds requires the harvest of wild fish, which can 
challenge the ability of ecosystems to keep up with harvest demands. An average of 18 million tons of marine fish were 
harvested annually for the global production of aquafeeds from 1950-2010. Alternative sources of protein, such as poultry and 
plant-based meals, have been used to reduce the amount of fishmeal required in aquafeeds, but some have nutritional limitations 
and do not provide essential nutrients that are found in fishmeal. In this study, we examined the efficacy of a single-cell protein 
meal (SCP) fermented from Methylobacterium extorquens as an alternative protein source that has similar protein and amino 
acid profiles to fishmeal. We tested the effect of SCP inclusion rates, strain sources, and production methods within various 
poultry- and fishmeal-based diets on the growth, survival, and feed efficiency of fingerling rainbow trout (Oncorhynchus 
mykiss). Overall, the growth, survival, and feed efficiency of fish fed diets containing SCP meal were comparable to control 
diets, and some SCP diets significantly outperformed control diets (Fig. 1). These findings join a growing body of research 
supporting the value of SCP meal to the sustainability of aquaculture production.
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Atlantic cod, Gadus morhua, has a long history of culture in the Atlantic. First as a candidate for stock enhancement in the 1880’s 
through the early 1970’s, and then as a commercially cultured species in the late 1990’s to the present time. Norway, Canada 
and the USA all were active in both the early enhancement activities and in the more recent commercialization of the species, 
Scotland would also be added to the list. Many millions of dollars, public and private, have gone into these efforts that was once 
seen, just a decade ago as a species to rival salmon as a cold water aquaculture species. Hundreds of thousands of metric tons 
of production where expected. Significant breeding programs in Iceland, Norway, Canada and the USA have made significant 
advances, but the growth of the industry substantially crashed after the downward turn in the market in 2008. This was not the 
only problem that slowed the commercialization process – fish health, deformities and market pressures from cheaper species 
easily substituted, such as Pacific cod, prevented companies from meeting their financial targets. The breeding programs have 
developed selected legacy broodstock and the only country that has rebooted cod production is Norway, currently projected to 
produce about 3,000 metric tons in 2018. Technically, the hatchery production of Atlantic cod is well proven, the key diseases 
that impacted the earlier year’s production are known, including VNN, Listonella anguillarum, Vibrio harveyi and Francisella. 
Nutritional requirements are well known and the level of deformity that was once at or above 50% of production has been 
greatly reduced. Due to the breadth of the market, the knowledge gained from the early pioneers, it may be once again time to 
relook at the species as a cold water candidate for commercial aquaculture, as they are doing in Norway.
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IMPACT OF PEPTIDOGLYCAN ON EXPRESSION OF IMMUNE RELEVANT TRANSCRIPTS 
IN ATLANTIC SALMON Salmo salar

Navaneethaiyer Umasuthan*, Xi Xue, Albert Caballero-Solares, Javier Santander, Richard G. Taylor 
and Matthew L. Rise
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Immunostimulants activate the immune system and help to improve immunocompetency and disease resistance of fish. Based 
on less sensitivity to septic shock caused by lipopolysaccharide (LPS) and evidence from recent studies, peptidoglycan (pgn) 
from bacterial cell wall was suggested as a potent activator of antibacterial defense response in fish [1]. However, the in vivo 
effect of intraperitoneal (IP) injection of pgn and modulated immune gene expression were not previously studied in fish. The 
objective of this study was, therefore, to establish detailed information about pgn-responsive immune genes and to understand 
the associated immune pathways. 

Salmon smolts (n=28; 373 ± 119 g) were divided into three pgn treatment groups (n=6/group) that were IP-injected with 
ultrapure pgn from Staphylococcus aureus (Invivogen) dissolved in phosphate buffered saline (PBS) at 1, 2 and 4 mg/kg 
doses, and two control groups (n=5/group for PBS injected and non-injected). Head kidney was collected from each fish 
24 h post-IP injection for gene expression analyses. Targeted qPCR showed that pgn-injection significantly upregulated the 
expression of selected candidate transcripts relevant to immunity and inflammation including mmp13, tnfa-like, saa5, il8, 
hampa and il1b (Fig. 1). The pgn injection induced many genes to their maximum at the lower dose tested (1 mg/kg), and 
therefore a 44K microarray experiment was conducted to compare the head kidney transcriptomes of IP-injected PBS (n=5) 
and pgn-1 (n=6) groups. Significant Analysis of Microarray (SAM) at 5% and 1% FDR (false discovery rate) revealed 5508 
and 1428 differentially expressed probes, respectively. Further downstream data analyses of immune-related genes in salmon 
responding to pgn injection may provide additional insights into mechanisms involved in the Atlantic salmon’s antibacterial 
defense response.

Reference:
1. MacKenzie, S.A., et al., Peptidoglycan, not endotoxin, is the key mediator of cytokine gene expression induced in rainbow 

trout macrophages by crude LPS. Mol Immunol, 2010. 47 (7-8): p. 1450-7.
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EVALUATING EFFICIENCY OF TWO POTENTIAL CLINICAL DIETS AGAIST SEA LICE 
Lepeophtheirus salmonis AND SECONDARY PATHOGENS USING GENOMIC TOOLS AND 
INFESTATION/CO-STIMULATION MODELS

Navaneethaiyer Umasuthan*, Albert Caballero-Solares, Xi Xue, Jillian D. Westcott, Zhiyu Chen, 
Mark D. Fast, Barbara F. Nowak, Richard G. Taylor and Matthew L. Rise
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Infestation by salmon sea lice (Lepeophtheirus salmonis) is an important concern in North Atlantic salmon farms. Sea lice 
damage the host’s skin and feed on skin and mucus. These mechanical damages may become portals of entry for other 
pathogens. In collaboration with Cargill Innovation, we explore the impact of sea lice and/or potential secondary pathogens in 
a Genome Canada-funded project. Preliminary outcomes from two studies from this project will be discussed: (1) modulation 
of biomarker expression resulting from attachment of chalimus (juvenile lice) on salmon fins; and (2) dietary modulation of 
selected biomarkers in salmon fed with two different experimental diets (supplemented with functional ingredients CpG or 
Boost) and infested with sea lice followed by co-stimulation with pathogen-associated molecular patterns (PAMPs), such as 
polyinosinic:polycytidylic acid [poly(I:C)] and formalin-killed Aeromonas salmonicida bacterin. 

In our first study, we infested salmon with copepods, and pelvic fin tips at and away from chalimus attachment sites were 
sampled at 8 days post-copepod exposure (PCE). Fin tips collected from fish prior to exposure served as controls. Based on 
our 44K microarray data, a total of 2271 probes were determined to be differentially expressed at chalimus attachment and/or 
adjacent sites in fins, and it was evident that sea lice infestation led to immunosuppression by downregulating various transcripts 
associated with immunity [such as, several cytokines, chemokines, lectins and matrix metalloproteinases (mmps)]. In the second 
feeding trial, three groups of fish fed with CpG- or Boost-supplemented feeds, or a control feed, were infested with copepods. 
Four weeks later, each group was further divided into three groups and intraperitoneally (IP) injected with phosphate buffered 
saline (PBS), or poly(I:C) or ASAL suspended in PBS. Dorsal skin samples at and away from pre-adult louse attachment sites 
were sampled at 24 h post-injection. There was a significant reduction in pre-adult lice count in fish fed with experimental feeds 
at 4 weeks PCE. To explore the molecular mechanism, the dorsal skin mRNA expression was examined at 24 h post-PAMP 
injection. Preliminary qPCR analyses of biomarkers related to inflammation (saa5), wound healing (mmp13), antiviral (isg15b) 
and antibacterial (stlr5) defense revealed diet-associated impacts on dorsal skin responses to co-stimulation with sea lice and 
PAMPs. Based on the transcript expression data, representative samples selected using a multivariate statistical approach were 
enrolled in a microarray study. This transcriptomic data, along with phenotypic data and histology, will provide an insight into 
our co-stimulation model focusing on modulated gene expression in dorsal skin. Moreover, the information from this project 
will be useful in formulating health promoting fish meals against sea lice and bacterial and/or viral pathogens.  
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USE OF IMAGING FLOW CYTOMETRY (FlowCam) TO MONITOR AND CHARACTERIZE 
HABs AND OTHER MICROORGANISMS IN AQUACULTURE

Harry Nelson1, Alejandro Clement2, Nicole Correa2, Rhanna Tuberville3, David Veilleux4;Frances Buerkens1
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2Plancton Andino, Puerto Varas, CHILE 
3Grieg Seafood, Shetland Islands, SCOTLAND
4NOAA Northeast Fisheries Science Center, Milford, CT USA

Providing for high-quality and safe finfish and shellfish products that are sustainable and of value to the consumer and to 
the producer of aquaculture products requires tremendous amounts of information.  Recent advances in technology have 
made automated particle imaging instrumentation available for managers and scientists that provide for the rapid and precise 
collection and processing of information on microscopic particles. Here will be presented an overview of an imaging flow 
cytometer that captures images and related information of phytoplankton, larval bivalves, zooplankton and other microscopic 
particles.  Applications to be discussed include how the instrument is being used to monitor harmful algae in a Chilean and 
in a Scottish salmon aquaculture operation, as well as how the instrument is used in a bivalve hatchery to monitor larval 
development using vital stains for early detection of disease in tissue development, and the monitoring of larval abnormalities 
through simple image analysis.  
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WILD -FARMED INTERACTIONS IN AQUACULTURE
A SUSTAINABLE DOUBLING OF GLOBAL FOOD PRODUCTION BY MARICULTURE
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Demand for food (including feed) may double by 2100. The only remaining unutilized resource for our food is the sea, after soil-
based agriculture (which supplies most of today’s food – about 10 billion ton y-1) has stagnated due to the scarcity of agricultural 
resources. A fraction of the ocean surface area can fill up the additional demand, sustainably. Today seafood supplies merely 
~2% of our food, yet aquaculture (which supplies already over half of the global seafood) has been expanding quickly, doubling 
each decade. At this expansion rate, seafood supply will match today’s soil-based food supply in eight decades! Here we discuss 
attaining this expansion by algae and their consumers up the food chain.

Mariculture has been led for decades by seaweed, a 30 million tons FW y-1 food and biochemical industry. Microalgae – as 
marine phytoplankton - are used in a much a greater quantity, hundreds millions tons FW y-1, mainly in feeding bivalves (a 
20 million tons FW y-1 industry). The coastal ocean water sites are limited and often have competitive uses. An expansion of 
mariculture should therefore occur offshore. The most effective use of the marine resources seems to be algal farming and 
ocean productivity enhancement by fertilization. Offshore farms can drift with currents in the Central Gyres of the oceans away 
from shipping lanes. With minimal structures (e.g., using the natural buoyancy of the brown seaweed Sargassum spp. and of 
phytoplankton), such farms can supply: (1) plant biomass for food, feed, bio-fuel and biochemicals; (2) enrichment of oceanic 
biodiversity and capture fisheries, by serving as sea life aggregation and food chain supporting centers; (3) ecosystem and social 
services. 

Nutrients can come from fish cage farm nutrient plumes, nutrient-rich deep water pumping to the surface (as in, e.g., the 
OTEC and the TAKUMI concepts), and the dumping to the water of nutrient-rich urban and farm waste. Enrichment of blue 
ocean water can ‘green’ it, i.e., increase primary production by algae and then up the food chain with yields of up to thousands 
(seaweed), or  hundreds (zooplnakton, bivalves and small fish) tons FW km-2 y-1.  Depending on the crop, the required ocean 
surface area for the production of 10 billion ton seafood will range between 0.6 – 14 % of the the entire ocean surface area of 
360 million km-2.

Integrating of the aquaculture of species from different trophic levels with enhancing capture fisheries and biological - 
environmental conservation on a very large scale, offshore, represents a novel manner of ocean use and management. 
With vision and suitable international policy, development and investment efforts, the oceans can supply indefinitely (i.e., 
sustainably) the required food demand and can also provide equally valuable side-benefits in mitigation of ocean acidification, 
CO2 sequestration and additional ecosystem and social services (employment, value chains, etc.). 
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BREEDING FOR VIGOR:  
THOUGHTS FOR THE FUTURE OF GENETIC IMPROVEMENT IN AQUACULTURE
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Selective breeding is a powerful tool, but traditional approaches have been limited by the ability of humans to accurately predict 
and pursue the right characteristics while being mindful of unintended consequences.  We may alter the form and function of 
cultured fish, but our influence is slight and ephemeral compared to the evolutionary forces that gave rise to these species.  
Natural selection is unflinching, patient, and unmatched in its ability to recognize what is needed to thrive in a changing 
environment.  Traditional breeding has sought to purge the influence of natural selection, but to what end?  Is there a better, 
most holistic approach to breeding that could advance performance-related traits while retaining the intrinsic elements of vigor 
that have stood the test of evolutionary time?  This presentation will review the strengths and weaknesses of traditional selective 
breeding; lessons learned from terrestrial agriculture; and the principles, practices, and value of breeding for vigor. 
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VALUE-ADDED PROMOTION FOR FARM-RAISED FRESHWATER SHRIMP Macrobrachium 
rosenbergii

Brian L. Nerrie* and Wanda Johnson

Virginia Cooperative Extension
Virginia State University
Box 9081
Petersburg, VA 23806
bnerrie@vsu.edu

Demand for fresh-iced or frozen freshwater shrimp harvested by farmers in Virginia can be enhanced by value-added 
presentations.  Traditional shrimp preparations include shrimp boils, cocktail sauce and grilling with butter. Based on existing 
shrimp culture techniques, Virginia food safety regulations and consumer demand, alternative value-added preparation using 
available locally grown herbs and spices were evaluated.  Previous taste test demonstrations featuring freshwater shrimp tacos 
had been conducted and were well received.  Preparations evaluated in 2018 were steamed shrimp, “Randolph Farm Shrimp 
Cocktail” and “Shrimp and Grits.”  The Randolph Farm “Shrimp Cocktail” comprised of sautéed garlic and Cajun-seasoned 
shrimp was served with a kale-ginger-turmeric sauce in a tortilla scoop.  

Shrimp (0.3 g) were stocked 1 June 2018 and fed sinking catfish feed before harvest during the second week of October.  
Shrimp (approximately 35 g) harvested from multiple 0.04 – 0.1 ha Virginia State University ponds at Randolph Farm were 
washed and placed in ice bath before being transferred to the farm’s processing building on ice.  After further washing, shrimp 
were weighed, freezer bagged and stored at -20oC. Frozen shrimp were thawed, shelled and deveined on day of promotion. 
Evaluation were conducted by 50 participants.  

The value-added products received significantly higher preference than the traditional presentation.  Best management practices 
for shrimp handling and recipe cards of alternative preparations were made available. 
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PROJECT EDULIS: OFFSHORE MUSSEL PRODUCTION IN WIND FARMS IN THE BELGIAN 
PART OF THE NORTH SEA 

Nancy Nevejan*, Evert Lataire, Marc Vantorre, Margriet Drouillon, Mathieu Wille, Brecht Stechele, 
Daan Delbare, David Vuylsteke, Brigitte Lauwaert, Peter Bossier

Laboratory for Aquaculture and Artemia Reference Center
Ghent University
Campus Coupure, F
Coupure links 653    
9000 Ghent, Belgium
Nancy.Nevejan@Ugent.be

Wind farms (WF) offer a zone where no traffic is allowed with excellent water quality and the possibility to upscale aquaculture 
production to a commercial activity (as defined in the Belgian National Marine Spatial Plan). However they represent a high 
energetic environment and possibly lower primary productivity than coastal zones. The project “Edulis: offshore mussel 
production in windfarms” (Sept. 2016 – Aug. 2019) is managed by Ghent University and investigates whether a commercial 
production of the blue mussel (Mytilus edulis) in WF is possible for Flanders. The 1.2 million€ project is largely co-funded 
by the 8 partners and receives significant support from the European Fund for Fisheries an Maritime Affairs and the Flemish 
government. 

“Edulis” focuses on finding technological solutions for growing mussels in a hostile offshore environment. For that purpose, 2 
longlines of 58m are deployed in the WF C Power and Belwind, at 35km from the coast. The “bioline” is designed to follow up 
the mussel growth and natural spatfall, while the second “forceline” is equipped with various loadcells to measure the forces 
that act upon the line and the mussels. The ultimate goal of the project is to design a prototype of mussel production system that 
can resist to the environmental factors of the North Sea and which offers economic returns when applied on a commercial scale. 
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ADVANCES IN MUSSEL AQUACULTURE: NEW INSIGHTS FROM SATELLITES, BUOYS 
AND WATER SAMPLES IN MAINE, USA

Carter R. Newell

Maine Shellfish R+D, 171 Sandy Point Road, Stockton Springs, Maine 04941, University of Maine School 
of Marine Sciences, Darling Center, Walpole, Maine
musselsandoysters@gmail.com

Investigations in Maine from 2015 to 2018 funded by Maine EPSCOR Seanet and a National Sea Grant project included 
studies of the productivity of a number of Maine estuaries and coastal bays, estuarine transects and water samples, LOBO 
buoys (land/ocean biogeochemical observatories) and satellite images along the Maine coast.  The buoys, transects and water 
samples provided a time series of the factors that drive primary production and the production of detritus. High resolution 
satellite images provided less frequent snapshots of how temperature, turbidity, chlorophyll and CDOM vary along the coast on 
cloud-free days.  A combination of these data allowed for the prediction of mussel (and oyster) growth in shellfish GIS maps as 
well as a point and click capability to query site conditions and predicted growth rates for site selection.  In addition, the role 
of coastal geomorphology was identified as a major factor in what makes some sites better than others for mussel aquaculture. 

COMMERCIALIZATION OF SUBMERSIBLE MUSSEL RAFT TECHNOLOGY IN SEMI-
EXPOSED MAINE WATERS

Carter R. Newell, Ph.D.

Pemaquid Mussel Farms, P.O. Box 1255, Damariscotta, Maine 04543, Undine Marine, LLC 
musselsandoysters@gmail.com

After 5 years of research and development of a novel submersible mussel raft design, the 50 ton capacity Mark II submersible 
mussel raft was designed, patented,  and is being commercialized in Maine in a 9 raft, million pound a year farm from 2017-
2019 , involving a mooring grid system, advanced harvesting and processing systems, and a bagging and distribution center.  
The success of the project is based on higher yields from the rafts, elimination of risk from storm damage and mussel drop-off, 
and a reduction in labor costs as the result of mechanization.  A review of the physics, biology and economics which drive raft 
productivity and profit, as well as the challenges in commercializing a new technology will be discussed.  
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FARM SCALE PRODUCTION MODELS

Carter R. Newell*
Maine Shellfish R+D, 117 Sandy Point Road, Stockton Springs, Maine 04941 USA

Damian C. Brady
University of Maine School of Marine Sciences, Darling Center, Walpole, Maine

John Richardson
Blue Hill Hydraulics, Blue Hill Maine

musselsandoysters@gmail.com

Farm-scale production models of bivalves have been used for site selection, optimization of culture practices, and the estimation 
of ecosystem goods and services. While all farm models require physical forcing through hydrodynamic models, the input of 
measured or modelled bivalve growth drivers, and a bioenergetic growth model which predicts individual growth and farm 
yield as a function of husbandry practices, some models are also embedded in a GIS system to allow for a “point and click” 
ability to test different locations and production strategies at various locations within the modeled domain. More generic 
Web-based models such as the Farm Aquaculture Resource Management are relatively simple to use, provide a link to larger 
ecosystem models, and provide direct estimates of ecosystem services. More detailed models, such as ShellGIS, may be more 
data intensive and require detailed bathymetry, spatial velocity fields, information about boundary layer and aquaculture 
structure hydrodynamics and particle depletion. However, these models provide the detailed spatial and temporal results that 
can optimize farm productivity and assess benthic impacts. New approaches using high resolution remote sensing satellites and 
powerful physical-biogeochemical models using unstructured grids to link farm scale models with ecosystem models in a GIS 
platform have potential to provide improvements in the utility of farm scale models for the estimation of bivalve aquaculture 
ecosystem goods and services.

A NOVEL SUBMERSIBLE MUSSEL RAFT FOR USE IN SEMI-EXPOSED OCEAN WATERS 
AND AREAS EXPOSED TO DRIFT ICE

Carter R. Newell and Victoria C. Shadis

Undine Marine, LLC. 117 Sandy Point Road, Stockton Springs, Maine 04981

A patented novel submersible mussel raft was developed for use in semi-exposed ocean waters exposed to drift ice in Maine, 
USA in cooperation with Pemaquid Mussel Farms.  The larger “Mark II” design was developed in 2017 and is currently being 
evaluated under commercial conditions in a 9 raft system in eastern Maine, expected to produce 1 million pounds a year.   
Raft performance and yield is superior to floating designs, eliminating the risk of storm damage and mussel drop-off, while 
protecting from sea duck predation.  Commercial production of the raft for sales in the U.S. and export world-wide is planned 
for 2019. 
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THE USE OF DISINFECTANTS IN AQUACULTURE

Stephen G. Newman

Aquaintech Inc.
Lynnwood, WA
sgnewm@gmail.com

The use of disinfectants in global aquaculture is ubiquitous and essential. Most fish and shrimp hatcheries, farms (ponds, 
cages, raceways, etc.) use a variety of compounds to kill  and control potentially problematic bacteria, viruses and other pests.   
Regulatory oversight of their use ranges from largely non-existent to onerously complex.   Ultimately a farmers decision to 
use these compounds depends on what is readily available, how familiar the staff is with the product and perceived usefulness/
effectiveness of the compounds.    Their use has become an integral part of many production paradigms despite the risks.  

In an ideal world, the user would know that these compounds may be hazardous to the health of employees, to the animals 
that they are being used on, to the environment and that in some instances, even the use of “approved” disinfectants may not 
constitute responsible aquaculture practices. Even where the use is without overt harm or risk it is important to consider that 
the  possibility exists for residues in the final product being used by the consumer.    This is irresponsible and while it may 
escape regulatory action could eventually result in harm to consumers and potentially in serious and economically damaging 
restrictions on an entire industry.  

Disinfectants are regulated in the US by the Environmental Protection Agency (EPA) as a category of antimicrobial pesticides.   
The disinfectants used in aquaculture may be used to control the growth of algae, odor-causing bacteria, bacteria which cause 
spoilage, deterioration or fouling of materials and microorganisms infectious only to animals, etc.   They are licensed to be 
used on hard inanimate surfaces and objects to destroy or irreversibly inactivate infectious fungi, viruses  and bacteria but 
not necessarily their spores. When they are used on living animals for the purpose of treating or preventing a disease they are 
defined as drugs and are regulated by the US Food and Drug Administration (FDA).   While this definition would appear to be 
clear cut, it is not, in that technically washing eggs with a surface disinfectant to kill attached bacteria, viruses, etc. to prevent 
transmission of specific pathogens would fall under FDA regulatory aegis potentially requiring a much higher cost to legally 
use.   

At this time the US does not regulate what compounds are used outside of the US for products that are consumed in the US.  
However, residues  are of concern  and given history (malachite green) it is likely that residues will be found occasionally in 
imports, spurring regulatory action to limit the use of specific compounds.   It should be kept in mind that many of the compounds 
that are widely used globally have never been adequately tested for residues and no tolerances have been established.  The use 
and role of disinfectants in aquaculture highlighting advantages and disadvantages will be discussed.  
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SHOWCASES OF METABOLOMICS APPLICATIONS TO CHARACTERIZE PATHOGEN 
INFECTIONS AND POLLUTANT-INDUCED STRESS IN MARINE BIVALVES
  

Thao V. Nguyen* and Andrea C. Alfaro 
  
Aquaculture Biotechnology Research Group, Auckland University of Technology
46 Wakefield, Auckland 1010, New Zealand 
vnguyen@aut.ac.nz 

Omics is a general term given to fields of biological study, such as genomics, transcriptomics, proteomics and metabolomics. 
Metabolomics (the study of metabolites in biological samples) is one of the newest and fastest growing omics. As metabolites 
are end-points of gene expression and cellular regulatory processes (Fig. 1), metabolomics can provide a novel phenotyping 
tool for understanding endogenous metabolic changes of an organism in response to disease or environmental perturbations. In 
addition, specific metabolite biomarkers can be generated to indicate each particular biological permutation. 

In our recent studies, we have shown the successful 
applications of untargeted GC-MS-based metabolomics to 
elucidate molecular mechanisms and markers associated 
with biological responses of bivalve haemocytes against 
pathogens and environmental contaminants. In this 
presentation, we showcase two examples where this 
approach was used to characterize the metabolic and 
immunological responses of marine bivalve haemocytes 
after experimental exposure to pathogenic Vibrio sp. 
and copper. The in vivo challenge of mussels (Perna 
canaliculus) with Vibrio sp. led to significant alterations 
in 37 metabolites in metabolite profiles of infected mussels 
compared to un-infected counterparts at 24 h post-injection. 
This suggests the involvement of these metabolites in major 
perturbations of the pathogen on the host’s innate immune 
system. Similarly, alterations of 25 metabolites were 
observed in the metabolite profile of mussel haemocytes in 
vitro exposed to copper (125 μM Cu2+) compared to those 
of control samples. Changes in levels of these metabolites 
may be considered important signatures of oxidative 
stress (e.g., glutathione) and apoptosis processes (e.g., 
alanine, glutamic acid). Overall, these studies demonstrate 
that bivalve haemolymph is suitable for metabolomics 
investigations into the physiological status of the host. 
Alterations of some specific metabolites could be used for 
future development of biomarkers for pathogen infections 
and pollutant-induced stress syndromes. 
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UNTARGETED METABOLOMICS TO INVESTIGATE THE METABOLIC AND 
IMMUNOLOGICAL RESPONSES OF DIFFERENT MUSSEL TISSUES TO Vibrio sp., 
INFECTION
  

Thao V. Nguyen*, Andrea C. Alfaro, Tim Young and Fabrice Merien

Aquaculture Biotechnology Research Group, Auckland University of Technology
46 Wakefield, Auckland 1010, New Zealand
vnguyen@aut.ac.nz 

In New Zealand, GreenshellTM mussels (Perna canaliculus) and Pacific oysters (Crassostrea gigas), together with King 
salmon (Oncorhynchus tshawytscha), represent the three main cultivated species for the growing aquaculture sector. However, 
infectious diseases caused by viruses (e.g. OsHV-1), bacteria (e.g., Vibrio sp.) and parasites (e.g., Bonamia sp.) represent a 
major challenge for further expansion and growth (Castinel et al. 2013). Among these, Vibrio bacteria are thougth to be the 
causiative reagents of mass mortality events in P.canaliculus mussels during the summer months. However, the knowledge of 
the disease process, pathogenesis and host-pathogen interactions remains poorly understood for this mortality syndrome. 

In this study, the immune responses in gill, hepatopancreas and haemolymph of mussels (P. canaliculus), following experimental 
infection with Vibrio sp. DO1 (V. coralliilyticus/neptunius-like isolate), were investigated using untargted GC–MS-based 
metabolomics. Significant differences in metabolite profiles were observed between tissues.  Overall, haemolymph and gills 
shared common metabolic responses characterized by increases in itaconic acid and decreases in amino acids (e.g., BCAAs, 
lysine, tryptophan) and fatty acids (e.g., DHA, EPA, palmitoleic acid). For hepatopancreas tissues, there were increases in 
itaconic acid, decreases in fatty acids, and increases in amino acids. The alterations of these metabolites suggest osmotic 
stress, oxidative stress, changes in amino acid metabolism and protein synthesis in the immune system of Perna canaliculus 
caused by Vibrio sp. infection. Interestingly, the accumulation of itaconic acid in all three tissues of infected mussels suggests 
that this metabolite has an important role in the mediation of bivalve antimicrobial activities and immune responses. These 
results indicate that careful consideration should be given to tissue sampling choices for immunological and metabolomics 
studies. In addition, further investigations are needed to elucidate mechanistic responses across different tissues associated with 
pathophysiological processes in bivalves. 
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INTEGRATED OYSTER AND EELGRASS RESTORATION IN NEWPORT BAY, CALIFORNIA

Katie Nichols*, Dr. Danielle Zacherl, Dr. Christine Whitcraft

Orange County Coastkeeper
3151 Airway Ave, Suite F-110
Costa Mesa, CA 92626
katie@coastkeeper.org

The Olympia oyster (Ostrea lurida) is the only oyster species native to the US West Coast and is currently functionally extinct 
in Southern California due to over harvest and habitat loss. This collaborative project targets the restoration of the Olympia 
oyster, and eelgrass, (Zostera marina), as an innovative living shoreline approach in Upper Newport Bay, Newport Beach, 
California. Oyster reefs can provide ecosystem services such as small-scale shoreline stabilization, water quality improvements, 
as well as forming habitat for fish and invertebrates. Because of the potential benefits of combining oysters and eelgrass 
habitat, this project targets their integrated restoration to promote greater ecosystem connectivity and function. We will discuss 
the community-based implementation of this multi-benefit project and present results to date of paired eelgrass and oyster 
restoration on a variety of ecosystem response variables.

COMMUNICATING AQUACULTURE’S BOUNDLESS PROMISE

Scott E. Nichols*

Food’s Future, LLC
5 Red Hawk Lane
West Chester, PA
USA 19382-6894

Aquaculture has seemingly boundless promise. Fish farming meets many needs we have as we build the agricultural system 
of our future.  Extrapolating current agricultural practices doesn’t lead to the calories and nutrition we soon require. We must 
raise much more food and we need, simultaneously, to use fewer inputs and produce lower impacts in doing so.  Aquaculture 
is eminently productive.  Per acre, it produces much more food than terrestrial agriculture. Furthermore fish farming makes a 
much smaller call on resources than other types of animal agriculture.  At the same time fish provide nutritious food that public 
health experts say should be a larger part of our diets.  The fish consumption public health professionals recommend can only 
be met if aquaculture continues to be a rapidly expanding growth industry.  So why does the United States seem to be sitting on 
the sidelines as aquaculture expands?

In this session Scott Nichols will discuss how we bridge the disconnect between aquaculture’s promise and the lack of 
enthusiasm it receives in the U.S.   
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CHARACTERIZATION OF MULTIDRUG RESISTANT Aeromonas salmonicida subsp. 
salmonicida AND ITS INFECTING NOVEL PHAGE ASP-1 
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,
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and Jehee Lee1,2

1Fish Vaccine Research Center, Jeju National University, Jeju Self-Governing Province, 63243, 
Republic of Korea
2Department of Marine Life Sciences, Jeju National University, Jeju Self-Governing Province, 63243, 
Republic of Korea
3College of Veterinary Medicine and Research Institute of Veterinary Medicine, Chungnam National 
University, Yuseong-gu, Daejeon, 34134, Republic of Korea

*Email: chamilani14@gmail.com

In this study, Aeromonas salmonicida subsp. salmonicida was isolated from gold fish (Carassius auratus) and identified by 16S 
RNA sequencing. Its potential lytic phage (ASP-1) was also isolated and characterized. 

The bacterium was positive for virulence genes (ascV, fla, ahyB, gcaT, lip, alt and act) and phenotypic parameters (haemolysis, 
slime production, lipase activity, DNase test, gelatinase activity and protease activity) were tested. The bacterium was resistance 
to 27%, intermediate resistance to 14% and susceptible to 59% of tested common antibiotics. Transmission electron microscopy 
(TEM) analysis revealed that lytic ASP-1 belongs to the Myoviridae family. The isolated phage was more specific against A. 
salmonicida subsp. salmonicida (efficiency of plating (EOP) index=1), but also had infectivity to A. hydrophila lab strain 1 
(EOP index=0.7). The bacteriolytic effect of ASP-1 was tested at early exponential phase culture of A. salmonicida subsp. 
salmonicida, and bacteria growth was apparently decreased at time and MOI dependent manner. One-step growth of ASP-1 
showed approximately 30 min of latent period, burst size of 16 PFU/infected cells and rise period of 40 min. The adsorption rate 
was determined as 3.61 x 108 PFU mL-1min-1 for 3 min, and rate decreased with time. The ASP-1 genome size was estimated 
to be approximately 55-60 kD, focusing for genome sequencing in near future. The phage was stable over wide-ranging 
temperature, pH and salinity, thus could withstand at severe environmental conditions, indicating that ASP-1 has a potential to 
develop as an alternative to antibiotics for use in ornamental and aquaculture industry.
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GENOME SEQUENCE OF LYTIC BACTERIOPHAGE ETP-1 THAT INFECTS MULTIDRUG-
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Edwardsiella tarda is a Gram-negative pathogenic bacterium that isolated from wide range of animals including humans. 
It causes severe economic losses in worldwide cultured fish such as Japanese flounder (Paralichthys olivaceus), Japanese 
eel (Anguilla japonica), channel catfish (Ictalurus punctatus). Recently, phages also gained importance as an alternative to 
antimicrobial usage, because it has ability to control undesirable pathogenic bacteria without harming the beneficial bacteria in 
the community. E. tarda infecting phages have been isolated and some were characterized in basic and genome level. 

In this work, we describe the De Novo Assembly and complete genome sequence information of multidrug-resistant 
Edwardsiella tarda infecting phage ETP-1, which was isolated from the fish farm seawater at Jeju Island, Rep of Korea. After 
whole genome was assembled, the location of protein-coding sequences, tRNA genes and rRNA genes were identified, and 
their functions were annotated. 

The assembly results showed the one contig and it was circular. The size of the ETP-1 genome was 41 785 bp with 48.3% of 
G+C consisting 48 coding sequences. While no tRNA or rRNA encoding genes were identified. Comparison of the genome 
architecture with previously reported phages that infecting E. tarda isolated from farm seawater (IW-1) and flounder tissues 
(KF-1) showed significant similarities with their open reading frames with some modifications in the nucleotide sequences. 
This suggests that the isolated ETP-1 was a new member of the family Podoviridae.  

Understanding the comparative genomic information of E. tarda phage is important for the studies of finding new members in 
the genus Podoviridae and to understand the host pathogen interactions.  Also, it will help to make best strategies of phages for 
control of diseases effectively. 
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EXOTIC FISH SPECIES AND RISKS TO BIODIVERSITY AND THE ECOSYSTEMS
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Exotic fish species or non-indigenous fish have become common in different parts of the world due to their use in aquaculture; 
improvement of local fisheries potential; recreation and sports; ornamental and hobby fisheries; and pest control. The 
indiscriminate transfer of fish species has been generating worldwide concerns. Exotic species, despite possessing some 
attractive characteristics may introduce unhealthy competitions for food and habitat; prey on fish; introduce new diseases and 
parasites; or hybridize in the new environment. This work looks at the ecological significance and risks the introduction of 
exotic species may pose to aquatic biodiversity and the ecosystem with recommendations on their management.
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EPIGENETIC MANAGEMENT OF STRESS AND DISEASE RESISTANCE IN FARMED 
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Diseases caused by opportunistic bacteria belonging to the Vibrio spp. have been a serious problem for sustainable development 
of the shrimp aquaculture sector. Finding novel strategies for conditioning economically important (brood) shrimp resulting 
in robust offspring (disease resistance and fast growing) is highly necessary to address the challenges faced by the shrimp 
farming sector. Very recently, epigenetics has been considered as an approach for producing healthy and stress-resistant 
animals. Epigenetics is the study of heritable changes in gene expression and function that cannot be explained by changes in 
DNA sequence. The exact molecular bases of these epigenetic changes are slowly being unraveled. Epigenetic modifications 
are responsible for activation and suppression of (certain) genes which can get inherited across generations. The molecular 
mechanisms behind epigenetic modifications and across generation inheritance of phenotypes can be studied more easily in 
populations that have a short generation time and/or have genetically identical individuals. The brine shrimp Artemia, comprising 
groups of bisexual and parthenogenetic forms, exhibits an excellent model organism for these kinds of studies since there is 
a possibility for producing several generations of populations (a clonal population in case of parthenogenetic form) in a short 
period of time.  In this study, phenotypic and epigenomic responses of the Artemia offsprings, whose ancestors were exposed 
to environmental cues, such as with non-lethal heat shocks (tested by using clonal population) or pathogenic V. campbellii 
(tested by using bisexual animals), are presented. For this, after hatching the Artemia eggs, the F0 progeny were divided into 
two groups. One group was exposed to a nonlethal heat stress (a classical stress inducer) or the pathogenic bacterium Vibrio 
campbellii ahead of the reproductive period (T-F0). The other group was grown unexposed, under normal culture conditions 
(C-F0). Approximately 28 days post-hatching, the parental (F0) females from the treatment (T-F0) and control (C-F0) groups 
produced their next-generation cysts (i.e., T-F1 and C-F1, respectively). The disinfected cysts were hatched to produce their 
corresponding larvae (i.e., T-F1 and C-F1). The F1 larvae from both groups were further cultured isothermally at 28°C, without 
stress exposure, to maturity, after which the F2 larvae were collected. The experiment was continued until, and including, the 
F3 generation. The T-F1 to T-F3 progenies from both groups were tested for their resistance phenotypes by conducting stress 
resistance tests. Training induced by exposure of the parental generation to an abiotic/biotic stressor markedly increased the 
resistance of the T-F1 to T-F3 progenies towards secondary infection. Also, this acquired trait was associated with altered levels 
of histone tail modifications (i.e. H3/H4 acetylation and H3K4Me3).   
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EVALUATION OF GROWTH AND SEX SEGREGATION IN NILE TILAPIA CROSSES OF YY 
MALES WITH NORMAL XX FEMALES OF DIFFERENT ORIGIN
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Global tilapia production during 2005 to 2015 increased from 1.99 to 5.67 million tonnes and from US$2.3 to 8.9 billion. The 
most commercially valuable species Nile Tilapia Oreochromis niloticus accounted for US$6 billion (3.93 million tonnes) in 
2015. Production technologies for all-male culture aim to eliminate unwanted reproduction and to increase meat yield in the 
grow-out phase. This study evaluated the performance of offspring obtained from commercially available females of different 
origins crossed with YY males and addressed on-going efforts for increased efficiency and genetic improvement in tilapia 
reproduction for higher quality seed-stock through the combination of cross-breeding and genetic sex control.

Broodfish were stocked (1 ♂: 3 ♀) in four recirculating systems maintained at 28 ºC and a 12 h light/12 h dark photoperiod. Fish 
were fed 0.5 – 1% body weight/d and females were checked for eggs every two weeks. Fingerlings of the same age from four 
crosses were stocked at 50 fish/tank in a recirculating system with twelve 946-L tanks. Three replicate tanks were randomly 
assigned to each cross. Fish were offered feed until they stopped eating 3 times/d for the first 74 d and then 2 times/d for 92 d. 
Fish were harvested, weighed and dissected after 166 d. The percentage of males in the crosses ranged from 79 to 100% (Table 
1). Cross 2 – obtained from Genetically Improved Farmed Tilapia (GIFT) female broodstock – had the fastest growth rate (4.2 
g/d) and largest fish (702 g), surpassing the other crosses by 57-75%. Female fish that constituted 21% in Cross 2 grew larger 
than the males in other crosses (Table 1). Feed Conversion Ratio (FCR) data indicate the advantage of Cross 2 likely resulted 
from more aggressive feeding behavior and consumption of more feed. 
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In previous work we have demonstrated that if animal protein is below 10% of the diet, fish performance declines. However, a 
combination of enzyme treated soy (ESBM) and 4% squid hydrolysates was found to produce  similar results to fish fed 15% 
animal meal based diet. Therefore, in this study, we aimed to investigate the inclusion effect of salmon by-product hydrolysates 
in combination with ESBM with or without pH adjustment to completely replace dietary FM on the growth, body composition 
and the distal intestine condition of the fish. For that purposes, four experimental diets were formulated to be iso-nitrogenous 
and iso-lipidic, to contain 400 g kg-1 crude protein and 80 g kg-1 lipid. A combination of 150 g kg-1 of FM and 39.5 g kg-1 ESBM 
was used as the primary protein sources in reference diet (FMD). Dietary fishmeal was replaced by 190.6 g kg-1 of ESBM to 
produce plant-based diet (PBD) as the second diet. The third diet was produced by partial replacement of ESBM with 40 g kg-1 
of SPH (SPHD). The fourth diet was produced similar to the third diet with pH adjustment to match the value in the reference 
diet (SPHPhD). All test diets were supplemented with taurine at the level of 5 g kg-1. Diets were fed to apparent satiation to 
triplicate groups of Florida pompano juveniles (mean weight 11.88 ± 0.18 g). After 8 weeks of growth trial, no significant 
differences in terms of final mean weight, percentage weight gain, thermal growth coefficient, feed intake, food conversion 
ratio and survival of fish. Analysis on the proximate and amino acid profile of the whole-body of the pompano together with 
distal intestine histomorphological conditions are being studied and the results will be reported.
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Salmon Farming in Norway have experienced tremendous growth for the last 30 years. However, it has also been subject to 
significant environmental challenges. Emissions from the farms have created substantial local environmental changes, and 
numbers of authors have claimed that aquaculture growth will be limited by environmental factors. 

The salmon farming companies listed on the Oslo stock exchange have engaged in numerous environmental corporate social 
responsibility (CSR) activities the last years, such as the implementation of a global ecolabel (Aquaculture Stewardship Council 
(ASC)). This paper will investigate whether the business case argument for environmental CSR initiatives resulting in cost 
and risk reduction is valid. Data on environmental CSR is conducted from a content analysis of these companies’ financial 
reports on their commitment towards total ASC certification after 2012. The findings will be quantified following well tested 
procedures . These data will then be compared with financial data reflecting cost and risk. Expected findings: The companies 
have increased their focus on environmental CSR. This focus have a negative correlation with cost and a positive correlation 
with risk. The negative correlation with cost is expected to be lower for companies with a lack of focus on environmental CSR. 
Increasing costs due to stricter government regulations have been unavoidable, indicating that their environmental focus have 
contributed to reduce growth in costs. 
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This study aims to develop cryopreservation methods for a culturally and ecologically significant marine snail, the pinto 
abalone, Haliotis kamtschatkana. Abalone are ecosystem engineers and due to the dramatic decline in population have been 
deemed a species of concern. Between 1992-2017, pinto abalone populations in Washington State declined by an astounding 
98%. Due to pinto abalones’ extreme decline, the state of Washington enacted a ten-year recovery plan to bring levels of 
abalone back from the brink of extirpation in the San Juan Archipelago, Washington. In an effort to forestall complete stock 
collapse, a highly collaborative network of non-profits, federal and state agencies, and universities have collaborated to 
rebuild natural populations of pinto abalone in the Puget Sound through responsible conservation aquaculture. Conservation 
aquaculture aims to maintain genetic diversity of natural populations by spawning wild-caught broodstock to produce offspring 
in a hatchery setting. Offspring produced from broodstock are outplanted to restoration sites in the San Juan Archipelago. A 
successful restoration project will see pinto abalone in high enough densities at restoration sites (0.15-0.3 individuals per m-2) 
to successfully reproduce and sustain their population without further human intervention. 

By developing cryopreservation methods for male pinto abalone sperm, gametes can be stored long-term, allowing 
restoration efforts to supplement future spawns with archived male gametes. By selecting males as needed from a library of 
cryogenic samples, restoration efforts can improve genetic diversity and increase production rates of each spawning event. 
While cryopreservation methods have been identified for other abalone species, cryopreservation techniques are heavily 
species-specific and must be tailored to each species for the best results. Therefore, this study aims to determine the specific 
cryoprotectants, rate of cooling and thawing, and quality assessment of post-thaw gametes for male pinto abalone. This study 
will compare different cryoprotectant chemical/concentration solutions over different freezing/thawing rates to determine the 
optimal combination for pinto abalone. To assess successful cryopreservation methods, sperm motility will be analyzed using 
Computer Assisted Sperm Analysis (CASA) software on a 10x magnification darkfield microscope. Sperm motility will be 
assessed by three metrics: percent motility, curvilinear velocity, and linearity. In addition, post-thaw fertilization will be used to 
determine successful development of pinto abalone larvae using cryopreservation methods. A series of experiments will be run 
using animals provided by Puget Sound Restoration Fund at the NOAA Research Station in Manchester, WA.
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How do we sell more seafood to the growing U.S. foodservice sector?  One way is to become fascinating story tellers. Since two-
thirds of the seafood consumed in the U.S. is eaten away from home, we need to convince restaurateurs and other foodservice 
buyers of the intrinsic values of purchasing locally grown fish and seafood products.

There is growing agreement that we need to look to aquaculture to supply our future seafood needs in a responsible manner.  
However, there are still challenges to the full acceptance of farm-raised products by the user community, especially in the 
foodservice sector. The task is to lower those barriers through a well targeted science-based educational program that will create 
attitudinal changes in a new generation of chefs. 

The most effective and efficient way to deliver that message is through culinary education programs. By creating an appreciation 
of U.S. farm-raised seafood products among educators, the project can reach thousands of students who represent the new 
generation of celebrity chefs, leaders of the culinary world, and food trend-setters. 

While a number of organizations focus on educating the public about the nutritional and taste benefits of increased seafood 
consumption, this project concentrates on growing the market by educating chefs and other foodservice professionals about the 
intrinsic benefits of buying American. It emphasizes government, academia and industry efforts to develop sustainable stocks, 
preserve environmental integrity, ensure responsible farming practices, increase market opportunities, ensure seafood safety, 
and help safeguard the supply of fishery products for generations to come.  These efforts are especially important as we strive 
to develop our marine aquaculture resources. 

To achieve those ends, we need to develop an effective and cost-efficient coalition of government, academia and industry, all 
focused on a common message. Developing a connection between growers and individual chefs can not only increase direct 
sales, but can assist in developing marketing and public relations strategies.  Many foodservice editors have suggested that 
this interface between producers and chefs is a preferred story line. These chefs essentially become spokespersons for the U.S. 
aquaculture industry

To make this project a success, we need assistance in identifying species that would benefit from increased promotion, 
developing effective messages, identifying chefs who would be willing to participate, and compiling a photo library.  Contact 
the National Aquaculture Association if you would like more information about this project
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Hybrid catfish are considered best for commercial catfish farming due to their faster growth rate, better survival rate, disease 
resistance, better carcass yield and seinability. However, there is still a variation on the performance of hybrid catfish due to 
parental strain and individual genetic effects which has production implications that are also not limited to disease resistance. 
The enteric septicemia of catfish (ESC) is one of the most important bacterial diseases affecting mostly fry and fingerlings 
in both channel and hybrid catfish. The estimation and analyses of general combining ability (GCA) and specific combining 
ability (SCA) are important indicators for expressing the potential value of parental lines and identifying elite parents and 
crosses that can produce hybrids with improved resistance to ESC infection. Information on combining ability to develop high 
yielding lines and hybrids would be beneficial to the catfish industry.

Six female channel catfish and six male blue catfish were crossed in 6x6 factorial mating design. The progenies were reared 
in flow-through aquaria system for 45 days and fed ad libitum with 50% protein diet on a daily basis. The resultant 36 
hybrid families were evaluated for their resistance to ESC infection following a 2-hour bacterial immersion challenge using 
a concentration of 6 × 107 CFU/mL Edwardsiella ictaluri MS-S97-773. Four disease resistance indices pertaining to ESC 
resistance of hybrid catfish in terms of average survival rate (SR) per family, average survival time (ST) per family, average 
time to death (TTD) per family, and average area under mortality progress curve (AUMPC) index per family were calculated 
from data gathered throughout the 13-day challenge period. The genetic effects and variances were estimated following REML-
BLUP joint analyses. 

The mean squares of GCA effect of sire was significant (P<0.05) for both TTD and AUMPC indicating the importance of 
additive gene effects while the SCA effect of cross was significant (P<0.05) for SR indicating the importance of dominance 
gene effects. The estimates of the combining ability variances across all the four ESC disease indices revealed that the largest 
genetic component for ESC resistance was SCA variance which is indicative of parental cross effects having the most influence 
(Table 1). Hence, reciprocal recurrent selection has potential to improve resistance of hybrid catfish to ESC infection in terms 
of dominance genetic value of the best parental cross. 
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Norwegian salmon production has experienced considerable production growth over the last 15 years. At the same time, 
concerted efforts by the Norwegian government and the private industry has led to growth in markets for salmon, contributing 
to keep the salmon price high, and the industry profitable. However, price volatility has also increased. To deal with price risk, 
informative price indices remain a valuable tool to benchmark pricing of salmon, to plan investments, and to hedge price risk.

This paper investigates how pricing efficiency of Norwegian salmon exports varies across destination markets. Efficiency is 
defined as the rate at which individual transaction prices adjust to common market information, and is estimated by dynamic 
fixed effects panel models with parameters conditional on trade attributes using micro-level trade data. Our results show that 
contract type (Incoterms) used in transactions can be used to segment the Norwegian export markets into tree types: 1) high 
value trade to large distant markets, 2) medium value trade to close high-income markets, and 3) lower value large bulk trades 
to lower income close markets. We find that pricing efficiency is lowest for committed trades over long distance using planes, 
and highest for less committed large bulk trades to close markets. 

These results suggest that as markets expand from the core traditional export markets, the more idiosyncratic nature of these 
transaction prices means higher price risk, weaker hedging efficiency using futures, or diversification benefits using multiple 
trade partners (i.e. lower diversification of within company price risk in a portfolio of trade partners). 

Despite significant heterogeneity, the majority of salmon price variation (around ¾) is common among all trading partners. We 
find that on average 85% of the change in the price index used to settle salmon futures contracts is reflected in transaction prices 
within one month. This provides clear validation for the existence of a single salmon price, and for the representativeness and 
usefulness of a salmon price index in dealing with higher price risk.
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In the last decade, the giant black tiger shrimp (P. monodon) suddenly became an invasive species of interest to the global 
research community. Since they invaded Nigeria, there has been no information on phylogenetics and phylogeography of this 
non-indigenous species as far as we know. This invasive species could help to improve food security and molecular studies 
could help to aid in the selection of founder stocks for hatchery management or effective aquaculture practice. Therefore, this 
research aims to study the molecular diversity of P. monodon and assess the population structure and migration pattern within 
the Nigerian coastal waters. 

Tiger shrimp samples were obtained from Ten locations covering five coastal states of Nigeria vis-à-vis Lagos Makoko (LM), 
Lagos Apapa (LA), Lagos Takwabay (LT), Lagos Tincan (LC), Lagos Folu (LF), Ondo Aiyetoro (AO), Bayelsa Brass (BB), 
Rivers Bonny (RB), Rivers Kaa (RK) Akwa Ibom Ibeno (AB). Pleopod samples were preserved and transported to United States 
Geological Survey for molecular analysis. A total of 192 DNA samples were used for microsatellite study. Out of 28 United 
States invasive tiger shrimp microsatellite markers used for screening the Nigerian invasive samples, 11 markers with highest 
PIC values and best amplification result were selected for the population studies. A high degree of allelic polymorphism was 
observed with an average of 12 allelels and total of 140 alleles. The Pmo-1 marker had the highest number of alleles.  Among 
populations, expected heterozygosity (He) was highest in RB population and lowest in LT population. Principal Coordinate 
Analysis of Fst and Nei’s genetic distance showed that majority of the populations clustered together, with the AB and OA 
populations being more genetically distant. However distance values were not significant which may suggest isolation by 
distance effect on these populations. This study shows an inherent high genetic diversity typified by allelic richness in the gene 
pool, possibly contributing to the survival and establishment of tiger shrimps in the Nigerian coastal waters. However, lack 
of significant genetic distance values among populations reflects their homogeneity, suggesting a limited number of founding 
individuals.  
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Replacement of Soybean Meal (SBM) with cooked velvet bean meal (CVBM) as a practical diet for the African catfish, 
Clarias gariepinus, was evaluated. The experiment was aimed at evaluating the potential of substituting CVBM for soybean 
in C. gariepinus nutrition. Four isonitrogenous (40% crude protein) diets, formulated by replacing 0, 10, 20 and 30% SBM 
by CVBM, were fed to fish (initial weight 6.60 ± 0.09g) twice daily at 8.00 and 16.00 hour for 84 days. Significant difference 
(p<0.05) existed in weight gain between fish fed control (0%) and tested diets. However, weight gain in fish fed 20% and 30% 
CVBM were not significantly different from each other. The result suggests that CVBM can replace SBM up to 10% of the 
protein in Clarias gariepinus
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Aquaculture in Nigeria is a fast-growing industry and the growth is expected to continue due to the needs to meet up with a 
large deficit (over a million tonnes) between fish production and human consumption. Hence, the production of African catfish 
(Clarias gariepinus), a dominant aquaculture species in Nigeria aquaculture industry requires a level of intensification and 
external inputs such as feed. However, the infinite supply and high cost of marine resources destined for manufacture of the 
catfish feed has necessitated a search for cheaper and sustainable materials for the catfish feed production. Single cell protein 
(SCP) appears to meet the criterial for a suitable alternative ingredient for catfish feed manufacture. 

A study was therefore carried out to evaluate the suitability of SCP for growth of African catfish (C. gariepinus). The catfish 
(18. 17±0.025 g fish-1, 20 33L tank-1) were fed diet supplemented with either 0% SCP, 30% SCP, 60% SCP or 100% SCP. Each 
treatment has three replicates. After 56 days of feeding to apparent satiation, there was no significant difference (P>0.05) in 
the feed conversion ratio, survival and haemato-biochemical parameters (Tables 1 and 2) of the catfish (C. gariepinus) fed 
the experimental diets (0% SCP, 60% SCP and 100% SCP). However, the  final body weight (67.54±1.99 g fish-1), specific 
growth rate (2.38±0.06 % day-1), mean weight gain (53.97±2.91), protein efficiency ratio (1.30±0.06), percentage weight 
gain (371.82±14.22 %), and alkaline phosphatase (64.36±9.43 IU L-1) of the catfish fed 30% SCP diet were significantly 
better (P<0.05) than those fed the 0% SCP, fishmeal-based control, diet (Tables 1 and 2). It could be concluded that SCP can 
completely replace fishmeal in the diet of African catfish without deleterious effects on growth and health but at 30% fishmeal 
replacement, SCP is capable of enhancing growth performance of African catfish. 
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Taurine (Tau) is a non-proteinaceous amino acid considered essential for several fish species that are not able to biosynthesize it. 
Tau contributes to several physiological functions due its anti-inflammatory and anti-oxidant properties, membrane stabilization 
capacity, glucose and lipid metabolism regulation, and bile acid conjugation.

Tau species-specific essentiality depends on the fish capacity to biosynthesize key enzymes of the pathways of converting 
cysteine to Tau, namely cysteamine dioxygenase (CDO), cysteine sulphinate decarboxylase (CSD), or cysteic acid decarboxylase 
(CAD). 

Previously, we showed that dietary Tau inclusion at 5 g kg-1 was essential for maximum growth and nitrogen accretion of 
European sea bass. 

In the present study, we further showed that European sea bass juveniles express CDO and CSD in the liver, thus being able to 
biosynthesize Tau but at levels that are insufficient to meet Tau requirements. 

We further showed that dietary Tau supplementation up to the requirement level decreased plasma LDL, HDL and total 
cholesterol, and glucose levels, suggesting that Tau has a hypocholesteremic and hypoglycemic effect in European seabass. 
A positive correlation between dietary Tau levels and hepatic total bile acids was also observed. Tau decreased activity of 
antioxidant key enzymes and lipid peroxidation in the liver, indicating that it acts as scavenger of reactive oxygen species. 

Overall, this study indicates that Tau essentiality for European seabass is related to the low expression of key enzymes of Tau 
biosynthetic pathway and that its inclusion in the diets is required also for improvement of glucose and lipid metabolism and 
antioxidant response. 

This work was supported by the Structured R&D&I Project INNOVMAR - Innovation and Sustainability in the Management 
and Exploitation of Marine

Resources (ref. NORTE-01-0145-FEDER-000035) within the research line “INSEAFOOD - Innovation and valorization of 
seafood products: meeting local challenges and opportunities”, founded by the Northern Regional Operational Programme 
(NORTE2020) through the European Regional Development Fund (ERDF). 
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Vegetable oils are generally accepted as a valuable alternative to fish oils but are devoid of n3-LC-HUFA. Marine fish have 
limited capacity to express Δ6/Δ5 desaturases and are unable to produce LC-PUFA from C18-PUFA. Further, a well-balanced 
dietary n-3/n-6 fatty acid ratio is required to modulate inflammatory and immune processes, tissue integrity and intestinal 
microbiota. The aim of this study was to evaluate different dietary ARA/EPA/DHA ratios on intestinal immune status, 
histomorphology, and microbial community of gilthead seabream juveniles. 

A feeding trial was conducted with gilthead seabream (IBW=15g), for 56 days at 23 °C. Four isoproteic (47%CP) and isolipidic 
(18%CL) plant-based diets (including just 17.5% fish meal) were formulated containing a vegetable oil blend (20% rapeseed, 
50% linseed, 30%palm) as main lipid source. Diets were supplemented with purified sources of fatty acids to obtain different 
(n3/n6)LC-PUFA ratios: Diet A (1.6 %ARA: 0.1%EPA: 0.1%DHA); Diet B (0.8%ARA: 0.3%EPA: 0.3%DHA); Diet C 
(0%ARA: 0.5% EPA: 0.5%DHA); Diet D (0%ARA: 0.3%EPA: 1.2%DHA). Each diet was fed to triplicate groups of fish.

Diet composition did not affect growth performance and distal intestine histomorphology of gilthead seabream. In distal 
intestine, expression of immune-related genes, major histocompatibility complex II (MHC-II), tumor necrosis factor α (TNF 
α), immunoglobulin M heavy chain (IgM), cyclooxygenase 2 (Cox2a), interleukin 1β (IL1β), and proliferating cell nuclear 
anti-gen (PCNA) were also not affected by dietary treatments. In fish mucosa, Bray-Curtis dendrogram showed that diets with 
and without ARA supplementation clustered separately (Fig.1). The pathogenic species, Edwardsiella tarda, was only isolated 
in the intestinal mucosa of fish fed diets with lower levels of n-3LC-PUFA (diet A and B), while bacteria associated with health 
promoting properties from Bacteroidetes phylum (Asinibacterium sp.) were found at higher levels in fish fed diets with high 
n-3-LC-PUFA levels (diet C and D; Fig. 2). Overall, results indicate that diets with high n-3-LC-PUFA levels promoted healthy 
gut microbiota, and that can improve gilthead seabream health status.
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The present study evaluated the potential of solid-state fermentation (SSF) and other pre-treatments to increase the nutritional 
value of Ulva rigida, a green macroalga, for European seabass (Dicentrarchus labrax, L.). The effects of dietary incorporation 
of 5% U. rigida submitted to different treatments was also evaluated on growth performance, feed utilization, body composition 
and muscle total phenolic compounds of seabass. A control diet (D1; 45% protein and 18% lipids) was formulated with 25% 
fishmeal as main protein source. Six other diets were formulated similarly to the control diet, but replacing 5% (w/w) fishmeal 
by dry micronized macroalga as follows: untreated U. rigida (D2); ultrasound treated U. rigida (D3); U. rigida alkaline treated 
with NaOH 0.5N solution (D4); SSF of U. rigida with Aspergillus ibericus (D5); SSF-U. rigida enzymaticaly hydrolysed with 
the lignocellulytic enzymes obtained from SSF (D6); untreated U. rigida supplemented with lyophilized enzymatic extract 
obtained from SSF (D7). Triplicate groups of European seabass (IBW of 108g) were fed each diet for 64 days.

Final body weight of fish fed with the control diet was similar to that of fish fed with ultrasound (D3) and SSF treated U. rigida 
(D5) diets and higher than that of fish fed the other diets. SGR was lower in fish fed diets D6 and D7 than the control and D5 
diets. FI was higher with the control and D7 diets than with the other diets. FE was highest with D4 and D5 diets than with the 
other diets (Table 1). No differences between groups were observed in whole-body crude protein, crude lipids, dry matter, ash, 
hepatosomatic index and visceral index. Total muscle polyphenols compounds were higher in fish fed diet D2 than other diets. 
Overall, results indicate that pre-treatment of U. rigida through SSF or alkaline hydrolysis improved feed utilization efficiency, 
without negative affecting growth performance and whole-body composition.

Acknowledgments: supported by IJFCT-POCI-01-0145-FEDER-030377 and MAR-02.01.01-FEAMP-0111
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Burbot (Lota lota) are the only true freshwater members of the cod family (Gadidae) and are ideal candidates for food-fish 
production in intensive cool/cold water aquaculture. Integrating burbot culture into new and/or existing cool/cold water 
aquaculture facilities would create novel US products for finfish, while utilizing and enhancing the commercial value. Artificial 
induction of triploidy is recognized as the most practical, economical and efficient method for the production of sterile fish on 
a commercial scale. The current study investigated the feasibility of triploid production in cultured burbot and may provide 
growers an option to rear this species more efficiently, and in areas where escapement risks are perceived.

In a series of preliminary experiments, burbot broodstock gametes were collected by stripping one female and one male for each 
family tested. Hydrostatic shock application, post-fertilization hydrostatic shock time, hydrostatic pressure, post-fertilization 
thermal shock time, shock temperatures, and duration of thermal shock application were all investigated to assess triploid 
induction efficiency (Table 1). A sample of 10 larvae taken from each surviving experimental unit, 3 to 7 days post-hatch, was 
analyzed by flow cytometry for nuclear DNA content to confirm triploidy.

The most effective hydrostatic protocol was a shock of 8,500psi for 10°C minutes, 180°C minutes post-fertilization. This 
regimen resulted in high triploidization rates (average 100%) and relative survival (average 95%). The most effective thermal 
treatment was a shock of 16°C for 300°C minutes, 120°C minutes post fertilization. This regimen resulted in high induction 
rates (average 96.6%) and relative survival (79.3%). Continued experimentation during the next burbot spawning season will 
further optimize treatment conditions.
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The Michael C. Voisin Oyster Hatchery in Grand Isle, Louisiana opened in August 2015.  The hatchery is operated through a 
collaborative effort between the Louisiana Department of Wildlife Fisheries (LDWF) and Louisiana Sea Grant.  Both groups 
work together to produce oyster larvae for the purposes of restoring and managing Louisiana oyster reefs, supporting the industry 
through larval and seed sales, and researching and developing hatchery technologies.  In addition to producing oyster larvae, 
the hatchery grows marine microalgae for larval feed and supplemental broodstock feed.  Due to the location, vulnerability to 
storms, and proximity to the Mississippi River, one of the main challenges at the hatchery is providing optimal water quality 
(including salinity, temperature, pH, alkalinity, bacterial levels, and sediment and zooplankton levels) for raising both algae 
and larvae.  Maintaining proper water quality requires detailed management of water filtration, larval production, and algal 
production systems.  Since 2015, hatchery staff have developed and modified standard operating procedures and systems 
for improving hatchery water quality, which improves larval and algal growth and survival.  This presentation will focus on 
enhancements made over the past three years to specific areas of the hatchery including seawater filtration, algal production, 
water quality analysis and control, and maintenance protocols. 
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HATCHERY-PRODUCED SPAT-ON-SHELL PILOT PROJECT: DEVELOPMENT OF SETTING, 
DEPLOYING, AND SAMPLING TECHNIQUES, AND SURVIVAL AND GROWTH RESULTS

Erin L. Olson*, Jennifer Atilano, and Patrick Banks

Michael C. Voisin Oyster Hatchery
Louisiana Department of Wildlife and Fisheries
Grand Isle, LA 70358 
eolson@wlf.la.gov 

A collaborative effort between Louisiana Sea Grant and the Louisiana Department of Wildlife and Fisheries (LDWF) produced 
hatchery-raised spat-on-shell for a remote setting pilot project during the summer of 2014.  The primary goal of the pilot project 
was to investigate methods of producing spat-on-shell with a secondary goal of investigating the efficacy of augmenting wild 
oyster populations in Louisiana with hatchery-raised animals.  The objectives of the remote setting pilot project were to (a) 
develop standard operating procedures for setting larvae, (b) develop standard operating procedures for deploying and sampling 
hatchery-produced spat-on-shell, (c) monitor survival (average number of spat per shell) and growth (millimeters per month) 
of spat at deployment locations.

Competent hatchery-produced pediveliger oyster larvae were set on whole, aged oyster shell at the LDWF Fisheries Research 
Laboratory on Grand Isle, LA in the summer of 2014.  During setting attempts, three experimental tanks with larvae and shell, 
and one control tank with only shell, were utilized.  Larvae were allowed up to 72 hours to set and were given approximately 
10 days to grow in setting tanks until deployment.  Experimental and control deployment plots were created on public oyster 
reefs in Hackberry Bay and California Bay, LA.  Spat were monitored for growth and survival at Month 1, 2, 6, and 12 post-
deployment.  Preliminary results have indicated 3.4% survival of hatchery-raised spat after six months.  Growth rates have been 
generally consistent with published literature and showed as high as 19 mm on one plot at Month 1 and averaged approximately 
5 mm per month across all plots at Month 6.  The results of this project are applicable for assisting with future remote setting 
projects and testing the efficacy of building reefs using hatchery-raised spat. 
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GROWTH AND HAEMATO-BIOCHEMICAL RESPONSES OF Labeo rohita FINGERLINGS 
FED CASSAVA LEAF MEAL

Oluwagbenga O. Olude*, Narottam P. Sahu and Ikram J. Khandakar

Department of Marine Sciences, Faculty of Science
University of Lagos, Akoka, Lagos, Nigeria
oolude@unilag.edu.ng

There has been a relentless search for alternatives to conventional aquafeed ingredients for reasons of competition, cost 
and sustainability (Abowei and Ekubo, 2011). To be considered a veritable alternative, Gatlin III et al. (2007) noted that an 
ingredient must be relatively cheap, abundantly available and nutritionally balanced among many other important factors. 
Cassava leaf, which is usually a waste after cassava tuber harvest, may represent a cheap feed resource because of its abundance 
and nutritional composition (Morgan and Choct, 2016). However, its use as feed ingredient can be limited because of inherent 
toxic principles, such as hydrogen cyanide, phytate and tannins, which are capable of altering normal fish growth and health. 
Thus, this study was designed to evaluate the implications of feeding diets containing cassava leaf meal on growth and haemato-
biochemical parameters of Labeo rohita.  

A 75-day feeding trial was conducted using four isonitrogenous (30% crude protein) and iso-energetic (18MJ/kg) diets in which 
cassava leaf meal progressively replaced de-oiled rice bran (DORB) at 0, 33, 66 and 100%. The diets were labeled diet 1 – 4 
respectively and fed to triplicate groups of Labeo rohita fingerlings (average weight, 2.03±0.03g) in a completely randomized 
experimental design. At the end of the trial, haemoglobin (Hb), red (RBC) and white blood cell (WBC) counts were determined 
using standard procedures (Blaxhall and Daisey, 1973; Roberts, 1978) while total protein (TP) and albumin were assayed 
using Erba Mannheim (Transasia Biomedicals Ltd., India) commercial kits. The group that received diet 4 was significantly 
(P<0.05) poorer in terms of percentage weight gain (PWG), specific growth rate (SGR), feed conversion ratio (FCR) and 
protein efficiency ratio (PER) relative to diets 1 & 2 but similar (P>0.05) to diet 3 (Table 1). Haemoglobin content, total red 
and white blood cell counts of the group that received diet 3 were significantly (P<0.05) more than those of other groups. Diet 
1 favoured significantly (P<0.05) higher serum total protein relative to diet 4; however, globulin contents were similar (P>0.05) 
across treatments (Table 1). This study suggests that as much as 66% of DORB can be replaced with cassava leaf meal without 
deleterious effects on growth and health of Labeo rohita fingerlings.
 



793

PARASITIC INCIDENCE OBSERVED IN Oreochromis niloticus AT THE FISHERIES UNIT OF 
THE NIGER DELTA UNIVERSITY TEACHING AND RESEARCH FARM 

*Omovwohwovie E.E, Adeyemo A.O., Garba A. A., Fineroad, L. Ofunama P. and Okogbue C.B.

Department of Fisheries Technology
School of Agriculture 
Federal Polytechnic Ekowe
Bayelsa State
omovwohwovie@gmail.com

Parasites of Orechromisniloticus was studied at the Teaching 
and Research Farm of the Niger Delta University. The 
prevalence, abundance and intensity of infection were 
determined. The  prevalence of Dactylogyrusparasitae in 
Oreochromisniloticus showed the highest value of 65%, 
followed by Cestode, ligula 60%, Ergasilus 10% and 
Protozoa and Nematode 1.66% with the least prevalence. 
The intensity of Dactylogyrusobtained was 2.79,while 
Cestode,( ligula)had 1.10,, Ergasilusspp 1.33, Protozoa and 
Nematode 1and 2 respectively. 
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US IMPORTS AND DOMESTIC LANDINGS OF TUNAS WITH EMPHASIS ON YELLOWFIN 
TUNA, A CANDIDATE SPECIES FOR OFFSHORE AQUACULTURE IN THE US SOUTHERN 
REGIONS AND THE CARIBBEAN

M. Refik Orhun

NOAA Fisheries Service - Fisheries Statistics Division
Southeast Fisheries Science Center 
75 Virginia Beach Dr., Miami, FL 33149  
refik.orhun@noaa.gov

Yellowfin tuna (YFT) is a highly valued commercial tuna species especially for the US raw Sashimi market. Although 
aquaculture of the species may be still in the R&D phase, it has been going on for at least decade in Taiwan and Panama and 
more recently also in Indonesia and few other places.   

It became clear in the last few years that potential investor in US offshore aquaculture operations were interested in the size of 
the US market for their target species to in order to develop realistic business plans for their intended aquaculture production 
operations. This landings and imports analysis of the US market for fresh yellowfin tuna tries to fill that knowledge gap. 

The analysis focuses heavily on foreign imports, which represent the majority of the fresh yellowfin tuna traded in the US, i.e. 
86.5 % in dollar value and 81.4% in tonnage of 2016 totals.  Current imports of fresh Yellowfin tuna are valued above $140 
million annually and have been for more than a decade.  Figure 1 shows the available data on dollar value of US imports and 
domestic landings of fresh YFT starting in 1950.

The foreign trade and domestic landings data are hosted on NOAA’s Office of Science and Technology’s website on Commercial 
Fisheries Statistics and U.S. Foreign Trade (see below) https://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/.

Besides YFT, landings of Bigeye and Bluefin tuna are also part of the US raw sashimi market and are included in the analysis 
along with imports of non-specified (NSPF) and frozen high value tuna products, e.g. NSPF frozen tuna fillets. Imports of 
NSPF frozen tuna fillets are above $300 million dollars annually and may compromise Yellowfin (and Bigeye) tunas as these 
are predominantly imported from Southeast Asian countries with tropical waters such Indonesia, Thailand and Philippines 
(75% of these NSPF frozen fillet imports). A break down different tuna product categories by countries is presented.
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GROWTH AND SURVIVAL OF 0+ ABFT Thunnus thynnus FINGERLINGS KEPT IN TANKS 

Aurelio Ortega*, Fernando de la Gándara, Fernando Méndez and Jaime García

Centro Oceanográfico de Murcia (Instituto Español de Oceanografía), 30860, Puerto de Mazarrón (Murcia), 
Spain
*email: aurelio.ortega@ieo.es

This article shows the most relevant results obtained between August 2017 and October 2018 with two batches of 0+ tunas: 
cultured tunas (CT) born in the IEO facilities in June 2017 and wild tunas (WT) captured in Mazarron Bay in September 2017. 

Fertilized ABFT eggs were collected from cages owned by PisciAlba and obtained larvae were cultured in IEO facilities. At 
the end of July 2017, 500 fingerlings (CT, 2 g average weight) were move to ICRA facilities on 29th July and placed in a 1000 
m3 tank. At the end of September 2017 mean weight were 350 gr. In that moment, a total of 68 0+ ABFT fingerlings (WT, 414 
g mean weight), were captured from the Mazarron Bay and placed in a 3500 m3 tank in ICRA. From this moment temperature 
ranged between 18 and 27ºC, and feeding consisted in bait, mainly Sardinella aurita and Scomber scombrus, but also Scomber 
japonicus, Engraulis encrasicolus and Clupea harengus. 

During November 2017, mortality increased in CT without any symptoms of infectious disease. 80 healthier CT were then 
moved to a greater tank (2500 m3) and in March 2018, when completely recovered, they were placed together with WT and 
both batches were cultured in the same tank up to now. During the 13 months period mortality observed in CT was high (close 
to 85%) while mortality in WT was lower than 15%. Growth was also slightly faster in WT. Feeding intake ranged during the 
whole period between 3 and 26%, and feeding conversion rate estimated was close to 12.  At the end of October 2018 mean 
weight of population was 11 kg.  
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USING OYSTER CULTURE FOR COASTAL RESILIENCE INFRASTRUCTURE:  A BUSINESS 
MODEL APPROACH

Tyler R. Ortego*, Robert L. Beine, Matthew D. Campbell, Steven G. Hall

ORA Technologies, LLC
2601 N. Hullen St. Suite 135
Metairie, LA 70002
Tyler@oratechnologies.com

Oyster aren’t just delicious. The  calcium carbonate shells of billions of oysters represent a significant source of biogenic 
building material. 

Rising sea levels, coastal storms, and coastal population growth are increasing pressure on infrastructure and the environment. 
Increased project funding alone is not enough to close the gap on coastal infrastructure needs. Increased regulation on coastal 
development activity is directing coastal managers and private developers to implement solutions that “work with nature”. 
Large insurance agencies, such as AIG, are investigating strategies to decrease risks through natural infrastructure. Nonprofit 
organizations are developing large-scale coastal protection plans using natural infrastructure and impact investments. There is 
a need for cost effective ecologically engineered restorative coastal protection infrastructure.

By growing reefs onto modular 3D scaffolds, we can substantially increase cost efficiency and efficacy of created reefs as 
natural infrastructure. Much like a sustainable forester plants seedlings on rotating plots of land and selectively harvests at 
the right time, we propose to plant modular three dimensional scaffolds in prime oyster growing waters and nurture until 
generations of oyster growth create living building blocks. After the grow-out period, the living building blocks would be 
transported and installed into a final design configuration. The biogenic component provides the necessary structural integrity 
and mass to satisfy engineering criteria for each specific end project. Proposed uses for these building blocks include living 
shorelines, barrier reefs, brood stock sanctuaries and preparation for large scale hydrologic modifications such as Louisiana’s 
planned sediment diversions.

ORA Technologies is developing pilot installations to test the fundamental hypotheses of this model.  Because this model is 
based on growing the building blocks in the most productive oyster growing waters, partnership with oyster growers is essential 
and ongoing, making this a significant aquaculture as well as infrastructural venture.  

In this presentation, ORA Technologies will present conceptual models for integrating oyster production with infrastructure 
development, as well as sharing early insights from pilot installations and previous work.  
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COMPARATIVE NUTRITIONAL EVALUATION OF PROCESSED SOYBEAN MEAL 
(ENZOMEAL) vs COMMERCIAL SOYBEAN MEAL IN NILE TILAPIA

Jose Ortiz*, Seunghan Lee, Brian C. Small, Ramanathan S. Lalgudi, Barry McGraw, and Vikas Kumar

Aquaculture Research Institute, Hagerman Fish Culture Experiment Station, Hagerman, University of 
Idaho, ID 83332, USA
orti2440@vandals.uidaho.edu

Commercial diets used in the aquaculture currently contain marine fishmeal (FM), which has a favorable nutrient profile and 
palatability, to meet fish nutritional requirements. However, there is an increasing strain on FM usage in aquafeeds due to the 
rapid growth of aquaculture and resulting demand for essential amino acids and marine-derived fatty acids Over the past few 
decades, a wide variety of plant ingredients have been evaluated as potential alternative protein sources (i.e. soybean, lupin seed, 
rapeseed, cottonseed, carob seed, sunflower seed, pea seed, etc). Compared to other plant sources, conventional soybean meal 
(CSBM) is one of the most promising alternatives because of its availability, reasonable price, high digestibility, and amino acid 
profile. Nevertheless, CSBM also has anti-nutritional factors (ANFs) that may reduce the nutritive value of fish feeds. Hence, 
there is a need to improve the nutrient profile and availability of CSBM. Recently, we have developed a new technology to 
reduce the anti-nutritional factors and enhance the protein content of CSBM without compromising the nutritional value. This 
product is referred to as processed soybean meal or EnzoMealTM. EnzoMeal is free from many ANF, such as trypsin inhibitors, 
lectin and oligosaccharides (100% removed), reduced in phytic acid (78% decreased), and decreased in total carbohydrate 
content (31%), as well as enhanced in protein content (22%) without altering the amino acid composition. The overall aim of 
our proposed project was to evaluate the nutritional value of EnzoMeal vs CSBM in Nile tilapia (Orechromis niloticus).

Three practical diets (isonitrogenous: 38% crude protein, isolipidic: 9% lipid and isoenergetic: 450 kcal/100g) were formulated. 
The control diet contains 12% FM and the two treatment diets wherein 50% FM was replaced by either CSBM or EnzoMeal. 
Feeding trial was conducted in a re-circulating aquaculture system (RAS). At the beginning of the feeding trial, juvenile tilapia 
(9 g, mean initial weight) was stocked in an indoor recirculating system comprised of 9 tanks (25-L each) at a stocking rate of 
15 fish per tank. Three tanks were randomly assigned to each experimental diet. Fish was hand-fed to apparent satiation with 
their respective diet three-times daily for 9 weeks.

Results from this study reveals that EnzoMeal based fed group exhibited higher growth performance than FM (control) and 
CSBM fed groups. Feed intake and feed utilization parameters did not differ significantly among the groups. Dietary treatments 
did not affect significantly the activity of trypsin enzyme in the proximal intestine of fish. Data for proximate composition 
and amino acids profile of whole body, gut and liver histology, and short chain fatty acids of the digesta will be presented in 
the poster. Overall, this study suggests that there is potential for more than 50% replacement of fishmeal with an alternative, 
sustainable, plant protein such as processed soybean meal (EnzoMeal) for Nile tilapia feed.
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BIOLOGICAL AND ECONOMIC PERFORMANCE OF L. vannamei IN COMMERICAL RAS 
IN CHINA

Anthony C. Ostrowski*, York Wong, Vincent Feng

Sino Agro Food, Inc.
Block A China Shine Plaza No.9
Linhexi Road, Tianhe district
Guangzhou, China, PRC  510610
tony.ostrowski@sinoagrofood.com

A preliminary series of replicated trials was conducted to determine the feasibility of Pacific white shrimp (Litopenaeus 
vannamei) culture in commercial-scale recirculating aquaculture system (RAS) tanks in Zhongshon, China, PRC. The nursery 
phase (PL-10 to 1 g) was conducted in a 2 x 50 m3 tank RAS unit (6 x 6 x 2 m) sharing the same water source recirculated 
through a central, baffled horizontal chamber. Separated sections within the chamber contained in series, a mechanical filter, 
biofilters, charcoal, coral, and UV light. Harvested juveniles were then stocked into either triplicate, 2 x 50 m3 tank RAS 
units or a 2 x 150 m3 tank RAS unit (12 x 12 x 3 m) for growout to 5 g or 18 g, respectively. In the former case, harvested 5 g 
animals were transferred into a separate 2 x 150 m3 RAS unit for final growout to 18 g.  Each RAS unit used for growout had 
its own separate drum filter. This experimental design was repeated in time with a separate batch of juveniles.  In-tank water 
quality, total suspended solids, and qualitative and quantitative bacterial populations were monitored and controlled. The trials 
also tested the usefulness of refuges to increase tank surface area and respite areas for the shrimp on growth, survival, and 
feed conversion ratio. Resulting data was used to calculate gross production costs of a 9,000 m2, 36-unit indoor RAS building, 
currently in operation. Video of operation of the indoor RAS will also be presented.
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EFFECT OF HYPOXIA DURATION ON BLOOD CHEMISTRY OF CHANNEL CATFISH 

Brian Ott*, Les Torrans, and Peter Allen

USDA-ARS Warmwater Aquaculture Research Unit
Thad Cochran National Warmwater Aquaculture Center
Stoneville, MS 38776 USA
Brian.Ott@ars.usda.gov

Catfish raised in earthen ponds can experience widely fluctuating dissolved oxygen (DO) regimes over the course of a day 
or week, depending on the health of the phytoplankton population.  Typically, the DO concentration rises and falls with 
photosynthetic activity, with the minimum DO concentration being regulated by supplemental mechanical aeration.  However, 
little is known about the effects of hypoxia duration on blood chemistry in channel catfish, therefore we examined the change 
in blood chemistry of varying hypoxic regimes over different durations.  Dissolved oxygen concentration was maintained in 
control aquaria at 95% saturation and hypoxic tanks were maintained at 95% saturation and dropped to 20% saturation for either 
short-term or chronic static conditions (12 or 120 hours or diel cyclical conditions (12 hours hypoxic/12 hours normoxic for 
120 hours).  During all hypoxic events venous PO2 was significantly lower and hematocrit significantly higher, whereas blood 
pH and hemoglobin concentration were largely unchanged.  Blood osmolality and sodium concentration were significantly 
lower during periods of hypoxia; suggesting the change in osmolality was largely driven by sodium concentration.  Glucose 
concentration was initially higher but later stabilized to control levels for both the chronic and cyclical hypoxia regimes.  The 
data indicates PO2 and hematocrit are unlikely to recover during long-term periods of hypoxia, whereas glucose stabilizes with 
enough time.  However, in the cyclical treatment, both PO2 and hematocrit rapidly returned to baseline levels during the daily 
periods of normoxia.
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ESSENTIAL EVIDENCE FOR FOOD SAFETY IN AQUACULTURE PRODUCTS

Steve Otwell*, Michael H. Schwarz, Michael L. Jahncke and Brett Koonse 

FL Sea Grant Program
University of Florida, Gainesville, FL 
otwell@ufl.edu

Currently over half of all seafood consumed in the United States is farm raised and most biological and economic evidence 
indicates the future supply of our nation’s seafood will remain dependent on farm-raised products. Fortunately, based on 
seafood-related illnesses documented by CDC, the increasing consumption of aquaculture products appears to be providing 
safer choices, yet ample publicity and consumer perceptions continue to question the safety of these new aquaculture sources.  
Evidence for food safety will remain an essential obligation for all aquaculture production and commerce. 

In response, the Seafood HACCP Alliance based in the Association of Food and Drug Officials (SHA/AFDO) has recently 
developed new training programs to help direct use of appropriate controls to prevent likely food safety hazards. The training 
features preventative controls at the critical control points CCP’s) for product ‘receiving’ that link farming and processing 
operations.

There are numerous layers of controls to prevent potential food safety problems that are reasonably likely to occur during both 
farming and routine processing operations. Evidence for the use of appropriate controls is most often the responsibility of the 
processor. This situation can be complicated by variations in farmed production of different species and in different areas, use 
of integrated and non-intergraded farms, identity for lot source and consolidations, and the multitude of entities involved in 
product collection and delivery (i.e., individual farms, suppliers, brokers, agents, and importers). The primary problem often 
involves consolidation for product volume across a multitude of different farming operations. 

Continued reliance on analytical testing to hopefully ‘catch’ potential food safety problems after farmed production or in final 
processed products is not cost-effective and does not advance more responsible practices. The situation calls for use of more 
preventative measures during farming and processing. Four optional control strategies are outlined with illustrated models for 
– Supplier Guarantees, On-Farm Visits, 3rd Party Certifications, or Drug Use Records, plus combinations of the four strategies. 
All strategies favor some form a pre-farm surveillance or approval that can be subject to verifications at receiving. Appropriate 
training and surveillance should involve talent and operations working with regional authorities and/or ‘recognized’ expertise 
that would not be compromised by possible conflicts of interests.
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CRACKING THE SHELL: AN INVESTIGATION OF BIOMINERALIZATION IN THE OYSTER 
Crassostrea virginica 

Alyssa Outhwaite*, Douglas C. Hansen, and Karolyn M. Hansen

Department of Biology
University of Dayton
300 College Park, Dayton, OH 45469
outhwaitea1@udayton.edu

Biomineralization is a natural phenomenon in which living organisms produce minerals that are components natural ceramics, 
such as bone or shell. The process is widespread across almost all the major phyla, serving various functions in the form of 
protection, motility, and even digestion. Given the ubiquitous and varied nature of biomineralization, it poses a challenging task 
to understand how the process occurs. 

The bivalve mollusc, Crassostrea virginica, was used as a model organism, as they use biomineralization to create and maintain 
one of the most important aspects of their existence, shell. Given the fundamental role shell plays, it is important to understand 
how shell formation occurs. Older models of formation suggest a bulk secretion of materials into the extrapallial space; 
however, this model fails to fully explain how materials are transported to the site of accretion. The current research focuses on 
the potential role of hemocytes, oyster blood cells, in acting as transport vectors for mineral and organic components. A protein 
biomarker, the amino acid L-3,4-dihydroxyphenylalanine (L-DOPA), is unique to some proteins involved in insoluble organic 
matrix formation. Tracking the location and temporal occurrence of L-DOPA-containing proteins will provide insight on how 
materials are transported for shell formation. 

Three notch-repair studies were conducted to assess short (36 hours), mid (7 days), and long (8 weeks) term changes in 
materials transport. Selected oyster compartments of hemolymph, hemocytes, mantle tissue, and nascent shell were sampled at 
various time points to determine the spatial and temporal occurrence of the L-DOPA biomarker. 

Results show a consistent increase of L-DOPA containing proteins in hemolymph from 0 hours to 7 days in the mid-length 
study (Figure 1). Preliminary analysis of hemocytes shows a decrease in L-DOPA over time. Together these results suggest 
hemocytes may be acting as transport vesicles to deliver materials to the shell formation front. 
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IMMUNOLOGICAL AND STRESS RESPONSES OF SELECTED AND UN-SELECTED 
RAINBOW TROUT REARED ON A PLANT PROTEIN FEED

Ken Overturf

ken.overturf@ars.usda.gov

Even though fish meal and fish oil have proven to be ideal protein and oil sources for aquaculture, as production continues to 
grow, the scarcity of these fish-derived products makes them less than ideal as protein and oil sources in aquaculture feeds. The 
use of plant proteins and oils are seen as economical and sustainable replacements. However, intestinal inflammation and other 
symptoms are known to occur when carnivorous fish species are fed feeds with partial or complete fishmeal replacement using 
certain plant-based protein sources. To decipher the immunological and stress responses in these species, we fed a domesticated 
stock of rainbow trout (CL), and a strain of rainbow trout that has been selected to utilize soy-based feeds without developing 
enteritis (SEL), either a fishmeal or plant-based feed for 7 months. Significant differences were found for weight gain between 
the groups. Samples of gill, spleen, kidney, intestine and liver were taken at 3 and 7 months of feeding for RNA isolation and 
gene expression analysis. Obtained samples were analyzed for the expression of genes involved in either the cellular or humoral 
immune response and stress response. 
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USING A GENETICALLY SELECTED TROUT MODEL TO INVESTIGATE PHYSIOLOGICAL 
MECHANISMS FOR GROWTH AND NUTRIENT UTILIZATION

Ken Overturf

ken.overturf@ars.usda.gov

Even though fish meal and fish oil have proven to be ideal protein and oil sources for aquaculture, as production continues 
to grow the paucity of these fish derived products makes them less than ideal as protein and oil sources in aquaculture feeds. 
Through genetic selection we have generated a strain of rainbow trout that grows well on an all plant-based diet containing high 
levels of soy protein. Utilizing our unique strain of selected rainbow trout, we have been able to distinguish differences in the 
physiology of non-selected trout versus selected trout when fed soy-based plant feeds with and without fish oil. Most discernible 
is the development of intestinal enteritis in non-selected fish reared on these high soy feeds. Evaluation of transcriptomic, 
proteomic, histologic, and microbiota data generated from dietary comparative studies between selected and non-selected 
strains reveals distinct changes related to nutrient utilization and metabolism. These changes are also reflective in microbiota 
colonization throughout the entire intestine. Correlative changes in gene and protein expression reveal some of the underlying 
regulation related to the phenotypic changes. 
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ELECTROLYZED WATER APPLICATION FOR AQUACULTURE AND SEAFOOD POST-
HARVEST SANITATION 

Reza Ovissipour1*, Setareh Shiroodi1, Barbara Rasco2, Gleyn Bledsoe2

1 Seafood AREC/Department of Food Science and Technology, Virginia Polytechnic Institute and State 
University, Hampton, VA 23669 
2 School of Food Science, Washington State University, Pullman, WA 99164

Seafood industry is a rapidly growing industry which has doubled during the last ten years with 171 million tons production in 
2016. According to the EU Rapid Alert System for Food and Feed (RASFF), seafood is second only to vegetables in the number 
of food safety alerts activated between 2009 and 2012. In addition, foodborne bacterial outbreaks due to the consumption of 
contaminated shellfish may impose significant health and economical threats. Seafood products are very perishable and the 
final product quality is highly dependent on how the raw materials have been handled. Many off-shore fisheries are conducted 
in warm and tropical environment where high ambient water and air temperature can accelerate bacterial growth and decrease 
the quality significantly. The current practices are to use chilled seawater, ice or to chill or freeze fish on-board but these are 
not kill steps for bacteria. Further, cross-contamination from workers to water, and fish, or from fish to fish, or equipment to 
fish is a problem. Poor sanitation of seafood contact surfaces and equipment can also significantly enhance the risk of cross-
contamination of food products with pathogenic and spoilage microbes. This challenge is also highlighted by the fact that 
seafood muscle is sterile upon harvesting and is then contaminated by human handling, slaughtering, and cutting equipment 
and water resulting in high bacterial load of up to 106 CFU/g. The key technical challenges in sanitation of seafood and seafood 
contact surfaces are the limited efficacy of sanitizers such as chlorine in the presence of organic materials, and the formation 
of biofilms. Hence, due to the unmet needs, the main goal of this study was developing easy-to-use and low-cost sanitizing 
technology for equipment, the processing environment, water, and the seafood itself. 

Different electrolyzed water solutions (acidic and neutral) at different temperatures were applied against several pathogenic 
bacteria in seafood products including cold-smoked salmon, fresh and pasteurized salmon, fish roe, and live shellfish. Neutral 
electrolyzed water had strong antimicrobial properties compared to acidic electrolyzed water, and overall, electrolyzed water 
significantly reduced the number of bacteria in seafood products as well as live shellfish without affecting quality. The impact 
of electrolyzed water solutions on meat quality was studied using vibrational spectroscopy and chemometric and the results 
showed that neutral electrolyzed water had minimum impact on protein structure of seafood products compared to acidic 
electrolyzed water         
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HIGH PRESSURE PASTEURIZATION OF WHITE STURGEON Acipenser transmontanus 
CAVIAR  

Reza Ovissipour*, Cuong Huu Nguyen, Nitin Nitin
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Caviars are ready to eat seafood products which refrigeration is currently the only method to preserve and extend the shelf life. 
The international market demand for pasteurized caviar is increasing significantly, particularly, cruise and airline industries.  
However, caviar is heat labile which makes it difficult to use thermal processing for pasteurization. Non-thermal processing and 
novel approaches such as natural antimicrobial compounds provide possible alternative to the conventional thermal processing. 
The objective of this study was investigating the effect of high pressure processing alone and in combination with a natural 
antimicrobial compound, on Listeria innocua reduction in White sturgeon caviar. 

An overnight cell suspension (1mL) of approximately 108 CFU/ml of Rifampicin resistant L. innocua in either deionized water 
or 10mM Gallic acid was added to one gram of caviar and incubated for two min. After that, the treatment solutions were discard 
and caviar samples were transfer to 0.5 Eppendorf tubes, wrapped with paraffin film and vacuum packed prior to High Pressure 
treatment. An Avure 2L High Pressure Laboratory Food Processing system was used to treat caviar sample. This system was 
designed with an integrated temperature controlling unit to maintain the ambient temperature during the process. DI water was 
used as pressure transferring medium. After being vacuum packed, caviar sample were subjected to three different pressure 
levels including 300, 350 and 400 MPa in three cycles, five minutes each cycle. The treatment temperature was keep at room 
temperature. Log survival of bacteria was assessed by the standard plate counting method, where treated bacterial samples were 
serially diluted in Phosphate-Buffered Saline (PBS) followed by overnight cultivation in Tryptic Soy Agar (TSA).

The results (Fig. 1) showed 1.2, 2.7, and 6 log reduction for DI treated samples exposed to 300, 350 and 400 MPa, respectively, 
and 1.2, 3.22, and 6 log reduction for Gallic acid treated samples treated with 300, 350 and 400 MPa, respectively. 
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Marine finfish aquaculture often suffers from mortality, diseases, malformation and low yield in larviculture stages, often due 
to the negative interactions between fish and opportunistic bacteria in the environment and live feed. It has been demonstrated 
that stable microbial environments, depends on the ratio of slow-growing k-selected microbiota to rapid-growing r-selected 
bacteria, which at higher ratio, the stable environment can improve the growth and survival of marine fish larvae. Production 
systems with unstable r-selected microbiota are more susceptible to pathogenic bacterial growth, while, in stable microbiota 
environments, the health of animals is promoted. In rearing conditions, microbes are introduced by feed, water and fish. The 
bacterial population also depends on the available organic materials in the system. Due to the slow microbial maturation in 
rearing conditions, more pathogenic bacteria such as Vibrio spp. could be observed in the system. Hence, understanding the 
host-microbe interactions can decrease disease outbreaks, need for chemotherapeutants, and increase overall productivity.       

Copepods are increasingly important live feed in marine fish larviculture, adding to the list of potential bacterial vectors. 
Copepods play an important role in microbial loops due to their feeding habits, releasing of organic materials, and their chitin-
based exoskeleton, providing an ideal substrate for bacterial accumulation and growth. Copepods can be colonized by bacteria, 
especially around oral, anal, intersegmental parts, and the intestine. Some research has been conducted on copepod microbial 
loading. However, as an emerging live feed in larviculture applications, there remains an unmet need to further understanding 
the microbial community dynamics during copepod mass production, which can affect copepod production, and fish larvae 
performance. 

This study aimed to investigate and understand the bacterial population changes in response to different copepod (Apocyclops 
panamensis) production protocols. The impact of different copepod production protocols, on copepod and water microbial 
changes was studied during the copepod production period. Bacterial samples were collected from external parts of adult 
copepods, as well as the intestine. In addition, the interaction between bacteria in water, and copepods was determined by 
analyzing the microbiome of the culture water. Since the copepod nauplii is the target live feed for marine larviculture, the 
microbiome of nauplii was also evaluated. For all of the tests, 16 S RNA analysis was applied.  
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MONITORING DRUG RESIDUES AND HEAVY METALS CONTAMINANTS IN RETAIL 
CATFISH FILLETS 

Gulnihal Ozbay and Balaji Kubandra Babu

Delaware State University, 1200 North DuPont Highway, Dover, DE 19901 USA

Catfish is one of the most relished seafood products in the U.S. Catfish production continues to dominate the domestic 
aquaculture industry, representing the eight most consumed aquatic species with just over 255 grams per person in 2013. 
However, domestically produced frozen catfish fillet products made up to 20% of the entire quantity sold in the U. S. in 2013 
and 2014 while other 80% were imported. In this study our primary objective was to sample domestic and imported catfish 
products from retail establishments in NY, PA, DE, MD, and VA to provide baseline data on the incidence and prevalence of 
heavy metal contamination the drug residues.

A total of 362 domestic and imported catfish samples collected from various retail markets in the Northeastern region of the 
United States were tested for the presence of chloramphenicol (CAP), malachite green (MG) / gentian violet (GV), arsenic (As), 
cadmium (Cd), lead (Pb) and mercury (Hg). The testing was conducted as per the guidelines and protocol set forth by United 
States Department of Agriculture Food Safety Inspection Service Chemical Laboratory Guide (CLG). Of 362 catfish samples, 
eleven samples (3.04%) tested presumptive positive for the veterinary drug residue chloramphenicol (CAP). Eighty catfish 
samples (22.10%) were found to be presumptive positive for the presence of malachite green (MG) and gentian violet (GV). 
Table 1 show the number of catfish samples and percent samples tested positive for veterinary drug residues. A total of forty-
nine (13.53%) catfish samples were found to have detectable levels of heavy metals. No catfish sample had detectable levels 
of arsenic (As). Only one catfish sample (0.27%) had a detectable level of mercury (Hg). Forty-four (12.15%) samples had 
detectable levels of cadmium (Cd). Four catfish samples (1.10%) had detectable levels of lead (Pb). Table 2 shows the number 
of catfish samples, range of heavy metals, percent samples with heavy metals. The levels of these chemical contaminants in 
some fish samples were much higher than the daily permissible intake (DPI) levels. It is imperative to continue testing of both 
domestic and imported catfish to ensure safety of American customers. 
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EVALUATING THE CARBONATE PRODUCTION OF Crassostrea virginica IN THE MISSISSIPPI 
SOUND 

Sara M. Pace*, Eric N. Powell, Kelsey M. Kuykendall, and Jeremy R. Timbs
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The University of Southern Mississippi
Ocean Springs, MS 39564
sara.pace@usm.edu

The eastern oyster, Crassostrea virginica, supports a valuable fishery in the Gulf of Mexico and is a crucial structural component 
in the estuarine environment. The reefs that oysters build are a primary source of calcium carbonate in most estuaries, and the 
habitat complexity provided by these reefs supports a diversity of estuarine life. The available surface area of shell on an 
oyster reef is important for population maintenance, as shell provides habitat for the settlement of new recruits. Evaluations of 
carbonate production depends on shell weight estimates from population size-frequency and mortality estimates, but studies 
suggest that carbonate production as a function of oyster size is significantly different across reefs in the Gulf of Mexico. In this 
study, the shell height-to-weight relationship was developed for 6 reefs in the Mississippi Sound and compared between reefs. 
This relationship was also compared between years at each reef to determine whether variation exists over time. Differences in 
the shell height-to-weight relationships were then evaluated to estimate the available surface area on live animals, boxes, and 
cultch. This information was used to relate carbonate content to the surface area available for spat settlement, as well as the 
distribution of spat with respect to surface area for different shell types.
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REVERSE GENETICS REVEAL THE ROLE OF MUCOSAL C-TYPE LECTINS IN FOOD 
PARTICLE SELECTION IN THE OYSTER Crassostrea virginica

Emmanuelle Pales Espinosa* and Bassem Allam

School of Marine and Atmospheric Sciences
Stony Brook University
Stony Brook, NY 11794
Emmanuelle.Palesespinosa@stonybrook.edu

Prey selection governs species interactions and regulates physiological energetics of individuals and populations. Suspension-
feeding bivalves represent key species in coastal and estuarine systems for their ecological and economic value. These animals 
are able to sort and selectively ingest nutritious microalgae from dilute and composite mixtures of particulate matter. This 
aptitude was suggested to be mediated by interactions between carbohydrates associated with the surface of microalgae and 
C-type lectins present in mucus covering the feeding organs although a direct, unequivocal, role of lectins in food sorting in 
bivalves remains elusive. 

This study was designed to identify and characterize mucosal C-type lectins from oysters and manipulate the expression of 
these proteins in order to obtain decisive information regarding their involvement in food choice. Thus, 2 mucosal C-type 
lectins (CvML3912 and CvML3914) were identified based on transcriptomic and proteomic information. Transcripts of these 
lectins were detected in the feeding organs and their expression was upregulated following starvation. Recombinant lectin 
(rCvML3912) competitively inhibited the binding of commercial mannose/glucose-specific lectins to microalgae. Short 
DsiRNA targeting these two lectins were designed and used to evaluate the effect of gene silencing on food particle sorting. 

As a result, the abundance of the two cognate transcripts significantly decreased and food sorting ability was significantly 
reduced among silenced oysters as compared to control animals. 

Overall, these findings propose a novel concept establishing the role of carbohydrate-protein interactions to provide an efficient 
food particle sorting, and establish a new dimension for the role of evolutionarily-conserved mannose/glucose-binding proteins 
in the metazoan.
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CAUSING Vibrio parahaemolyticus ISOLATES FROM THE PHILIPPINES
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Vibrio parahaemolyticus is a well-documented pathogen of penaeid shrimp implicated in acute hepatopancreatic necrosis 
disease (AHPND). AHPND, which is characterized by the massive sloughing of hepatopancreas cells in shrimp, is an emerging 
disease that has dealt significant losses to the global shrimp aquaculture industry. Although the binary toxins PirA/PirB have 
been attributed as the causative agents of the disease, the presence or combination of certain virulence factors may play 
additional roles in the pathogenesis of V. parahaemolyticus in penaeid shrimp.
 
In this study, we compare the genome sequences of various AHPND strains, including those from Philippines, Mexico, Vietnam, 
China, and Thailand, to identify key virulence determinants. Understanding the nature of V. parahaemolyticus at the genomic 
level can help reveal potential targets for disease control and infection management.



811

LESSONS FROM THE APPLICATION OF GENOMIC SELECTION TO RAINBOW TROUT 
AQUACULTURE

Yniv Palti

National Center for Cool and Cold Water Aquaculture, USDA/ARS, Kearneysville, WV 25430, USA
yniv.palti@ars.usda.gov

Selective breeding programs to improve performance in economically important traits such as growth, disease resistance, 
slaughter traits and flesh quality are key to the success and sustainability of maturing aquaculture industries.  The rate of genetic 
progress per generation has traditionally been impaired for traits like disease resistance and fillet characteristics that cannot 
be measured directly in the selection candidates, as fish breeders have typically relied on phenotype records from siblings of 
the breeding candidates.  This has limited progress to family-based selection that does not exploit within family variation. 
Recent advances in molecular biology technologies coupled with sophisticated bioinformatics and statistical modeling have 
facilitated the use of molecular information in selective breeding programs to take advantage of within family variation and 
accelerate the rate of genetic gains.  The most widely used approaches in salmonids aquaculture are marker assisted selection 
and whole-genome enabled selection, or genomic selection in short.  The efficacy of genomic selection approaches to enhance 
genetic and economic gains is dependent upon the level of additive genetic variation and the genetic architecture of the trait 
in the specific breeding population.  In addition, factors that can impact the accuracy of genomic predictions include the size 
of the training population, the marker density of the genotyping panel, the effective population size, the effective number of 
chromosome segments and the degree of relationship between training and testing animals.  Examples from recent rainbow 
trout breeding research with nucleus populations from Troutlodge, Inc. and the USDA/ARS National Center for Cool and Cold 
Water Aquaculture will be presented, and a systematic research approach that is based on those empirical examples will be 
described and discussed.
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IMPACT OF HIGH-PRESSURE PROCESSING (HPP) AND SOUS VIDE PROCESSING 
COMBINATION ON SENSORIAL AND TEXTURE PROPERTIES OF FRESH WHITELEG 
SHRIMP Litopenaeus setiferus

Tianyu Pan*, Imran Ahmad

Food, Agriculture and Biotechnology Innovation Lab
Florida International University, North Miami, 33181, FL, USA
bellleuang@gmail.com 

Consumers have a growing preference for convenient, fresh, healthy and safe seafood products with natural flavor, color, taste, 
and extended shelf life. In conventional culinary techniques, seafood safety is ensured by exposing raw foods to high heat, 
which also destroys the natural mouthfeel. High-Pressure Processing (HPP) is an emerging technique that has been proved 
effective in inactivating most microorganisms including vibrio pathogen, commonly found in shellfish and shrimps in general. 
Similarly, the sous vide processing technique has been applied to preserve the natural flavor of foods due to minimal and 
uniform heating. However, there is a need to optimize the effect of HPP, and sous vide processing combination on sensorial 
and textural properties of fresh whiteleg shrimp. The focus of the current study is to figure out the optimum pressure level to 
protect shrimps from over-processing without compromising on the consumer eating experience. Raw shrimps were purchased 
from a local vendor in South Florida, and cleaned with chlorinated water. Whole shrimp samples were first vacuum packed in 
polyethylene bags and then subjected to HPP for 3 min at 0, 300, 350, 400MPa. The packed samples were pasteurized in a water 
bath at 65 °C for 15 minutes. Cooked samples were presented to panelists for sensory evaluation (n=28) to rank on a hedonic 
scale of preferences (1-9) and Just About Right (JAR) scale. A Texture Analyzer was used to determine textural attributes of 
cooked shrimps (n=12) to construct a Texture Analysis Profile (TPA). 

It was found that samples treated with mild HPP (300-350MPa) 
were preferred in terms of elasticity of shrimps by panelists 
as compared to control and at 400MPa (P≥0.05). Similarly, 
the TPA yielded a declining trend in terms of Hardness (g) as 
the HPP increased but samples appeared tougher when HPP 
was increased to 400MPa (P≥0.05) (Fig. 1). A relatively high 
correlation between instrumental Hardness (g) and panelists’ 
score for elasticity was found (r=-0.62). The Hardness (g) and 
‘Easy to peel’ attribute was highly negatively correlated with 
each other (r=-0.94). Finally, the results support the assumption 
that subjects in this study prefer fresh whiteleg shrimps at HPP 
range of 300MPa and HPP 350MPa. For most of the sensorial 
parameters, the consumers could not find any notable difference 
among control and HPP treated samples confirming that mild 
HPP may be beneficial to promote seafood trade. (Table 1)
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DESIGN AND DEVELOPMENT OF A DRYING SYSTEM FOR SEAWEEDS
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Sun drying of fresh seaweeds is still the common practice of drying seaweeds in the Philippines. In the absence of solar heat, air 
drying is done if a space like shed is available. It usually takes around 3 to 5 days that sometimes takes up to 7 days of drying 
depending on the weather to reach the desired moisture content (MC) of 38-40% which buyers prefer. It is a labor intensive 
activity since the seaweeds must not be exposed to rains (quality of seaweeds diminishes when exposed to rain). This is the 
reason why seaweeds are hauled back and forth from the drying area to the storage area until the desired MC is reached. Due 
to the longer drying time needed, sometimes farmers sell their seaweeds even if the MC is still high in order to have immediate 
cash. However, the selling price is much cheaper thus the loss of potential income for the farmers. To answer the need for a 
faster and more efficient drying of seaweeds, a drying system for seaweeds was designed and constructed in three (3) project 
sites which can accommodate and dry around 2 tons of fresh seaweeds in a single batch. Two dryer models were developed for 
the drying system categorized as either a floating-type or permanent-type dryer. The advantage of using the drying system is 
that the seaweeds being dried will not be exposed to sudden downpours that can damage the seaweeds and it can likewise be 
utilized for air drying.  The mobility of the floating-type dryer is an advantage especially for seaweed farms located far from 
the community. Reduction in hauling time is achieved since, instead of hauling fresh seaweeds from production site to shore 
where traditional drying is undertaken, dried seaweeds is now transported. The permanent-type dryer on the other hand which 
is equipped with sturdier foundation posts constructed near the shore provides easy access for the farmers. 

The traditional or existing drying practices of the seaweed farmers in different seaweed growing areas of the Philippines as well 
as in neighboring country like Malaysia were observed and documented. Based from the information gathered, an appropriate 
drying system for seaweeds was designed and developed which was proven suitable for farmers in coastal areas. Based from 
the financial analysis conducted, it was found out that the use of the drying system was profitable and will give seaweed farmers 
additional income due to the better quality of raw dried seaweeds produced. With the availability of the drying system, seaweed 
farmers will be able to plant all year round without hesitation since they can now dry their harvest even during cloudy or rainy 
days. Furthermore, with the development of the drying system, it is expected that the production volume of raw dried seaweeds 
will increase and answer the volume requirement of carrageenan processors in the country which up to now are importing from 
neighboring countries like Indonesia and Malaysia just to meet their needs.



814

NATIONAL SUBSYSTEM FOR AQUATIC GENETIC RESOURCES OF MEXICO: ADVANCES 
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cpaniagu@cicese.mx

Conservation of genetic resources for food secuirity has been of great importance world wide. Mexico is one of the most 
biodiverse countries in the world and the need to conserve genetic resources is critical.  Thus, the National System for Genetic 
Resources was developed in 2009.  To address conservation of aquatic genetic resources, the National Subsystem for Aquatic 
Genetic Resources (SUBNARGENA) was created by the Mexican government through the General Direction of Technology 
Transfer and Development of the Secretary of Agriculture, Livestock, Rural Development, Fishery and Food (SAGARPA) and 
the National Institute of Fishery (INAPESCA).

The objective of SUBNARGENA is to conserve and characterize aquatic organisms considered priority for Mexico due to its 
biologycal or commercial value. Consecuently, three germplasm banks were established to develop investigations for short- and 
long-term conservation such as: (1) preservation of genetic pools of different populations, (2) enrichment of genetic diversity of 
cultured species, (3) establishment of a source of genetic material for ex situ reproduction, and (4) support of programs focused 
on reproduction and stocking for sustained production.

Up to date, SUBNARGENA has developed research on cryopreservation and genetic characterization of several important 
species such as red, green, pink and black abalone, Pacific oyster, California flounder, sablefish, rainbow trout var. nelsoni, 
totoaba, shortfin silverside, common snook, tropical gar, white shrimp, yellowtail amberjack, among others. Sample collection 
has focused on sperm, embryos, eggs or germinal cells (Figure 1). 
 
Advances and perspectives of SUBNARGENA will be discussed at the meeting.
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Sun drying of fresh seaweeds is still the common practice of drying seaweeds in the Philippines. In the absence of solar heat, air 
drying is done if a space like shed is available. It usually takes around 3 to 5 days that sometimes takes up to 7 days of drying 
depending on the weather to reach the desired moisture content (MC) of 38-40% which buyers prefer. It is a labor intensive 
activity since the seaweeds must not be exposed to rains (quality of seaweeds diminishes when exposed to rain). This is the 
reason why seaweeds are hauled back and forth from the drying area to the storage area until the desired MC is reached. Due 
to the longer drying time needed, sometimes farmers sell their seaweeds even if the MC is still high in order to have immediate 
cash. However, the selling price is much cheaper thus the loss of potential income for the farmers. To answer the need for a 
faster and more efficient drying of seaweeds, a drying system for seaweeds was designed and constructed in three (3) project 
sites which can accommodate and dry around 2 tons of fresh seaweeds in a single batch. Two dryer models were developed for 
the drying system categorized as either a floating-type or permanent-type dryer. The advantage of using the drying system is 
that the seaweeds being dried will not be exposed to sudden downpours that can damage the seaweeds and it can likewise be 
utilized for air drying.  The mobility of the floating-type dryer is an advantage especially for seaweed farms located far from 
the community. Reduction in hauling time is achieved since, instead of hauling fresh seaweeds from production site to shore 
where traditional drying is undertaken, dried seaweeds is now transported. The permanent-type dryer on the other hand which 
is equipped with sturdier foundation posts constructed near the shore provides easy access for the farmers. 

The traditional or existing drying practices of the seaweed farmers in different seaweed growing areas of the Philippines as well 
as in neighboring country like Malaysia were observed and documented. Based from the information gathered, an appropriate 
drying system for seaweeds was designed and developed which was proven suitable for farmers in coastal areas. Based from 
the financial analysis conducted, it was found out that the use of the drying system was profitable and will give seaweed farmers 
additional income due to the better quality of raw dried seaweeds produced. With the availability of the drying system, seaweed 
farmers will be able to plant all year round without hesitation since they can now dry their harvest even during cloudy or rainy 
days. Furthermore, with the development of the drying system, it is expected that the production volume of raw dried seaweeds 
will increase and answer the volume requirement of carrageenan processors in the country which up to now are importing from 
neighboring countries like Indonesia and Malaysia just to meet their needs.

CHARACTERIZATION AND IDENTIFICATION OF PRIMORDIAL GERM CELLS OF Totoaba 
macdonaldi
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Totoaba is an endemic and critically endangered species for Baja California with high economic potential.  Its fishery was 
banned in 1970s due to overexplotation, many efforts have been placed to recover natural populations. Therefore, different 
studies around this species have been developed. Cryopreservation of primordial germ cells (PGCs) could be an important 
aproach to enhance conservation efforts.  However, up to date, studies on PGCs in Totoaba are lacked. Thus, the objective of 
this work was to characterize and identify PGCs of Totoaba macdonaldi as the first step to conserve this genetic resource.

Fertilized eggs were obtainded from “Centro de Reproducción de Especies Marinas del Estado de Sonora” (CREMES) and 
samples of embryos from 1-cell-stage to hatching larvae stage were preserved to determine vasa expresion.  Also, samples 
were fixed in 4% paraformaldehyde for whole-mount immunofluorescence analysis.  To detect Vasa protein, Rabbit polyclonal 
anti-Vasa antibody DDX4/MVH-primordial germcell marker (Abcam, cambridge, MA, USA) was used according to Escuredo 
et al. 2018.  Reactions of qRT-PCR were performed with 1 ng of cDNA. Vasa expesion values were normalized to 18S gene 
expression values. Specificity of qRT-PCR was analyzed by DNA sequencing. Significant differences in gene expression levels 
were analysed by a one-way ANOVA.

Immunofluorescence analysis performed from 2-cell stage to 8-day after hatch (DAH) shows that Vasa protein is specific for 
PGCs. Results of qPCR showed that vasa expression was restricted to the embryonic and early larval development, highest 
values were observed in 2-cell and mid-blastula stage suggesting the maternal inheritance of vasa mRNA. These findings 
support the hypothesis of preformation in T. macdonaldi PGCs. The migration pattern of PGCs allow us to recommend the 
isolation and subsequent cryopreservation of these cells before 7 DAH when the embryonic and larval development is given 
at 21 °C.
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Shrimp is one of the most important aquatic productions in Mexico.  In 2017, 222,000 tons of shrimp were produced (valued 
between 1,500 and 1,700 millions USD).  From this production, 56.8% comes from aquaculture.  However, diseases have 
impacted negatively production. White spot syndrome virus (2010-2011) and early mortality syndrome (EMS, 2012-2013) 
caused devastating losses (∼100 millions USD) of production, genetic lines, facilities and job positions.  Therefore, conservation 
of genetic resources of cultured and wild shrimp are of great interest.

Techniques to transport spermatophores, evaluation of pathogen transfer in samples and ex situ conservation protocols were 
performed.  We found that spermatophores can be transported for ∼24 h at 14°C without losing viability. Shipment of cooled 
(∼14°C) Litopenaeus vannamei spermatophores represents a good alternative to avoid membrane cell damage that occurs when 
samples are held between 2 and 5° C.  No pathogenic bacteria were found in cryopreserved samples.  Strains were seawater 
borne and facultative aerobic bacteria from the genera Bacillus, Micrococcus, Paracoccus, Ruegeria and Staphylococcus.  Most 
of them were related with benefits to its host.  

Protocols for ex situ conservation give as result viable sperm that was used to fertilize mature females and nauplii was obtained.  
Also, devices to hold sperm mass for cryopreservation were designed.  These innovations are in patent processes. Conservation 
of eggs is more difficult than spermatophores.  However, new studies are in process to produce new protocols.
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Introduction
Carp aquaculture in Europe takes place mainly in Poland, the Czech Republic, Hungary, Ukraine, and Romania, and European 
production is currently about 60 000 tonnes per year1. Carp farming has a long tradition of over five centuries in Eastern Europe; 
cultivation is typically extensive and takes place in earthen ponds. Poland’s production is 20% of the total volume, and the 
country’s pond capacity will allow an increase of an additional 10%. In multi-pond systems, individuals reach a market size of 
1.5 - 2 kg in a three-year period—however, the production (kg per hectare per year) depends on water temperature, which can 
both influence growth rates and affect resistance to pathogens. Growth performance is best at water temperatures above 20ºC, 
therefore most carp farms are located in Southern Poland, where temperatures rise above 20ºC more than one hundred days 
per year, which is required to successfully accomplish the whole production cycle. Ambient water temperature also directly 
influences fish immune responses and pathogen replication, leading to the development of specific host–pathogen interactions 
and finally to manifestation of disease. The greatest threats face by carp farmers are spring viremia of carp virus (SVCV) and 
koi herpes virus (KHV), two economically important pathogens 2,3. 

(Continued on next page)
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Methodology
Based on the methodology developed by Thrush and Peeler, 20134, our study aimed to develop a mapping tool capable of 
assisting the farming sector by estimating water surface temperatures using available air temperature data as a predictor (Figure 
1).  GIS tools were employed to produce these maps, indicating the number of days per year where water temperature in ponds 
is above a specific threshold. These thresholds cover temperatures required for carp growth, and which condition disease 
expression caused by SVCV and KHV. The same methodology can also be replied to study the potential impacts of different 
pathogens in other farmed fish. Maps were developed using climate model data from Plymouth Marine Laboratory on complete 
land surface temperature (LST) values for Poland for three time periods: 1. Present: 2000-2019; 2. Mid-term: 2040-2059 and 
3. Long-term: 2080-2099,  which were converted to water surface temperature (WST) values using an algorithm: . Empirical 
data on water temperatures in ponds (provided by the Polish Academy of Science in Gołysz) were then used to calibrate this 
algorithm. The maps produced displayed the estimated number of days per year with WST above the established threshold 
under two Radiative Concentration Pathways (RCPs) adopted by the Intergovernmental Panel on Climate Change (IPCC), i.e. 
RCP 8.5 and RCP 4.5.

The temperature time series for various climate change scenarios were also used to drive the Farm Aquaculture Resource 
Management (FARM) Model, in order to examine direct effects of climate change on growth and environmental externalities.

These tools will be of use for carp farmers in Eastern Europe and elsewhere, and for industry in general, as well as for 
government stakeholders, to understand the direct and indirect effects of climate change on the triple bottom line of people, 
planet, and profit. 
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EFFECTS OF DIFFERENT FINANCING SCENARIOS ON MARYLAND OYSTER FARM 
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Matt Parker
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After modernizing its oyster aquaculture leasing laws in 2009, Maryland launched a unique aquaculture financing program 
with the assistance of the Maryland Agricultural and Resource Based Industries Development Corporation (MARBIDCO). 
This program features an interest only payment period followed by partial loan principle forgiveness and amortization of the 
remaining principle balance.  This approach can offer significant advantages to new operations that lack access to private funds, 
especially when compared to traditional financing options.  We first developed deterministic oyster farm financial models 
based on firm business plans. We then evaluated uncertainty in the deterministic estimates of net present value of cash flows by 
using Monte Carlo analysis. We developed probability distributions by interviewing oyster culture experts on key performance 
variables for bottom culture and water column culture farms of different sizes. Farms with MARBIDCO funding were also 
compared with farms financed with private funds and those obtained through traditional financing.   We will present results on 
overall farm profitability comparing MARBIDCO funding, traditional funding, and use of private funds over a 10 year period  
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MARYLAND OYSTER BUDGETS: CRITICAL INFORMATION FOR SHELLFISH PRODUCERS

Matthew Parker*, Carole Engle, Jonathan van Senten, and Donald Webster
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mparke11@umd.edu

Shellfish production has expanded rapidly in the United States with increasing demand for single oysters served raw on the 
half shell, as well as for traditional shucked meats. Applications for leases to grow oysters have increased in many states as 
individuals seek to develop shellfish farming businesses. Scientific advances in breeding and production techniques have led 
to expanded raw bar markets where retailers may offer animals from a number of different locations to customers. Thus, oyster 
farmers have more production and marketing options available than in previous years. Changes in the industry in recent decades 
have affected costs of production and marketing in a number of different ways, but there is little detailed guidance on the effects 
of these cost changes on important business fundamentals such as relative proportions of production and marketing costs, per-
unit costs, and economies of scale. Detailed, representative enterprise budgets for shellfish production provide an important 
foundation for Extension programming and support for the shellfish industry.

Maryland oyster producers were interviewed in 2018 using a panel approach to obtain current information on production and 
marketing costs for both traditional and container culture. Three different scales of production were analyzed for each culture 
system. A series of scenarios were further analyzed to examine overall economic effects of: 1) the use of diploid, triploid 
and disease-resistant larvae; 2) production of single oysters; and 3) direct sales to restaurants versus sales to wholesalers/
distributors. Sensitivity analyses were developed to examine the effects of changes in key prices, such as the price of shellfish 
products sold from the farm, the price of seed, and the cost of labor. This type of information is critical not just for those seeking 
to enter the shellfish farming business, but also for those considering modifying their operations to adjust to changing market 
and economic conditions. Thus, developing and maintaining current enterprise budgets for key aquaculture species is a critical 
aspect of effective Extension programs. 
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MODELED ESTIMATES OF NUTRIENT REDUCTION FROM OYSTER FARMS IN 
MARYLAND’S CHESAPEAKE BAY  

Matt Parker*, Suzanne B. Bricker, Joao G. Ferreira, Alhambra M. Cubillo

*University of Maryland Extension, Prince George’s County Office, Clinton, MD 20735
mparke11@umd.edu

Since 2009, Maryland’s (MD) oyster aquaculture industry has grown rapidly, due in part to state initiatives to boost industry 
growth. Cultivated oyster harvest has expanded from 3,300 bushels in 2012 to > 74,000 bushels in 2017.  During the same 
period, there has been increased interest in quantification and valuation of ecosystem services associated with oyster aquaculture, 
particularly those resulting from the removal of nutrients by the suspension feeding activity of Crassostrea virginica (Eastern 
oyster). Inclusion of oyster growers in nutrient credit trading programs is under discussion because of the demonstrated 
positive effects on water quality. In 2016, the Chesapeake Bay Program approved the use of harvested oyster tissue as a 
Best Management Practice (BMP) in the Chesapeake region. This modeling study estimated potential nitrogen (N) removal 
capability of oyster farms in MD (figure) using the Farm Aquaculture Resource Management (FARM) model calibrated to 
Chesapeake Bay. Economic value of the N removal was estimated using an avoided costs analysis that considered costs of 
wastewater treatment, urban and agricultural BMPs as reasonable representatives. This value could be paid to growers as 
compensation for the ecosystem service provided by oysters in a fully developed nutrient credit trading program.

Monthly water quality variables measured at each site from 2016 to 2018 were used as model inputs. The FARM model 
accounts for food conditions, shellfish physiology, and farming practices to estimate production potential and N removal by 
sequestration into tissue and shell, and includes components for both triploid and diploid oysters. Farm-scale N removal was 
estimated for water column leases using triploid oysters; diploid oyster spat-on-shell simulations were used for submerged land 
leases (figure). Most MD growers use diploid spat-on-shell but the use of triploid oysters is growing in the industry.

Preliminary results give a range of removals: 56-64 kg N acre-1 year-1 for triploid water column, and 254-477 kg N acre-1 year-1 

for diploid submerged farms. When acreage of individual farms are taken into account, total N removal at the farm-scale ranged 
from 314-1215 kg N year-1 for triploid, and 1778 – 1908 kg N year-1 diploid operations. The value of N removed at water 
column and submerged lease operations ranged from $4 - $425 x 103 year-1 and $25 - $668 x 103 year-1, respectively, based on 
alternative N removal method considered. These results confirm previous studies showing positive impacts of oysters on water 
quality.
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POLICY EFFECTS ON ECONOMIC VIABILITY OF OYSTER AQUACULTURE IN THE 
CHESAPEAKE BAY: WATER QUALITY TRADING, GROWTH CONSTRAINTS, AND 
TECHNOLOGY/RESEARCH INVESTMENTS

Matt Parker*, Matthew Weber, and Lisa Wainger 
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The shellfish aquaculture industry is growing worldwide and that growth is creating questions about the role of government in 
supporting and regulating the industry. In the Chesapeake Bay (US), oyster aquaculture is seen by many as a desirable approach 
to increasing local seafood supply and supporting local jobs that were lost when the wildcatch fishery contracted. As a result, 
the states that border the bay, Maryland and Virginia, have governments that promote the industry with a variety of approaches. 
We considered the case of Maryland that has encouraged growth of the oyster aquaculture industry with simplified permitting 
rules and low-interest loans and is considering adding other strategies. 

An issue that has received much attention is the role that nutrient credit trading might have on industry viability. The governments 
within the Chesapeake Bay watershed are working to reduce nitrogen and phosphorus inputs to surface waters, in order to 
achieve a legally required cap on nutrients that is needed to restore aquatic habitat. Maryland has recently approved nutrient 
trading regulations that could enable oyster aquaculture to receive payments for nutrient reductions. However, the details of 
such trading have not been finalized.

Nutrient credit trading is just one of many policies that may affect overall industry viability and individual profits. Other 
policies that we considered were government investments that could enhance or hinder growth in the industry. Those policies 
included research to increase efficiency of operations, regulations on area use conflicts (i.e., with other water activities), and 
technological investments that could enable market expansion or increase production efficiency.

We constructed an economic model to evaluate the effect of alternative policies on average firm profitability and overall 
industry size. We used data that had been developed in collaboration with business people and government agencies to 
represent costs, production functions, and value of production. We used the model to evaluate average profits and industry size 
to compare effects of alternative investments or policies on aquaculture industry in Maryland. Our results reveal the relative 
effect of alternative policies on the industry and can provide some evidence of how nutrient credit trading and other conditions 
contribute to or hinder industry growth.
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OYSTER MANAGEMENT AND RESTORATION EFFORTS IN APALACHICOLA BAY, 
FLORIDA

Melanie L. Parker*

Florida Fish and Wildlife Conservation Commission
Fish and Wildlife Research Institute
100 8th Avenue SE
St. Petersburg, FL, 33701
Melanie.Parker@MyFWC.com

Commercial oyster landings in Florida declined sharply in 2013 and have remained substantially lower than those recorded 
since 2000.  Most of that decline can be attributed to the collapse of the fishery in Apalachicola Bay.  From 2007 through 2011, 
the Apalachicola Bay fishery accounted for over 90 percent of the annual oyster harvest in Florida with average landings of 
2.5 million pounds; however, since that time landings have steadily decreased, reaching the lowest recorded values since 1985 
when only 0.27 million pounds were landed in 2017.  In response to this fishery failure, management has reduced daily bag 
limits and the number of days per week that fishing is allowed.  Current limits are 3 bags per person each day and fishing is 
allowed Monday through Thursday.

Several restoration efforts focused on shell cultching were initiated following the fishery collapse, but most have provided only 
short-term benefits and failed to increase sustainability of the fishery.  One of these restoration efforts is focused on identifying 
the most optimal and cost-effective shell cultching strategies for future restoration efforts.  To do this, fossilized shell was 
deployed in August 2015 at four different densities at each of three study sites in the bay.  Surveys to determine live oyster 
density and size structure at these sites are conducted quarterly.  There was a highly successful recruitment event in the months 
immediately following deployment of the cultch.  By October 2015, mean numbers of settled spat ranged from approximately 
1500 to 3800 per square meter.  Unfortunately, survivorship of the settled oysters has been poor with very few reaching 50 mm 
shell height and even fewer reaching legal harvest size.  This is likely due to many factors, including predation, disease and 
poaching.  Settlement in subsequent years has declined potentially due to loss of suitable settlement substrate.

In an effort to expand the tools available for oyster management in Florida, FWC is collaborating with researchers from other 
Gulf states to develop a sustainable fisheries model for Florida (Soniat et al. 2012, 2014).  This model will incorporate data 
collected during pre-season stock assessments and will also include variables to account for the amount of shell, or cultch, on 
the reef.  The model will estimate sustainable harvest numbers for oysters based on no net shell loss.  One of the primary inputs 
for the model is clearly defined reef boundaries and associated acreages.  This is a large data gap in Apalachicola Bay and 
throughout Florida, so grant funds are being directed towards acoustic mapping and extensive ground-truthing.  An additional 
outcome of the mapping effort will be identification of areas that have very little or no remaining cultch substrate as potential 
sites for future restoration efforts.  
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LIPIDS FROM OLEAGINOUS YEASTS FOR USE IN FISH FEEDS

Volkmar Passoth*, Sabine Sampels, Johanna Blomqvist, Jana Pickova

Department of Molecular Sciences
Swedish University of Agricultural Sciences
PO Box 7015
75007 Uppsala, Sweden

This study investigates the replacement of vegetable oil (VO) in aquaculture feed of Arctic char (Salvelinus alpinus) by oil 
derived from the oleaginous yeast Lipomyces starkeyi grown in lignocellulose (wheat straw) hydrolysate. VO is extensively 
used to partially replace fish oil in aquaculture feed, which is seen as non-sustainable. However, VO itself is becoming a limited 
resource, having a broad range of applications, including food, feed and biodiesel production, and its replacement in non-food 
directed applications is desirable. Yeast cells containing 43% lipids per g dry weight were mechanically disrupted and in total 
incorporated into the feed. There were no significant differences in this pilot study, regarding weight and length gain, feed 
conversation ratio, specific growth rate, condition factor and hepatosomatic index between the control and the yeast oil fed 
group. Fatty acid composition of fish from both groups was comparable. Our results demonstrate that it is possible to replace 
VO by yeast oil produced from lignocellulose, which may increase the raw material basis for food production and add value to 
residual products of agriculture and forestry.

CLIMATE CHANGE, ENVIRONMENTAL, AND PUBLIC HEALTH IMPACTS OF SOLAR-
ELECTRIC PUMP-OUT BOATS

Michael A. Pascucilla, M.P.H., REHS

Co-Authors:
Colin Hemez, Emma Ryan, Joy Chiu, Jia Sun, Robert Dubrow

The East Shore District Health Department (ESDHD) of Branford, Connecticut has pioneered the implementation of the 
nation’s largest solar-electric pump-out boat to replace an older gasoline-powered model. The purpose of a Pump-out Boat 
is to collect and prevent the sewage holding tank waste from recreational boats from being discharged into marine waters, 
thus protecting the Long Island Sound Estuary.  This free service is essential in protecting our local coastal shoreline beaches, 
commercial/recreational shellfish beds and our newly established kelp farms.  This study, conducted in collaboration with 
ESDHD and Yale University, sought to assess the environmental and health effects of solar-electric pump-out boat technology. 
We conducted national surveys of pump-out program managers and boat operators to gauge pump-out boating costs, cultures, 
and best practices. We also conducted life-cycle analyses of gasoline-powered and solar-electric pump-out boats to compare 
their production of environmental pollutants. Our work constitutes the most comprehensive study into pump-out boating in 
the United States to date, and identifies challenges and opportunities that remain for the widespread adoption of solar-electric 
pump-out boat technology.
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EVALUATING EFFICACY OF SEVERAL DISINFECTANTS ON HATCHABILITY IN ALMACO 
JACK Seriola Rivoliana EGGS

Genevieve Patrick*, Andrea M. Tarnecki, Nicole Rhody, Stephen Stang, Ryan Schloesser, and Kevan Main

Tropical Aquaculture Lab
University of Florida
Ruskin, FL 33570
gpatrick@ufl.edu

Seriola rivoliana is considered an excellent candidate for aquaculture due to its fast growth rate and high market value; however, 
there is no published information available on the Gulf of Mexico stocks. While S. rivoliana have adapted well to captivity, 
survival can be improved. A wide range of variables cause larval mortalities but high bacterial loads in rearing tanks are often 
correlated with these losses. The aim of this study was to investigate the effect of egg disinfection on bacterial load and hatch 
rate of S. rivoliana.

We chose 3 disinfectants FDA-approved for use in 
various stages of marine fish aquaculture. Concentrations 
and contact times were chosen based on current use in 
marine aquaculture: Perox-aid (300 ppm, 10 min) - HPO, 
Parasite-S (100 ppm and 200 ppm, 1 h each) - PS100 
and PS200 respectively, and Peroxy-serve MPS (15.7 
ppm, 1 min) - PAA. Following disinfection, eggs were 
incubated to determine percent hatch rate. Additional 
eggs were homogenized and plated on thiosulfate citrate 
bile salts sucrose agar (TCBS, total Vibrios counts).

Perox-aid and Parasite-S at 100 ppm had significantly 
higher hatch rates than the control (Fig. 1). All treatments 
significantly decreased total Vibrio counts as compared 
to the control (Fig. 2). 
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TOWARDS A CHARACTERIZATION OF SMALL-SCALE AQUACULTURE IN SUB-SAHARAN 
AFRICA: A LIVELIHOOD ANALYSIS OF SMALLHOLDER FISH FARMING HOUSEHOLDS 
IN ZAMBIA

Nicolas Patt*, Alexander M Kaminski, Mara Gellner, Dominik Giese, Sharif Jabborov, Mario Lootz, 
Mary Lundeba, Boniface Nyika, Azin Sadeghi, Muzamba M Siachinga

Seminar für ländliche Entwicklung (SLE)
Humboldt-Universität zu Berlin
Hessische Straße 1-2, 10115 Berlin, Germany
sle@agrar.hu-berlin.de

Aquaculture is growing in sub-Saharan Africa. Evidence suggests that increased commercialization; value chain upgrading and 
market-led developments can provide opportunities for smallholders to enter the sector. The impact of these developments on 
“small-scale” aquaculture is not well understood. A definition and typology of these farmers is still fundamentally missing for 
the sub-Saharan African context. Less is known on the role that fish farming plays in the livelihoods of smallholders and the 
contribution it can have on income and food security. 

A quantitative livelihood analysis of 151 smallholder farmers in Zambia, including an asset-based index of the five fundamental 
capitals, reveals the diverse aquaculture landscape in Zambia, divided by species restrictions and commercial hotspots. The 
analysis shows a heterogeneous sector of farmers that are divided along production, wealth, gender, ethnic, and geographic lines, 
amongst many others. Access to financial and physical capital seems to be more decisive than human or social capital. Other 
factors, such as location, can impact the profitability, inclusivity and sustainability of farming systems, especially between the 
mostly rural, subsistence-based north and the increasingly commercial south of the country. Qualitative interviews with farmers 
reveal how aquaculture is located within the larger livelihood strategies and agricultural plans of households. 

This analysis surfaces the differences between farmers who produce fish as a secondary income-generating activity, mostly 
for subsistence purposes, and those that produce as “aquapreneurs” for a rapidly growing and competitive value chain. This 
requires us to rethink what is meant by “small-scale aquaculture” in Zambia. The study provides a unique perspective on the 
livelihoods of smallholder farmers, which enables stakeholders such as governments, private actors and development agencies, 
to characterize and better engage with the sector. 
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COUPLING ACTIVE SEAGRASS REPAIR WITH EXTENSION EFFORTS FOR A HOLISTIC 
APPROACH TO RESTORATION AQUACULTURE

Joshua Patterson*, Brittany Hall-Scharf, and Savanna Barry 

University of Florida – School of Forest Resources and Conservation
The Florida Aquarium – Center for Conservation
Apollo Beach, FL 33572
joshpatterson@ufl.edu

The economies of rural counties along central Florida’s Gulf Coast are intimately linked with their natural resources, which 
serve as a platform for fishing, scalloping, and wildlife viewing. Unfortunately, the activities that sustain local economies can 
also damage the ecosystems that support them. A primary example is seagrass propeller scarring, which occurs when boaters 
inadvertently motor through water too shallow for their vessel. Once a seagrass meadow has been damaged, it recovers very 
slowly, if at all. In fact, increased erosion in heavily scarred areas can cause loss of additional seagrass via expansion of the 
original scar.

Aquaculture techniques have been developed to repair seagrass propeller scars (Fig. 1A). However, they are costly to execute 
and require a rigorous permitting process. Further, propeller scars tend to occur in areas with high boat traffic, making additional 
post-restoration damage a concern. It is therefore important to maximize the effectiveness of active propeller scar repair and 
minimize the potential for new scarring in restored areas. Properly designed extension and outreach efforts are critical to this 
endeavor. This presentation will describe an active project in Citrus and Hernando Counties, Florida.  This endeavor is using 
aquaculture techniques to repair areas of heavy seagrass scarring and employing an array of extension efforts to improve 
prospects for long term recovery. Extension efforts include non-regulatory aids to navigation around restoration areas (Fig. 1B) 
and social media outreach, as well as signage (Fig. 1C) and face-to-face education at boat ramps.
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AQUAPONICS IN JAMAICA: SUCCESSES, CHALLENGES, AND LESSONS LEARNED
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In Jamaica, agriculture is of vital importance to the nation’s economy. Locally produced food supports the extensive tourism industry, and 
provides food and jobs for locals. Climate-related events, like hurricanes and droughts have become more prevalent and more devastating 
in recent years, threatening Jamaican livelihoods, especially in the agricultural sector. Given these challenges, quality and 
consistency of locally produced food has suffered, requiring the undesired need for increased importation of these products. 
As climate change threatens economic opportunities for small-scale farmers, it is imperative to introduce new business models 
and technologies that will enable farmers to adapt and thrive. To address these challenges, INMED Caribbean, a non-profit 
organization, initiated a multi-year project using commercial-scale aquaponics to promote water efficiency, build production 
resilience, and enhance livelihoods for small-scale commercial farmers supplying the local market. 

The project goal is to increase economic opportunities for small-scale farmers while reducing vulnerability to climate change 
and minimizing adverse environmental impacts. The strategy involves implementing an agri-business development program 
focused on making aquaponics a commercially viable technology for small and medium-scale Jamaican farmers, including 
women, youth and disabled farmers, while improving their market access and resilience to climate change. 

The program equips farmers with the technical knowledge and basic business planning and management skills needed for 
commercial farm operations. This is done through a training program consisting of interactive online modules, hands-on 
workshops, and internships that serves as prequalification for financing with local banks.

The first year of the program’s implementation yielded a four-module, online training program (https://inmedcaribbean.org/
aquaponics-training/), two (2) train-the-trainer workshops for local extension agents (n=43), and one (1) farmer training 
workshop (n=21). Agribusiness coaching is also available to the program participants to hone their business planning and skills. 
Additionally, demonstration and training sites are being developed island-wide to increase access to the people of Jamaica. 
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A STUDY OF NEWSPAPER AS AN ALTERNATIVE MEDIA FOR BIOFILTRATION OF 
AQUACULTURE EFFLUENTS 

Diplina Paul1*, Steven G. Hall1

1Department of Biological and Agricultural Engineering, North Carolina State University, Raleigh, NC 
27695, USA
*Presenting author’s email: dpaul3@ncsu.edu

Intensive aquaculture practices necessitate the adoption of recirculating aquaculture systems (RAS) which facilitate water reuse 
by remediating the aquaculture effluents. An integral component of RAS is the denitrifying biofilter with filter media as its heart. 
Conventionally plastic materials are used as filter media for denitrification of aquaculture water. This biological denitrification 
is important in aquaculture because it converts undesirable nitrogen to safer forms in water. However, alternative media may 
be as effective or even more in some cases and may enhance sustainability. This study evaluated shredded newspapers as an 
inexpensive and readily available alternative to more expensive plastic media for the microbial denitrification of aquaculture 
effluents. Triplicates of 6 L laboratory scale reactors were used to compare the denitrification potential of shredded newspapers, 
newspapers + plastic media (1:1 ratio), and only plastic media. These reactors were seeded with aquaculture water having an 
influent NO3-N concentration of 74.96 mg/L. 

The numerical results from the study revealed that newspaper exhibited 94.44% removal of nitrate from the aquaculture water 
whereas the removal rates for newspapers + plastic media and only plastic media were 72.63% and 11.67%, respectively. 
The soluble fraction of carbon in the newspaper was washed out initially. Hence the concentration of total organic carbon in 
water peaked after the start-up period and gradually decreased after the formation of the bacterial colonies. Scanning electron 
micrographs (SEM) further validated the formation of bacterial colonies on the surface of the newspaper. Ammonia remained 
below detectable levels during the course of the experiments and pH was within the optimal range for the denitrification 
process. A cradle to grave life cycle assessment (LCA) of denitrifying biofilter with newspaper as media was based on energy 
consumption and other impact categories. The LCA also included labor required for reloading of media and the value of 
degraded newspaper for land amendment. This research can be extended with other inexpensive and readily available on-farm 
organic materials. With a low environmental impact, newspapers are a viable option for biological denitrification, but time 
limitations and local labor costs should be considered for its applicability due to its ability to lose mass with time.
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LAND-BASED STEELHEAD Oncorhynchus mykiss PRODUCTION IN THE HUDSON VALLEY

Brittany Peachey, John Ng, Ed Tribe
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Hudson, NY 12534
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Commercial land-based recirculating aquaculture systems that grow salmonids from egg to plate are a relatively new facet 
of the aquaculture industry, especially in the United States.  Hudson Valley Fish Farms (HVFF) exists as a major frontrunner 
in this burgeoning industry.  A 1200 MT annual capacity farm, HVFF raises steelhead trout (Oncorhynchus mykiss) in the 
Hudson Valley, enjoying proximity to the target markets of New York City and Boston.  Currently offering head-on gutted fish 
and hand-processed fillets, HVFF is expanding to supply additional value-added products.  Like any new project, HVFF has 
experienced exciting successes as well as frustrating setbacks.  With these lessons learned, HVFF continues to improve system 
design, fish husbandry, and staff training to move land-based aquaculture forward.  

REPRODUCTION AND GENETICS IN LARGEMOUTH BASS

Eric Peatman*, Boris Gomelsky, Kenneth J. Semmens, Shawn D. Coyle and Michael D. Matthews

School of Fisheries, Aquaculture, and Aquatic Sciences
Auburn University
Auburn, AL 36849
peatmer@auburn.edu

In this chapter we review our current understanding of natural and artificial reproductive processes of largemouth bass, with 
discussion of broodstock preparation, spawning behavior, and spawning methods (including tank spawning, controlled indoor 
spawning, and out of season spawning).  Historical and recent research on hormonal induction and gynogenesis is also covered. 
In the second part of the chapter, the focus turns to largemouth bass genetics.  Here, we synthesize historical and current 
findings as they relate to domestication, Florida and Northern largemouth bass, differential performance of largemouth bass 
genotypes, genetic markers, potential for selective breeding, triploidy, sex control, and interspecies hybridization.  A concise 
but comprehensive overview of the chapter, with a particular focus on the genetics elements will be presented.  
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MICROPTERUS MADNESS: AN UPDATE ON TAXONOMY, DIVERSITY, AND 
CONTROVERSY IN THE BLACK BASSES

Eric Peatman*, Sarah Johnson, Matthew Lewis, Honggang Zhao, Megan Justice
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The black basses (Micropterus spp.) are a genus of popular game fish endemic to North America east of the Rocky Mountains. 
Black bass species are both ecologically important members of freshwater systems as well as, in several cases, aquacultured 
organisms.  Many are a primary focus of federal, state, and private hatcheries which rear them to enhance sport-fishing and/
or to conserve or restore range-restricted taxa.  The last two decades has seen a rapid rise in novel species described within 
the genus, growing from 9 to 14, with several additional provisional species still awaiting formal recognition.  The rise in 
bass diversity has produced a host of new challenges and opportunities, including clarifying morphological character ranges, 
discriminating between pure and hybrid individuals, identifying and conserving critical habitat, developing new culture and 
spawning methods, and increasing angler awareness of new species.  An update on this critical genus will be offered.  
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ACOUSTIC CHARACTERIZATION OF FEEDING ACTIVITY OF Litopenaeus vannamei

Silvio Peixoto*, José Filipe da Silva, Santiago Hamilton, João Albuquerque Rocha, Paulo Travassos, 
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The study evaluated the acoustic activity of the white shrimp Litopenaeus vannamei of different size classes during feeding in 
captivity, as well as described the sound generation mechanism and main associated acoustic variables.

The structure responsible for sound emission was identified based on simultaneous audio and video recordings during the 
consumption of feed pellets. Eighteen animals divided into three size classes were used for the acoustic characterization of 
feeding activity. The animals were fed three pellets (48 ± 4 mg) individually and offered in sequence. The recording of each 
pellet offered lasted 10 minutes, beginning with the point at which the animal took the pellet. The number of sound pulses 
(“clicks”) per pellet ingested was counted and related to food intake.

The white shrimp emits sound during the feeding process, which is associated with the closing of the mandibles during the 
shredding of the food. The values for the acoustic variables did not differ significantly among the different size classes or in the 
sequence of the pellets offered (Table 1). The number of clicks per pellet ranged from 121 to 154 for all size classes during 10 
minutes (Table 1). However, large class animals generated the majority of the clicks during the first minute after they took the 
pellets in comparison to the other size classes. The results demonstrated that L. vannamei is acoustically active and the sounds 
generated can be used as an indication of feeding activity in captivity. 
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ETIOLOGY OF SKIN DISORDERS OBSERVED IN COD (Gadus morhua) FROM THE BALTIC 
SEA

Pękala-Safińska Agnieszka*, Ewa Paździor, Beata Więcek, Katarzyna Ałtyn-Nadolna, Mirosław Różycki, 
Tomasz Cencek, Magdalena Podolska
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Fish disorders in the Baltic cod (Gadus morhua) were observed since the mid-70s of the twentieth century. The most serious 
diseases were associated with various types of skin lesions and ulcerations as well as with cachexia and poor health status of 
the fish. The cause of these disorders is still unclear, but it seems the bacterium have an important role in the etiology of this 
infection. On the other hands, clinical symptoms did not always correlate with ulcerations caused by bacteria, suggesting that 
fish may be exposed fish to ex. chemicals found in the Baltic Sea. 

This research was supported by The National Centre for Research and Development under the Strategic Program Biostrateg 
II (grant no. 296211/4/NCBR/2016).

A total of 164 Baltic cod exhibiting pathological symptoms were caught in five different area of the Baltic Sea: Gulf of Gdansk, 
Kolobrzeg -Darlowo, Slupsk Furrow, Bornholm S and N. Skin samples from each diseased fish were collected and examined 
bacteriological. After culture, dominant bacterial colonies were reisolated and characterized phenotypically based on their 
biochemical properties. In order to confirm preliminary identification, sequencing of the 16SrRNA gen of isolated bacterial 
strains was carried out.
           
In total more than 800 isolates were collected from diseased skin samples of the Baltic cods. The dominant bacterial specie 
were as follow: Aeromonas spp., Acinetobacter spp., Chryesobacterium spp., Pseudomonas fluorescens, Shewanella baltica/
putrefaciens. These microorganisms are commonly known as an opportunistic pathogens for fish. However, in some areas 
of the Baltic Sea, bacteria do not associated with fish disorders were also isolated from skin lesions (Table 1). Some of these 
strains are accompanying with human activity and have been isolated from such areas (Gulf of Gdansk). Bacteria not previously 
associated with any fish health disorders have been isolated from those animals caught in other parts of the Baltic Sea (Slupsk 
Furrow). Moreover, our studies indicated on atypical skin lesions, which we observed in fish caught near Bornholm area. These 
disorders were not characteristic of the clinical picture for typical ulcers with bacterial etiology. Therefore, the theory regarding 
the impact of exposure of chemical substances present in the Baltic Sea on fish health status remains open. 
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Shewanella spp. are widely distributed microorganisms among freshwater and marine environments. Different species of those 
bacteria are also isolated from both diseased as well as apparently healthy fish. Unfortunately, their identification to the species 
level is complicated and insufficient from a clinical point of view. Based on available diagnostic tools such as determination of 
biochemical properties and analyses of 16S rRNA gene, the general classification to Shewanella putrefaciens group are only 
possible. Meanwhile, the knowledge of etiological agent responsible for causing of particular fish health disorder is essential 
for the pathology of the disease and treatment it.  

A total of 48 isolates of Shewanella spp. collected from marine and freshwater fish were used in our study. Bacteria were 
isolated from cultured, wild, and ornamental fish. The whole genome sequencing of isolates was conducted using Illumina 
Miseq and analyses based on single nucleotide polymorphism (SNP).

Isolates of Shewanella were cluster to three different species: S. baltica, S. xiamenensis and S. oneidensis. All strains collected 
from marine fish were classified to S. baltica, while isolates obtained from ornamental fish to species S. xiamenensis and S. 
oneidensis. Interestingly, most of these bacteria collected from cultured and wild freshwater fish were cluster to independent 
phylogenetic clade. 

Our preliminary studies confirmed the genetic diversity among Shewanella group. Moreover, the possibility of distinguishing 
the new, undescribed Shewanella species was indicated. 

 
This work was supported by the National Science Centre, Poland, project „Studies on genotypic characterisation of Shewanella 
putrefaciens group isolates from freshwater fish in Poland” (Grant No 2015/19/N/NZ7/01687). 
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EXPLORING THE PARASITIC DINOFLAGELLATE Hematodinium perezi AND VIBRIO 
BACTERIA COINFECTION IN THE HEMOLYMPH OF Callinectes  sapidus FROM THE 
MARYLAND COASTAL BAYS

Veronica L. Pereira, and Joseph Pitula

vlpereira@umes.edu

Department of Natural Sciences, University of Maryland Eastern Shore, Princess Anne, Maryland 21853 
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The blue crab, Callinectes sapidus, is a commercially important fishery in the Chesapeake Bay region and was worth 
approximately 82 million in 2015 (NOAA Commercial Fisheries statistics). Pathogens are issues of emerging concern for 
fishery managers as they can cause significant mortality, economic losses, and have human health implications. The blue crab 
is known to harbor infections from the parasitic dinoflagellate, Hematodium perezi, and the reo-like virus, but little is known 
about the occurrence of potentially pathogenic bacteria. This study is examining the role of Vibrio bacteria in healthy and 
infected blue crabs, as well as the relationship between macrophytes, in the coastal bays and disease prevalence. Crabs are 
collected monthly (April-October) from 7 sites throughout the Maryland Coastal Bays (MCBs). Hemolymph is analyzed to 
quantify pathogen abundance using previously established quantitative real-time PCR (qPCR) protocols. For qPCR detection 
of Vibrio genus-specific primers directed to the 16S rDNA gene will be used, while H. perezi detection will occur by targeting 
the ITS2 region of the 18S rRNA gene. After two years of data collection, statistical significance will be tested using matched 
pair t-tests and multiple linear regressions. Future conditions associated with climate change (i.e. increased temperature and 
salinity) may further influence the distribution and abundance of marine organisms, and could tilt environmental conditions 
to favor disease transmission. Therefore, understanding the microbial and pathogen dynamics of this important fishery and 
exploring potential sources of disease mitigation could provide valuable information to better assist in stock management. 
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STUDIES ON EURYHALINITY OF TOTOABA, Totoaba macdonaldi, AND GROWTH TO 
MARKETABLE SIZE IN LOW-SALINITY WATER

Martin Perez-Velazquez*, Mayra L. González-Félix, Hugo Cañedo-Orihuela, and Jorge Trujillo-Villalba
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Fishes belonging to the family Sciaenidae are known to withstand a wide range of environmental salinities, an ability known 
as euryhalinity. Although commercial farming is usually conducted in seawater, the idea of culturing sciaenids in low-salinity 
waters is not too far-fetched. Totoaba, Totoaba macdonaldi, endemic to the Gulf of California, Mexico, is the world’s largest 
sciaenid. In recent years, totoaba has been successfully reproduced in captivity for aquaculture and stock enhancement purposes 
and, because of its highly appreciated meat quality and fast growth rates, it has been targeted for expanded aquaculture in 
Mexico. As a sciaenid, totoaba is believed to also be euryhaline, but the extent to which it tolerates changes in environmental 
salinity has not been experimentally determined yet. The present study evaluated the salinity tolerance of totoaba. Then, a 
follow-up trial evaluated growth of totoaba to marketable size in low-salinity water.

Juvenile T. macdonaldi with initial mean weight of 67.6 ± 7.1 g were reared at salinities of 0, 2, 5, 10, 20 and 35‰ for 56 
days. Growth, survival, plasma and culture water osmolality, as well as blood neutrophil oxidative radical production (BNT) 
were evaluated at the end of the study. Survival was 100% at salinities ≥ 10‰. Fish did not survive at salinities of 0 and 2‰, 
while relatively low survival was observed at 5‰ (Table 1). A positive, significant linear relationship between salinity and 
plasma osmolality was found. Based upon the regression lines of salinity vs. plasma or culture water osmolality, the estimated 
isosmotic salinity for totoaba corresponded to 12.3‰. BNT was not significantly affected by salinity. Interestingly, a nearly 
significant trend (P = 0.0888) was observed for somatic growth, in which percent weight gain was greatest not at seawater 
salinity, but at 10‰. Results of this study showed the euryhaline nature of totoaba and prompted a follow-up trial to investigate 
the grow-out phase of this species in low-salinity water. In such study, fish were held in 2.4-m circular, fiberglass tanks at 
salinities of 12 and 35‰.

Fish with overall initial body weight of approximately 400 g, reached ca. 900 g in 115 days of culture, which can be considered 
marketable size in some niche markets. Fish grown at low salinity did not have any organoleptic differences after cooking, as 
compared to their saltwater counterparts. Overall, these studies showed that totoaba is a euryhaline species and that it can be 
cultured to marketable size in low salinity.
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THE VELELLA EPSILON PROJECT: PIONEERING OFFSHORE AQUACULTURE IN THE 
SOUTHEASTERN GULF OF MEXICO; CHAPTER 1 – PROJECT PERMITTING 
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The Velella Epsilon Project is an extension of previous projects (Velella Beta-test and Velella Gamma Project) which demonstrated 
small-scale offshore marine fish culture in the waters of Kona, Hawaii.  The Velella Epsilon (VE) Project will adapt these 
technologies to Gulf of Mexico (GOM) waters, while pursuing two simultaneous efforts: (a) permitting and deployment of 
a research-scale, demonstration net pen in Federal waters, and in tandem, (b) navigating the commercial permitting process 
to obtain a commercial offshore aquaculture permit in the GOM, while documenting this effort in a Manual for Aquaculture 
Permitting Pathway (MAPP).

The VE Project focuses on a small, pilot-scale (single net pen) aquaculture system where up to 20,000 almaco jack (kampachi; 
Seriola rivoliana) fingerlings would be reared for approximately 12 months in Federal waters approximately 40 miles west 
southwest of Sarasota, Florida.  These fish will be landed in Florida, marketed, and sold to state- and Federally-licensed dealers, 
in accordance with state and Federal law.

The VE Project will lay the groundwork for wider acceptance of commercial aquaculture in the GOM region by: (1)  Serving 
as a platform for the promotion of rational aquaculture policies and demystification of the industry, by providing a working 
net pen example to politicians, constituents, journalists, and other influencers of policy or public perceptions, as well as the 
local community; (2)  Increasing public awareness of, and receptivity towards, offshore aquaculture and the need to culture 
more seafood in U.S. waters, by providing public tours of the offshore operation, including (possibly) snorkeling inside the net 
pen, and fee fishing; (3)  Acting as a demonstration platform for data collection of water quality, potential benthic impacts, and 
marine mammal and fish stock interactions resulting from offshore aquaculture in the GOM; and (4) Providing local recreational, 
charter, and commercial fishing communities with evidence of the benefits of aquaculture, through the Fish Aggregation Device 
(FAD) effects of the project, and by documentation of fish aggregation and fishing boat activity around the VE Project.

Chapter 1 – Project Permitting - will walk us through the first year’s experiences and achievements of Federal and state 
multiagency collaboration and coordination; recreational and commercial fishing and seafood stakeholder partnerships; and the 
multi-tiered, iterative siting analysis process that lead to the final net pen site location for the VE Project.
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GROWTH COMPARISON OF GASPE AND ST. JOHN’S RIVER STRAIN ATLANTIC SALMON 
IN FRESH AND SALTWATER 

Brian C. Peterson*, Gary S. Burr
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Anecdotal evidence suggests that Gaspe strain Atlantic salmon grow better in fresh water compared to St. Johns strain Atlantic 
salmon.  This study aimed to compare growth performance and body composition of two strains of fish grown for 16 weeks in 
fresh and salt water.  Two-hundred and forty mixed sex fish (~260 g/fish) Gaspe, St. John’s or hybrids (′ Gaspe × ′St John) 
were stocked into 24 tanks (10 fish per treatment) in two identical systems (12 tanks per system; 0.14m3 per tank). Each system 
had three tanks stocked with 10 St. John’s strain fish, three tanks with 10 Gaspe strain fish, three tanks stocked with the hybrid 
fish (10 hybrids/tank) and three tanks with 5 St. John’s and 5 Gaspe strain fish.  One system was filled with sea water (32 ppt) 
while the other system was filled with fresh water (0 ppt).  Heat pumps were used to maintain temperatures (~13ºC) in each 
system. The salmon in each tank were fed a commercial diet.  

At the end of the trial, fish were group weighed and 3 fish per tank were taken for proximate analysis and fatty acid analysis.  
Results showed that the Gaspe grew better in fresh water compared to sea water while the St. John’s strain performed equally 
well in sea water and fresh (Table 1).  Hybrids of the two strains had similar growth characteristics to the Gaspe strain but were 
not significantly different from either strain. When the two strains were mixed in a single tank, Gaspe performed better in fresh 
water compared to sea water while St. John’s performed better in sea water compared to fresh water.  St. Johns fish slightly out 
preformed Gaspe in fresh water (Table 2).  Proximate composition and fatty acid will be calculated.
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FLT 01 TILAPIA: NILE TILAPIA WITH ENHANCED PRODUCTION TRAITS AND 
SUSTAINABILITY DERIVED FROM NEW BREEDING TECHNIQUES

Jarred Callura and Richard Peterson*
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Global tilapia production is approaching 6 million tons per year. Tilapia is forecasted to be one of the highest growth aqua-
production segments and to expand to 8.7 million tons per year by 2025. New Breeding Techniques, using targeted nucleases, for 
site-specific introduction of naturally occurring traits with minimal changes to the genome, provide an opportunity to enhance 
production qualities and sustainability. The Nile tilapia carrying the engineered trait, FLT 01, when bred to homozygosity, show 
significant improvements in production traits, including greater fillet weight (p<0.0001), fillet yield (62.9%; p<0.0001), loin 
weight (p<0.0001), and loin yield (120%; p<0.0001), as compared to wild-type fish. FLT 01 tilapia also showed improvements 
in weight gain (41.5%; p<0.005), specific growth rate (14.2%; p<0.05), and feed conversion rate (FCR; 15.6%; p<0.05), as 
compared to wild-type fish. No unintended effects on fertility, hatch rate, and behavior have been observed in FLT 01 Tilapia, 
which have now been bred to the F3 generation. The precision-bred tilapia were developed using gene editing techniques and do 
not contain any foreign DNA or a new combination of genetic material. Therefore, Argentina’s National Advisory Commission 
on Agricultural Biotechnology (CONABIA) determined that FLT 01 was exempt from GM regulation in Argentina. FLT 01 is 
believed to be one of the first gene edited food animals to receive a regulatory exemption due to its designation as a non-GMO.
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REGULATORY FRAMEWORK FOR GENE EDITING IN ANIMAL AGRICULTURE
 

Richard Peterson* and Brad Shurdut
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The advancement of genetic engineering—including gene editing--techniques and their application in animal agriculture 
have generated global interest in both the scientific community and regulatory agencies. This powerful technology offers the 
ability to precisely transfer known traits or novel traits onto elite genetics for improved performance, consumer benefit and 
animal welfare. In order to fully realize the potential of this technology in animal agriculture, regulatory agencies will need 
to define rational, science-based frameworks for advancement of products derived from genetic engineering and gene editing. 
The Argentine government is at the forefront of establishing guidelines and processes to regulate these novel technologies. 
This presentation will provide an overview of Argentina’s efforts to regulate and advance novel animal technologies while 
specifically highlighting developments related to innovations in aquaculture.  
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ESTIMATING ECOSYSTEM SERVICES FOR OYSTERS USING EXPERT ELICITATION
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This work relies on the assertion that an oyster resource-management approach based on a portfolio of oyster uses is superior 
to an approach that adopts any one particular use.  To make such a management approach operational, estimates of the levels of 
ecosystem services provided by oysters under alternative uses and under a variety of environmental conditions are necessary.  
To our knowledge, there exists no literature that captures such detail.  

We designed a questionnaire that elicits estimates for four ecosystem services delivered by oysters under three distinct uses.  
The four services are:  oyster density (as indicator of harvest potential), nitrogen removal (as indicator of improved water 
quality), blue crab and redfish abundance (as indicators of enhanced habitat for other species), and reduced erosion (as indicator 
of improved shoreline protection).  The three uses considered represent the dominant means of oyster production:  natural 
oyster beds, off-bottom farms, and restored / constructed reefs (including living shorelines).  Each delivers ecosystem services, 
but in its own way, and at different levels depending upon conditions.

The questionnaire is designed to work from a starting point of an oyster-producing site familiar with the expert, including 
environmental conditions typically observed at that site.  Information on oyster density is then elicited under these familiar 
conditions.  Environmental conditions are then incrementally changed, and responses elicited, until a full set of responses 
under twelve different scenarios of environmental conditions have been elicited.  The same process is then followed for the 
remaining three ecosystem services, until a full set of responses have been elicited.  The questionnaire elicits levels of familiarity 
with each use and service.  Respondents are able to opt-out of questions regarding uses and/or services with which they are 
unfamiliar.  The questionnaire concludes by eliciting a probability distribution for the twelve sets of environmental conditions 
at the respondent’s site.  The questionnaire is then embedded into a protocol that builds upon the Delphi method.  The Delphi 
method is a process by which expert opinion is elicited and summarized, then re-presented to experts for refining.  We introduce 
a variant of this process, which is an in-person group discussion that precedes individual refining of responses.  This variant is 
directly compared to the results of an independent control group which follows the typical, isolated, approach.  

The end-result is a set of iterated and refined service level estimates under the same environmental conditions, with corresponding 
probabilities for observing those conditions, based on the input of multiple experts.  From these estimates, correlations can be 
obtained which can then be used to construct a performance portfolio, from which an optimal portfolio of oyster uses can be 
identified under user-specified risk-tolerance levels and management priorities. 
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For the past five years, Mote Marine Laboratory has been 
experimenting with the use of a mixed Bacillus species probiotic 
(B. amyloliquefaciens and B. licheniformis) for production of 
common snook Centropomus undecimalis. These beneficial 
bacterial strains were chosen for their ability to inhibit the 
growth of Vibrio spp., common opportunistic pathogens in 
aquaculture systems (Fig. 1). The goal of this presentation is 
to summarize all current research efforts into the use of this 
probiotic to increase common snook production.

Experimental trials included a control receiving no probiotic 
(Control), probiotic in the water only (PBWO) and probiotic 
in the water and live feed (PBWF). Both probiotic treatments 
significantly increase survival when probiotic is added 5 weeks 
prior to stocking of the larvae (Table 1). Larvae that had been 
supplemented with probiotic had significantly higher survival 
immediately and seven days post transport as compared 
to Control larvae (Fig. 2). Overall, including the probiotic 
resulted in 2.5 times higher survival during the larval phase of 
development and 20% higher survival post transport.

Current research includes development of a quantitative 
PCR assay to identify where and at what concentration the 
probiotic is establishing in the system. Preliminary data 
suggests a majority of the probiotic is found within biofilms, 
and high concentrations inside larvae indicate the fish are 
ingesting the probiotic. Further characteristics of the bacterial 
strains themselves including investigations into antimicrobial 
production against specific fish pathogens will be discussed. 
Finally, production runs will be compared before and after the 
addition of probiotics.
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REPRODUCTIVE DEVELOPMENT IN RECONDITIONED FEMALE STEELHEAD KELTS: 
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All populations of steelhead in the Columbia River Basin (CRB) above Bonneville Dam are listed as threatened under the 
U.S. Endangered Species Act (ESA). Low numbers of mature wild adults returning to their natal streams to spawn leads 
to reduced production of juveniles. Steelhead are iteroparous, and every spring wild, post-spawning steelhead kelts migrate 
downstream throughout the CRB toward to the ocean. However, under current conditions, very few return as repeat spawners. 
Reconditioning of female steelhead kelts has been implemented as a recovery measure for ESA-listed CRB steelhead stocks at 
several locations. Downstream migrating kelts are captured, held in tanks and fed during the reconditioning period, and then 
released to migrate upstream with the year’s returning adults to spawn again.

After puberty and maiden spawning, seasonally breeding iteroparous fishes may repeat spawn as consecutive or skip spawners 
(1 or 2+ year spawning interval), which impacts the management of many stocks of conservation and economic interest. Energy 
reserves are thought to play a key role in determining whether individuals adopt the consecutive or skip spawning life history. 
However, the physiology underlying reproductive decisions leading to consecutive and skip spawning is poorly understood. 
The prolonged fasting spawning migration of steelhead results in extreme energy depletion and high post spawning mortality in 
kelts. Plasma estradiol and vitellogenin levels in wild kelts in CRB reconditioning projects showed that surviving fish divided 
into consecutive and skip spawners, with consecutive rematuration rates ranging from 0% to 77%. Significant elevations 
in plasma estradiol and vitellogenin levels were observed in consecutive spawners by late June to early July, suggesting 
that decision to mature is made early. Consecutive spawners grew faster and accumulated greater energy reserves over the 
reconditioning period than skip spawners. However, whether the reproductive decision occurs before or after spawning, and 
thus the potential effects of pre-capture environmental conditions versus culture conditions on consecutive maturation rates, 
remains to be determined. To assess the effects of nutritional status during the period immediately after spawning, we conducted 
an experiment using hatchery-origin female kelts. Fish were either fed normally or fasted for the first 10 weeks after spawning. 
The effects of fasting on survival and reproductive development will be presented.
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Sugar kelp (Saccharina latissima) is a low cost and maintenance crop that contributes to Maine’s local food supply. Aquaculture 
is now proving to be a feasible option for many companies, making aquaculture as a whole the number one fastest growing 
food production sector in the world. Aquaculture in Maine is diversifying the state’s marine economy, with production of 
approximately 1,000 jobs and $137 million in economic output, as of December 2017. In Maine alone, 54,000 pounds of sea 
vegetables (aquatic plants) were yielded in 2014, compared to 3 million tons yielded globally in 2012 (9% growth per year). 
With this amount of economic interest, steps to determine the most safe and effective way of growing, processing, and serving 
kelp is essential. 

Preliminary data show that bacteria levels on live kelp are relatively low, due to natural antimicrobial properties of kelp. 
However, these few bacteria are susceptible to changes in temperature and conditions which may cause them to proliferate 
under certain conditions experienced during kelp harvest and processing. Thus the different methods of preparing kelp post-
harvest, ranging in temperature from sub- zero to 260 °C, may prove to influence the presence and quantity of bacterial 
pathogens on the kelp. 

This project compared bacterial counts on sun dried, oven dried, and fresh kelp to determine how drying processes affected 
pathogenic presence. During May-June 2018, kelp was collected from multiple farms in southern Maine, and then immediately 
dried. The dried kelp was agitated in sterile seawater to remove the biofilm and processed via membrane filtration onto selective 
media. After 24 h incubation, the number of fecal coliforms, Vibrio parahaemolyticus, and V. alginolyticus colonies were 
counted. Less pathogenic growth was found on the dried kelp compared to the fresh kelp, suggesting that kelp maintains 
antimicrobial properties even through commercially applicable drying processes. The coming growing season will allow new 
opportunity to process more samples, thus creating a basis for statistical analysis to determine the significance of drying 
methods on kelp’s pathogenic load. In conclusion, kelp continues to surpass standards of food safety, allowing further research 
into its viability as a commercial product. This project, in conjunction with future efforts to establish statistical significance, 
will aid in defining best practices for proper siting, cultivating, harvesting, and processing of kelp. 
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HOW DO I GET RID OF THAT WORM ON MY FISH? IDENTIFICATION AND TREATMENT 
OF Gyrodactylus cyclopteri ON LUMPFISH FROM MAINE
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The culture of lumpfish (Cyclopterus lumpus) for use as a cleaner fish in salmon farming is rapidly expanding globally. As 
expected new and old diseases pose a challenge to the domestication and cultivation of any new species. Lumpfish, in particular, 
appear to be prone to a wide range of pathogens. In March of 2017 wild captured lumpfish being cultured at the National Cold 
Water Marine Aquaculture Center (NCWMAC) presented with an infection of an unknown Gyrodactylus species. The literature 
reports that a Gyrodactylus sp. can be common in lumpfish in Europe however little information exists on the identification of 
the actual species. Molecular and morphological investigations to identify and characterize the species revealed that our fish 
were infected with G. cyclopteri (Scyborskaya 1948). As far as we know this is the first report for this species in the western 
North Atlantic.

In addition to identifying the unknown monogenean, a series of experiments were conducted to trial potential treatments for the 
infection. Formalin at 250 ppm or lower is the FDA approved treatment for monogenean infections on all fish. We also looked 
at using both hydrogen peroxide and low salinity water as treatment options. We evaluated the efficacy of formalin at doses 
between 80-250 ppm, hydrogen peroxide between 200-1500 ppm, and salinities between 0-15 ppt. Both hydrogen peroxide at 
all doses and salinities of 0 and 4 ppt were more effective at killing G. cyclopteri than the 250 ppm dose of formalin. In order 
to ensure that all three treatments were safe for the fish, fish were exposed to 200 ppm formalin, 200 ppm hydrogen peroxide or 
4 ppt brackish water for one hour. None of the three treatments appear to alter the behavior of the fish and no mortalities were 
observed upon return to full strength sea water.
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Salmon escapees are together with sea lice the most important environmental issue challenging the sustainability of Norwegian 
salmon farming. Escapees and other forms of mortality is costly to a farmer, and the farmer would prefer to avoid them. 
However, the cost of prevention tends to increase as the problem is reduced, and the farmer may find that it is too costly to 
reduce the problems to zero or negligible levels, thereby creating a negative externality. The most common reasons for escapes 
are related to the pens being teared during vessel toughing or bad weather, big mammals hitting the pen, small fish escaping 
through the net, lack of pen maintenance, and handling or transporting the fish. In recent years better management and technical 
regulations have contributed to decrease the number of escaped salmons despite the increase in total production (Fig. 1).

Applying the theory of bad outputs to model the economics of escapees, this paper investigates the economic effects of escapees 
in the Norwegian salmon production. A multi-product cost function with escaped salmon as the bad output and farmed salmon 
as the good output provides the opportunity to examine how escapes affect the costs directly, through shadow values, and 
indirectly, through multi–output characteristic of the escapes in terms of jointness and separability.

Results indicate escapes neither affect the production cost directly or indirectly. Farmers do not have cost related incentives 
to reduce escaping. This suggests that regulations are the main tools for further improvement if society wants to reduce the 
externality below the levels that the farmers would do voluntarily.
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Zebrafish, Danio rerio, is now firmly established as a research model organism for studying vertebrate biology, genetics, 
embryonic development, diseases and drug screening. One of the most attractive traits of zebrafish is associated to its ability to 
produce a large number of offspring at weekly intervals providing researchers with an ample supply of embryos. Knowledge 
generated in the aquaculture field and in some cases already validated in zebrafish shows that dietary fatty acids ratios, 
phospholipids levels and an optimal supply of micronutrients (vitamins and trace minerals) are key factors towards the success 
of reproduction and embryo quality. The use of inert diets in gaining momentum in zebrafish. However, few studies have focused 
on diet optimization for an enhanced reproduction performance and embryo viability in zebrafish. Two trials were undertaken 
with zebrafish to assess the effect of dietary phospholipid sources and feeding regimes on the spawning performance.

Trial 1 – Phospholipid sources   
The trial comprised two isonitrogenous (64% crude protein) and isolipidic (14% crude fat) diets which varied only on the origin 
of phospholipids (soybean lecithin vs. marine). Wild-type zebrafish were fed the experimental diets from larvae to adult stage. 
Subsequently, adults were subjected to breeding trials (n=3) with a constant ratio of 5 females to 3 males. Results show that 
marine phospholipids significantly enhanced spawning performance with an increase of viable embryos per spawn (Figure 1).

Trial 2 – Feeding regimes
Zebrafish were fed with either Artemia or a complete inert diet (ZEBRAFEED) throughout the full life cycle and afterwards 
subjected to breeding trials. Results show that a high-quality inert diet significantly enhanced spawning performance with an 
increase number of viable embryos per spawn (Figure 2).

Knowledge-based diets for the standardization of zebrafish nutrition is key to optimal husbandry practices. 
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OYSTER DOMES IN A TIDAL ESTUARY: CONSTRUCTION, TRANSPORTATION, AND 
PLACEMENT USING COMMUNITY VOLUNTEERS

Eric Plage

Tampa Bay Watch 
3000 Pinellas Bayway South
St. Petersburg, FL 33702 
eplage@tampabaywatch.org

Summary
Tampa Bay Watch’s Community Oyster Reef Enhancement Program (CORE) is a highly successful community-based program 
that has been evolving in Tampa Bay since 2001. This presentation will focus on the Low-Pro Reef Ball branch of CORE and 
lessons learned about their construction, transportation, and placement since 2004.

Abstract
Tampa Bay Watch’s Community Oyster Reef Enhancement (CORE) program creates oyster domes, Lo-Pro Reef Balls, on site 
at Tampa Bay Watch, transports and installs them at the project site.  Once in place, the oyster domes provide wave attenuation 
to assist with erosion control, promote water quality through the attachment of filter feeders to their surface, and provide 
habitat for marine life in the Tampa Bay ecosystem. The project also benefits the community by promoting environmental 
awareness through hands on experience in habitat restoration. Oyster populations in Tampa Bay have suffered from degraded 
water quality, habitat loss, and fragmentation.  The lack of suitable hard-bottom habitat has become a major concern for bay 
researchers and managers.

Since the oyster dome branch of the CORE program began in 2004, Tampa Bay Watch has created, transported, and placed 
over 10,000 oyster domes using the help of more than 7,500 volunteers at 12 locations throughout the Bay.  By studying the 
evolution of building techniques, means of transportation from construction site to project site, and placement technique of the 
oyster domes, there is an opportunity to learn from past projects and develop improved techniques, in the three areas mentioned, 
for successful future oyster dome projects in Tampa Bay.  Building techniques will discuss changes in design, constant rotation 
of workforce with community involvement, and strategies for keeping uniformity.  Means of transportation will discuss tools 
engineered to deal with the weight of the loading and unloading, as well as rotating workforce.  Placement techniques will 
constitute the largest percentage of the presentation, where we will discuss oyster dome formation/project design, placement in 
relation to the intertidal zone, and strategies to avoid scouring.  This presentation will analyze lessons that have been learned 
from these three areas of focus, citing specific examples from past and present oyster dome projects.  These project sites to be 
examined are MacDill AFB, Fantasy Island, Bayshore Boulevard, and Ballast Point. 
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GROWTH-PROMOTING MECHANISMS OF SWIMMING-INDUCED ACTIVITY IN TELEOST 
FISH

Josep V. Planas*

Department of Cell Biology, Physiology and Immunology
School of Biology
University of Barcelona
Av. Diagonal 643, 08023 Barcelona, Spain
jplanas@ub.edu

Swimming is an integral behavior in fish that is intricately linked to their ability to migrate, forage, avoid predators and, 
consequently, essential for survival at many stages in their life cycle. For a number of fish species, swimming stimulates 
somatic growth when experienced at or close to their optimal swimming speeds, when the cost of transport is lowest. Therefore, 
swimming-induced activity promotes a number of coordinated physiological responses in skeletal muscle and other tissues 
that result in increased growth and swimming performance. My lab has investigated the cellular and molecular mechanisms 
responsible for the growth-promoting effects of swimming activity in fish skeletal muscle. Using trout and zebrafish as 
experimental models, we have described transcriptomic responses of white and red skeletal muscle that are associated with 
cellular adaptive responses such as fiber hypertrophy and increased vascularization. In addition, we have investigated the 
activation by swimming of key regulators of myogenic and metabolic processes that may orchestrate the growth-promoting 
effects of swimming in skeletal muscle. 
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NATIVE OYSTER RESTORATION IN EUROPE: IMPLEMENTATION OF THE BERLIN 
OYSTER RECOMMENDATION 

Dr. Bernadette Pogoda*, Berenger Colsoul, Verena Merk

Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research
Am Handelshafen 12, D-27570 Bremerhaven, Germany

Native oyster species were once vital ecosystem engineers and relevant reef-builders. However, much of the continental shelf 
and some coastal waters have been homogenized by bottom trawling and dredging. Today, temperate biogenic reefs are among 
the most threatened habitats globally. According to the Habitats Directive for the protected habitat type “reef”, a favourable 
conservation status has to be preserved or restored. Reintroduction and restoration of Ostrea edulis in European seas contribute 
to the objectives of the OSPAR Convention on Protection of the Seas (OSPAR 2010), the EU Flora–Fauna–Habitat Directive 
(FFH Directive, 92/43/EWG) (Council of the European Union 1992) and the Marine Strategy Framework Directive (MSFD) 
(Council of the European Union 2008). 

Several constraints to restoration have to be considered, e.g., lack of broodstock, diseases, and degraded habitats, which are 
probably less suitable for recruitment. To prevent further transfer of pathogens and invasive species it is crucial to follow the 
guidelines of the International Union for Conservation of Nature (IUCN) and to develop and implement recommendations for 
native oyster restoration in Europe. Recent developments in water quality improvements as well as the existing knowledge 
on sustainable management and preservation practices increase the prospects of successful restoration. The Berlin Oyster 
Recommendation will be examined and discussed, aiming at the development of strategies for the preservation of this 
endangered species in European waters. 

An essential need for a sustainable seed oyster production in order to achieve successful restoration was identified by European 
conservationists and practitioners. The project PROCEED is engaged in implementing an oyster hatchery to establish a healthy 
broodstock and a sufficient seed oyster production for North Sea restoration and nature conservation measures. Biological 
and technological research questions will be addressed and results will be applied directly. PROCEED will furthermore focus 
on knowledge transfer to different target groups and will support the NORA network (Native Oyster Restoration Alliance) to 
facilitate the development of strategies in sectors like regulation, monitoring, biosecurity and technology transfer. The native 
oyster will be characterized as an ecological key-player and oyster reefs will be used as an example to explain biodiversity as a 
stabilizing factor for the wider ecosystem and to underline the general significance of ecosystem services. 



851

THE EFFECTS OF SELENIUM SUPPLEMENTED FEED ON THE INNATE IMMUNE 
RESPONSE DURING INFECTION IN RAINBOW TROUT

Moritz Pohl*1, Tiehui Wang, John Sweetman, Chris Secombes

1Scottish Fish Immunology Research Centre, University of Aberdeen, UK
*E-mail: m.pohl@abdn.ac.uk

An adequate supply of selenium is vital to manage antioxidant function and reactive oxygen species (ROS) detoxification. 
Many immune functions directly depend on oxidative status and ROS homeostasis which are regulated by selenoproteins. 
Dietary selenium intake has been shown to modulate susceptibility to pathogens and autoimmune diseases. One strategy to 
potentially improve fish health without the use of antibiotics or other treatments is through functional nutrition as in this case 
dietary selenium supplementation above current practice and legislation.

In this study, we investigated the effect of dietary selenium on the innate immune system of rainbow trout (Oncorhynchus 
mykiss) during infection with the relevant salmonid bacterial pathogen Aeromonas salmonicida. The fish were either fed a 
commercial diet or an identical diet supplemented with Sel-Plex®, an organic selenium containing yeast. 

After acclimation of 2 weeks, feeding was performed 
for 5 weeks with duplicate tanks for both diets. A. 
salmonicida was injected intraperitoneally (IP) and 
head kidney, gills, skin and intestine were sampled 
48 h post infection. PBS injected fish were used as 
the control group. The accumulation of selenium 
in the examined tissues was confirmed by ICP-MS 
analysis with an increase in catalytically active Se 
species (SeCys) following infection in a subset of the 
examined tissues (Fig. 1).

We analysed a wide array of transcripts of factors 
of the innate immune system and the selenoproteom. 
Selenoprotein expression can be modulated by 
infection and selenium availability. Cytokine 
transcript levels in infection can be altered by dietary 
selenium (Fig. 2). Antimicrobial peptide mRNA 
abundance can vary with selenium status. Diet 
effects could be observed in all examined tissues.

Several genes showed significant differences 
between the selenium supplemented and control 
group following infection. These results indicate 
that selenium status can influence the innate host 
response in infection. Additionally, selenoprotein 
expression was determined for a subset of the trout 
selenoproteome. These findings can help to assess 
the role of selenium in the physiology of infection 
and its dietary inclusion rate in salmonid aquaculture. 
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DEMAND AND PRICE DYNAMICS IN THE SEABASS AND SEABREAM INTERNATIONAL 
MARKET

*José Fernández Polancoa, Ignacio Llorentea, José Luis Fernándeza, Trond Bjorndalb, Lamprakis Avelasc, 
María Cozzolinod.  

a. University of Cantabria (Spain)
b. SNF, Bergen (Norway)
c. Avdelas Consulting (Greece)
d. NISEA S. Coop. (Italy)

The market has evolved in a cyclical way since its beginning in 1980’s. A period of increases in quantities and relatively stable 
price equilibrium persisted until late 90’s when uncontrolled increases in supply caused the fall of prices in the international 
market. The market for seabass and seabream is concentrated in the Mediterranean and surrounding countries. Turkey and 
Greece are the main producers and exporters. Spain and Italy have also relevant volumes of domestic production, but it is not 
enough for satisfying the internal demand. Other relevant markets in terms of demand are France, Portugal, the UK and Germany. 
A cointegrating model using prices and quantities on external trade flows is used to explore the dynamics of competition across 
countries and substitution across products. The model is tested in 6 different countries considering demand and supply in 
external trade covering the last decade. Demand was found to be elastic, while supply is more inelastic. As consequence price 
volatility is high in a market in which Greece and Turkey dominate price competition. 

This work is part of the MedAID project funded by the European Commission (H2020, G.A. no. 727315).
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EVALUATION OF DIGESTIBILITY OF DIETS OF VEGETABLE ORIGIN WITH AND 
WITHOUT EXTRUSION PROCESS FOR ROBALO Centropomus viridis

a,b Carmen C. Polonía-Rivera*, bJavier Marcial de Jesús Ruiz Velazco-Arce, bIrám Zavala-Leal, 
bJuan Pacheco-Vega, bFrancisco J. Valdez-González and bBernardo Díaz-Zea

aMaster’s program in Agricultural Biological Sciences
bNational School of Fishing Engineering
Autonomous University of Nayarit
San Blas, Nayarit, México, 63740.
ccpr1991@gmail.com

The contribution of aquaculture has had a significant increase in recent years, however, needs have emerged that limit the 
profitability of this sector; especially that related to the diet of organisms, which can represent between 50 and 70% of 
production costs; since fishmeal is the main input in the formulation of balanced diets and is also the most expensive, so the 
partial inclusion of protein sources of plant origin with the application of an extrusion process, is projected as a feasible and 
low cost solution. That is why, in this research, it has been proposed to evaluate the digestive response of diets formulated with 
vegetable flours in juvenile snook, Centropomus viridis, a species little studied and with great potential to be cultivated.

The seeds of yaca, bean were ground and converted into flours and 50% was extruded as well as commercial wheat. A reference 
diet was formulated (only fishmeal as a source of protein) and 30% was replaced for each experimental flour, forming six 
treatments, adding chromium oxide as an inert marker; then the diets were elaborated. The digestibility bioassay lasted 15 
weeks, 20 fish of 23 ± 3 g were used per treatment, each with 5 replications, fed satiety 2 times a day and the feces were 
collected and lyophilized. Proteins were determined by Kjendahl and chromium oxide by acid digestions. Finally, the formulas 
were applied to calculate the apparent digestibility coefficients.

The OD was 7 mg / L and the temperature was 27 ° C on 
average. Due to antinutritional factors, there was a high level 
of protein in faeces from non-extruded diets (Fig. 1), showing 
significant differences (P <0.005), except wheat flour. In Table 
1, it is observed that the high values of apparent digestibility 
coefficients indicate that in effect the extrusion process 
allows a greater digestibility of plant sources and that could 
be exploited by the snook although it lacks digestive enzymes 
to degrade this type of proteins of vegetable origin. Similarly, 
commercial flours having a refining process can be a feasible 
alternative.
 
In conclusion, the consumption of vegetable protein with an 
extrusion process by C. viridis is an excellent alternative to 
achieve its cultivation.

We thanks CONACYT, the Master’s program in Agricultural 
Biological Sciences, Autonomous University of Nayarit. 
CIAD, CIIDIR and Fac. Sciences Chemistry Biological of the 
Autonomous University of Sinaloa.
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METHODS OF THE DETERMINATION OF STURGEON BREEDERS’ READINESS FOR 
SPAWNING IN VIVO

Elena N. Ponomareva*, Anzhelika V. Kovaleva, Vadim A. Grigorev, Angelina V. Firsova

Federal Research Centre the Southern Scientific Centre of the Russian Academy of Sciences
St. Chehova, 41, Rostov-on-Don, 344006, Russia
kafavb@mail.ru

To date, the problem of assessing the level of maturity of gonads fish breederscontained in artificial systems and modular 
devices becomes urgent.

A high level of heterogeneity of fishphysiological state, low efficiency of the methods used to diagnose the maturity level of 
sexual products in the process of hormonal stimulation lead to fishover-aging or an indifferent response to injection. Some 
methods, such as biopsy, to some extent injure fish.

The use of biochemical parameters is a promising direction in the diagnosis of the level of maturity of sexual products and is 
often used in scientific and applied works. Some of them characterize fat, protein, carbohydrate and oxidative metabolism. The 
others describe the plasma activity of sex hormones such as testosterone, 11-ketotestosterone and estradiol.

An indicator of the activity of oxidative metabolism, which reacts to the change of stages of the sexual cycle, is hemoglobin. 
In the period of trophoplasmotic growth, its concentration increases significantly, decreasing by the stage of completion of the 
maturation process. The low content of hemoglobin in the blood of breeders during the active formation of sexual products 
indicates a violation of the process of generative metabolism. These fish either do not react to hormonal effects, or their eggs 
are not fertilized.

The highest concentration of protein in the blood is observed in the III-IV stages of gonad maturity. Upon completion of the 
maturation process, the amount of it decreasesin the serum. In sturgeon, maturing under the influence of pituitary injections, 
there is a moderate decrease in this indicator, in comparison with naturally spawning fish. With a low percentage of fertilization 
of eggs, or indifference to the pituitary injection, the concentration of protein in the blood of sturgeon females is high enough, 
which indicates the incompleteness of the processes of gonad formation.

The sturgeon breeders, finally completed the process of formation of sexual products, in contrast to immature fish, reduced blood 
concentrations of protein, beta-lipoproteins and hemoglobin and increased levels of ESR. These fish have a high percentage of 
hatching larvae.

“Overripe” fish with zero percent fertilization have a high level of protein and pathologically low content of beta-lipoproteins. 
This indicates irreversible changes in the physiological and biochemical characteristics of eggs, loss of the ability of oocytes 
to fertilize.

The use of physiological tests to diagnose the functional state of breeders significantly increases the probability of their 
qualitative selection and the efficiency of spawning in artificial conditions.
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ONTOGENY AND MORPHOLOGY LIMITATION OF CANNIBALISM DURING THE EARLY-
LIFE STAGES OF BARRED SORUBIM Pseudoplatystoma reticulatum

Flavio F. Ribeiro*; Maria Célia Portella 

Aquaculture Centre, São Paulo State University (CAUNESP/UNESP), Jaboticabal, SP, Brazil, ZIP 14884-
900
flaviofribeiro@gmail.com  

Barred sorubim is an important native fish species for aquaculture diversification in South America, but the high incidence of 
intracohort cannibalism during the early life stages is hindering its rearing propagation. The present study aims to investigate 
the ontogeny and the morphological boundaries of cannibalism in barred sorubim. The results of this study progress our 
understanding of the biological basis of cannibalism and contribute to more efficient rearing technologies of native fish species 
in South America.

Newly-hatched barred sorubim were stocked in 3×100L tanks 
and reared under a standard rearing protocol up to 50 days 
after hatching (DAH). Periodic fish samples were collected for 
morphological measurements in order to construct a predictive 
model of the limits of cannibalism. From the same rearing tanks, 
fish were selected and used in a predation experiment, where 
cannibals were challenged with progressive increment of prey 
sizes. Replicated small-scale cultures were carried-out in parallel, 
in 5×30L aquaria aiming to assess the ontogeny of cannibalism.

From 08 to 20 mm fish total length (TL), the predictive maximum 
prey size increased from 77 to 85%TLcannibal, sharply decrease 
thereafter to 80%TLcannibal (27 mm TLcannibal), then continued to 
decrease down to 77%TLcannibal at 81 mm TLcannibal (Figure 1). All 
ingested prey during the predation experiment remained close 
to or below the maximum prey size estimated by the predictive 
model (Figure 1). Three types of mortality were detected during 
the early life stages of barred sorubim (Figure 2). Natural mortality 
(NM), highly impacting during the Artemia feeding period (5 
to 13 DAH); incomplete cannibalism (IC, half-ingested fish), 
observed since 05 DAH and highly impacting up to the end of 
the weaning period; and complete cannibalism (CC, missing fish), 
firstly detected at 14 DAH and progressively increasing to the end 
of the weaning period. After weaning was completed (27 DAH 
onwards), all types of mortalities reduced down to very low levels. 
By 50 DAH, survival was 21.32±1.50% of the initial population, 
with the three types of mortalities impacting the population at 
similar levels (P>0.05).

Funding: São Paulo Research Foundation (FAPESP). Post-
Doctoral Fellowship (2015/12210-5).
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MA-ShellfAST: A GIS-BASED TOOL FOR SHELLFISH AQUACULTURE SITING AND 
PERMITTING 

Read Porter*, Rebecca Kihslinger, Brooke Hodge, Michael Tlusty, and Diane Murphy

Marine Affairs Institute / Rhode Island Sea Grant Legal Program
Roger Williams University School of Law
Bristol, RI 02809
rporter@rwu.edu

Massachusetts shellfish growers face a complex array of permitting requirements when selecting new sites or expanding existing 
operations, including municipal, state, and sometimes federal approvals. All too often, growers may overlook requirements or 
may not select sites with lesser permitting burdens. The Massachusetts Shellfish Aquaculture Siting Tool (MA-ShellfAST) was 
developed to assist prospective growers with the siting and permitting process, with a focus on legal compliance and ease of 
use. This GIS-based, online tool, now available to the public along with extensive documentation, provides key environmental 
and legal data for consideration by prospective growers, local officials, and state regulators. By using MA-ShellfAST, growers 
can identify legal and permitting issues at the outset, easily identify site boundaries, and work seamlessly with regulators during 
site selection and permitting. This presentation will discuss how the tool was developed, demonstrate how it is used in practice, 
and identify lessons learned during the tool development process.
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REFINING THE DELIVERY METHODS OF A LIVE ATTENUATED VACCINE AGAINST 
COLUMNARIS DISEASE IN CHANNEL CATFISH (Ictalurus punctatus)

Aaron D. Porterfield*, Haitham Mohammed, Wenlong Cai, Stacey LaFrentz, Alison Aceves, 
Covadonga R. Arias

School of Fisheries, Aquaculture and Aquatic Sciences
Auburn University203 Swingle Hall, Auburn, AL 36849
Adp0049@tigermail.auburn.edu

Infectious diseases are one of the main factors limiting aquaculture productivity. Flavobacterium columnare, the causative 
agent of columnaris disease, is one of the leading causes of fish mortality for US catfish farmers. Mortalities rates varied but 
can reach up to 90% in fingerlings. Flavobacterium columnare is a ubiquitous bacterium in freshwater environments and its 
eradication from catfish farms is unrealistic. Prevention is the best strategy to control and minimize disease impacts in farms. 
Among other best management practices, vaccination protocols have proved to be very successful to prevent infectious diseases 
in aquaculture. Currently, there are no commercial vaccines that are effective in preventing columnaris disease. Our group 
has developed a modified-live vaccine against the most virulent form of columnaris disease in catfish. Our vaccine is a safe 
and permanently stable rifampicin-resistant mutant based on a genomovar II strain (17-23). Genomovar II strains have been 
proven to be more virulent towards catfish, leading to the hypothesis that genomovar II based vaccines will lead to increasing 
effectiveness against columnaris disease. Our laboratory studies have confirmed that our modified-live genovomar II vaccine 
is effective against both genomovar I and genomovar II isolates and significantly increases survival in catfish, tilapia, and 
zebrafish after controlled exposure to the pathogen. Recently, we have received a USDA-NIFA grant to take our vaccine out 
of the lab and into experimental field studies. Before taking the vaccine out into field conditions, we want to test new and 
improved delivery methods under controlled conditions. A recent laboratory trial with channel catfish conducted in 10 gallon 
aquaria over a 30 day period was preformed to compare whether an alternative vaccination method could provide similar results 
to the current immersion method. Gavage administration of the vaccine did not result in any protection against a virulent strain 
of F. columnare, while fish vaccinated by immersion had a relative percent survival of 52%.
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IMPACT OF LOCATION AND WEATHER ON OXYGEN IN THE DESIGN OF SPLIT POND 
AQUACULTURE SYSTEMS

Jonathan Pote*, Charles L. Wax, Hazel Buka, and Brian Ott

Agricultural and Biological Engineering Department
Mississippi State University
Mississippi State, MS 39762
jwp1@abe.msstate.edu

Traditional aquaculture ponds have a single volume in which fish are raised. While its primary purpose is to hold and feed fish, 
it becomes an ecosystem in which algae play a major role, consuming nutrients and both producing and consuming oxygen. In 
recent years, split ponds have been developed. These contain the fish in a portion of the pond at a high density, then cycle the 
water through a larger volume in which phytoplankton are the dominant species. These split ponds have been developed and 
tested for several years, primarily in one location. They reduce the cost of fish management significantly and have been shown 
to produce more pounds of fish per acre of land.

In split ponds, sources of oxygen are primarily photosynthesis of phytoplankton in the lagoon portion of the system, a series of 
aerators which start sequentially as the dissolved oxygen level drops, and incidental aeration due to wind and water movement. 
Sinks for dissolved oxygen are metabolism of the phytoplankton without daylight, microbes, sediment, and fish. The activity 
of all of these increases as feeding rate increases. In operating ponds, dissolved oxygen concentration, temperature of the pond, 
and incidental factors such as rain and wind were monitored. Fish performance and aerator operation data were also taken.

This ponds were typically stocked in the spring and harvested in the fall. Data trends showed that dissolved oxygen varied 
dramatically toward the end of the period, when feeding rate and fish size were at their maximum. The last few weeks of the 
growing season tended to dominate design decisions, since fish, feed, and oxygen fluctuations were all at maximum levels then.

Analysis of the performance of these systems is from a single location, Stoneville, MS, but the data from those projects were 
relatively extensive. In order to predict how split ponds would perform in other locations and climates, this study modeled the 
relationship between fish, algae, feed, light, water temperature, and oxygen. In addition, sensitivity to other factors, such as 
wind and air temperature were tested. A standard design was developed to optimize every variable.  This system was tested 
using long-term weather data sets to analyze the level of risk compared to the cost.

Finally, long-term weather data from different locations were used to evaluate design, management changes, and expected fish 
production for those locations. 



SUPLEMENTAL VITAMINS AND TRACE MINERALS AFFECT THE RESISTANCE TO 
OXIDATIVE STRESS IN EUROPEAN SEABASS (Dicentrarchus labrax) LARVAE 
 
Pedro Pousão-Ferreira*, Catarina Almeida, Michael Viegas, Maria Antónia Salgado, Carla 
Aguiar, Jorge Dias, Laura Ribeiro 
 
Instituto Português do Mar e da Atmosfera (IPMA), Estação Piloto de Piscicultura de 
Olhão, 8700-225 Olhão, Portugal.                                                 pedro.pousao@ipma.pt 
 
During the early stages of development, marine fish larvae exhibit high rates of growth 
and differentiation of their tissues and organs. Therefore, high metabolism and cellular 
differentiation is expectable, with consequent production of reactive oxygen species 
(ROS). These products of metabolism are known to cause oxidative stress, with 
detrimental effect on growth and survival of fish larvae. These organisms have effective 
antioxidant defenses to protect cells from oxidative stress, but the efficiency of these 
mechanisms depends also on the adequate supply of selected dietary vitamins and trace 
minerals. A trial was undertaken to assess the effect of a dietary vitamin and trace 
minerals supplement on the growth performance and activity of oxidative stress enzymes 
in European seabass larvae. 
 
The trial comprised a control diet (CTRL) with 63% 
crude protein and 16% crude fat; and a test diet 
(MIX) which varied only on the supplementation of 
vitamins (E, K3, B1, B3, B5, B6, B9, B12) and 
minerals (Mn, I, Zn). Triplicate groups of larvae, 
were fed the two diets for 39 days (31–70 DAH). 
Results show that supplemental vitamins and 
minerals had no significant effects of growth 
performance (P>0.05) (Figure 1). 

 

 
Figure 1 

 

 
Figure 2 

Although with a trend towards a 
reduction, the activities of 
superoxide dismutase (SOD) and 
glutathione peroxidase (GPx) 
were not affected by the addition 
of vitamins and minerals (P>0.05) 
(Figure 2).  

 
The selenium-dependent GPx (Se-GPx) was significantly reduced (P<0.05) in larvae fed 
the MIX diet, which might suggest an antagonist effect of some of the supplemental 
vitamins or minerals on the Se availability in larvae. Optimal resistance to oxidative stress 
in marine fish larvae requires a delicate balance on the dietary supply of vitamins and 
trace elements. 
 

Acknowledgements: This study was funded by the project LARVAMIX (ALG-01-0247-
FEDER-017925; ALGARVE2020) 
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ANALYSIS OF DREDGE EFFICIENCY FOR OCEAN QUAHOG AND SURFCLAM 
COMMERCIAL DREDGES

Leanne M. Poussard*, Eric N. Powell, Daniel R. Hennen
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The NMFS Atlantic Surfclam/Ocean Quahog survey uses a highly efficient survey commercial hydraulic dredge. Over the 
course of several decades, a series of depletion experiments were conducted to estimate the efficiency of these hydraulic 
dredges. The purpose of this project is to analyze all depletion experiments from 1997 to the most recent. Analysis will use the 
patch model for determining true stock density and efficiency based upon the comprehensive analysis of Hennen et al. (2012: 
ICES J. Mar. Sci.). Although the commercial hydraulic dredge is an efficient gear, the range in catchability coefficients is 
substantial. Analysis will include examination of the influence of species size distribution, dredge size, and region on dredge 
efficiency. The effect of an uneven distribution of animals across the depletion region on efficiency will also be addressed. 
Finally, a comparison will be made between surfclam and ocean quahog experiments under the assumption that ocean quahogs 
are not fully available to the dredge due to burrowing depth. The proposed analysis will provide the basis for developing further 
understanding of gear efficiency and contribute to ongoing efforts to improve the surfclam and ocean quahog assessments. 

MSY REFERENCE POINTS AND THE BROODSTOCK-RECRUITMENT RELATIONSHIP IN 
OYSTERS: IS CULTCH CONTENT A SURROGATE FOR CLEAN SHELL?

Eric N. Powell*, Kelsey M. Kuykendall, Sara M. Pace, Jeremy R. Timbs

Gulf Coast Research Laboratory
703 East Beach Drive
Ocean Springs, MS 39564
Eric.N.Powell@usm.edu

The recent focus of reference points to be used for sustainable management of the oyster resource has been on the development 
of msy-based goals. One conundrum is the interpretation of the broodstock-recruitment relationship; only a bit less puzzling 
is the desirable level of cultch on the reef producing optimal yield. What if the broodstock-recruitment relationship actually 
described the relationship between clean shell surface area and abundance? What if cultch content was just a convenient 
surrogate for clean shell? Can the availability of clean shell be calculated from present-day survey time series? We propose 
that a dominant source of clean shell is the inner surfaces of boxes and that the surface area of these surfaces increases with 
increasing cultch content on an active well-managed reef. Meshed into this consideration is the disarticulation rate of boxes 
and the process of disarticulation. Analysis of a monitoring time series for Mississippi reefs indicates that box half life is 3-4 
months; disarticulation occurs relatively rapidly after death. We review proposed msy reference points and the use of boxes to 
estimate mortality, and then consider how to incorporate cultch content-based reference points as additional management tools 
to achieve optimal yield while maintaining reef habitat integrity.
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THE WARMING OF THE NORTHWEST ATLANTIC AS RECORDED BY THE OCEAN 
QUAHOG Arctica islandica AND THE ATLANTIC SURFCLAM Spisula solidissima

Eric N. Powell*, Kelsey M. Kuykendall, Roger Mann, and Sara M. Pace
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703 East Beach Drive
Ocean Springs, MS 39564
Eric.N.Powell@usm.edu

Ocean quahogs and Atlantic surfclams support important commercial fisheries on the northeastern continental shelf. Both are 
impacted by warming of the bottom waters of the Mid-Atlantic continental shelf. For surfclams, a shift in range offshore is 
described across the range of the stock.  For ocean quahogs, growth rates off New Jersey and Long Island vary temporally with 
birth date, with younger animals growing over twice as fast in recent decades than those born decades previously, whereas 
at more northern sites off southern New England and on Georges Bank, changes in growth rates through time are limited. 
However, a shift in range is not yet documented. Analysis of the death assemblage on the Mid-Atlantic continental shelf 
provides the first evidence of an historical range shift prior to the initiation of modern stock surveys. The fact that ocean 
quahogs record the rise in ocean temperatures after the Little Ice Age southeast of southern New England, yet demonstrate little 
evidence of such a rise off southern New England and on Georges Bank suggests a differential response to rising bottom water 
temperatures across the Mid-Atlantic region over the last 200+ years. Range shift dynamics revealed by the death assemblage 
support this interpretation.
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THE IMPACT OF MATERNAL STRESS ON Micropterus spp. BIOCHEMISTRY AND FRY 
PERFORMANCE  

David Prangnell*, Michael Matthews, Bella Jaime, and Mar Huertas
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San Marcos, Texas
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A recent study of the early life history of the threatened Guadalupe Bass Micropterus treculii in hatchery conditions identified 
high prevalence of malformed jaws in fry. Jaws were vertically compressed, preventing feeding and leading to starvation. 
Investigations excluded parentage (genetic influence, broodfish age and size), environmental conditions, and chemical 
treatment of eggs as potential causes. Literature review suggested maternal stress and related stress hormones as factors in 
offspring malformations in other fish species. Guadalupe Bass broodfish experienced excessive handling due to equipment 
malfunction before being stocked into spawning raceways. The increased stress manifested in significant female broodfish 
mortality, delayed spawning, and possibly fry malformations. Malformation prevalence was high in early spawns and then 
declined over time. Broodfish handling protocols were modified during the following season to reduce stress and subsequent 
spawns exhibited much lower malformation prevalence.  

We conducted a study to verify the hypotheses that maternal stress influenced fry malformations in Guadalupe Bass in 
comparison with Florida Largemouth Bass M. salmoides floridanus, a more widely cultured species. Female broodfish of each 
species were subjected to handling stress involving repeated palpation, air exposure, and a salt dip before being stocked into 
a spawning raceway. Handling of an equivalent control group stocked into a separate raceway was minimized. All spawns 
were collected over the next three weeks and the malformation prevalence and growth of fry from each spawn were recorded 
at 5 days-post-hatch. Another group of broodfish were subjected to the same stress and minimal-stress treatments and then 
had blood withdrawn at set intervals over the following week. Cortisol, glucose, and lactate concentrations were measured in 
broodfish blood, and eggs and fry from each spawn.  

A similar number of spawns were collected from each raceway for both species (Guadalupe Bass: 16 stressed, 17 unstressed; 
Florida Largemouth Bass: 18 stressed, 21 unstressed). There was no significant difference in fry size between treatments at 
5 days-post-hatch in either species. Malformation prevalence remained < 3.4% in Florida Largemouth Bass spawns, with 
44% of stressed and 12% of unstressed spawns having some malformed fry. Malformation prevalence in Guadalupe Bass 
spawns ranged up to 44.4% in stressed and 4.7% in unstressed spawns, with 73% of stressed and 44% of unstressed spawns 
having some malformed fry. Malformation prevalence generally decreased over time. Biochemical responses to handling stress 
differed between species. Further analysis is pending. This data suggests that maternal stress may influence fry malformations 
and that Guadalupe Bass broodfish are more susceptible to poor handling than Florida Largemouth Bass. 
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DESIGN AND DEVELOPMENT OF A NOVEL FISH FEEDING SYSTEM FOR SMALL AND 
MARGINAL FARMERS

Ritu Prem and V. K. Tewari
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Intensification of aquaculture practices in order to increase the production at par with the increasing demand has led to higher 
use of supplementary feeds. Feed costs has a significant share of 60-70% of the total production costs, so feed must be judicially 
applied without any wastage. Both overfeeding and underfeeding are not preferred; overfeeding leads to feed wastage while 
underfeeding affects the production. So feeding devices which will effectively dispense the feed in the ponds are of great 
importance. Demand type feeders have been found better than automatic feeders when feed wastage is considered but the 
automatic feeders help in dispensing fixed amount of feed at preset timings. Since most of the farmers in underdeveloped and 
developing countries can’t afford systems using high-end technology, simple innovations are necessary to meet the needs of 
small and marginal farmers. This study aims to develop a novel feeding system which will help mechanize the current method 
of feeding practiced by the farmers and optimize the amount of feed dispensed, thus reducing the feed wastage. 

Semi-intensive and extensive aquaculture practices are predominant and broadcasting of feed by hands is the most commonly 
followed method in India. The farm size available for culture are of the areal range 1-10 hectares. So this method of feeding is 
ineffective for such large areas and it results in wastage of feed which leads to pond water deterioration. A simple and effective 
feeder has been designed to cater the needs of small and marginal fish farmers. The designed feeder is mobile so it can feed 
aquaculture ponds of any size and it is human powered. The feeder has been fabricated at the farm machinery workshop, Indian 
Institute of Technology. The performace evaluation of the feeder is yet to be done.
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VARIATION IN TOLERANCE TO DERMO DISEASE WITHIN AN EASTERN OYSTER 
BREEDING POPULATION
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Standish K. Allen Jr.
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Resistance to Dermo is a primary target for genetic improvement in the eastern oyster; however, the trait is incompletely 
defined and the resistance-specific phenotypes required for precision selection are difficult to quantify. Recent disease challenge 
experiments indicate multiple mechanisms, including parasite avoidance and parasite elimination/inhibition, contribute to 
‘resistance’. Tolerance, or the ability to sustain an intense infection without a decrease in fitness, also can affect resistance 
measures. Here, we present an experiment intended to characterize Dermo tolerance and how/if it varies within a breeding 
population. Twelve families from the Aquaculture Genetics and Breeding Technology Center’s (ABC) selective breeding 
program were exposed to multiple doses of the Dermo-causing parasite, Perkinsus marinus, following optimized laboratory 
protocols. Individual one-year old oysters from each family were injected with 106, 107, or 108 P. marinus cells per gram wet 
weight (N = 50 · family-1 · dose-1) and survival was monitored for eight weeks post exposure. Percent survival was calculated 
for each family at each dose and the relationships between survival and dose served as proxy measures for tolerance. Most 
families demonstrated high tolerance to P. marinus infection (80-90% survival at the highest dose), but survival fell below 65% 
in three families. Our preliminary analyses suggest that prior selection for field survival at sites with high parasite levels has 
produced Dermo-tolerant oysters, but existing variation for the trait within the breeding population can be exploited for further 
genetic improvement. 
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EFFECTS OF GEAR TYPE AND SEASON ON Vibrio parahaemolyticus AND V. vulnificus IN 
FARM-RAISED OYSTERS, Crassostrea virginica, AFTER ROUTINE HANDLING

Victoria L. Pruente*, William C. Walton, and Jessica L. Jones
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Off-bottom oyster aquaculture involves routine handling that exposes oysters to elevated temperatures, causing growth of 
Vibrio parahaemolyticus (Vp) and V. vulnificus (Vv). Farmers can re-submerse their oysters in the water following routine 
handling, allowing the elevated levels of Vibrio to return to ambient levels before harvesting for raw consumption. In the past, 
re-submersion studies have been performed in Alabama during the summer months, when the risk is assumed to be the highest. 
However, these studies did not cover all periods when a risk may be likely. With re-submersion being a relatively new topic in 
seafood safety, other factors that may influence recovery times still remain to be investigated. In this study, the questions of gear 
type and season were tested to examine their effects on re-submersion periods for farm-raised oysters. The two common gear 
types used for off-bottom aquaculture, floating cages (Oyster Gro) and suspended gear (ALS system), were compared during 
a spring (early May) and a summer (July) trial. Three treatments were tested for each gear type: 1) tumbled and refrigerated, 
2) desiccated, and 3) submersed control. The oysters were removed from the water, the treatments were applied, and then re-
submersed at the farm. The recovery of total Vv and Vp, as well as pathogenic Vp (tdh+ and trh+), over a 14-day re-submersion 
period was examined. The preliminary data show that all Vibrio recovered to ambient levels after 7 days of re-submersion, 
similar to the results of Grodeska et al. (2017), regardless of gear type.  Although the 7 day re-submersion period was sufficient 
following a handling treatment, the levels of pathogenic Vp (tdh+ and trh+) were higher during the spring trial, suggesting that 
the summer months may not have the highest risk of Vibrio illness. These preliminary data indicate that the spring shoulder 
season could hold the potential for increased risks from Vibrio, and future re-submersion studies should consider both the 
shoulder seasons as well as the summer season. 
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A LIFE CYCLE ASSESSMENT (LCA) OF OYSTER FARMING IN WASHINGTON STATE, 
UNITED STATES

Teressa Pucylowski,* Peter Tyedmers & Edward H. Allison
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Oysters are a culturally and economically valuable source of food and often promoted as an environmentally sustainable food 
choice. This study applies life cycle assessment (LCA) to an oyster production system in the Pacific North West to assess these 
claims. LCA was used to quantify a suite of global scale resource depletion and environmental impacts of single-seed oyster 
aquaculture from hatchery to retail-gate, using five different impact categories: global warming potential, ozone depletion 
potential, marine eutrophication potential, human toxicity potential, and cumulative energy demand. Two varieties of Pacific 
oysters (Crassostrea gigas) were analyzed using a functional unit of one dozen live oysters on the half shell: beach-grown 
oysters and tide-tumbled oysters. Results show electricity and fuel as the dominant contributors to impacts, with infrastructure, 
water use, and chemicals as minimal contributors. The contribution of each subsystem to total resource demand varied with 
each impact category. Tide-tumbled oysters had slightly higher impacts overall, due to higher material use during the grow-out 
phase compared to beach-grown, even though they have a higher survival rate. The results of this LCA can be used to assess the 
scope for improving environmental performance of oyster aquaculture and to contribute to a growing database of LCA studies 
that allow comparisons between food systems.
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USING GENOMIC RESOURCES AND MODELING (OMEGA MODEL) TO ACCELERATE 
OFFSHORE CULTURE FOR THE CALIFORNIA YELLOWTAIL (Seriola dorsalis) OFF THE 
COAST OF SAN DIEGO, CALIFORNIA

Catherine Purcell*, Andrew Severin, and John Hyde
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Catherine.Purcell@noaa.gov

The native California Yellowtail (Seriola dorsalis) is anticipated to be one of the first species permitted for offshore culture off 
the coast of San Diego, California.  In order to benefit the anticipated commercial yellowtail culture, the Southwest Fisheries 
Science Center - in collaboration with Iowa State University - has worked to develop genomic resources for S. dorsalis. While 
the developed genomic resources can be used to guide broodstock selection by utilizing variation existing in wild populations 
these resources can also be applied more efficiently through the use of selective breeding programs. Despite the economic 
benefits to be gained by these breeding approaches, concern over risks to wild populations from escaped fish have limited 
their use in open ocean culture. A recently developed predictive model, the Offshore Mariculture Escapes Genetic/Ecological 
Assessment (OMEGA) model, was designed to evaluate genetic impacts associated with farmed fish escapement. Using the 
OMEGA model, parameters may be developed to assess recruitment dynamics in wild California Yellowtail populations in 
Southern California; simulations can then be run for a range of scenarios to evaluate the relative risks and benefits associated 
with the anticipated offshore culture. By utilizing the OMEGA model, researchers, management agencies, and the aquaculture 
industry will be able to better mitigate the risk of escapees from offshore culture facilities, and more effectively plan responsible 
culture operations (including breeding program design) that may be acceptable in a given scenario. This presentation will 
briefly outline the genomic resources developed by our groups for S. dorsalis. Progress, to date, in applying the OMEGA model 
to evaluate population dynamics in wild S. dorsalis and in generating simulations for offshore culture scenarios for this species 
will also be presented. 
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GENOMIC APPROACHES TO ASSIST CONSERVATION AND RESTORATION EFFORTS 
FOR THE ENDANGERED WHITE ABALONE, Haliotis sorenseni
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While white abalone were once plentiful along the west coast of the U.S., numbering in the millions along the California coast, 
this species is now reported to exist at only 1% of their historical population estimate. This decline, precipitated by commercial 
overharvest, led to the white abalone becoming the first marine invertebrate listed as Endangered under the Endangered Species 
Act in 2001. Since that time, multiple institutions and government agencies have worked together to establish a White Abalone 
Recovery Program; included in that effort is a White Abalone Captive Breeding Program. The development of genomic tools 
is incredibly important for conservation- and restoration-based breeding programs. These tools can be used, for example, 
to trace pedigrees, track inbreeding levels, evaluate genetic diversity in captive and wild populations, look for signals of 
intentional/unintentional selection in captively-reared offspring, identify sex, and detect trait-associated markers or variation 
(e.g. disease resistance). The Southwest Fisheries Science Center – in collaboration with Iowa State University – has been 
working to develop genomic resources for the white abalone. This effort includes a de novo genome assembly using long-read 
sequencing technology (Nanopore), resequencing of cultured and wild individuals to compare genomic diversity, genotyping-
by-sequencing to identify sex-associated genomic regions, parentage/pedigree analyses, and comparative genomics with five 
other abalone species found along the west coast. Results, to date, on these projects will be presented along with discussion on 
how these resources may be used to inform and guide the White Abalone Captive Breeding Program. 
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BUILDING GENOMIC RESOURCES FOR Seriola SPECIES TO FACILITATE AQUACULTURE 
OF THESE FISH IN THE UNITED STATES

Catherine Purcell*, Andrew Severin, and John Hyde
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The culture of Seriola species is rapidly expanding around the world due to their high value as aquaculture finfish, forming 
a billion dollar plus component of the sashimi industry. Here in the U.S., Seriola species are strong candidates for future 
offshore commerical warm water aquaculture; this includes Seriola dorsalis found off the coast of Southern California, and 
Seriola rivoliana which occur in Hawaii, the Gulf of Mexico, and to a lesser extent, off the southeast U.S. Atltantic coast. In 
developing aquaculture for these species, methods to improve culture efficiency and effectiveness are of great interest. Genetic 
resources have been developed and used extensively in agriculture and livestock breeding programs to improve product quality 
and quantity, and only more recently have these approaches been applied to select aquaculture species (e.g. salmonids, catfish, 
tilapia, flounder, and Atlantic cod). These approaches have helped to greatly accelerate commercial production in these more 
established aquaculture species, and similarly, Seriola culture has much to gain from the development of these resources. The 
NOAA Fisheries - Southwest Fisheries Science Center, in collaboration with Iowa State University - Genome Informatics 
Facility,  has been utilizing genetic approaches and conducting genomic research to build resources to help improve culture 
of  S. dorsalis and S. rivoliana in the U.S. This presentation will highlight the progress of the research, to date, and will briefly 
describe various projects including: genome assemblies for S. dorsalis and S. rivoliana, transcriptomic analyses of early larval 
stages, development of a sex-distinguishing marker, spawning dyanamics, and genome-wide association studies for various 
economically-important traits.
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ASSESSING THE EVOLUTIONARY RESPONSE OF EASTERN OYSTER LARVAE TO 
EXPOSURE COASTAL ACIDIFICATION AND SEWAGE EFFLUENT: A CASE STUDY

Jonathan B. Puritz* and Katie E. Lotterhos
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Although coastal organisms experience natural and anthropogenic stressors simultaneously across multiple spatial and temporal 
scales, the synergistic effects of multiple stressors are largely unknown. In urbanized estuaries, localized coastal acidification 
(CA) can be caused by nutrient loading into estuarine systems.  CA is strongly associated with a second anthropogenic stressor, 
sewage effluent (SE). SE can cause acidification locally by increasing nitrogen (N) loads and stimulating algal and microbial 
production of CO2.  Even treated SE can cause CA because excess N is often removed with microbial treatments, leading to 
effluent that is low in N but has decreased pH and increased concentrations of CO2.  The physiological effects of CA and SE 
have been well characterized separately, but have never been examined together in early life history stages when organisms are 
most sensitive to stressors. Additionally, results from many studies have not yet been examined in a mechanistic framework, 
such as identifying the genes that provide resistance to multiple stressors. Here, we use multiple factorial exposures on eastern 
oyster larvae to characterize the effects of C and SE on larval and juvenile growth, respiration, mortality, and use expressed 
exome capture sequencing to detect which genetic variants lead to resistance and potential adaptation. 
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The search for new chemical controls for aquatic nuisance species (ANS) that are efficacious and selective is needed to expand 
the arsenal of ANS control tools for aquaculturist. Chemical control options for ANS currently rely heavily on rotenone, that 
can be costly and/or harmful to nontarget species. New selective control chemicals are highly desired. To identity potentially 
new control chemicals we used the Environmental Protection Agency ECOTOX Knowledgebase to gather toxicity data for 
over 400 taxa covering five kingdoms and 7,700 chemicals. A database of chemical descriptors, such as molecular weight, 
solubility, and polar surface area, was created and published to link the chemical structure/information with species-specific 
toxicity. Our models use structural activity relationships (SARs) to correlate chemical information with biological activity and 
predict new chemicals that are effective against invasive carp species. We then used the model results to screen potential new 
chemical controls that have selectivity towards ANS. We will present a case study on the identification of a selective control 
agent for Cyprinids. 
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APPARENT DIGESTIBILITY OF SOME PLANT-DERIVED INGREDIENTS AND 
GASTROINTESTINAL TRANSIT TIME IN EUROPEAN PIKEPERCH Sander lucioperca
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The utilization of plant-derived protein sources in aquafeeds largely depends on the digestibility and the energy content of 
the feed ingredient. Therefore, the evaluation of the apparent digestibility coefficient (ADC) is the first step in determining 
the potential of an ingredient. This study represents the results on apparent digestibility of nutrients and energy of soy protein 
concentrate (SPC), pea protein isolate (PPI), wheat gluten isolate (WGI) and rapeseed protein isolate (RPI) for ongrowing 
pikeperch.

The digestibility assessment was based on feces collection by using a feces collector device. The first trial was conducted to 
determine the ADC of SPC and PPI. The basal diet (BD) consisted of fish meal 68.6%, fish oil 6.9%, wheat starch 14.7%, filler 
4.9%, gelatin 2% and premix 2%. This diet was replaced by 30% of the respective ingredient (SPC/PPI/WGI/RPI). Titanium 
dioxide was used as inert marker. Pikeperch (initial weight 270±0.5g) were randomly distributed into nine 250l tanks stocked 
with 17 fish each. The experimental diets were fed in triplicates once per day for 54 days. By analogy with first trial, the second 
trial was aimed to determine ADC of WGI and RPI for pikeperch weighing of 320±0,5g fed in triplicate groups of 14 fish for 
52 days. The gastrointestinal transit time of the BD, SPC and PPI diets was measured subsequently to the ADC measurement. 
For that, diets were colored differently for each feeding day and feces were collected.  

As shown in Tables 1&2, SPC, PPI, WGI and RPI have crude protein digestibility values above 94%, had no negative effects 
on the digestibility of the test diets in comparison to values of fish fed the BD and thereby show good potential for fish meal 
substitution up to 30% in feed for pikeperch. This is also in accordance with previous trials using those ingredients to replace 
fish meal in diets for salmonids, cod and turbot, where high digestibility values were observed. Nevertheless, the studies on 
further determination of ADCs of amino acids and maximum inclusion level of each investigated component in pikeperch feeds 
are expedient. Gastrointestinal transit time did not differ significantly within diets with 32-35 h for BD, 32-36 h for SPC and 
34-36 h for PPI diet.
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DEVELOPMENT OF AN IN-SITU HYBRIDIZATION (RNA-ISH) ASSAY USING 
RIBOPROBES FOR DETECTION OF VIRAL HAEMORRHAGIC SEPTICEMIA VIRUS 
(VHSV) mRNAs IN A CELL CULTURE MODEL  
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Viral haemorrhagic septicemia virus (VHSV) is an OIE listed piscine rhabdovirus belonging to the family rhabdoviridae and 
genus novirhabdvirus. Currently, the diagnostics of VHSV relies mainly on molecular methods like nucleic acid detection 
by RT-PCR and qRT-PCR, protein based techniques such as ELISA, IFAT and IHC, and by cell culture method (TCID-50). 
Whereas, all these techniques can detect VHSV, however, none of these diagnostic methods can localize the virus in-situ in 
infected cells which limits their use in studies involving viral localization, visualization and qualitative description. In this line, 
ISH offers applications as an important diagnostic tool and a first line of confirmation for detection of viral pathogens in cell 
culture based routine diagnostics.

Here, we developed and optimized an in situ hybridization (RNA-ISH) assay to detect VHSV in infected fish cells using fathead 
minnow (FHM) as a model cell line. Two antisense riboprobes (RNA probes) targeting viral transcripts from a fragment of 
nucleoprotein (N) and glycoprotein (G) genes were generated by reverse transcription polymerase chain reaction (RT-PCR) 
using VHSV specific primers followed by a transcription reaction in the presence of digoxigenin dUTP. To correlate the signal 
intensity, a time dependent quantitation of the viral copy number and infectivity titer was done by qRT-PCR and TCID50, 
respectively, from the infected cells and culture supernatants. Further, we compared the diagnostic sensitivity of ISH assay with 
immunocytochemistry (ICC). 

The synthesized RNA probes were able to detect viral mRNAs in formalin fixed VHSV infected FHM cells at different time 
points post inoculation (pi). Both the riboprobes used in the ISH assay detected VHSV as early as 6 hpi in FHM cells inoculated 
with an infectivity dose of 105.5 TCID50/ml. Also, the signal detection in ISH was at an early stage in comparison to ICC, 
wherein, signal was first detected at 12 hpi. Also, visualization of viral particles by RNA-ISH was prior to appearance of 
cytopathic effect (CPE) which underlines the sensitivity of the assay. Our results clearly highlight that current ISH assay can be 
of value as a diagnostic tool to localize and detect VHSV in conjunction with conventional virus isolation in cell culture.  
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GENE EDITING AND HORMONE THERAPY TO CONTROL REPRODUCTION IN CHANNEL 
CATFISH, Ictalurus punctatus
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The utilization of genetically engineered catfish has great potential to provide greater sustainability and profitability for US 
catfish industry. Fish sterilization technology could minimize the environmental risk from escapees or released genetically 
engineered individuals to natural populations. To sterilize channel catfish, zinc finger nuclease (ZFN) was performed to knock 
out luteinizing hormone (LH) gene. Transcription activator-like effector nuclease (TALEN) was applied to induce mutagenesis 
of catfish type gonadotropin releasing hormone (cfGnRH) and follicle-stimulating hormone (FSH) genes respectively. 

Targeted LH gene mutagenesis was found in 38.9% P1 fish through ZFN technology. Channel catfish females carrying the 
mutated LH gene were sterile, as confirmed by DNA sequencing and mating experiments. None of the female mutant fish could 
spawn without hormone therapy. P1 mutant males had lower spawning rate than controls with egg hatch rates of 1%. HCG 
hormone therapy resulted in good spawning and hatch rates for mutants, which were not significantly different from controls 
(P>0.05). 

Targeted cfGnRH gene and FSH gene mutagenesis were found in 52.9% and 63.2% P1 fish through TALEN technology 
respectively. For cfGnRH treatment, P1 mutants had spawning rates of 20.0-50.0% when there was no hormone therapy with 
average egg hatch rates of 2.0%, which is lower than controls, except for one GnRH female that had a 66.0% hatch rate. 
Luteinizing hormone releasing hormone analog (LHRHa) hormone therapy resulted in good spawning and hatch rates for 
mutants, which were not significantly different from controls (P>0.05). For FSH treatment, P1 mutants had spawning rates 
of 33.3-40.0% when there was no hormone therapy with average egg hatch rates of 0.75%, which is different with controls 
(P<0.05). Human chorionic gonadotropin (HCG) hormone therapy resulted in spawning rates of 80% for female mutants and 
88.9% for male mutants, and mean hatch rate of 35.0% for F1 embryo, which were not significantly different from controls 
(P>0.05). 

No obvious effects on other economically important traits, including embryo hatch rate, survival rate, body weight, disease 
resistance and low dissolved oxygen resistance were observed after the knockout of reproductive genes in all P1 and F1 mutant 
fish using ZFN and TALEN technologies through double electroporation. Ultimately, gene editing of reproductive genes couple 
with hormone therapy could be used in a variety of fish, including any domestic genotype, invasive fish or transgenic fish 
to minimize impacts on the natural environment to protect genetic biodiversity and ecosystems and increase environmental 
friendliness of aquaculture and transgenic fish.
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IMPACTS OF NATURAL DISASTERS ON WETLANDS AND Ostrea lurida POPULATIONS IN 
SANTA BARBARA, CALIFORNIA AND FUTURE IMPLICATIONS FOR MANAGEMENT
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The Olympia Oyster, Ostrea lurida, is the only oyster species native to the western coast of the United States. In 1848, during 
the Gold Rush the number of oysters drastically fell in California due to development of coastlines and overconsumption of 
oysters. Today, O. lurida is exclusive to the California coast and found in small batches where it is prohibited to farm or sell 
them throughout the state. A UC Natural Reserve, the Carpinteria Salt Marsh, south of Santa Barbara, was home to small 
populations of O. lurida before mass fires and gigantic mudslides hit near the end of 2017 and beginning of 2018. At the bottom 
of the burned down Santa Ynez Mountains were mud, rocks and other debris which landed on top of the salt marsh and covered 
all immobile aquatic species.

Before the natural disasters in the Santa Barbara County, the 
oysters were surveyed in the Carpinteria Salt Marsh and found 
several throughout the rocks in the marsh (figure 1, points represent 
the location of each sampling where green means present and rad 
stands for absent). The mudslides from 2018 completely covered 
the marsh with mud, rocks and all types of debris which ended up 
in loss of oysters (figure 2).

The sudden decrease in the amount of oysters is detrimental to 
the ecosystem.  They give wetlands and estuaries substrate and 
food for important fish species. In large populations, they create 
shoreline stabilization to prevent erosion. In order to plan for 
restoration, we need to see if this a viable location where Olympia 
can begin recovery on their own.

The frequency and power natural disaster have are rising and 
knowing how ecosystems naturally respond to them is critical 
to know how to properly take action and saves species like the 
Olympia oyster.

***this study hasn’t been conducted yet but will begin by starting 
with surveys November 2018
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COMPARISON OF DIFFERENT POND PRODUCTION SYSTEMS FOR RAISING CHANNEL 
CATFISH FINGERLINGS
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Catfish fingerling and fry sales totaled 16.9 million dollars in 2016, which represented 4.4% of total sales from catfish growers 
in the US. Channel catfish fry raised using different indoor systems including hatching jars, metallic troughs, tanks and a 
recirculating system were evaluated for fingerling study using three different production systems: traditional earthen ponds 
(TP), intensive aeration earthen ponds (IAP), and the split-pond system (SPS). Intensively aerated ponds and split-pond 
systems have been demonstrated as a means to increase production in the catfish industry compared to traditional pond culture 
techniques but to our knowledge this is the first study to evaluate those systems in fingerling production.  

Three replicates were used for each production system, for a total of nine 0.1 acre ponds. Ponds were stocked with 200,000 
fingerlings per hectare, and fish were cultured for 90-days. Fish were fed twice per day, using a high quality protein feed (50% 
crude protein, 17% crude fat). Water quality parameters including dissolved oxygen, temperature and pH were recorded twice 
per day; ammonia, nitrites, and chlorides were monitored twice per week. Growth was evaluated every other week by sampling 
all ponds (Fig. 1). Production parameters including specific growth rate, weight gain ratio, and final yield of channel catfish 
fingerlings in traditional ponds, intensive aeration ponds and split-ponds will be presented. 
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EFFECT OF RETENTION TIME IN WATER QUALITY PARAMETERS OF THE SPLIT-POND 
SYSTEM IN CHANNEL CATFISH PRODUCTION

Herbert E. Quintero1, Anita M. Kelly1
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quinteroh@uapb.edu 

The split-pond system is being used as intensifying catfish production, and consists of two basins, one for holding fish, and 
the other for water waste treatment. Variables that have been considered include algal and fish production dynamics, and the 
performance of paddlewheels for recirculating water. However, little attention has been dedicated to the retention time in the 
water waste treatment, and how that may affect the water quality parameters. This study evaluated the effect of increasing 
retention time in the water waste treatment area on water quality parameters such as ammonia, and nitrites, and determining 
whether or not levels will decrease from the moment that water leaves the holding fish area, to the moment it comes back to 
where the fish are held. 

Also, to evaluate the use of small mouth buffalo fingerlings as a biological control of oligochaete worms which are considered 
carriers of a myxozoan responsible for proliferative gill disease (PGD).
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EXPERIENCES OF AN EXCHANGE PROGRAM IN AQUACULTURE

Herbert E. Quintero1, Anita M. Kelly1
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Experiential and cross-cultural learning activities were held by nine students in the areas of aquaculture, and value-added fish 
product development. The exchange program was developed under the project entitled “Developing the next generation of 
aquaculture leaders: strengthening workforce readiness in a global economy for aquaculture students in Arkansas, USA and 
Huila, Colombia”, which was funded by the “100,000 Strong in the Americas Innovation Fund”, under the competition entitled 
“Competition #13: 2017 SENA Tech Challenge – Promoting Study Abroad in Innovation, Investigation, Entrepreneurship, and 
Bilingualism”.

Four students, two instructors, and one member of administration from the University of Arkansas at Pine Bluff (UAPB) 
traveled to Huila, Colombia for two weeks in July, 2018. Activities included:

• Visiting different tilapia culture systems (earthen ponds, cages, and HDPE liners), as well as methods for tilapia fry 
production (collection of fry from earthen ponds, and incubation of eggs in a hatchery). 

• Hands-on experience in fish processing, starting from raw product to produce fish fillets, and then processing into fish 
hamburgers, ham, sausage, and nuggets.

Two months later, five students and two instructors from SENA – Centro de Formacion Agroindustrial La Angostura (Huila, 
Colombia) traveled to Pine Bluff, AR for two weeks. Activities included:

• Visiting different catfish, baitfish, and sport fish farms in Arkansas. 
• Practicing on water quality sampling, testing, and analysis.
• Training on techniques for fish disease diagnosis.

Insights of this experience, as well as recommendations for future exchanges programs will be presented.
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THE NEW TECHNOLOGIES AND THE LEVEL OF COMPETITIVENESS IN SHRIMP 
CULTIVATION

Máximo Quispe Chau
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Gerente Técnico LATAM, Skretting 

The competitiveness of the shrimp industry is evident, especially when shrimp’s commercialization price is significantly 
reduced globally.

Many producers plan their production schemes focused on achieving greater weekly growth, reducing feed conversion factor 
(FCA) and cultivation days, which represent a lower cost per pound of shrimp and a higher production profit.

Ecuador is achieving a better weekly growth because it is implementing feeding automation models. Also, the technification in 
the different culture stages (use of raceways and nurseries), and a specialized nutrition that has allowed to attain a better sanitary 
condition, survival and growth.

The level of competitiveness in shrimp farming is more evident with the implementation of new technologies such as: Precision 
aquaculture, data application, nutritional innovations, health and technical management; that allow the integral management 
of shrimp production. It also requires specialized technical personnel to be prepared in order to achieve better productive and 
economic results.
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EXPLORING NET PRIMARY PRODUCTION THRESHOLDS FOR OFFSHORE MUSSEL 
FARMING IN CALIFORNIA
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The Southern California Bight is a highly productive ecosystem, raising interest in its potential for supporting shellfish 
aquaculture. With a swell of applications in the permitting pipeline, California has the chance to develop an offshore aquaculture 
industry. However, among stakeholder groups and managers, there is concern that too much mussel farming could lead to a 
reduction in Net Primary Productivity (NPP). Attempting to assess this impact is costing farms considerable financial and in-
kind resources. With few current farms, empirical studies are limited. In their place, new analytical tools can equip managers 
with the ability to site and monitor farms realistically. In this study, cumulative impacts on NPP from open-ocean mussel 
farming are modeled for the Southern California Bight (SCB).

To address this need, we used a spatially explicit production 
model for mussel aquaculture in the SCB. Predictions are 
based upon a Dynamic Energy Budget1 model to predict 
mussel growth using region-specific environmental and 
biological data. Interactions between farms and NPP are 
modeled, considering both physiology and farm structure2. 
Sites were previously selected for optimal mussel growth in 
the SCB3. To calculate the physical impact from a mussel 
farm on NPP, empirical data from Lin et al., 2016 were 
used in conjunction with an ocean circulation model using 
Regional Ocean Modeling System data.

Preliminary results suggest that there is very little likelihood 
of even large-scale mussel farming having any appreciable 
negative effect on regional NPP. Using data for a proposed 
809 ha mussel farm in the Santa Barbara Channel, maximum 
clearance rate would be 61,365 m3/day. This farm’s mussels, 
in an extremely generous estimate, could potentially filter 
only 0.0000052% of the productivity from the ~585,000 
ha Santa Barbara Channel. This does not take into account 
nutrient additions from mussels or other biodiversity impacts. 
Likely, an incredibly large portion of the SCB would have to 
be farmed to even approach productivity thresholds. This analytical tool will help managers focus on the design of regional 
spatial plans for multiple farms when individual farms are unlikely to significantly reduce regional productivity. 

Muller, E. B. & Nisbet, R. M. Survival and production in variable resource environments.  Bulletin of Mathematical Biology 
62, 1163-1189 (2000).  

Lin, Jun, Chunyan Li, and Shouyu Zhang. “Hydrodynamic effect of a large offshore mussel suspended aquaculture 
farm.” Aquaculture 451 (2016): 147-155.

Lester, S. E., et al. “Marine spatial planning makes room for offshore aquaculture in crowded coastal waters.” Nature 
communications 9.1 (2018): 945.
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Recovered biofloc (BF) material from production tanks can be an economical and viable ingredient in shrimp diets. The current 
study used BF material in diets of Pacific white shrimp (PWS), Litopenaeus vannamei to determine its applicability as a feed 
ingredient, and its effects on shrimp production performance. Six experimental diets were formulated to contain 35% crude 
protein, 8% lipid, and an estimated 3.0 kcal/g digestible energy, and consisted of a high fishmeal control (HFMC); BF-free 
control (BFFC); 2% BF (2% BF); 4% BF (4% BF); 2% squid meal (2% SM); and 50% soybean meal replaced with BF (50% 
BFSBM). Thirty 40-L rectangular polyethylene tanks running salt water as a recirculation aquaculture system were stocked 
with 10 shrimps (mean weight ± SD of 4.32 ± 0.18 g) per tank. After the six-week feeding trial, lowest growth performance 
and highest feed conversion ratio (FCR) was exhibited by shrimp fed 50% BFSBM, but due to the relatively lower final protein 
content of this diet, this treatment was excluded from the statistical analyses and results hereafter. Survival rates ranged from 
74 to 80% without any significant difference (P ≥ 0.05) among treatments. Shrimp fed 2% BF showed highest (P < 0.05) final 
body weight and SGR than all other treatments; while no significant (P ≥ 0.05) differences in FCR, feed intake, and protein 
efficiency ratio were found among treatments. Likewise, carcass proximate composition, amylase, lipase, and trypsin activities 
did not show any significant differences (P ≥ 0.05) in all treatments. Results indicate that recovered BF material included at 2% 
in the diet may positively affect the growth performance of PWS. Therefore, additional evaluations on the potential additive 
properties and nutritional value of BF in the diet of PWS are recommended. 
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MUSSEL SELECTIVE BREEDING FOR INCREASED RESILIENCE TO CLIMATE CHANGE
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New Zealand’s largest aquaculture sector is based upon the Greenshell mussel, Perna canaliculus, which is distributed across 
the country’s entire latitudinal range (34 - 48°S), maintaining genetic diversity across a broad range of environments. The 
Cawthron Institute has established a substantial selective breeding programme, using this diversity to add value and production 
security to the industry. Rising coastal water temperatures and increasingly dramatic ENSO events, combined with recent 
projections that coastal acidification rates may exceed oceanic levels, rising to 1100µatm pCO2 (pH ~7.65) by 2100, have led 
to concerns that future mussel production may be adversely affected, prompting investigation of climate change tolerance 
and the potential for selective breeding. Heat tolerance was assessed using acute heat challenge to screen 43 full sib (f2 – f4) 
families (25 - 35°C), The 50% survival temperature, LT50, was significantly influenced by genotype, ranging from 28.9 to 
31.8°C (see figure). Chronic experimental exposure of Greenshell mussels to elevated pCO2 revealed surprising reliance, with 
minimal growth and survival impairment to all shelled life stages. Pre-shelled larvae, however, showed substantially reduced 
growth and survival and increased incidence of malformation. Breeding studies therefore focused on this bottleneck life stage, 
assessing 96 new families for performance under 1100µatm CO2 to 2d post-fertilization. Genotype again influenced resilience, 
with significant, heritable (h2 = 0.33) differences in initial D-veliger shell length, which correlates closely with long-term 
survival. Preliminary investigations suggest that exposing adult mussels to elevated CO2 conditions may subsequently increase 
the resilience of their offspring to the same conditions. Formal trials are now underway, exposing maturing adults to elevated 
CO2 or temperature to characterise the net effect upon breeding and offspring performance. Selective breeding can therefore be 
used to create families with increased tolerance to ocean warming and acidification and on-going investigations will establish 
whether adult exposure, and therefore broodstock husbandry, can further enhance resilience.
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AN IN-DEPTH VIEW OF SUNSHINE HYBRID STRIPED BASS (MALE Morone saxatilis X 
FEMALE M. chrysops) GROWTH PERFORMANCE USING TRANSCRIPTOMICS ANALYSIS 
OF MUSCLE TISSUE
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In every cohort of cultured fish, a subgroup of individuals fails to reach the desired market size. The aim of this study was to 
provide a view of the transcriptome of white skeletal muscle of the hybrid striped bass (HSB) with the specific objective of 
providing an informative list of the most important gene indicators involved in HSB growth performance. HSB fingerlings 
were reared as a cohort in tanks and ponds according to standard two-phase aquaculture procedures until harvest at market 
size (average weight: 721±8 g). Individuals representing the top and bottom 10% in terms of body size (N=10 fish each) were 
selected as representatives of fish that grow good (total length: 397±3 mm, weight: 956±23, all values are given as average 
± standard deviation) or poor (total length: 333±6 mm, weight: 482±26 g). These cutoffs were chosen as they represent the 
extremes of the harvest distribution, including those fish that did not reach market size. White muscle samples were excised 
from the left side of HSB just ventral to the anterior margin of the first dorsal fin and posterior to the head. Transverse cross-
sections were taken through the tissue with the purpose of evaluating differences in muscle fiber number, distribution, and 
diameter. Most of the muscle fibers in the good-growth group were in hyperplastic growth phase, whereas fish in the poor-
growth group had switched to hypertrophic growth (Fig. 1). RNA-seq analysis of muscle was conducted using Illumina next 
generation sequencing. The transcriptomes were assembled from both de novo transcriptomes and existing whole-genome 
resources that have been developed for Morone. A novel Support Vector Machines (SVMs) based-machine learning analysis 
was used to compare 72,893 different expressed genes between fish from the good- and poor-growth groups. SVM pattern 
recognition identified 150 important gene transcripts and DAVID Gene Ontology (GO) enrichment organized these genes 
into three functional groups (Table 1). The gene members in these groups share commonality in biological function related to 
growth performance, including regulatory functions such as cell signaling, and second messenger systems associated with the 
plasma membrane, cell proliferation, and differentiation. Not surprisingly, genes involved with insulin-like growth factor and 
other important growth factors also were identified. Our findings will set the stage for future HSB research aiming to improve 
growth through breeding and control of certain signaling pathways. 
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CAGE CULTURE OF TILAPIA IN FRESH AND BRACKISH WATER RESOURCES 
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Intensive culture systems of tilapia such as cage culture are recently developed because of limitations of water resources. In 
Iran, studies about tilapia were started in National Research Center of Saline Water Aquatics from November 2008 and some 
different culture systems are surveyed. Investigation about cage culture of Nile tilapia, Oreochromis niloticus was performed in 
fresh and brackish water with stocking densities 25, 50, 75, 100, 125 and 150 fish/m3. Stocking densities 75-125 fish/ m3 were 
appropriate especially in fish reared in brackish water cages.

Tilapia culture has significantly developed in recent decades around the world. It is produced in more than 135 countries (FAO, 
2014).

Studies about tilapia have started in Iran from 2008. Some culture systems such as earthponds, tanks, aquaponics and 
greenhouse bioflock systems are investigated for tilapia culture in National Research Center of Saline Water Aquatics, Bafq, 
Iran (Rajabipour, 2012 & 2015, Sarsangi, 2012, Mashaii, 2017).

Investigation about cage culture of Nile tilapia, Oreochromis niloticus was performed in two culture periods of 2012 and 2014 
in fresh and brackish water conditions of Iran for the first time.

Stocking densities of fish in the cages were 25, 50, 75, 100, 125 and 150 fish/m3. 100g fish stocked reached 272-331 g during 
80 days in the first study. However, 50g fish stocked reached 329-450 g during 145 days in the second study. Results of cage 
culture of tilapia in fresh and brackish water conditions showed ranges of FCR: 1.56-3.72 and 1.08-1.87, DGR: 1.63-2.91 and 
2.14-2.92 g/day, SGR: 0.63-1.12 and 1.29-1.54, production: 5.98-38 and 7.17-41.6 kg/m3, respectively. Stocking densities 75-
125 fish/ m3 were appropriate especially in fish reared in brackish water cages.
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Vibrios are the phenomenal test models for genomic classification because they are abundant in the aquatic environment, 
related with a wide range of marine life. Vibrio’s are the most common genera associated with shrimp aquaculture practices 
often causing significant economic losses. White gut disease infected shrimps Litopenaeus vannamei were collected from 
aquaculture ponds at Marakkanam (12.1899° N, 79.9249° E), East coast of Chennai, India. The potential of bacterial whole-
genome sequencing (WGS) to complement existing diagnostic infrastructures in clinical microbiology has been shown in 
proof-of-principle examples and extensively discussed. Whole Genome Sequencing (WGS) was performed on the Illumina 
HiSeq 2500 platform using paired-end chemistry. Bioinformatics analysis including FASTQ-QA/QC, read-trimming and De 
novo genome assembly was performed using tools available on the QUAST server. Resulted WGS analysis assist to a better 
understanding of Vibrio infection in shrimps.
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Considerable efforts have recently been dedicated toward oyster-reef restoration within the northern Gulf of Mexico. Successful 
early recruitment may be vital for restoring oyster populations in the face of harvesting. Early oyster recruitment depends on the 
supply of planktonic larval stages as well as on the survival of post-settlement stages. Consequently, the supply of early recruits 
may be limited in ways that need to be considered for making management decisions. The objective of this presentation will be 
to consider how variability in early oyster recruitment may constrain oyster reef restoration.

In a previous study, we examined variability in spat settlement and key trophic interactions affecting early oyster recruitment 
(Figure 1). Spat settlement and key members of the trophic web were quantified at twelve oyster reef sites over the course 
of seven months. Significant differences in mean spat settlement occurred between reef types, among regions, and among 
sampling time periods, as well as for all interactions among these three factors. Spatial-temporal differences in oyster-reef 
trophic assemblages were attributable to region and season. A suite of manipulative laboratory experiments showed that 
mud crabs and oyster drills potentially reduce oyster spat survival. Moreover, feeding rates on spat depended significantly 
on the predator-prey size ratio. Video recordings revealed that stone crabs and blue crabs can consume drills and large drills 
can cannibalize small drills. Combinatorial experiments involving different substrates and multiple predators revealed that 
limestone substrate potentially leads to greater spat mortality in contrast to oyster shell.

The objective of an ongoing study is to evaluate the role and importance of early recruitment to oyster-reef restoration success 
in western Mississippi Sound. During the summer 2018 oyster recruitment period, we quantified larval supply, spat settlement, 
and macro-predators at eight sites, including four recently restored inshore reef sites (2 limestone, 2 relic shell), two historic 
unrestored inshore reef sites, one unrestored offshore reef site, and one previously restored offshore reef site (1 limestone). 
Variation in recruitment success will be considered relative to region, restoration material, and the degree of background 
predation on post-settlement oysters. The relative importance of local oyster spawning stock biomass as a contributing source 
of early recruits will also be considered. Enumerated zooplankton data and spat settlement on plates both with and without 
predator exclusion cages will be presented. 
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As a dominant species in the Chesapeake Bay, blue crab plays an important role in the food web and supports valuable fisheries. 
The life history is characterized by ontogenetic shifts in habitat use, with megalopal settlement into high-salinity, highly 
structured habitats followed by a migration of juveniles towards lower salinities and less structured habitats. We modified an 
existing deterministic, stage-based demographic model with the best available information on blue crab vital rates, with an 
emphasis on habitat-specific mortality rates of juveniles in structured and unstructured habitats, such that the finite population 
growth rate (λ) could provide a measure of fitness. We used a range of fishing mortality that represented realistic exploitation 
rates, and an unexploited scenario. Juvenile survival rates were estimated from two field studies; daily mortality rates were 
interpolated using a weight-based estimate for zoea and direct estimates of mortality for adults. The population growth rate 
decreased with increasing fishing mortality under both structured and unstructured scenarios. However, the availability of 
enough structured habitat provided a buffer from fishing mortality; that is, the population could sustain higher fishing mortality 
rates (Figure 1). The population growth rate was strongly dependent on the juvenile survival, indicating that this stage is critical 
to the overall population trends. This study provides further evidence that habitat characteristics must be incorporated in efforts 
to understand the dynamics of species with multiple juvenile habitats and ontogenetic shifts in habitat utilization. 
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There is considerable diversity in sexual determination and differentiation mechanisms among teleosts. In many species, the 
phenotypic physiology is influenced by environmental stress during development. In these species, increased levels of the stress 
hormone cortisol during the undifferentiated labile period generally correlate with higher rates of masculinization. In aquaculture, 
production of monosex male cohorts is desirable in several species. This is especially true in ornamental aquaculture, where 
there are numerous species, including the Rosy Barb Pethia conchonius and Dwarf Gourami Trichogaster lalius, in which the 
males are more vibrantly colored and therefore more commercially valuable than their female conspecifics. Internationally, 
ornamental aquaculturists use the synthetic androgen 17α-methyltestosterone (MT) to masculinize cohorts of ornamental fish. 
However, in the U.S., it is currently prohibited to use MT in ornamental aquaculture, putting domestic producers at an economic 
disadvantage. It is possible that environmental sex reversal could be utilized as an alternative masculinization method for these 
species without the use of exogenous hormones. The current study explored the feasibility and efficacy of using environmental 
stressors during early larval rearing to cause masculinization.

Several experiments were conducted during the first 30 days post hatch with both Rosy Barbs and Dwarf Gouramis. The aim 
of each experiment was to utilize stressors that elevate endogenous cortisol levels in the developing larvae, thus inducing 
masculinization. This was accomplished by either directly feeding cortisol coated feed or by manipulating environmental 
factors such as stocking density, temperature, or salinity to elicit a natural increase in endogenous cortisol levels. Whole body 
cortisol levels, survival, growth, and sex ratios of fish in replicate tanks were determined and analyzed for each experimental 
treatment. For both species, experimental treatments resulted in significant differences in growth, survival, and whole-body 
cortisol levels in specific treatments, but no differences have been found in resulting sex ratios. This may demonstrate a lack of 
sexual plasticity in these species. 
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In many parts of the world, it is a common practice to use hormones to masculinize sexually dichromic ornamental species 
in which males are more ornately colored and therefore more aesthetically attractive and valuable. The synthetic androgen 
17α-methyltestosterone (MT) is one of the most common hormones used in this practice due to its proven efficacy in a wide 
range of species. The use of MT in ornamental aquaculture is currently prohibited in the U.S. However, as regulations are 
constantly evolving, indexing of MT under the Minor Use and Minor Species Health Act (MUMS) remains of great interest 
to ornamental aquaculture stakeholders. The Rosy Barb Pethia conchonius and Dwarf Gourami Trichogaster lalius are two 
sexually dichromic species that were specifically identified by commercial producers as species which would benefit from 
masculinization and identification of efficacious doses and administration routes for MT may be prudent. 
 
The current study seeks to identify the minimum effective dose of MT for each species. Larval Dwarf Gouramis and Rosy 
Barbs were exposed to a range of concentrations of MT over the first 30 or 50 days post hatch. MT was administered either 
through a regime of 4-hour immersions or via top-coated feed. Survival was determined at the end of each treatment regime and 
the fish from each replicate tank were grown out for approximately 2-3 months, until sex ratios could be determined via gross 
dissections. Final sex ratios were evaluated to determine the minimum effective masculinizing MT dose for both immersion 
and feeding. 
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In the United States, Arkansas is a one of the leading producers for food, bait, sport and ornamental fish. Fish farmers must 
raise fish in high densities to meet growing industry demands. Bacterial diseases such as columnaris and motile aeromonas 
septicemia often occur in overcrowded fish populations. Although vaccines and antibiotics are available to help control bacterial 
diseases, they are not always efficient and there are strict regulations governing the use of antibiotics in aquaculture. There is 
an urgent need to identify alternative, cost-effective solutions to prevent and treat fish diseases.
 
In this study, we have evaluated the anti-microbial properties of methonolic extracts from eleven herbs and spices for use 
against Flavobacterium columnare and Aeromonas hydrophila bacteria and compared to the commercially available antibiotic 
Oxytetracycline (Terramycin® 200). All extracts (30mg/ml) demonstrated bactericidal and bacteriostatic effect effects against 
Flavobacterium columnare at a rate comparable to that of OTC and more effective than OTC when tested against the Aeromonas 
hydrophila bacterium. Among all, Syzygium aromaticum extract had high activity. We used cell and molecular approach to 
determine the growth, cytotoxic and genotoxic effects of Syzygium aromaticum on Channel Catfish Cells (CCO) in a dose and 
time dependent manner. The CCO cell morphology or cell viability were not affected even after 72 hrs up to a dose of 75ng/
ml. Cell viability was similar to untreated or control both by trypan blue exclusion and neutral red uptake analysis at dose of 
45ng/ml. We evaluated the LDH leaking from treated and untreated cells to determine if there any compromise membrane 
integrity. Interestingly, we found that the CCO cell membrane integrity was not only maintained, but protected in the presence 
of S. aromaticum when compared to controls. Moreover, we dint evidence any DNA damage assessed by comet nor growth 
inhibition or increase in cell proliferation through MTT. We are currently evaluating the molecular mechanisms that render 
S.aromaticum protective properties and whether it stimulates the catfish immune response. Our research shows the potential of 
affordable extracts in the prevention and treatment of common fish diseases.



890
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The US Gulf Coast oyster (Crassostrea virginica) industry has been vibrant and a significant revenue generator to local 
economies for decades. Recently, the industry has declined drastically due to hurricanes, drought, competition with other 
coastal use and pollution to name a few. One approach to stabilizing the industry is to grow oysters offshore where these factors 
have less impact. However Gulf oysters are adapted to the lower salinity of coastal bays and estuaries and do not thrive in the 
higher salt conditions found offshore. In addition, devastating oyster diseases such as Dermo are known to be exacerbated in 
higher salinity, warm water found offshore. One potential solution may lie in the hypersaline Lower Laguna Madre (LLM) of 
Texas which is home to a little known strain of oyster (the LLM oyster, Crassostrea virginica) that can thrive in higher salt 
conditions typical of the LLM. 

The unique genetics, growth rate, and salinity tolerance of the LLM oyster make it an excellent candidate for offshore 
application. In a preliminary offshore suitability study to verify LLM oyster salinity tolerance, spat collected from Port Isabel 
were moved to intertidal flats off of Padre Island where salinities can rise to over 40 ppt. Oysters grew for several months at 
35-40 ppt.  Growth observations at Port Isabel show newly settled spat achieving a marketable 3 inch deep cup in one growing 
season. Elevated Dermo levels in more estuarine coastal oysters usually correlated with temperature and salinity increase, 
show different patterns in LLM oysters. Dermo levels at a Padre Island test site tracked during 2017 showed unexpectedly low 
infection intensity underscoring LLM oyster offshore culture suitability. 

Finally, LLM oyster cultivation in the LLM may provide an excellent opportunity to facilitate the transition to offshore culture 
by creating the infrastructure (e.g. hatcheries, markets, expertise) and revenue stream necessary to support more costly offshore 
ventures.  LLM culture site advantages include: 1) state-approved shellfish growing waters; 2) parks protecting much of 
its shores significantly reducing anthropogenic pollution; 3) substantial areas with shallow firm substrate without seagrass 
minimizing environmental concerns due to seagrass loss and culture costs. In summary, a combination of factors make the 
unique LLM oyster and its culture in the LLM a worthwhile consideration for the eventual establishment of an offshore industry 
and stability that it may bring to Gulf oyster production.
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CAN INTEGRATED MULTI-TROPHIC AQUACULTURE HELP MITIGATE THE EFFECTS 
OF CLIMATE CHANGE ON ECONOMICALLY IMPORTANT FILTER FEEDERS

Rastrick S.P.S*., Jiang Z.J., Wang X.Q., Graham H.E., Collier V., Whiteley N.M., Strohmeier T., Fang J.G., 
Strand Ø.
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Elevated costs of maintaining homeostasis under elevated pCO2 and temperature conditions associated with future climate 
change and ocean acidification (OA) has been shown to divert energy away from growth and reproduction effecting the 
production potential and fitness of aquaculture species. Although these energetic trade-offs have been well demonstrated few 
studies have investigated how these effect the interactions between species within an Integrated multi-trophic aquaculture 
(IMTA) setting. We have demonstrated via lab and field mesocosms experiments that in general when exposed to combinations 
of elevated pCO2 and temperature, filter feeders of importance to aquaculture (i.e. Magallana gigas, Mytilus edulis and Ciona 
intestinalis) show elevated metabolic costs. It has been postulated that within an IMTA system these increases in energetic 
demand may be met by greater energy availability. However our experiments show that filter feeders may be unable to utilise 
increased seston concentration due to fundamental negative effects of elevated pCO2 on absorption efficiency. Although M. 
edulis shows a slight increase in clearance rate (CR) in an incomplete attempt at energy compensation, in other species the 
effects of decreased absorption efficiency are exacerbated by decreased CR in response to predicted OA conditions. These results 
suggested that decreased scope for growth (SfG) and lower production in future high pCO2 waters will occur independently 
of nutrient availability. In fact, some experiments suggest that food limitation may be beneficial due to associated changes in 
metabolic and feeding rates that are independent of elevated pCO2.

Although changes in energy availability within IMTA systems may not mitigate the effects of climate change, the fixation of 
inorganic carbon by macroalgae in some IMTA systems, such as those traditionally used in China, may in part mitigate the 
effects of OA on bivalves. Within field mesocosms supplied with elevated pCO2 water (pCO2 = 1000 uatm: vol. = 70 L) the 
introduction of macroalgae increased pH from 7.7 to 7.8, compared to ambient water of 8.1. When exposed to elevated pCO2 
for 4 weeks in these mesocosms M. gigas  exhibited reduced CR resulting in significantly lower SfG and growth over the 
incubation when compared to the ambient treatment. However, in elevated pCO2  mesocosms where M. gigas  were incubated 
with macroalgae no significant effects on CR, SfG or growth were observed compared to control animals. 

Together these experiments suggest that the energetic interactions between species within IMTA systems will change due to 
climate change. Although it is unlikely that the elevated costs of maintaining homeostasis reported in filter feeders can simply 
be met by increased energy availability in the seston. The fixation of inorganic carbon by macroalgae within some IMTA 
systems may, in part, mitigate the effects of OA on cultured bivalves. However more large scale manipulations within natural 
systems and modelling will be needed to scale these lab and mesocosm experiments up to a production scale.   



892

FEEDING EARLY LARVAL STAGES OF THE PACIFIC CLEANER SHRIMP Lysmata amboinensis
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Marine ornamental shrimp culture is hindered by unknown larvae nutritional needs, feed types, feeding regimes, and the 
unusual stage of “mark-time molting”. Therefore, two feeding experiments were conducted concurrently to examine live-feed 
types (enriched rotifers, enriched Artemia, and copepods) and co-fed feed types upon survival and development of early larval 
stage Pacific cleaner shrimp Lysmata amboinensis.  Survival of L. amboinensis larvae was significantly higher in the enriched 
rotifer treatment (Fig 1). Larvae fed enriched rotifers or enriched Artemia were able to reach the ninth zoeal stage by the end 
of the trial, but larvae fed enriched Artemia had significantly lower survival (Fig 1). Larvae fed copepods failed to reach the 
third zoeal stage.  Results indicated that enriched rotifers were suitable for early larval stages but not ideal for late larval stages. 
Larvae co-fed enriched rotifers and enriched Artemia reached the tenth zoeal stage (Fig 2) at the end of the 30-day trial period, 
as well as having the highest survival and development in earlier stages. Further determination of ornamental shrimp larvae 
nutritional requirements will assist industry production goals and reduce potentially natural harvest pressure. 
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MODELING SUITABLE SITES FOR OLYMPIA OYSTER RESTORATION

Emily Read*
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Native West Coast Olympia Oyster populations (Ostrea lurida) have been decimated due to overharvesting, pollution, and 
habitat degradation. With restoration, oyster reefs could protect against erosion caused by sea level rise (Ridge et al., 2015) and 
provide habitat for economically valuable fish species (Peterson et al., 2003). Currently, many habitat restoration plans along 
the California coast do not include oysters. Through this project I aim to model potential native oyster restoration sites based 
on ideal oyster environmental conditions. The results will help environmental managers to easily incorporate oyster restoration 
into their management plans. 

The study area for this project is the San Francisco Bay. The Bay has been a hot spot for native Olympia Oyster restoration 
over the past few decades. It is an ideal location for oysters due to its environmental characteristics. Researchers and non-profit 
organizations have completed several “living shoreline” projects in order to bring back native oysters for ecosystem benefits, 
such as erosion control and wildlife habitat. This area also has years of observational data, so it can be used as an inspiration 
for other bays and estuaries in California. 

The project will produce a map of suitable habitat for oyster restoration based on preferred environmental conditions of 
native oysters. If successful, this could be used to determine future restoration sites as well as provide a foundation for oyster 
restoration modeling in other areas of California. 
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Higher-order teleosts (Acanthomorpha) express three distinct forms of vitellogenin (VtgAa, VtgAb, and VtgC) and these have 
been characterized in a number of fish species. The VtgAa and VtgAb are considered “complete” and contain a suite of five 
yolk protein domains (lipovitellin heavy chain, lipovitellin light chain, phosvitin, beta’-component, and c-terminal component), 
however the VtgC is “incomplete” and only contains the lipovitellin heavy and light chains. These egg yolk precursors are 
produced by the liver in response to estrogen their gene expression is mediated by estrogen receptor alpha in tilapia and 
cutthroat trout. Vitellogenins are then released into the circulatory system where they are taken up specifically by growing 
oocytes via receptor-mediated endocytosis within clathrin-coated pits. Two vitellogenin receptors (LR8 and Lrp13) have been 
characterized in striped bass, white perch, and cutthroat trout ovaries. The Lrp13 localizes throughout the zona radiata and 
granulosa cells and it specifically binds VtgAa, whereas the LR8 localizes to the oolemma and zona radiata interna and binds 
VtgAb. To date, no known lipoprotein receptor has been shown to bind VtgC in Acanthomorphs and it might enter oocytes 
through the fluid phase of endocytosis or escorted by Y-box binding protein 2a-like, to which it does bind. Additionally, VtgC 
localizes exclusively to lipid inclusions within growing oocytes, whereas VtgAb localizes to the ooplasm and yolk globules. 
The VtgAa has not yet been evaluated in this manner. The VtgAb primarily enters growing oocytes during early- to mid-
vitellogenesis whereas the VtgAa enters oocytes from mid- to post-vitellogenesis. The VtgAb is typically the predominant 
form in the blood plasma and the yolk. The VtgC is steadily accumulated by oocytes beginning during pre-vitellogenesis 
and continues until post-vitellogenesis and its composition in the yolk can widely vary between species. For example, in 
striped bass VtgC accounts for 26% of the vitellogenin-derived yolk in post-vitellogenic oocytes, however in the white perch it 
comprises only 4%. Lower-order teleosts possess several different complete vitellogenins types, although, with the exception 
the Ostariophysian fishes, they all appear to be functionally similar despite the fact that both LR8 and Lrp13 receptors are 
present in the ovary of at least the salmonids. These species also express VtgC as well. In cutthroat trout, complete salmonid 
A-type vitellogenins (VtgAs) bind both LR8 and Lrp13 receptors. Meanwhile, VtgC binds two unidentified ovarian receptors; 
one of which specifically binds VtgC, while the other binds both VtgAs and VtgC. A synchronous increase of both VtgAs and 
VtgC subtypes in the yolk occurs as oocyte growth progresses. In salmonids, the VtgAs and its derived lipovitellin (LvAs) are 
always predominant in the circulation and in the yolk of vitellogenic females, respectively. The majority (95%) of circulating 
vitellogenins is VtgAs and also VtgAs constitutes about 95-96% of the vitellogenin-derived yolk in mid-vitellogenic oocytes of 
Sakhalin taimen. Understanding the functions of these multiple vitellogenins is relevant to egg quality, since yolk components 
not only provide nutrition to embryos and larvae at specific developmental stages, but contribute to egg buoyancy as well.
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Striped bass is an anadromous fish native to the North American Atlantic Coast and it is well recognized and regarded as one of 
the most important recreational fisheries in the United States. Decades of research have been conducted on striped bass and its 
hybrid (striped bass x white bass) and culture methods have been established, in particular for the hybrid striped bass, which is 
the fourth largest finfish aquaculture industry in the nation ($50 million). Domestic striped bass have been bred over many years 
and are available from the government for commercial fry production using recently developed hormone-free methods along 
with traditional hormone-induced tank and strip spawning. No commercial scale intensive larval rearing technologies have 
been developed at present and fingerling production is conducted in fertilized freshwater ponds. Striped bass can be grown out 
in marine (32 ppt) or freshwater (< 5ppt), however they require high hardness (200+ ppm) and some salinity (8-10 ppt) to offset 
handling stress. Juveniles must be 1-10 g/fish prior to stocking into marine water. Commercially available fingerling, growout, 
and broodstock feeds are available from several vendors. Striped bass may reach 3 lb/fish in recirculating aquaculture by 18 
months and as much as 5 lb/fish by 24 months. Farm gate value of striped bass has not been determined, although seasonally 
available harvested striped bass are valued at $3.00/lb and cultured hybrid striped bass are valued at $3.84-$4.20/lb whole; 
the farm gate value for cultured striped bass may be as much as $5.00 or more per lb depending on demand. The ideal market 
size is between 3 and 6 lb/fish, which is considerably larger than the 1.5-2 lb/fish for hybrid striped bass. Other than common 
opportunistic pathogens, there are no major disease concerns at present aside from VHS in the Great Lakes region. 



896
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The Discovery Islands region of British Columbia forms a major migration corridor for wild Pacific salmon. Numerous open 
net-pen Atlantic salmon farms located here could be a potential source of disease transfer to wild salmon but the real risks 
and impacts remain unquantified. Our prior telemetry studies established that the travel time of wild juvenile sockeye salmon 
smolts through southern British Columbia is rapid; however, to investigate how long wild salmon are exposed to individual 
salmon farms, we deployed individual acoustic receivers within farm tenures and subarrays of multiple acoustic receivers in 
Hoskyn & Okisollo channels to monitor smolt passage (Figure 1).  All five farms were fallow in 2017 but in 2018 four of five 
were stocked with Atlantic salmon. Juvenile, wild, sockeye salmon primarily originating from the Fraser River were captured, 
acoustic-tagged, and tracked through the area. 

Median travel time in a 21 km corridor including two salmon 
farms in Hoskyn Channel was 28.6 hrs in 2017 and 38.8 hrs 
in 2018. Median travel time in Okisollo Channel past three 
farms in a 4 km stretch was 6 hrs in 2017 and 7.3 hours in 
2018. In 2017, fish were detected within acoustic range of 
the Venture Point farm for a median time of 4.5 min in 2017 
and 12.2 min in 2018. Fish were detected within acoustic 
range of the Brent Island farm for a median time of 4.2 min 
in 2017 and 10.9 min in 2018. Thus, exposure times were 
brief regardless of whether farms were fallow or stocked. It 
is unclear if the longer exposure times in 2018 are related to 
farm activity, intrinsic interannual variation, or differences 
in stock composition or tagging methodology between years. 

We demonstrate that it is possible to directly measure 
exposure to fish farms, migration route preference, and route-
specific survival. We are currently seeking to build support 
for a much larger acoustic telemetry study to directly test 
whether farm exposure actually reduces subsequent survival 
of free-ranging smolts and, if so, by how much. 
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The scallop, Placopecten magellanicus, supports the second most valuable fishery (after lobsters) in the mid-Atlantic and 
Georges Bank region. The fishery has been successfully managed using a CASA length structured model. Recent efforts have 
focused on supplementing this approach through the development of an age based model. The latter is valuable in that it (a) 
explores if the age-length relationship is constant throughout the exploited range of the fishery, (b) improves description of 
recruitment in species where age estimation for small/young individuals is difficult, and (c) assists description of mortality 
where age estimation of large/old individuals is difficult. All three of (a) through (c) are arguably the current case for sea 
scallops. Herein we describe and summarize recent efforts to develop age and growth estimates and compare results with prior 
reports. Specifically, we have examined the (1) relationship of external growth signatures to seasonal water temperature based 
on isotopic O16:O18 ratios, (2) incremental measures between external growth signatures in combination with a Ford Walford 
approach using mixed models, and (3) the relationship of age, estimated from hinge structure, to length. Protocols supporting 
(1) and (2) build on prior work by Hart and Chute at the Northeast Fisheries Science Center (NEFSC), while (3) builds on 
earlier work by Merrill and colleagues. Source material is from the NEFSC scallop shell archive for the period 1977-2000 and 
more recent collections from the mid-Atlantic in the 2014-2018 period.

MICROALGAE AQUAFEEDS IN HATCHERIES

Tim Reed
                        
Reed Mariculture
San Jose, California
tim@reedmariculture.com

Microalgae used in hatcheries is a very small, but critical segment of the global aquafeed industry. The importance of hatchery 
production to stock grow-out operations continues to increase as environmental constraints and the need to secure clean, 
healthy larvae becomes more imparative. Greater recognition of the importance of biosecurity has led to heightened scrutiny of 
live feeds, including microalgae, as vectors for pathogens. In this environment, dependable supplies of high-quality, bio-secure 
microalgae that can fulfill the functional requirements of hatcheries can prove to be essential for the success of aquaculture. 
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Antimicrobial resistance (AMR) is a major public health threat for humans and animals worldwide. Antimicrobial drugs have 
been widely used in human and veterinary medicine for more than 50 years; however, when used inappropriately they can increase 
the risk of creating antibiotic resistant bacteria. In order to successfully monitor the antimicrobial susceptibility of bacterial 
pathogens it is vital that veterinary diagnostic laboratories be incorporated into the nation’s surveillance activities. In 2016, 
Vet-LIRN developed a collaborative pilot project to assess the antimicrobial susceptibility of selected veterinary pathogens and 
to collect sequence information on a subset of those isolates.  Goals of the pilot included developing the infrastructure to share 
antimicrobial susceptibility testing (AST) results between veterinary laboratories, to demonstrate laboratory AST proficiency, 
and to develop whole genome sequencing (WGS) capability in the Vet-LIRN network.  In 2017, Vet-LIRN laboratories started 
collecting three veterinary pathogens: Salmonella sp. from any host, and pathogenic E. coli and S. pseudintermedius isolates 
from dogs. Twenty Vet-LIRN laboratories (Source labs) collected and tested four isolates of each pathogen per month.  The 
near 2000 isolates, associated metadata and AST data were submitted to Vet-LIRN sequencing (WGS) laboratories. A subset 
of 200 isolates were sequenced during 2017.  WGS information on resistance genes is being compared with the AST data. In 
2018, 5 source laboratories will be collecting isolates from fish hosts.  The addition of fish isolates to this study will provide an 
important initial dataset to understand current trends in the susceptibility of fish pathogens.
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The continued success of shrimp farming will rely on improved feed management and reductions in labor costs. Shrimp are 
grazers eating many small meals with limited stomach capacity for food storage. Hence increased performance may be obtained 
by spreading feed through multiple meals. Previous works in similar conditions have demonstrated that moving from two 
feeding per day into multiple feeding systems increases growth rate and production. Further advances have been made with 
on-demand (satiation) feeding systems. Building on previous research, the goal of this work was to develop standard feeding 
protocol (SFP) for automatic feeding systems to maximize growth rates in semi-intensive pond production of Pacific White 
Shrimp, Litopenaeus vannamei. This 13-week trial was performed in 16, 0.1 ha outdoors ponds, stocked at a 26 shrimp/m2, 
and fed a 35% protein soy-optimized feed. Four treatments including: three fixed feeding treatments of 130, 145 and 160% 
of a standard ration (SR130, SR145, SR160, respectively) were offered using automatic timer-feeders, and a fourth treatment 
utilized on-demand AQ1 acoustic feeding system (AQ1). No statistical differences were found between treatments for survival 
(ranging 75.2-81.4%) and FCR (ranging 0.96-1.11). In general, increased feed inputs resulted in higher production. The best 
response was with the AQ1 acoustic feeding as animals under this treatment were offered higher feed inputs resulting in larger 
shrimp and yields. 
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Maximizing growth rates in aquaculture species minimizes the time to achieve a marketable size and decreases the investment 
time and expense of rearing slow growing individuals.  In fish species, feed costs constitute 45-70% of production costs.  
Thus, genetic selection to improve feed efficiency and growth has the potential to robustly increase producer profits.  We have 
previously reported that a colorimetric, resazurin based assay, can be applied in embryonic tilapia to identify individuals that 
are genetically superior for growth and feed efficiency.  Herein, we report the application of this assay for measuring metabolic 
rate in skeletal muscle biopsies from adult fish, eyed rainbow trout eggs, and oysters to improve selection for feed efficiency 
and growth.  

By selecting embryonic tilapia that were superior for growth, we also selected tilapia 
that had improved feed efficiency.  To understand the mechanism by which feed 
efficiency was improved we assessed the metabolic rate of the skeletal muscle from 
these fish as adults.  Skeletal muscle biopsies from the feed efficient, faster growing 
tilapia expended 46% less energy per unit DNA than skeletal muscle biopsies from 
the less efficient, slower growing tilapia (P < 0.0001).  This decrease in skeletal 
muscle basal metabolic rate is indicative of a low maintenance energy requirement 
in these fish and explains the improved feed efficiency in these faster growing fish.  
Thus, by identifying individuals with a high metabolic rate as embryos, when growth 
is the primary determinant of energy expenditure, we have simultaneously found 
individuals that have a low maintenance energy requirement.  

To best employ this in the trout industry we aimed to apply this assay to eyed eggs, 
which are commonly shipped.  Eyed eggs were tested in the lab and shipped back to 
the producer for grow-out under production conditions.  One-year post hatch, trout that had a high metabolic rate (top 25%) as 
eyed eggs weigh 26.7% more (P < 0.0001) and are 9.8% longer (P < 0.0001) than their low metabolic rate counterparts.  

We showed that, in oysters, metabolic rate increased with increasing media salt concentration (P < 0.05).  In fact, maintaining 
cellular ion and water balance is a primary driver of energy expenditure in mollusks.  A decrease in energy expended to regulate 
ion balance improves feed efficiency and growth.  We’ve shown that two months after sorting based on metabolic rate/mass, 
oysters that had a low metabolic rate/mass (lowest quartile) were 2.8 times larger than oysters that had a high metabolic rate/
mass (highest quartile).  

We envision application to select for brood stock with superior genetics for growth and feed efficiency across aquatic species.  
By allowing for selection based on growth potential to occur in young fish or mollusks, the costs of rearing brood and selecting 
for growth later in life are eliminated, simultaneously improving genetics for growth and feed efficiency.  
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Columnaris disease is one of the most detrimental bacterial infections affecting the largemouth bass (M. salmoides) aquaculture 
industry today. Several factors play important role in the innate immune system in response to a wide range of pathogen 
infections. Lipopolysaccharides (LPS) are one of the major components of the outer membrane of Gram-negative bacteria, 
which makes them key targets for recognition in the immune system. Transcriptome profiling of largemouth bass will help to 
understand the host immune response to columnaris (Flavobacterium columnare) infection and Lipopolysaccharide (LPS), 
using the Illumina RNA-seq sequencing platform. These results will provide insight on immune mechanisms induced during 
columnaris infection in largemouth bass, which may enable prevention of columnaris. The study is currently on-going, data are 
currently being analyzed and results will be presented.
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The Pribilof Islands blue king crab (BKC), Paralithodes platypus, stock was closed to commercial fishing in 1998 and declared 
overfished due to low abundance in 2002. Despite no directed fishing, stock abundance has not improved since 2002. The 
reasons for the decline and lack of recovery are unknown. In Fall 2016, we initiated a North Pacific Research Board funded 
project that focused on assembling information from published studies, recovered data, and stakeholder input to develop 
conceptual models to describe the network of interactions (both biological and physical) that are likely to influence BKC. 
Specifically, we held two stakeholder workshops. The first workshop included representatives from federal, state, and tribal 
natural resource agencies and scientists from academic and nonprofit organizations. The second workshop included Pribilof 
Island community members and took place on St. Paul Island. 

We cast the conceptual models as a qualitative network model (QNM) which was used to: (1) identify management tools likely 
to promote stock recovery, (2) explore how the stock and associated ecosystem might respond to perturbations such as climate 
change, and (3) identify key sources of uncertainty to guide future ecosystem monitoring and research priorities. We present 
simulation results for sets of QNMs that describe key processes believed to influence BKC population dynamics. In addition 
to providing a concise summary of our current knowledge regarding BKC, the QNMs can be updated rapidly to incorporate 
new information and, with minor additional work, easily adapted to address a wide range of questions beyond the scope of 
the current project. The modeling framework we employed is well-suited to data-limited systems and we anticipate that the 
methods and protocols developed for BKC will have wide relevance for other stocks and systems. 
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Vermilion Snapper (Rhomboplites aurorubens) is a reef fish native to the western Atlantic Ocean, ranging from Cape Hatteras, 
North Carolina to southeastern Brazil, including the Gulf of Mexico and Caribbean Sea.  Their preferred habitat is rocky 
outcrops and reefs in depths ranging from 20 to 100 m. They are widely established in the market, because of their delicate 
texture, flavor, and vibrant color, appealing to the consumers who enjoy similar red-pigmented reef fish (e.g. various snapper, 
porgies and groupers).  Vermillion Snapper are one of several reef fish species that are being cultured at the NOAA Beaufort 
Laboratory as part of a collaborative age-validation project led by the NOAA National Centers for Coastal Ocean Science and 
the National Marine Fisheries Service.  While culture of similar snapper species has been well documented (e.g. Red Snapper 
Lutjanus campechanus, Yellowtail Snapper Ocyurus chrysurus and Mutton Snapper Lutjanus analis) no information has been 
available for the Vermilion Snapper until now.  

In August 2018, mature Vermilion Snapper were collected by hook and line off the coast of North Carolina at 30 to 40 meters 
depth. After capture, fish were treated for barotrauma and transported in an oxygenated live well to the laboratory.  All fish were 
administered a priming dose (500 IU/kg) of human chorionic gonadotropin (HCG).  The following day, sex was determined and 
ovarian biopsies were performed to identify female candidates (oocyte diameter ≥ 350 µm) for induced spawning.  A resolving 
dose (1000 IU/kg) of HCG was administered to nine females.  Fish were monitored and stripped spawned once the eggs reached 
final maturation (12 – 18 hr latent period). This event yielded two spawns producing 60,000 embryos at 60% fertility.  Embryos 
were stocked into 100-l larval rearing tanks at 26°C.  A high rate of hatching occurred at approximately 22 hr. First-feeding 
larvae were provided a blend of copepod nauplii and rotifers (≤ 60 µm) at first feeding two days after hatching.  Larval survival 
was promising, but the project was compromised when a hurricane severely impacted the region.  Efforts will continue in 2019 
to collect and spawn vermilion snapper as well as condition captive broodstock through a controlled photothermal regime. 
Optimal feeding strategies for larval vermilion snapper from first feeding through metamorphosis will continue to be evaluated.
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Bob Rheault*, Lisa Calvo, Karen Hudson, David Bushek, Ryan Carnegie, Lori Gustafson 
and Lucas Marxen 

East Coast Shellfish Growers Association
1623 Whitesville Rd.
Toms River, NJ 08755
bob@ecsga.org

The growth of shellfish aquaculture in the eastern United States has increased interstate commerce of hatchery seed.  Receiving 
states typically have a review or permit process to ensure that imported seed does not cause harm to local domestic and wild 
stocks. States usually require “clean bills of health” from shellfish pathologists that are costly and time consuming.  Hundreds 
of evaluations over several decades support a widely held view that young seed cultured in filtered water are effectively free 
of disease and relatively safe to transfer between distinct bodies of water and states. With support from National Sea Grant, 
New Jersey Sea Grant, Virginia Sea Grant and USDA APHIS Veterinary Services, a Hatchery Certification Working Group 
was established in 2015. The group conceived a framework for certifying hatcheries as “pathogen free” based on past health 
examinations and operational audits to document management practices that protect against disease transfer.  The objective is to 
provide relief from batch-by-batch seed health evaluations by demonstrating the conditions and procedures that have consistently 
yielded pathogen-free seed.  With additional support from the National Sea Grant Aquaculture Impediments program we are 
working to advance the Hatchery Certification program from concept to implementation.  Through the certification process, 
we hope to give regulators the confidence to move to inspection cycle that would reduce costs while protecting local stocks 
and populations.  The hatchery certification program will be voluntary for both states and hatcheries and the existing batch-by-
batch certification will remain as an option for entities declining hatchery certification.  The Hatchery Certification Program 
is part of a comprehensive East Coast Molluscan Health Initiative, which includes advisory and disease database components. 
This presentation will review progress, distribute proposed protocols, and seek comments from attendees in an effort to engage 
stakeholders from the entire East Coast region and beyond.
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OVERVIEW OF COMMON AND BLACK SNOOK (C. undecimalis and C. nigrescens) 
BROODSTOCK MATURATION AND SPAWNING RESEARCH IN FLORIDA 

Nicole R. Rhody*, Matthew Resley, Kevan L. Main

Mote Marine Laboratory
Directorate of Fisheries and Aquaculture
874 WR Mote Way
Sarasota, FL 34240
nrhody@mote.org

Research priorities at Mote Aquaculture Research Park (MAP) include the development of reliable aquaculture techniques 
to culture snooks for stock enhancement and commercial production. The first spawns achieved with captive common snook 
broodstock were obtained in 2006. Captive black snook broodstock, collected in 2013, were spawned for the first time in 2014. 
Research presented will focus on studies conducted to optimize broodstock management techniques for both snook species. 
Objectives included 1) developing a scale for assessing reproductive condition of captive broodstock to administer hormonal 
therapies and induce ovulation and spawning 2) obtaining information on parental contribution during mass spawning events 
and 3) testing a range of hormonal therapies in males to evaluate the effect of varying dose and duration of stimulation on milt 
production.

Captive snook populations were maintained under a stepwise photo-thermal progression to identify the requirements to induce 
maturation. Collected broodstock  were divided into separate, indoor, photoperiod (9-15h light) and temperature (20-30°C) 
controlled indoor recirculating tank systems (28 m3 or 48m3). During the first series of studies, gonadal samples from captive 
broodstock were examined to determine the stages of oocyte development using microscopic observations of wet mount ovarian 
biopsies. Micrographs of the biopsies were later compared to histological preparations of the same ovarian samples to validate 
the wet mount scale and provide a more detailed staging of oocyte development in both snook species.   In the next series of 
trials, parental contribution during separate common snook (n =16) and black snook (n = 6) spawning events was evaluated.  A 
total of 27 DNA microsatellites suitable for genotyping have been developed by the Florida Fish and Wildlife Institute (FWRI) 
for use in population assignment for common snook. In 2015, a number of these markers were validated for use in genotyping 
black snook adults and their offspring. Eleven polymorphic microsatellite markers were assayed in four multiplexes for work 
with black snook. Eight polymorphic microsatellite markers were used for work with common snook. These markers were used 
to identify all adult fish and three day old larvae (n = 200) collected from each spawn. Exclusion-based parentage analysis was 
used to assign 95 - 97 % of all larvae to a single pair of parents.  

During the final series of trials, all common snook males were treated with an intramuscular implant (100 µg kg-1 of body 
weight) of either slow or regular release gonadotropin-releasing hormone analogue (GnRHa) or a control (Sham). Treatments 
were administered 5 or 10 days prior to the implantation of the females (regular release 50 µg kg-1). When possible, milt 
samples were collected pre and post implantation; sperm density, sperm motility and spermatocrit were documented among 
individual males. An overview of the results obtained from this series of studies will be presented.
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50 YEARS OF CYANIDE FISHING: A NOVEL METHOD FOR DETECTION OF CYANIDE 
FISHING 
 

Andrew L. Rhyne, J. Alexander Bonanno, Nancy Breen 
 
Marine Research Laboratory
Center for Economic and Environmental Development (CEED) 
Roger Williams University
Bristol, RI 02809
arhyne@rwu.edu

The illegal practice of using cyanide as a stunning agent to collect fish for both the marine aquarium and live fish food 
trades continues throughout the Indo-Pacific. Cyanide is destructive to coral reef ecosystems and is certainly one of many 
anthropogenic causes that has lead to 95% of the reefs in the Indo Pacific to be labeled at risk for degradation and loss. There 
have been numerous calls to a develop a field-deployable test for detecting cyanide as a means to combat its use. This study 
represents a first attempt to understand cyanide toxicokinetics after acute exposure in marine fish through direct measurement 
of the metabolite thiocyanate. Thiocyanate (SCN) was measured in the plasma of Amphiprion ocellaris using HPLC-UV and 
C30 column pre-treated with polyethylene glycol after acute exposure to 50 ppm for three exposure times (20, 45 and 60 s). 
Plasma SCN levels observed are dose-dependent, reflecting a longer time for conversion of cyanide (CN) to SCN as the dose of 
CN increases. SCN plasma levels reached a maximum concentration (1.2 -2.3 ppm) 12 to 20 hours after exposure to CN. The 
half-life for the elimination of SCN was 1.40 ± 0.44 days for 45 s exposure and 0.44 ± 0.15 days for 20 s exposure. Fish were 
also directly exposed to SCN (100 ppm for 11 days) and the observed half-life for SCN elimination was 0.35 ± 0.067 days. 
This suggests that SCN exposure can be used as a proxy for understanding the thiocyanate pathway of cyanide toxicokinetics. 
If these results can be extended to other species, then plasma SCN concentration could serve as a viable marker for cyanide 
exposure in marine fish. 
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THE TRADE IN GIANT CLAMS Tridacninae 
 

Andrew L. Rhyne
 
Marine Research Laboratory
Center for Economic and Environmental Development (CEED) 
Roger Williams University
Bristol, RI 02809
arhyne@rwu.edu

Giant Clams in the genera Tridacna and Hippopus are used for both food and aquariums.   Traditionally, Tridacna gigas and 
T. derasa have been traded for human consumption where  T. crocea, T. maxima, T. squamosa, T. derasa are sold live for the 
aquarium markets.  Over the past few decades, there has been a growing concern about wild populations of giant claims. 
Giant clams are CITES-listed  (Appendix II) and some species have been petitioned for the U.S. Endangered Species Act. The 
commercial trade for aquarium species is concentrated around T. crocea, T. derasa, T. maxima, T. squamosa.  With the exception 
of T. crocea,  aquaculture is the primarily source for live specimens for the aquarium trade.  The trade in meat and shell products 
is concentrated on wild and cultured T. gigas.  Importation of both live and meat/shells into the U.S. has fallen over the past 10 
years.  With the largest declines in species that are supplied by wild fisheries.  The aquaculture of high valued giant clams is an 
important source of income for South Pacific island nations.

Results are presented for the interanational trade of giant clams using both the U.S. FWS LEMIS database and CITES trade 
database. 
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GLOBAL VALUE CHAINS OF TILAPIA IN BRAZIL: A PERFORMANCE ANALISYS

Vinícius Souza Ribeiro* and Manoel Xavier Pedroza Filho

Federal Institute of Education, Science and Technology of Tocantins – Dept. Natural Resources 
Address: Campus Palmas - Quadra 310 Sul, Lo 5, s/n, Palmas – TO, Brasil, 77021-090
E-mail: vribeiro@ifto.edu.br

Embrapa Fisheries and Aquaculture (Brazilian Agricultural Research Corporation)
Address: Prolongamento da Avenida NS 10, cruzamento com a Avenida LO 18, sentido Norte, 
s/n - Loteamento Água Fria, Palmas - TO, Brasil, 77008-900
E-mail: manoel.pedroza@embrapa.br

Tilapia is the most farmed fish in Brazil, with several poles of production dispersed in all regions of the country, each presenting 
significant differences in terms of production volume, processing and input structure, governance and division of value added 
between the agents. Therefore, the research purpose is to understand what factors influence for such differentiation of economic 
results between different poles of production and their respective value chains. 

Based on the Global Value Chain (GVC) approach, this research 
aims to define a set of indicators and then to construct an index 
capable of comparing the performance of different tilapia 
production zones, with reference to the six dimensions of the CGV. 
In spite of making possible a holistic analysis, the six dimensions 
of the GVC (i.e. Input-output structure; Governance; Upgranding; 
Local institutional context; Industry stakeholders) are essentially 
based on qualitative and subjective data, which makes difficult 
comparisons between different value chains. 

Thus, the first challenge of this research is to develop indicators 
that correspond to these dimensions of the GVC analysis. A 
range of 49 indicators was created with characteristics related to 
the 6 dimensions of analysis (figure 1). From these indicators, a 
survey research will be applied with a sample of approximately 
500 producers, industries and agents in three productive poles of 
tilapias in Brazil (figure 2). In a second moment, we will use the 
fuzzy logic to consolidate these indicators in a quantitative index 
that is able to compare performance for producers and poles. 

As a result, it will be possible to identify the factors that influence 
the economic performance of producers and their value chains. In 
addition, this model of performance analysis could be used in other 
aquaculture chains or even in other economic sectors, contributing 
to fill a gap of GVC research´s agenda.



909

STRUCTURAL STUDIES OF HEPATOPANCREAS OF Macrobrachium carcinus

Karina Ribeiro*, Thalles Fernando Rocha Ruiz, Luciene Patrici Papa, Maria Angélica da Silva, 
Juliana Ferreira dos Santos, Irene Bastos Franceschini Vicentini

*Univesidade Federal do Rio Grande do Norte
ribeiro_k@hotmail.com

Macrobrachium carcinus is a Brazilian wild species. This freshwater prawns being heavily studied in the twentieth century but 
the production technology is not yet established. This specie has a significant growth rate and a high market value. The artisanal 
fisheries promoted the overfishing and the M. carcinus are endangered species in Brazil. Works related to the production of 
this species are advancing greatly. In this way, hatchery and production in tanks can promote the reintegration of the animal in 
nature, providing improvement in natural stocks and produce a product that can provide a more profitable activity. Studies with 
nutrition aspects can promote the growth and the reduction of food competition, to improve the animals helth and well-being in 
the production. In this perspective, structural studies of hepatopancreas promote evolution of nutritional problems with diets. 
An evaluation of the structure of Macrobrachium carcinus hepatopancreas using histological and enzymatic techniques was 
carried out. Twenty specimens of Macrobrachium carcinus were collected; the hepatopancreas presented a massive appearance 
and were formed by lobes that joined in the central region. Histology analyzes showed tubules lined by a pseudostratified 
epithelium that consists of five different cell types: E cell (embryonic), R cell (resorptive), F cell (fibrillar) and B cell (blister-
like). The enzyme or crude extract had the following substrates: azocasein, starch, 2-chloro-4-nitrophenyl-α-D-maltotrioside, 
BapNA, SapNA, 2-Nitrophenyl-β-D-galactopyranoside, agar agar, p-nitrophenol palmitate and β-naphthylamide (Alanine, 
Arginine, Glycine, Leucine, Histidine, Isoleucine, Proline, Tyrosine). The results showed that the species presents an organ 
similar to most Macrobrachium gender and an expressive enzymatic arsenal when compared to other shrimp species, studies 
that deepen analyzes are necessary when performing tests with diets.
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BRAZILIAN PRODUCTION OF Macrobrachium rosenbergii

Karina Ribeiro*, Mariana Cutolo de Araujo, Petronio Coelho Filho e Eduardo Ballester

*Univesidade Federal do Rio Grande do Norte
ribeiro_k@hotmail.com

Macrobrachium rosenbergii was introduced in Brazil since the 1970s and has since been cultivated. The beginning of the study 
and production began in the private company CAPIATÃ on Proto de Galinhas/PE, which promoted good results between the 
years of 1996 and 1998. Due to fallure of the production techniques related to hatchery and post-harvest, the growth of the activity 
decreased but it remains present and represents an important Brazilian aquaculture activity. Although world Macrobrachium 
production increased 28% between the years 2006 and 2016. The production of Macrobrachium rosenbergii remains stable 
reaching just over 250000T/year, the data show the importance of the Macrobrachium nipponense for the world production of 
freshwater prawns. In Brazil the data show the stability on the production of Macrobrachium rosenbergii in the last 10 years, 
where production is maintained around 150000T/year. The reason for this stability occurs due to the difficulty in the acquisition 
of pos larvae and competition with marine shrimp farming. The Brazilian production of Macrobrachium rosenbergii occurs in 
many regions of the country and involves low density productions, mono or polyculture, and integrated production systems. 
The main productive places are located in the western region of Parana, with polyculture with tilapias producers and in the 
northeast region with polyculture and monoculture techniques in commercial tanks of farms and settlements of agrarian reform. 
Hatchery are distributed in the southeastern and northeastern regions of the country where animals can be sent to different 
regions of the country. In addition, the Macrobrachium rosenbergii studies are directed to the production of Macrobrachium 
amazonicum, which has been developed in the north region and Macrobrachium carcinus in the northeast region.
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BACTERIOPHAGES TO REMEDIATE LARVAL OYSTER MORTALITIES CAUSED BY Vibrio 
coralliilyticus 

Gary P. Richards*, Michael A. Watson, Blake Ushijima, Christopher Langdon, and David Madison  

U.S. Department of Agriculture  
Agricultural Research Service  
Delaware State University  
James Baker Center  
Dover, DE 19901
gary.richards@ars.usda.gov    

       
Vibrio coralliilyticus is an indigenous marine bacterium which causes high larval oyster mortalities, particularly in hatchery 
settings. Recent studies of a broad array of V. coralliilyticus strains have shown them all to be larval oyster pathogens, including 
strains that are known coral pathogens (e.g., strains OCN008, OCN014 and BAA-450). Infectivity is enhanced by elevated 
seawater temperatures. Larval pathology reveals characteristic signs of V. coralliilyticus infection, including a lumpy-looking 
velum and disorganized or tangled cilia (Figure 1). Bacteriophages (phages for short) are bacterial viruses that show promise 
in aquaculture to reduce fish and shellfish disease and mortalities. Phages against V. coralliilyticus have been isolated from 
Hawaiian seawater and tested to determine their effectiveness in reducing mortality rates in a variety of V. coralliilyticus strains.  

Isolated phages were found to have a narrow host range; however, mixtures (cocktails) of these phages were effective in 
reducing mortalities in larval Pacific oysters Crassostrea gigas after the oysters were challenged with a lethal dose of V. 
coralliilyticus. Untreated larvae showed a 100% mortality rate after 4 days, but phage-treated larvae showed over 90% survival 
(Figure 2). 

Phage isolates were characterized by electron microscopy and were principally from the Myoviridae family. DNA sequencing 
provided information on which strains are likely lytic and which are lysogenic. Only lytic phages will be considered for 
use in the final treatment cocktail. Certain phage strains are currently under evaluation for final cocktail development and 
commercialization.
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FECUNDITY OF TRIPLOID EASTERN OYSTER Crassostrea virginica AS A FUNCTION OF 
TETRAPLOID LINEAGE

Kate M. Ritter*, Dr. Stan Allen

Aquaculture Genetics and Breeding Technology Center
Virginia Institute of Marine Science
Gloucester Point, VA 23062
ritter@vims.edu

Rapid growth rate and partial sterility have made triploid eastern oysters (Crassostrea virginica) the most popular crop 
variety for the Virginia oyster aquaculture industry, typically comprising greater than 90% of larvae and seed sales.  Triploid 
advantages, however, sometimes come with the disadvantage of higher mortality in late spring and early summer, dubbed 
“triploid mortality.” In recent years, farms up and down the East Coast, especially Maryland and south, have experienced triploid 
mortality. Some of the reports include observations of elevated triploid fecundity. Triploids are created by crossing tetraploids 
to diploids, and much of the commercial broodstock is acquired through the Aquaculture Genetics and Breeding Technology 
Center (ABC).  Because of the way tetraploids are created (from fecund triploid females) and propagated (favoring the most 
fertile tetraploids), we hypothesized that heritable fertility may be transferred to the commercial product, yielding more fertile 
triploids. To investigate this possibility, twelve half-sibling families were produced by crossing individual tetraploid males with 
aliquots from a pooled source of diploid females.  Tetraploid parents were derived from tetraploid lines bred for one, four, six, 
or eight generations.  Two replicates of each family were deployed to two sites: a site known for episodes of triploid mortality 
on the Eastern Shore of Chesapeake Bay, and at a cross-bay control site in the Rappahannock River.  Temperature and salinity 
were similar at both sites while oysters were raised to market size.  When compared to the control site, cumulative mortality at 
the Eastern Shore location was significantly higher, with significantly lower growth rate and fecundity, the latter measured by 
direct egg counts at peak ripeness.  Fecundity differed significantly among some families based upon paternal lineage.                                      
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ENHANCING THE SUSTAINABILITY OF HATCHERY PRODUCTION: EFFECTS OF WATER 
QUALITY MANIPULATIONS ON LARVAL PHYSIOLOGY AND MICROBIOLOGY 

Emily B. Rivest*, Standish K. Allen, Jr., Corinne Audemard, Christopher Bentley, Amanda Chesler, 
Olivia De Meo, Lauren Gregg, Eric Guévélou, Anthony R. Himes, Karen Hudson, Darian Kelley, 
David Kuhn, Renia Passie, Kimberly Reece, Annie Schatz, Michael Schwarz, Elizabeth H. Shadwick, 
Jessica Moss Small, Juliette L. Smith, Rebecca T. Smith, Richard A. Snyder, Bongkeun Song, 
Joana T. Sousa, Ryan B. Carnegie

Virginia Institute of Marine Science, William & Mary
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Commercial shellfish hatcheries in the Chesapeake Bay region have reported challenges during larval culture that often restrict 
the availability of animals for sale to growers. The deterioration of water quality during the summer is a suspected correlate 
with summertime hatchery failures. To minimize negative impacts on production, hatcheries often modify water treatment 
accordingly. It is unknown how these methods of water treatment precisely affect larval microbiomes and consequent impacts 
on larval health. In this project, we examine the effects of water quality management strategies on larval growth and physiology 
coincident with effects on microbiomes associated with larvae and culture water. 

To compare effects of water management techniques on hatchery production across different scenarios of incoming water 
quality, we conducted a series of culturing experiments replicated at two VIMS research hatcheries in May, June, and July, 
2018. At each hatchery, we raised larvae under three treatments: sand-filtered water (MECH), sand-filtered, UV-filtered water 
(STD), and STD water ‘seeded’ with oyster microbiome (OJ). Larvae in the OJ treatment exhibited the lowest survival, but 
the growth of surviving larvae was similar to those in other treatments. Classical microbiology plating revealed microbial 
communities that were unique among treatments, with higher abundance of presumptive Vibrio species in OJ water. Larval 
metabolism differed by treatment, depending on the time of season. Total antioxidant potential was also measured. Responses 
of larvae to hatchery treatments differed by site, perhaps due to different ambient salinity regimes. This large collaborative 
project is generating important perspectives on a vexing problem facing the shellfish aquaculture community: the difficulty of 
overcoming limitations, of uncertain cause, to hatchery production.
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DETERMINING THE LOCATION OF Vibrio Parahaemolyticus IN Crassostrea virginica WITH 
THE USE OF IN SITU HYBRIDIZATION AND QPCR 

Skyler Roberts*, Allex Gourlay, Abbey Scro, Roxanna Smolowitz

Aquatic Diagnostic Laboratory, Roger Williams University, One Old Ferry Road, Bristol, RI 02809
sroberts793@g.rwu.edu

Vibrio parahaemolyticus (Vp) is a pathogenic bacterium that can be filtered out of the water by Eastern oysters (Crassostrea 
virginica) during feeding.  Unfortunately oysters with high levels of Vp may cause human gastrointestinal illness when 
consumed raw. Vp populations in estuaries increase during the summer months, sometimes causing aquaculturists to shut down 
their harvest during an economically important part of the year.  Research has shown that depuration of oysters can rid them 
quickly of Vp.  This work attempts to identify the location(s) of Vp in oyster bodies by utilizing two methods: quantitative 
PCR (qPCR) and In situ hybridization (ISH). Eastern oysters were inoculated with various concentrations of Vp and organ 
systems were sampled for quantification of Vp through qPCR. ISH methods were used to locate Vp using digoxigenin-labeled 
oligonucleotide probes, which are complementary to the DNA of various Vp specific genes. ISH was performed on histological 
sections of fixed oysters to identify the occurrence and location of Vp. This work attempts to better understand the possible 
implications of depuration, and ultimately the infection mechanisms for future management methods. 
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APOPTOSIS PHENOTYPE AND GENE EXPRESSION IN RESPONSE TO THE PARASITE
Perkinsus marinus IN THE EASTERN OYSTER, Crassostrea virginica

Erin M. Roberts*, Dina Proestou, Gary Wikfors, Tal Ben Horin, Kathryn Markey-Lundgren, 
Marta Gomez-Chiarri

Fisheries, Animal and Veterinary Science Dept.
University of Rhode Island, Center for Biotechnology and Life Sciences 120 Flagg Rd., Kingston, RI, 
02881
erin_roberts@my.uri.edu

Population levels and industry sustainability of the eastern oyster, Crassostrea virginica, have been negatively affected by 
the emergence of Dermo disease, caused by the alveolate parasite Perkinsus marinus. Apoptosis is a critical oyster immune 
defense response to infection playing a role in the pathogenesis of Dermo disease. Apoptosis regulation in oysters involves 
several gene families of inhibitors, Inhibitors of Apoptosis (IAP) and GTPase of the Immune Associated Proteins (GIMAP), 
with expanded copy number and varied transcriptional responses. This project investigated whether apoptosis phenotype and 
expression of apoptosis inhibitors varies in oysters from families with varying levels of disease resistance to Dermo, and 
whether apoptosis phenotype and gene expression can be used as markers of disease resistance. Juvenile oysters from selected 
families (A, B, D, E, J, L) with varying levels of disease resistance, as predicted by Estimated Breeding Values (EBV’s) for 
survival in the Chesapeake Bay, were challenged with P. marinus. At days 7 and 50 post-challenge, disease phenotype was 
assessed via oyster survival and infection load, oyster hemocyte apoptosis phenotype via flow cytometry, and gene expression 
via sequencing of transcriptomes. Analysis of percentages of apoptotic hemocytes revealed significant differences between 
oyster families in the relative abundance of granular and agranular live apoptotic hemocytes at day 7 (Figure 1). Within 
family, Family A, D and E revealed significant differences between control and treated oysters in the percentage of apoptotic 
granular hemocytes. No clear relationship between oyster survival 50 days after challenge and percent of apoptotic hemocytes 
on day 7 was detected. A significant decrease in the percentage of apoptotic hemocytes may contribute to oyster mortality 
from Dermo disease in susceptible individuals. Correlation of apoptosis phenotype and GIMAP and IAP gene expression 
with survival and parasite load data will allow to determine the potential for apoptosis phenotype and gene expression to be 
additional markers of differential resistance between bred families.
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USING MICROBIAL eDNA TO ASSESS ORGANIC LOADING IMPACTS TO BENTHIC 
HABITAT IN THE VICINITY OF SALMON AQUACULTURE IN THE BAY OF FUNDY

 Shawn M.C. Robinson*, Benjamin Forward, Christopher McKindsey, Peter Cranford

Biological Station
Department of Fisheries and Oceans
St. Andrews, NB E5B 0E4
Shawn.robinson@dfo-mpo.gc.ca

The metric of biodiversity has been regularly used to measure natural or anthropogenic impacts on the environment. Often, 
changes to the physical environment of a suite of species will be reflected at all the trophic levels allowing researchers to 
focus on whatever level is appropriate for the question being asked. Bacteria are integral to bio-energetic nutrient cycles 
acting as both food for higher trophic levels and decomposers that create food for lower ones.  Recent advances in DNA-
based technology have allowed unprecedented insights into bacteria’s roles in aquatic and terrestrial ecology.  We used this 
technology (next generation shotgun sequencing) to investigate the biodiversity of marine bacteria in relation to organic loading 
on the sea bottom associated with salmon farming activities.  Distinct patterns of bacteria were found as a function of distance 
from the farm that were consistent at several taxonomic levels.  These patterns were highly related to the physical conditions 
of the substrate and were also seasonal.  These results suggest that microbial DNA-based approaches may be a good tool for 
monitoring and assessing environmental impacts due to organic loading in marine ecosystems. 
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AQUATIC FARMING AND THE “OASIS EFFECT” ON THE DYNAMICS OF WILD-FARMED 
SPECIES INTERACTIONS

Shawn M.C. Robinson*, Marc Trudel, Christopher McKindsey, Peter Cranford
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The word “oasis”, from the late 17th century, is defined as: “a fertile spot in a desert where water is found”, but in actual fact it 
is much more than that. An oasis represents a space where attractive, limiting resources that are important to biological species 
are more abundant, leading to a number of biological interactions.  These resources operate on a number of different planes 
to meet and modify biological needs such as: nourishment, habitat, survival, reproduction, and behaviour. This characteristic 
type of environment can be found both terrestrially and aquatically in both natural and man-made conditions and are being 
studied through landscape ecology. Aquaculture farms, either intensive or extensive, often fit the criteria of an oasis and create 
conditions where wild species congregate to access the new available resources, such as: 1) additional food that is available to 
wild species, 2) new benthic habitat that becomes available in a predominantly pelagic realm, 3) shelter from predators allowing 
for higher juvenile survival rates, but also concentrations of prey items resulting in decreasing search time for predators/
pathogens, and 4) potentially higher-quality nutrients that allow for more energy allocation to gametogenesis.  This can also 
result in more complex behavioural interactions. There are many examples of these oasis features in aquaculture. However, for 
man-made oases, there are some implications that need to be considered for management of these operations. Since interactions 
will naturally occur regardless, issues such as: ecosystem change, negative interactions with commercial species, pathogen 
transmission, etc. should be assessed for risk. This means that we will need a deeper understanding of the nuances of the 
interactions that will be occurring and develop policies that will encourage more balanced, dynamic ecosystems rather than the 
static, relatively simplistic, conceptual model we are currently using.
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IMPACTS OF TWO HARMFUL ALGAL BLOOM SPECIES ON OYSTERS CULTURED USING 
DIFFERENT STRATEGIES IN LOWER CHESAPEAKE BAY

Clara L. Robison*, Wolfgang K. Vogelbein, William G. Reay, Ryan B. Carnegie, Juliette L. Smith, 
Emily Rivest, Gail P. Scott, Corey T. Corrick, and Kimberly S. Reece
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Understanding the impacts of harmful algal blooms (HABs) is essential for effective management of important resource species 
like the eastern oyster, Crassostrea virginica, in Chesapeake Bay (CB). Besides the potential for toxin exposure, blooms may 
present physiological challenges associated with reduced feeding, or with bloom-associated hypoxia. Two dinoflagellates, 
Margalefidinium (formerly Cochlodinium) polykrikoides and Alexandrium monilatum, bloom sequentially most summers in 
lower CB. These blooms have increased in density and distribution in recent years, raising concerns about effects on shellfish 
aquaculture. Previous research indicated that adult oysters may cease feeding to avoid exposure to A. monilatum. However, it 
is unknown whether intertidal oysters, particularly juveniles, may be more susceptible to the detrimental health effects of HAB 
exposure. The shorter feeding times of intertidal oysters, and smaller energy reserves of juveniles, might curb the ability of 
these animals to limit feeding during blooms. 

To address these questions, juvenile oysters were deployed in two typically HAB-endemic sites in lower CB in summer 2017, 
with an additional site added in summer 2018. Both summers, oysters were also grown at a reference site seldom impacted by 
blooms. To investigate the potential interaction of HAB impacts with different grow-out strategies, oysters were grown both 
intertidally and subtidally at sites characterized by a range of energetics. In 2018, oysters were also grown in floating bags at the 
additional site to compare to the caged oysters deployed on the bottom. Overall growth, growth rate, mortality, condition index, 
and histopathology were monitored during both summers, and oysters were sampled for quantification of A. monilatum toxin 
in tissues. HAB concentrations in the water were monitored, and temperature, salinity, and dissolved oxygen were measured 
continuously. In 2017, a relatively short and low density (compared to previous years) series of M. polykrikoides and A. 
monilatum blooms occurred at the experimental sites. Mortality tended to be higher for oysters grown at the experimental sites, 
especially intertidally, during the blooms versus at the reference site. Oyster growth rate also declined temporarily during the 
blooms at the experimental sites compared to the reference site. Further analyses are underway to help resolve whether other 
sub-lethal bloom impacts on oysters may have occurred. 

By late August 2018, neither species had formed blooms in the York River region, therefore, providing a reference against 
which to compare data from 2017 when blooms did occur. Data from 2018 also provide insight on the relative merits of 
different methods of aquaculture, including intertidal vs. subtidal deployment, bottom vs. floating cage deployment, and grow-
out in high vs. low energy environments.
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FIRM DISPERSION AND TOTAL FACTOR PRODUCTIVITY: ARE NORWEGIAN SALMON 
PRODUCERS LESS EFFICIENT OVER TIME?

Fabian Rocha Aponte*

University of Stavanger
Industrial Economics department
4036 Stavanger
fabian.r.aponte@uis.no

The salmon farming sector in Norway has experienced an increase on industry concentration for the last 20 years; big firms 
increase their size and market share while nearly a third of the firms remain operating at the minimum level (1 license). 
Empirical literature has attributed this behavior to the presence of scale economies and positive agglomeration externalities 
(Asche, Roll, Sandvold, Sørvig, & Zhang, 2013; Asche, Roll, & Tveteras, 2016; Tveterås & Battese, 2006). However, small 
firms present higher profitability ratios than their big counterparts, a fact that contradicts economic theory as less efficient (and 
less profitable) firms will not grow and will eventually exit markets. In this study we investigate the reasons behind this industry 
behavior by estimating different measures of firm Total Factor Productivity (TFP) for the period 2001-2016. Moreover, we 
evaluate how sectoral fundamentals - idiosyncratic demand shocks and adjustment costs - play a role in TFP dispersion. An 
analysis of TFP dispersion factors can shed light on the role of TFP growth on firm growth, profitability, and size distribution.
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METHIONINE AND THREONINE SUPPLEMENTATION CHANGE RAINBOW TROUT 
CAPABILITY TO RESPOND TO WATER TEMPERATURE INCREASE 

Andreia C M Rodrigues*, Sílvia Pires, Ana P L Costa, Luis E C Conceição, Manuela Castro-Cunha, 
Jorge Dias, José Calheiros, Carlos Gravato, Amadeu M V M Soares and Rui J M Rocha

*Department of Biology & CESAM, University of Aveiro, Campus Universitário de Santiago, 3810-193 
Aveiro, Portugal
Email: rodrigues.a@ua.pt

Thermal stress can induce physiological to behavioral alterations in cold-adapted species, threatening aquaculture sustainability. 
Thus, in the current climate change scenario it is extremely important to mitigate the negative effects of thermal stress, 
namely through nutritional supplementation of cultured fish. In the present study we aimed to evaluate if feed formulations 
supplemented with 1.5 and 2.0 times the daily requirement of the essential amino acids methionine (Met) and threonine (Thr) 
affected the physiological responses of Oncorhynchus mykiss to warming waters, and whether these welfares remain after 
the supplementation period. For that, rainbow trouts were reared at 15 ºC in RAS. After 1 week of feeding with the control 
and supplemented diets, thermal stress was induced until a maximum water temperature of 25 ºC. After this period, fish fed 
exclusively on control diet for 3 weeks, to evaluate whether the benefits of supplementation remained. Liver samplings were 
performed weekly and the activity of catalase (CAT), glutathione-S-transferase (GST), total glutathione (TG), lipid peroxidation 
(LPO) levels measured.
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OPTIMIZATION OF DEPURATION PROCESS OF Ruditapes decussatus PRODUCED IN 
C-GRADE AREAS TO LEGALLY COMMERCIALIZATION VALUES
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Domitília Matias, Catarina R. Marques, Mário Pacheco, Ana P. L. Costa, Luisa Inácio, 
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European marine bivalve aquaculture areas are classified in A, B or C grade, according to microbiological load (Most Probable 
Number – MPN – of Escherichia coli per 100 g of flesh and intravalvular liquid), which must not exceed 230, 4600 and 46000 
E. coli in A, B and C areas, respectively. Bivalves harvested in B grade areas require depuration (usually 24 - 48 h), while 
organisms produced in C-grade areas must be transposed to A or B grade areas for up to 4 months, before being commercialized 
for human consumption. Thus, bivalve aquaculture in C-grade areas are usually avoided by stakeholders due to economical 
constrains. The main objectives of this study were to develop an efficient depuration system to allow the purification of clams 
(Ruditapes decussatus) reared in C-grade areas and evaluate the effect of temperature in depuration process and bivalve shelf 
life. Purification was performed during 24 h in recirculated 250 L tanks equipped with a filtration system and a UV-c unit (25W 
UV-c, 6.000 µW.s/cm2), testing 4 temperatures (10, 15, 20 and 25 ºC). Clams were sampled for microbiological analyses at 0 
and 24 h (depuration period). Biochemical biomarkers analyses were performed at 0 and 24 h (depuration period) and at 2, 4 
and 6 days after depuration (shelf life - packaged and storaged at 5±1 ºC). 

Before depuration clams presented an average E. coli MPN/100g 
of 10200 (C-grade). After 24 h clams reach acceptable bacterial 
standard levels for direct human consumption (A-grade) in 
all treatments: 10º = 63.3; 15º = 28.3; 20º = 18; 25º = 38.67 
E. coli MPN/100g. After 6 days of storage survival rate was 
100% in all treatments. However, oxidative defenses activities 
decreased during the 6 days and clams purified at 25 ºC presented 
significantly higher values of lipid peroxidation, usually related 
with organoleptic losses. Lipid content also decreased over the 
shelf life in all treatments, but clams purified at 25 ºC presented 
significantly lower values at the end of storage period (figure 
1). In conclusion, the results support that it is possible to purify 
clams produced in C-grade areas for direct human consumption 
and that the purification temperature influences the efficiency of 
the process and the shelf life of the product.
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WORKING TO SAVE THE ENDANGERED WHITE ABALONE Haliotis sorenseni USING A 
COLLABORATIVE RESTORATION PROGRAM IN CALIFORNIA
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Alamitos, CA 90720,  4Karen C. Drayer, Wildlife Health Center, Univ. California, Davis, Davis CA 95616

A captive breeding and restoration program has been formed to recover the endangered white abalone (Haliotis sorenseni), 
the first marine invertebrate to be placed on the federal endangered species list.  White abalone were fished extensively in 
southern California and Mexico but are now close to extinction at <1% of baseline abundances. Recent underwater surveys 
indicate that the population is continuing to decline with no signs of recruitment, despite the closure of the fishery in 1996 
and listing in 2001. Artificial reefs (N=12/site) established at four optimal white abalone sites have only yielded other abalone 
species during annual surveys from 2010-2017. The restoration program has conducted two experiments in southern California 
(2016 and 2017) using juvenile red abalone (H. rufescens) to learn what sites and habitat features promote high survival and 
growth. The captive breeding program has been successful in spawning adults each year in the spring (March through July) and 
rearing juvenile abalone. The production of 1-year-old white abalone has increased every year from approximately 12 in 2012, 
to an estimated 9,000 from the spring 2016 spawning. The restoration program has reached two milestones in 2017: 1) most 
successful spawning season to date and 2) the distribution of 1200 captive reared abalone to four partner institutions within the 
White Abalone Recovery Consortium made up of the University of California, Federal and State agencies, public aquaria, and 
aquaculture organizations, all committed to white abalone restoration. The exciting next steps for the program include stocking 
white abalone juveniles into the ocean, expanding production, ensuring abalone health and genetic diversity, and continued 
education and outreach. The long-term goal of the restoration program is to create a reproductive population in the wild while 
considering changing ocean conditions to bring white abalone back from the brink of extinction. 



923

GROWTH RESPONSE OF Chaetoceros muelleri AND Tisochrysis lutea TO 
VARYING NUTRIENT LEVELS MEASURED USING AN AUTOMATED CELL COUNTING 
PROGRAM
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Nutrient availability in the water column directly affects the growth of microalgae and subsequent bacterial growth in a 
laboratory setting for use in live feeds of larval fish and copepods. At the current standard nutrient ratio for the algae culture 
industry, both species exhibit a cultural viability between 7 and 12 days before bacterial populations increase to levels that 
compromise algal culture health. Varying ratios of nitrogen and phosphorus were added to the standard F/2 nutrient mixture to 
determine mixture to determine the effect of nutrient concentrations on algal growth response and culture viability. Specifically, 
algal growth response to treatments of double the control nitrogen (with one times the control phosphorus level) was compared 
to the growth response of treatments containing double basal phosphorus level (with one times the control nitrogen level) as 
well as one and one-half of the control nitrogen and phosphorus amounts (Table 1). A total of three 3L cultures of Chaetoeros 
and Tisochrysis per treatment were established under standardized light intensity and aeration using LED lighting and a 45µm 
air filter, respectively. The control vessel contained autoclaved filtered seawater, Fritz A and B and 50 mL of the designated 
microalgae species. The vessels containing different levels of nitrogen and phosphorus received the same initial conditions 
before volumes of nitrogen or phosphorus were added. The density of microalgal cells was measured daily for 9 days using 
an automated cell counter program created with Python imagery. This study aims to increase the productivity and growth of 
Chaetoceros muelleri and Tisochrysis lutea in a laboratory setting and introduce an easy to use novel automated counting 
method for determining microalgal cell density. 
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AQUAMIMICRY:  ATTEMPTING TO BALANCE BIOFLOCS WITH LIVE PLANKTON TO 
POTENTIALLY CREATE A MORE STABLE SYSTEM 

Nicholas Romano
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Biofloc technology (BFT) is a water quality management strategy that relies on the addition of organic carbon (C) to increase 
the C/nitrogen (N) ratio of the water.  This subsequently encourages heterotrophic bacterial growth that convert otherwise toxic 
ammonia/nitrite to potentially consumable biomass, know as “bioflocs”.  Various benefits exist, such as improving growth, 
feeding efficiencies and/or disease resistance in aquatic animals.  Some drawbacks do exist, such as BFT being unstable and 
prone to crashes in some situations while the accumulated suspended solids can eventually become harmful to the animal.  A 
newer strategy, known as “Aquamimicry” has been developed that strives to create a better balance between biofloc production 
and live plankton that include copepods, rotifers, microalgae, etc. 

This strategy involves a combination of using probiotics and a fermented complex carbohydrate (often rice bran).  However, 
rather than adding C based on the N input (as with BFT), this is based on the pond turbidity.  No chemicals are used or 
requirements to dry the pond bottom.  Instead, the pond is left partially full, and after adding Bacillus sp., the pond bottom is 
daily tilled over a week.  Next, a fermented carbohydrate is daily added (100 ppm) for 2 weeks that encourages a bloom of 
plankton and bioflocs.  Subsequently, these provide food for the nursery-sized animals.  Throughout the culture cycle, 4 ppm 
of fermented carbohydrate is daily added.  By the time of harvest, the pond soil has no adverse smell and, following the above 
mentioned protocol, a new crop can be cultured.

Aquamimicry has been tested in various parts of the world including Thailand, Malaysia, Vietnam, India, China, Egypt, Korea 
and Brazil with reports of little to no disease.  The farm can run semi-intensively, where natural microbial activity removes 
fish/shrimp waste or if intensively run, the waste needs to be periodically removed to settlement/bioremediation ponds (with or 
without other animals) and back to the culture ponds (similar to integrated aquaculture).  This can be viewed as a drawback as 
less area is being used for the animal production.  However, because no chemicals or antibiotics are used, some governments 
in Asia are looking into providing tax incentives for these companies.  
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BENEFITS OF HARD WATER FOR LARGEMOUTH BASS, Micropterus salmoides

Nicholas Romano, Amit Kumar Sinha, Nathan Egnew, April Surratt, Anita Kelly, Herbert Quintero
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Water hardness is defined as the amount of dissolved calcium and magnesium in the water, which can be highly variable from 
10 to 400 mg/l CaCO3 depending on the water source.  For years, farmers have suggested that higher water hardness (200 – 400 
mg/l CaCO3) is beneficial to largemouth bass, Micropterus salmoides, but to date no formal studies have investigated this on 
their survival, growth or metabolic indicators.

There trials were conduced; in the first trial, M. salmoides (mean weight of 2.28 ± 0.2 g) were subjected to 100, 200, 400 and 
600 mg/l CaCO3 for one month, while in the second trial, M. salmoides (mean weight of 10.37 ± 0.4 g) the levels were 50 and 
400 mg/l CaCO3. In both trials, the fish were kept in a recirculating system and were fed a high protein (48%) diet to apparent 
satiation.  Each treatment had 6 replicates, with 10 fish in each replicate.  The fish were slowly acclimated for an initial hardness 
of 200 mg/l CaCO3 to the desired levels over 1 week.  Calcium chloride was used to adjust the water hardness.  At the end of 
trial 2, the fish were subjected to a sudden salinity shock test (SSST) at 10 ppt (using rock salt) for 24 hours.

In trial 1, the fish grew over 10 fold more with only 2 mortalities (out of a total of  240 fish) indicating the culture conditions 
were appropriate for this species.  Moreover, no significant difference was detected to growth, body indices, or metabolic 
indicators (ammonia excretion or oxygen consumption).  However, the fish cultured at 100 mg/l CaCO3 had significantly higher 
feed intake compared to those cultured at 400 mg/l CaCO3 leading to significantly worse feed conversion ratio (FCR).  It must 
be pointed out that the FCR values were numerically similar (1.14 versus 1.01 at 100 and 400 mg/l CaCO3, respectively).

In trial 2, there was similarly no difference in survival or growth; moreover the FCR was significantly worse at 50 mg/l CaCO3 
compared to 400 mg/l CaCO3.  Both the ammonia excretion and oxygen consumption were significantly higher at 50 mg/l 
CaCO3, along with lower muscle protein and glycogen.  The SSST revealed significantly less mortalities for fish cultured at 
400 mg/l CaCO3. 

These results indicate that largemouth bass can tolerate and thrive at a broad range of water hardness.  However, lower water 
hardness (50 – 100 mg/l CaCO3) appears to increase their energetic costs, possibly associated with osmoregulation.  This could 
have implications for feed costs in the long run.  Therefore, for optimal results the fish should be cultured between 200 – 400 
mg/l CaCO3. 
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EFFECTS OF BIOFLOC TECHNOLOGY ON GROWTH PERFORMANCE OF NILE TILAPIA 
(Oreochromis niloticus) FINGERLINGS AND MICROBIAL COLONIZATION IN THE SYST
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Kenneth Rono
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kennethrono01@gmail.com

Aquaculture intensification is characterized by high stocking density and need of high quality and quantity of artificial feed. 
Increased fish biomass and feed input brings about rapid deterioration of water quality hence a water quality management 
system need to be put in place in such systems. Biofloc technology has been developed as a viable option to recycle nutrient by 
maintaining a high carbon/nitrogen (C/N) ratio in the water in order to stimulate heterotrophic bacterial growth which converts 
ammonia into useful microbial biomass. This study investigated the effect of carbon source supplement in biofloc system 
on growth performance, water quality and microbial community in the system. The experimental research was conducted 
at the University of Eldoret from June - September 2017. A complete randomized design was used in triplicate treatments. 
The supplementation carbon source constituted molasses, wheat flour, potatoes flour and control respectively. At molasses 
carbon added treatments Nile tilapia indicated the highest significant growth at (p < 0.05) than other treatments with final 
mean weights (8.774 ± 0.394g) and total length (7.956 ± 0.123cm). The least growth of Nile tilapia fingerlings was at control 
treatments with final mean (3.784 ± 0215g, 5.827 ± 0.114cm) weights and length respectively. Molasses added biofloc exhibited 
highest protozoan (520.13 ± 1.02), rotifers (200.6 ± 1.08), cyanobacteria (143.1 ± 1.22) and diatoms (60.033 ± 0.083) and 
improved water quality as compared to other treatments. The results revealed that molasses added in biofloc system improves 
Nile tilapia growth, microorganism colonization and water quality in the system than other carbon added treatment tested. 
The study recommends molasses carbon source for Nile tilapia fingerlings growth as it pertaining to the improved results of 
microorganism levels and water quality obtained in the system. 
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PROTEIN EXPRESSION IN LIVER, INTESTINE AND MUSCLE OF JUVENILE SPOTTED 
WOLFFISH Anarhichas minor IS AFFECTED BY DIET 
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Spotted wolffish (Anarhichas minor) is a promising candidate for cold-water aquaculture. Norway is currently the only country 
with an established commercial wolffish production, but several other countries such as Canada, Iceland, Sweden and Chile 
has shown interest in the species. High growth-rate at cold temperatures, husbandry-suited behavior, late sexual maturation 
and ability to tolerate and adapt to a wide range of water quality parameters are some of the traits favoring spotted wolffish for 
farming. Fishmeal and oil, sourced from wild fish stocks, has traditionally provided the basis for diets with a complete nutritional 
profile for farmed fish. However, increased harvest from wild fish stocks is not sustainable and expansion of aquaculture has to 
rely on alternative feed ingredients. To ensure that future farming of spotted wolffish is sustainable, it is necessary to investigate 
its ability to utilize fishmeal alternatives. The aim of the present study was to investigate the effect of replacing dietary fishmeal 
with the microalgae Scenedesmus obliquus evaluated through (i) proteomic analysis of liver, intestine and muscle and (ii) 
histological evaluation of proximal and distal intestine. 

Spotted wolfish were for 12 weeks either provided a diet with fishmeal as the main protein source or a diet with microalgae 
(Scenedesmus obliquus) replacing 12% of the fishmeal.   Juvenile spotted wolfish (N = 450) with mean weight of 140 g were 
distributed into triplicate groups in circular tanks of 1 m3, (N = 75 fish/tank).The tanks were supplied with seawater (1400 L/h), 
taken from 250 m depth in Saltenfjorden, in a flow through water treatment system. The water was filtered (200 µm), aerated 
and had a salinity of 34 ‰, temperature of 7.7oC and oxygen saturation above 85% measured in the outlet water. Feeding was 
continuous and in excess between 08:00 and 21:00 at a rate between 1.4 - 1.6% based on appetite and feed waste. Randomly 
selected fish were sampled from each replicate tank at termination of the experiment. Two-dimensional polyacrylamide gel 
electrophoresis (2-D PAGE) was used to analyze the proteome of liver, intestine and muscle (N = 2 fish per tank). Preliminary 
analysis showed that 25, 12 and 20 proteins for intestine, muscle and liver respectively was found to be significantly altered in 
abundance (p < 0.05) as an effect of diet. The amino acid sequence of these proteins was obtained from LC-MS/MS analysis 
and used to identify the proteins using the MASCOT MS/MS Ions search. The proteins found to be altered in abundance 
between diets included proteins involved in metabolism, especially proteins involved in the glycolysis and gluconeogenesis, 
proteins involved in detoxification and immune regulation incl. some structural proteins. Preliminary histological data from the 
intestine (N = 4 fish per replicate tank) showed that the algae-fed fish had reduced thickness of muscularis in the distal intestine 
as well as reduced mean size of acid mucins in the proximal intestine (p < 0.05)  compared to the control group.
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EVALUATING THE ECONOMIC FEASIBILITY OF THREE TYPES OF OYSTER (Crassostrea 
virginica) AQUACULTURE IN TEXAS
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Historically, the oyster fishery has been the second most valuable fishery in Texas behind only shrimp. Between 2006 and 2015 
the dockside value of the Texas oyster harvest averaged $15.9 million. Unlike the Texas shrimp fishery, which has seen its 
dockside per unit price drop over the last 25 years due to increased competition from imported shrimp, Texas oyster dockside 
per unit prices have more than doubled over the same period. 

Unfortunately, the fishery is prone to large swings in production and value due to both natural phenomena (excessive rainfall, 
drought, etc.,) and manmade impacts (oil spills); between 2007 and 2015 the coefficient of variation (CV) of Texas oyster 
production was 33.4%, almost double the CV of Texas shrimp production (18.5%). The high dockside value and variability 
associated with the Texas oyster fishery represent an opportunity for oyster aquaculture in Texas. While oyster aquaculture is a 
nascent industry in Texas due to regulations preventing the practice, there are signs that regulatory changes under consideration 
might allow oyster aquaculture in Texas bays soon.

In this research, we examine the economic feasibility of oyster aquaculture in Texas bays using three different production 
methods: adjustable long-line, floating cage, and off-bottom cage culture. The analysis relies on production data and insights 
on oyster aquaculture from other states; fortunately, production data is readily available since oyster aquaculture is the most 
valuable marine aquaculture product in the United States. U.S. oyster aquaculture production was valued at $172.8 million 
in 2015, approximately 1.5 times the value of the second most valuable marine aquaculture product (clams). The feasibility 
analysis will include estimation of start up costs, income statements, and a multi-year cash flow budget. Production scale, as 
measured by production acreage, will be varied to examine how economies of scale might impact profitability. To test the 
sensitivity of the analysis to production and demand variables both sensitivity analyses and Monte Carlo simulations will be 
run to examine how survival and growth rates, output prices, and variable costs impact profitability estimates. 
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MOLECULAR GENETIC MARKERS TO TRACK AND IMPROVE HARD CLAM Mercenaria 
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The hard clam, Mercenaria mercenaria (Linnaeus, 1758) is distributed from the Gulf of St. Lawrence to the northern Gulf of 
Mexico and is an economically important aquaculture species along the US East Coast. Nationally, the estimated farm gate 
value for aquacultured hard clams was $112 million USD in 2015. Virginia is the leading aquaculture producer with estimated 
farm gate values of $38.1 million USD in 2016. Despite the economic value of the hard clam, there are very few genomic 
resources available to support aquaculture.

Development of genomic resources is vital to the success of the hard clam industry because they can provide tools to monitor 
genetic variation in hatchery stocks, ensure the genetic integrity of hatchery lines, address the contribution of adults during 
spawning events, and differentiate among wild populations and hatchery lines. The initial focus of this study is the discovery 
of molecular genetic markers for the hard clam. Wild samples were collected from locations along the US East Coast including 
Harbor Cove (MA), Cape May (NJ), Assateague (MD), Wachapreague Channel (VA), Mobjack Bay (VA), York River (VA), 
James River (VA), Bogue Sound (NC), Myrtle Beach (SC), and North Inlet (SC). Following DNA isolation, thousands of single 
nucleotide polymorphisms (SNPs) were identified via high throughput genotyping by sequencing. SNP data was analyzed to 
identify a subset of loci capable of discriminating among geographic samples and assigning individuals to location of origin for 
inclusion in reproducible assay panels using Fluidigm SNPtype assays. Once developed, these assay panels will be tested on 
hatchery lines and wild populations to confirm their utility. The availability of highly reproducible genomic resources will allow 
growers to distinguish among their lines and will provide a means by which growers can ensure healthier and more sustainable 
aquaculture stocks. 
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The Delaware Inland Bays (DIBS) are a collection of salt marshes, saltwater creeks, and shallow open waters. Over the 
years, the ecological health of certain areas in the DIBs has deteriorated because of poor water quality. Historically, oyster 
reefs were evenly distributed in the DIBS, but oyster disease caused the population to collapse in the 1950s. In 2013, the 
Delaware State Legislature instructed the Delaware Department of Natural Resources and Environmental Control to create an 
oyster aquaculture industry. Recent studies have suggested an association between the abundance of phytoplankton and the 
pathogenic bacterium Vibrio parahaemolyticus in the DIBs. The presence of V. parahaemolyticus, V.vulnificus, and several 
harmful algal bloom (HAB) species causes concerns for the proposed aquaculture sites due to environmental and human health 
risks associated with these organisms. 

We are examining the areas near proposed aquaculture sites to determine the impacts of water quality and proliferation of 
pathogenic bacteria on oyster aquaculture. Using a combination of microscopy, PCR, and MPN-QPCR-based methodologies, 
we are comparing the HAB community, bacterial community and Vibrio spp. in the water column and in Crassostrea virginica. 

In 2017 and 2018 we were able to identify the presence of many bloom forming algal species such as Karlodinium veneficum, 
Dinophysis spp., Heterosigma akashiwo and Chattonella subsalsa in the DIBs. V. parahaemolyticus and V. vulnificus were 
also detected in both  environmental samples and C. virginica (Table 1). However, Vibrio spp. abundance varied between sites 
and was positively correlated with temperature. On average nutrient levels where relatively higher at Torquay canal, DE in 
comparison to other areas in the DIBs. We will present data on HAB, bacterial communities, and Vibrio spp. from both water 
and oyster samples that analyzes potential human health risks at the proposed DIB oyster aquaculture sites. 



931

A REVIEW ON LARGEMOUTH BASS Micropterus salmoides NUTRITION

Waldemar Rossi Jr.*, and Habte-Michael Habte-Tsion

Aquaculture Research Center
Kentucky State University
Frankfort, KY 40601
waldemar.rossi@kysu.edu

In recent years the aquaculture feed industry has experienced a rapid shift from marine-based to terrestrial-based raw materials 
with different nutrient profiles and nutritional values. Consequently, knowledge on animal’s nutritional requirements and 
nutritional value of feed raw materials becomes even more critical in the formulation of nutritionally-balanced and cost-
effective feeds. Modern feeds must support optimum production performance and health of fish, and minimum nutrient output 
to the environment.  

Increased interest in the culture of largemouth bass (LMB), M. Salmoides, as food-fish in North America and Asia has sparked 
industry’s attention to the species’ nutritional requirements and feed ingredient constraints, leading to an intensification 
of applied research. LMB is a freshwater carnivorous teleost that relies on nutrient-dense feeds for maximum production 
performance. 

This review will summarize information on known nutritional requirements of LMB, raw material utilization and nutritional 
value, and efficacy of feed additives.  
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THE STATUS OF CALIFORNIA YELLOWTAIL Seriola dorsalis A COMMERCIALLY READY 
SPECIES FOR MARINE US AQUACULTURE 

Federico Rotman*, Constance Silbernagel, Kevin Stuart and Mark Drawbridge

Hubbs-SeaWorld Research Institute
2595 Ingraham St
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California Yellowtail (CYT; Seriola dorsalis, formerly Seriola lalandi) is considered a highly desirable species of marine finfish 
within the United States seafood market.  With a range from the Southern Baja peninsula to Point Conception, California, CYT 
is the only Seriola species native to California waters.  Commonly marketed as hiramasa, CYT is considered a promising 
candidate for marine aquaculture in California and has been reared on an experimental level since 2001, with commercial 
farming beginning in Mexico circa 2014.  Currently, there is an ongoing effort to permit a commercial-scale cage farm in the 
federal waters off the San Diego coastline.

Historically, fingerling supply has been a critical limiting factor in the commercial production of CYT.  But more recently, 
methods leading to successful commercial-scale Seriola spp. fingerling production have been refined and the aquaculture 
industry can now count on a consistent supply of high-quality juveniles.  Broodstock maturation and egg production can be 
accomplished without hormone therapy and fish will produce eggs for approximately six months of the year when ambient 
water temperatures are between 15 and 24° C.  Larval culture of the species includes both rotifers and Artemia as live prey, 
along with the addition of greenwater during the rotifer phase.  Larval survival to 1 gram juveniles (at ~45 dph) is typically 
very high (30-60% from egg), however, issues with swim bladder inflation and other skeletal malformations can reduced the 
functional yield (post-grading) to 10-30%.  Juvenile growout to market size has been done on a very limited basis in flow 
through tanks.  Depending on the desired market size, it can take between 8-24 months to reach average weights of 0.5 kg to 
4.0 kg, respectively.  Among the known disease agents affecting CYT are ectoparasites including Benedenia sp., Zeuxapta 
sp., Trichodina sp., Uronema sp. and Cryptocaryon sp.; endoparasites including Anisakis sp.; and bacterial agents including 
Pseudomonas sp. and members of the family Vibrionaceae.

While culture of this species is technologically feasible, research and development still needs to be done in certain areas in 
order to optimize commercial readiness.  These areas include: improved swim bladder inflation during larviculture, improved 
nutrition across all life stages, selective breeding to improve growth rates; developing methods for disease prevention, diagnosis 
and control.  Most notable is the need for growout capacity both in sea-cages and land-based systems.
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EVALUATION OF OPTIMAL STOCKING DENSITY AND DIETARY FISH MEAL INCLUSION 
LEVEL FOR INTENSIVE TANK PRODUCTION OF PACIFIC WHITE SHRIMP Litopenaeus 
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Farmers in west Alabama raising Pacific white shrimp, Litopenaeus vannamei, in low salinity waters have recently begun 
to evaluate intensive pond-based production systems such as split ponds and modified partitioned aquaculture systems for 
commercial production. Early field trials with traditional split pond systems, which circulate water from a shrimp culture unit 
(20 to 40% of the pond) to a water treatment unit (60 to 80% of the pond) yielded mixed results, with survival and growth 
comparable (or in some cases less) than semi-intensive culture in traditional farm ponds. Greene Prairie Aquafarm (Boligee, 
AL) recently carried out a pilot scale field trial with a modified partitioned aquaculture system utilizing traditional split pond 
design principles, however the system was modified to grow shrimp in tanks on the pond levee and using an entire pond as the 
waste treatment basin. Higher stocking densities will be required compared to culture in traditional ponds (34 shrimp/m2) for 
this production system to be economically feasible. In order to evaluate high stocking and an alternative high fish meal diet for 
use in intensive production systems, two experiments were carried out in two separate on-levee tank systems installed adjacent 
to shrimp production ponds.  Each tank system was comprised of 12, 800-L tanks supplied continuously with low salinity (~ 2 
ppt) pond water via a regulated water pump. Aeration was provided to each tank via two air stones and a regenerative blower.  
Baby Belt automatic feeders were installed to supply feed to each tank with feed rations divided to provide 6 feedings over a 
24-hour period. In the first experiment, tank system 1 (TS-1) was stocked with juvenile shrimp (0.65 g mean initial weight) 
at densities of 25, 75, 150, and 225 shrimp/m2 (3 replicates per treatment). In the second experiment, tank system 2 (TS-2) 
was stocked with 225 juvenile shrimp per tank (0.65 g mean initial weight) and offered three practical diets (35% protein) 
formulated to contain 5%, 10%, or 20% menhaden fish meal. A fourth commercial diet (35% protein) by Cargill containing 
5% fish meal was used as an additional control. In the second experiment there were three replicates per dietary treatment. The 
production trials are currently ongoing and tank systems will be harvested in late September (2018).  Shrimp survival, final 
weight, yield, and food conversion ratio will be determined at the end of the trial. Results from these trials will be utilized to 
evaluate alternative production strategies to assess the feasibility of intensive tank production of Pacific white shrimp in low 
salinity waters of west Alabama.  
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PROBING THE EPIGENETIC INHERITANCE EFFECT OF A PLANT-DERIVED COMPOUND 
EXPOSURE AGAINST Vibrio parahaemolyticus AHPND STRAIN USING BRINE SHRIMP 
(Artemia franciscana) MODEL SYSTEM
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Being invertebrate, shrimp has only innate immune system lacking both specificity and memory. But, in contrast recently there 
are increasing number of transgenerational studies in invertebrates which suggests that phenotypic responses to environmental 
factors or any insults related to fitness which exposed to the animals persist across generations. The emerging concern of shrimp 
disease threating the shrimp industry over the years. Recently, acute hepatopancreatic necrosis disease (AHPND) caused by 
virulent strain of Vibrio parahaemolyticus which typically affects shrimp postlarvae causes huge mortality up to 100 % and 
economic losses. To prevent this disease outbreak, many conventional approaches has been tried but had limited success. Thus, 
as an alternative strategy plant derived compound can be used as biocontrol agents. Here in this study, we investigated the 
protective effects of exposure of plant derived compound in brine shrimp larvae and next we enquired whether the protective 
response can be transmitted to the progeny across its subsequent generations. We found that compound exposure to the parental 
generation induce and transmitted the resistance phenotype against pathogenic bacteria (V. parahaemolyticus) in 3 subsequent 
unexposed generations. Moreover, to gain some more insights in the underlying molecular foundations we also measured the 
innate immune-related gene expression profile and epigenetic mechanisms. Thus, our study precisely describes that continuous 
exposure of plant derived compound has protective effects against V. parahaemolyticus AHPND strain in the brine shrimp 
model system and this protective response can also be transmitted to the progeny across its subsequent generations which is 
epigenetically regulated.
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DIFFERENTIAL GENE EXPRESSION BETWEEN WILD AND CAPTIVE FRESHWATER 
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Freshwater mussels are among the most imperiled groups of animals in the world. Their numbers are drastically declining 
due to various anthropogenic impacts, such as hydrologic regime alterations, agricultural runoff, toxic contaminants, invasive 
species, and climate change. One of the many conservation efforts employed in the attempt to conserve freshwater mussel 
biodiversity includes relocation between habitats or into captivity for such purposes as propagation, basic research, or as 
temporary refugia following environmental impacts. This practice often results in increased mortality and reduced growth 
rates. Despite the necessity, there is limited knowledge of mussel health and the effects of relocation on mussel physiology. 
The objective of this study was to determine how relocation into captivity changes the gene expression profile of the freshwater 
mussel Amblema plicata (Threeridge) using RNA-Seq.

Four adult A. plicata (Fig. 1) were collected from the Muskingum River in Washington County, OH in September, 2014. Mussels 
were transported to the Columbus Zoo and Aquarium Freshwater Mussel Conservation and Research Center in Shawnee Hills, 
OH. Gill tissue samples were collected 11 months post-relocation from each of the mussels in captivity (treatment group) 
and from three mussels collected in the river (control group). RNA was extracted and sequenced on the Illumina HiSeq 2500 
Sequencer with output as 100 base pair, paired-end reads. De novo assembly of sequenced reads was performed using Trinity 
and differential gene expression was determined using edgeR. Assembled transcripts were used as BLASTx queries against the 
NCBI nr database, and functional annotation was performed using Blast2GO.

Transcriptome assembly produced 346,832 transcripts. A total of 1,504 transcripts were significantly differentially expressed: 
1,075 were up-regulated in the relocated mussels, and 429 were down-regulated. Of the up-regulated transcripts, 431 received 
BLAST hits. Of the down-regulated transcripts, 151 received BLAST hits. Many of these genes have important roles in 
immunity and stress response. We will discuss the biological pathways that were altered in response to relocation. We will also 
discuss how gene expression can be monitored in both natural and experimental settings to evaluate stress responses to a wide 
variety of environmental variables, and how such information can be used to improve animal conservation techniques.
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ANISAKIDS NEMATODES OF BALTIC COD (Gadus morhua) AND HERRING (Clupea herrengus) 
- DETERMİNE A FUTURE FOR BALTİC COD? 
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Anisakidosis is caused by parasites of the Anisakidae family. The definitive hosts for Anisakis spp. are whales; while pinnipeds 
serve as final hosts for Contracaecum osculatum and Pseudoerranova genera. The first intermediate hosts for anisakids are 
crustaceans. Fish are paratenic hosts. The list of Anisakidae paratenic hosts include over 200 fish species. In North Atlantic 
75 species of fish are known as parasite hosts. The fish (pelagic and bathypelagic species), including Gadidae and Clupeidae 
families (cod and herring). In Baltic Sea cod (Gadus morhua) and herring (Clupea herrengus) have a great economic importance. 
Baltic Cod is suffering from high overfishing and the stock currently shows signs of dangerously low biomass level. Cod plays a 
key role in the Baltic Sea. Both species are heavily infected with anisakid nematodes in the North Atlantic and contiguous seas. 
Nevertheless up to the last decade anisakids infection in the Baltic Sea was rare. Since 2011 infection levels have increased 
noticeably. The increase is especially high concerning the infection of cod with the liver worm Contracaecum osculatum. The 
aim of the study was to collect the data on the prevalence of infection with Anisakidae in fish from the Baltic Sea. For this 
study, herring  and cod caught in the Baltic Sea were examined. Samples were collected during scientific cruises conducted 
in April 2016 and January 2017 on the research vessel “Baltica” and from the commercial catches. In total, 296 herring and 
1091 cod fish were examined. Fish filets were analysed for the presence of parasites by candling (white ligth and UV) as 
well as digestion in artificial stomach juice. Larvae of A. simplex s.s were found in 37 samples of herring (12.5%) and 108 
of cod (9.9%). The prevalence and intensity of infection increased with the size of fish and depends on the sampling season 
(for herring) and the fishing ground. Moreover rarely in cod P. decipiens larvae were found 14 (1.2%). Cod liver were found 
to be highly contaminated with Contracaecum osculatum larvae were found in 317 out of 848 examined samples. Species of 
anisakids were identified by European Union Reference Laboratory (EURLP) protocol “Identification of Anisakidae Larvae at 
the species level by multiplex PCR” version 1. 

Research was supported by NCBiR under the Strategic Program Biostrateg (grant no. BIOSTRATEG2/296211/4/NCBR/2016). 
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TOXICOLOGICAL EFFECT OF HYDROXYTYROSOL ON THE HARMFUL ECTOPARASITE 
Benedenia cf seriolae: EXTRACT OF OLIVE OIL AS AN ALTERNATIVE METHOD FOR THE 
PARASITARY CONTROL OF YELLOWTAIL KINGFISH

Miguel Ruano*, María T. González, Fabiola Sepúlveda, Javiera Arrau, Ana T. Gonçalves, Felipe Hurtado, 
Fernando Bas, Rui Sá

Interdisciplinary Center for Aquaculture Research, Universidad de Concepción, Edmundo Larenas s/n 
Barrio Universitario, Concepción, Chile

The ectoparasites Monogenea - Benedenia seriolae are one of the main threats for the Seriola lalandi production in sea cages, 
and alternative strategies to the pharmaceutical treatments currently applied in baths or feeds are being studied. The by-products 
of olive oil production are sources of rich bioactive ingredients with demonstrated functional properties in human and animal 
nutrition, and hydroxytyrosol (HT) is one of the most powerful and promising components due to its antioxidant and potential 
antiparasitic capacity. 

The aim of this study was to verify a possible toxicological effect of two extracts of olive oil by-product, enriched in HT 8% and 
40% respectively, on B. cf. seriolae. Parasites were removed from live hosts, and upon viability confirmation, three individuals 
were placed in each well of a 24 well plate, and were acclimated for a two hours period before exposed to the extract. Two series 
of bioassays with four replicates each were developed using five different concentrations diluted in filtered sea water for both 
extracts, from 0,5 ml/L (0,05%) to 20 ml/L (2%) and one control (filtered sea water). All plates were maintained at 20º C and 
ectoparasite behaviour, movement and condition was controlled by observation on stereo microscope at 0.5, 1, 2, 3, 4, 6, 8 and 
24h post-exposure. Activity and mortality rate were also registered individually.  

An almost immediate toxic / lethal effect of both tested extracts was observed. This effect was evident between the first 5 
and 20 minutes of exposure in all concentrations leading to total mortality at early moments, with the exception of the lower 
concentration value of 0,5ml/L. At this concentration, by evaluating the vibratory response and longitudinal body contraction 
parasites remained active and alive throughout exposure period. After 24h of exposure, in some cases it was observed agonic 
behaviour with loose opisthaptor and subtle contraction movements on anterior region of the parasites. Higher concentrations 
led to a nonresponsive behaviour and lethal effect at early stage, and a direct and significant relationship between extract 
concentration and mean mortality rate could be established for both extracts. Individuals at control remained at optimal 
conditions throughout the bioassay. Mortality rate data was adjusted to a four-parameter logistic model (4PL), and was found 
that lethal concentration for 50% of individuals (Lc50) values for both extracts (8% and 40%) were about 2,25 ml/L and 2,28 
ml/L respectively. In conclusion, the effective antiparasitic effect for the olive oil by-product extract was evident, and there 
were no significant differences between Lc50 values and mortality rate expressed by both extracts.

This study was funded by CONICYT-Chile – FONDEF ID16I10453 and FONDAP 1510027.
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Harmful algal blooms (HABs) are characterized by dense concentrations of algal biomass that globally threatens marine 
ecosystems and its prevalence is increasing. Coastal blooms of the fish-killing raphidophyte Heterosigma akashiwo have been 
related to losses in aquaculture in both the Atlantic and Pacific Oceans. Toxic activity of H. akashiwo is related to reactive 
oxygen species, brevetoxin-like compounds or hemolytic activity. Its mechanism, however, is not fully understood. To quantify 
H. akashiwo toxic activity on fish early ontogenic stages, embryotoxicity and apoptotic effect, bioassays were conducted in 
zebrafish larvae.

H. akashiwo was inoculated in 12L photobioreactors with controlled photoperiod, temperature and pH. Biomass was harvested 
at four growth phases: early exponential (EEG) (ap. 3 ± 1 days), late exponential (LEG) (ap. 7 ± 2days), stationary (SG) (ap. 11 
± 3 days) and declining (DG) (ap. 15 ± 2 days). Zebrafish eggs prior to 6hpf (hour post-fecundation), were exposed in 96 well 
plate to H. akashiwo methanolic extracts (200mg/L; ap. 103 cells ml-1) for each growth phase using 5 eggs per well in triplicate. 
Daily mortality, hatching and survival-after-96h rates, as well as larval malformation occurrences were recorded. Apoptosis 
induction on 7dpf (days post-fecundation) larvae exposed to SG extract (ranging from 12,5 to 200mg/L) was determined by 
Annexin V staining procedure followed by flow cytometry analysis. In addition, 24h LC50 was determined for the same range.

Early mortality rate (at 48h) was higher in EEG and lower for SG (40% and 20% respectively), while hatching rates presented 
the opposite tendency (30% and 43% respectively). Although with lower hatching rates, EEG presented the higher rate of 
larval malformation (78%). Pericardial edema (PCE), yolk sac edema (YSE) and tail torsion (TT) were the most common 
malformations observed with similar occurrence in all growth phases. Exposure to extracts of both SG and EEG phases promote 
late apoptosis in larvae, even at low concentration values. Such results combined with embryotoxicity suggest higher toxic 
activity in exponential growth phases when compared with stationary growth phase.

Growth phases of H. akashiwo were clearly associated to the algal cells toxic activity and results on embryotoxicity, LC50 
at 24h and apoptotic effect enabled to quantify this algae effect on fish early life stages. Such findings will be used to fill the 
knowledge gap on this algal species functional mechanisms during coastal blooms and understand the direct impact on marine 
ecosystems.

This study was funded by CONICYT-Chile – FONDEF-IdeA ID17I 10100, INNBIO MECESUP UCO1401 and COPAS Sur-
Austral CONICYT PIA APOYO CCTE AFB170006
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CAN WE DISCERN MAJOR METEOROLOGICAL AND ENVIRONMENTAL EVENTS IN THE 
GROWTH RECORD OF THE LONG LIVED CLAM Arctica islandica?
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The ocean quahog Arctica islandica is the longest living metazoan on the planet. A substantial population in excess of several 
million metric tonnes exist in the Georges Bank and mid-Atlantic regions in depths commensurate with the seasonal cold pool 
of water. As part of an extensive program to examine age structure and recruitment dynamics of these populations we have 
sectioned and polished over a thousand ocean quahog valves to facilitate counting of internal shell signatures (Figure 1). The 
analytical procedure produces images that labels each signature with a year of origin. The intensity and interval spacing of these 
signatures provide more than just a counter of years of age – they provide an index of inter-annual variation in growth and the 
intensity of environmental stimuli that drive the shell deposition process to produce variation in the observed signature. Given 
that each clam is an effective fixed location recording station we pose the question “Can we discern major meteorological and 
environmental events in the growth record?” We address this question through comparison of signature spacing and intensity 
with historical weather events (e.g. hurricanes) and physical oceanographic records (e.g., the cold water intrusion driving mass 
fish mortalities in 18821) within our extensive image archive.   

 Fisher, J. A. D., Frank, K. T., Petrie, B., and Leggett, W. C. Life on the edge: environmental determinants of tilefish (Lopholatilus  
chamaeleonticeps) abundance since its virtual extinction in 1882. – ICES Journal of Marine Science, 71: 2371 – 2378. 

1 
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GLOBAL SALMON INITIATIVE IS PRE-COMPETITIVE COLLABORATION ABLE TO 
CHANGE THE FUTURE OF AQUACULTURE?

Sophie Ryan

Email: sryan@axon-com.com

We all know the future of food will depend upon aquaculture. The question is how do we support the sector in reaching its 
potential of providing healthy and sustainable protein? The answer is collaboration. Only through collaboration can we identify 
best-practices, overcome challenges on a larger scale, share expertise to find impactful innovations, and most importantly 
ensure any improvements are implemented at speed and scale. The GSI is a leading example of an industry led collaboration 
project which is delivering tangible results in improving environmental performance in the aquaculture sector. Now 5 years in 
we are able to look back and see what has worked, what is still a challenge, and what are the lessons and opportunities being 
experienced by the members. 
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EFFECT OF DIETARY HISTIDINE SUPPLEMENTION ON MEAGRE, Argyrosomus regius, 
JUVENILES GROWTH, HAEMATOLOGICAL PROFILE AND MUSCLE CELLULARITY 
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Histidine is an indispensable amino acid which plays important roles in protein synthesis, growth capacity, maintenance of 
fish antioxidant defense system, stress resistance and good erythrocyte condition. The aim of this study was to investigate 
whether dietary histidine supplementation affected meagre growth, muscle cellularity and haematological profile, including 
erythrocyte fragility. Two experimental diets were used: a control diet and a diet with 3% histidine supplementation. The diets 
were tested, in triplicates, in 6.2 g juvenile meagre for 12 weeks. Fish were held in 1500 L fibre tanks at a density of 0.13 
fish /L. Survival varied between 92 and 94 %. Final growth was similar between treatments. Significant differences (p˂0.01) 
were found between the cortisol concentration in the plasma before and after a stress test (30 seconds outside water) in the 
His 3% group. Both treatments showed differences in the glucose and lactate concentration in the plasma before and after the 
stress test (p˂0.01). In terms of muscle cellularity, muscle fibre area was significantly lower and fibre density was significantly 
higher in the His 3% compared to the control group, suggesting a higher percentage of fibre recruitment. In conclusion, dietary 
supplementation of histidine affected some haematological parameters as well as muscle fibre area and density.

Aknowledgements: This work was supported by Diversiaqua (Mar2020 16-02-01-FMP-0066). Luso-American Foundation for 
the development (FLAD) sponsored Margarida Saavedra presentation in Aqua2019.
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Benthic diatoms are important for the nourishment of several organisms in aquaculture. Additionally, benthic diatoms are 
important in biotechnology, pharmacology and cosmetology due that they provide different materials or valuable products. 
Light is an important factor due that produce important modifications on microalgae metabolism. The aim of this work was to 
measure the effect of three irradiance levels (30, 50 and 100 µE m-2 s-1) on growth, proximal composition and photosynthesis of 
Nitzschia palea and Cymbella sp. maintained under batch cultures. The growth rate was modified by effect of irradiance level 
for the two diatom species. For Cymbella sp. the irradiance of 50 µE m-2 s-1 induce the highest growth rate and cell density; 
meanwhile, for Nitzschia palea the growth and cell density were increased at 100 µE m-2 s-1. The irradiance of 30 µE m-2 s-1 
increased cell size and organic dry weight in both species. The highest carbohydrate content was found for both species at 
exponential growth phase with irradiance of 100 µE m-2 s-1. The lipid content was highest at 100 µE m-2 s-1 and proteins at 100 
µE m-2 s-1 on the exponential growth phase for both species. The photosynthesis was highest at 100 µE m-2 s-1 at exponential 
growth phase for both species.

We concluded that the irradiance level could be used as an inductor to modify the metabolism of Nitzschia palea and Cymbella 
sp. and produce different growth, proximal composition and photosynthesis.  
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ANTIBIOTIC RESISTANCE AND VIRULENCE GENES IN Aeromonas ISOLATES FROM FISH 
FARMS IN SUB-HIMALAYAN WEST BENGAL, INDIA
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Members of the genus Aeromonas are common inhabitants in the aquatic environment and are viewed as opportunistic pathogens 
associated human gastroenteritis and wound infections as well as haemorrhagic septicaemia in fish. These bacteria often contain 
multiple virulence factors and have shown resistance to a number of clinically important antibiotics. In this study, 43 strains of 
motile Aeromonas were isolated from fish farms at 10 different locations in sub-Himalayan West Bengal. The identification of 
Aeromonas strains was based on biochemical characters and sequences of 16S rRNA gene. Antimicrobial susceptibility tests 
against 19 antibiotics showed considerable resistance of the isolates especially against the beta-lactam antibiotics (Fig. 1). 
In-vitro testes showed all isolates to be beta haemolytic and proteolytic and 75% produced DNase. About 60% of the strains 
produced siderophores. Polymerase chain reaction based protocol was used to test the presence of class I integrons as well as 
the virulence related genes viz. aer/haem (haemolytic toxin), aspA (serine protease), ascV (Type3 secretion system), flaA (polar 
flagella) and gcaT (cholesterol acyl transferase) genes. Altogether, 42% of the strains revealed the presence of integrons ranging 
from 0.8-1.4kb. Aer/haem gene was found to be most abundant among all tested genes (Fig. 2). While 80% bacteria showed 
the presence of at least one virulence related gene, one particular isolate AGP03 showed presence of all the genes. In vivo 
pathogenicity of AGP03 was tested in fish (Anabas testudineus). Severe ulcerative lesions (Fig. 3) and mortality was observed 
in 89% and 62% of the fishes respectively after 7 days. These findings indicate the prevalence of multiple antibiotic resistant 
Aeromonas strains in fish farms as well their infectious nature that pose significant threat to public health.
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Many detrimental effects can be seen in aquatic species raised in commercial aquaculture when they are exposed to chronic 
stress. Some of the worst effects are an overall reduction in the immune response and a diminished ability to combat infections. 
These effects can lead to an increase in mortality and lowered overall production. Currently, the most common treatments and 
techniques involve the use of antibiotics and chemicals in order to treat these conditions. These solutions are not ideal, and they 
present risks to both the environment and the consumer. In order to find a solution, we are looking into the use of nutraceuticals, 
to improve the immune response and reduce the negative effects of stress on aquatic species raised in aquaculture. 

During a 12 week experiment, Nile tilapia (Oreochromis niloticus) were raised in a recirculating aquaculture system, and were 
stressed induced by cortisol-supplemented feed. Probiotic supplementation and the combination of prebiotic and probiotic 
supplementation were evaluated. Inulin was used for the prebiotic supplementation, and Probios® was used for the probiotic 
supplementation. Several parameters were measured throughout the experiment. Blood glucose, packed cell volume, plasma 
protein level, hepato-somatic index, and serum cortisol level were the physiological parameters measured while spleen-
somatic index, macrophage phagocytic capacity, and serum lysozyme activity were the immunological parameters measured. 
Apparently, the results indicate that stressed fish, fed probiotic supplemented commercial feed have better physiological and 
immunological parameters than fish fed sham supplemented commercial feed.
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Stress is a significant problem in commercial aquaculture settings. Over time, chronic stress can lead to reduced growth and 
lowered growth performance. These effects can lead to decreased production and lowered profits. Probiotics have been shown 
to increase growth in several aquatic species. Prebiotics have also been shown to increase the positive effects of probiotic 
supplementation when combined with probiotics. However, the current body of knowledge is still lacking, and further research 
into prebiotic and probiotic supplementation is needed. 

Hence, over the course of a 12 week long experiment, Nile tilapia (Oreochromis niloticus) were raised in a recirculating 
aquaculture system, and were stressed induced by cortisol-supplemented feed. Probiotic (Probios®) and the combination 
of prebiotic and probiotic (Inulin and Probios®) supplementations were evaluated on fish growth. Several parameters were 
measured throughout the experiment including Specific Growth Rate (SGR), Absolute Feed Intake (FIABS), Feed Conversion 
Ratio (FCR), Protein Energy Retention (PER), Protein Production Value (PPV), and Fulton Condition Factor (K). A Bio-Rad 
Protein Assay was used to determine the protein content of muscle samples. Apparently, the results indicate that, among the four 
experimental groups (control, stressed, stressed fish fed probiotics, and stressed fish fed pre- and probiotics), stressed fish fed 
probiotic supplemented commercial feed have better growth performance than fish fed sham supplemented commercial feed.
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The yellowfin tuna (Thunnus albacares) is a globally distributed large epipelagic scombrid exploited by major commercial 
and recreational fisheries throughout its range. Aquaculture of this species is being developed for research purposes and may 
ultimately provide an alternative source to wild harvests. Genomic tools would greatly enhance aquaculture programs by 
enabling genetic management of domestication and implementation of selective breeding to improve production traits. These 
resources would also benefit efforts to assess and manage fisheries stocks in particular through a better understanding of stock 
structure. In this project a draft reference genome was developed for yellowfin tuna using Illumina and PACBIO sequencing. 
Genome sequencing included 235.12 Gb in 2 x 150 bp paired-end reads produced on the illumina Novaseq system and 27 Gb 
in 5,627,820 reads from a 10 kb and a 20 kb size-selected libraries run on 12 SMRT cells of the PACBio Sequel platform. 
A hybrid assembly of the Illumina and PACBio datasets was conducted using SparseAssembler and DBG2OLC and yielded 
9,083 contigs spanning 792Mb with an N50 of 98,195 and a G-C percentage of 41.16. The obtained assembly will be used 
as a reference to map double-digest Restriction Site Associated DNA (ddRAD) sequencing reads and characterize associated 
Single Nucleotide Polymorphisms (SNPs) in parents and offspring from a mapping family. The family was produced during a 
spontaneous spawning event in a mass spawning tank at the Achotines laboratory. Progeny were cultured for 6 days after hatch 
prior to tissue sampling for genotyping. Because multiple brooders were present in the mass spawning tank, the first phase of 
this work involved identifying a group of progeny from the same full sib for use in mapping, A total of 394 larvae were assayed 
at 16 microsatellites and parentage analysis was conducted to identify 200 full sibling larvae. Sequencing libraries are being 
generated using the ddRAD protocol for parents and offspring of the full sib family and will be run on the Illumina NovaSeq 
platform with a target average of 5M paired-end reads per sample. SNPs will be discovered and genotyped from the obtained 
dataset and used to produce a high density linkage map of the yellowfin tuna genome and anchor genomic contigs. 
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The Tripletail, Lobotes surinamensis, is a pelagic fish that frequents tropical and sub-tropical waters of all oceans. Tripletail are 
commonly found associated with floating debris and structures and make frequent incursions in bays and estuaries where they 
are targeted by recreational fishermen. Their increasing popularity has led to the development of fisheries regulations  in the 
southeast United States in recent years. Tripletail is appreciated as a gamefish but is also prized for its flesh of superior quality. 
The species is not prone to commercial harvest in the wild due to its solitary behavior but its potential as a food fish makes it a 
good candidate for marine aquaculture.

Research to develop tripletail aquaculture to date have focused on hatchery methods and a preliminary grow out trial. 
Photothermal conditioning of captive-held broodstocks promotes maturation of gametes as shown by the occurrence of 
fertilized spawns following hormonal induction, but spontaneous spawning has rarely been reported in a mass spawning tank, 
and the fertility of spawns is usually very low, suggesting that the final steps of gamete maturation, ovulation and spawning 
are disrupted in current culture conditions. Hormonal induction of spawning using GnRHa slow-release implants was effective 
at inducing ovulation of females that reached the final stages of vitellogenesis. The effects of GnRHa implants on spermiation 
could not be formally evaluated during trials conducted to date. A growth challenge in captivity conducted at low density 
revealed growth from an average mean weight of 12.9 g to 1,015 kg in 210 days. Phenotypic sexing is a challenge as the species 
does not have secondary sexual characters and males usually do not release milt during manual stripping. Sexing of females by 
ovarian biopsy using a catheter is challenging and prone to error, and this method does not allow positive identification of males 
while running the risk of damaging their efferent ducts. Sex identification of captive broodfish was achieved based on plasma 
levels of 11-ketotestosterone and Estradiol-17′ and has been applied to allocate males and females to mating sets. 

Informal interest in marketing this species has been expressed by restaurants and retailers but market potential would need to be 
characterized more rigorously as this species is new to most potential consumers due to the lack of commercial fishing. Protocols 
for effective spawning of captive broodstock, larviculture, and grow out still need to be designed so that the performance of this 
species in culture can be fully evaluated. Current data suggest that tripletail could become a successful species for commercial 
marine aquaculture assuming bottlenecks in the hatchery can be overcome. 
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Fishmeal is constantly increasing in price as a result of their scarcity. Therefore, vegetable protein sources are promising 
alternatives to fishmeal. However, most plant ingredients contain anti-nutritional materials, such as phytate, which is the main 
storage form of P. Up to 80% of the total P. Phytic acid also chelates with various cations like Na, K, Ca, Mg, Mn, Zn, Fe 
and Cu, and is practically not available for fishes. Exogenous phytase is found to hydrolyse phytate and increase nutrient 
digestibility. Therefore, the objective of this study was to assess the effect of dietary phytase in sea bream diets, in the presence 
or absence of mono-calcium phosphate and mixture of minerals. 

Five diets were prepared. The dietary treatments 
consisted of a control diet (0% phytase) supplemented 
with mono-calcium phosphate and mixture of minerals. 
The other four experimental diets were supplemented 
with 0.2% phytase, together with mineral mixture or 
mono-calcium phosphate in diet 1 or 2 respectively, 
without mineral mixture or mono-calcium phosphate 
in diet 3, with mineral mixture and mono-calcium 
phosphate in diet 4. Each diet was assigned to triplicate 
groups of fish in floating hapas, and each cage was 
stocked with 20 fish.  At the end of the experiment, the 
main growth, feed utilization parameters and proximate 
body composition were investigated.

The results showed that weight gain (WG%) of fish 
fed on phytase supplemented diets was significantly 
higher than fish fed on control diet (P≤0.05) (table 
1). Moreover, Feed conversion ratio (FCR) was also 
affected by the feed additive, where FCR in fish fed 
phytase supplemented diets was lower than in fish fed 
control diet (table 2). It could be concluded that Phytase 
can efficiently act as a growth promoter for Nile tilapia 
fingerlings regardless the presence of mineral mixture 
or mono-calcium phosphate in diet or not. 
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Muscle growth is the main indication of fish growth and affected by nutrition. Particularly, fish require dietary protein and 
amino acids to support muscles, tissues and organs growth. This  study was aimed to assess the effect of indispensable (IAAs/
EAAs) and dispensable amino acids (DAAs/NEAAs) supplementation with the reduction of dietary intact protein (IP) content 
in channel catfish Ictalurus punctatus diets and their effect on muscle growth, intestinal morphology and other fish health 
indicators. 

9 isolipid (8%) experimental diets were formulated with different crude protein levels)  32 basal, 30, 28, 26, 24 % IP)  with 
supplementation of Essential amino acids (EAAs) ; Lysine and Histidine  to meet EAAs/IAAs requirements for channel catfish 
Ictalurus punctatus according to NRC 2011 with and without addition of  Nonessential amino acids (NEAAs); Glutamic  acid 
and Glycine to the low protein diet (24%IP) at different rate(2, 4, 6, 8% NEAAs) . Experimental fish (average initial weight 
10.56± 0.1g) were randomly allocated into 9 groups, 4 replicate per each 15 fish/ tank in indoor recirculating system and fed 
experimental diets two times/day according to % of body weight and weighted bi-weekly. Dissolved oxygen, temperature and 
salinity were measured 2times/day while, water samples were collected 2 times/week for measuring of Total ammonia nitrogen, 
Nitrite and pH.

At the end of the experiment, 4 fish per tank were randomly chosen then anesthetized for collecting serum samples for oxidative 
stress and immune assay. Then, Samples from dorsal muscle and intestine were collected and kept in 10% buffered formalin 
for measuring the skeletal muscle fibers diameter and numbers. Also, the intestinal fold, enterocyte and microvillus height were 
measured. 

The growth results showed that, there is no significant difference (P>0.05) in the final means (g), total weight gain(g) and feed 
conversion ratio (FCR) among fish groups which fed with {32 (control), 30, 28 & 26% CP supplemented with EAAs Lysine 
and Histidine}. However, fish fed with 24 % CP supplemented with EAAs showed statistically different (P<0.05) compared to 
32 and 30% CP diets. While the NEAAs supplementation to 24% CP diet with EAAs did not show an obvious contribution in 
catfish growth response. Histological analysis still ongoing and data will be presented in the conference.    
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Twelve weeks growth study was carried out to study the effect of replacing the dietary fish meal (FM) by soybean meal (SBM) 
and corn gluten meal (CGM) on growth performance, body composition and serum metabolites of Nile tilapia. One hundred 
and eighty juvenile (Nile tilapia average weight 16.86g) were stocked randomly into 6 groups, 2 replicates per each and 15 
fish /aquarium. Fish were fed 6 isonitrogenous (32% CP), isocaloric (3000 Kcal DE/ Kg) experimental diets in which FM were 
replace gradually (0, 20, 40, 60, 80 and 100%) by SBM and CGM. The growth performance indices (mean body weight, body 
weight gain and feed conversion ratio) were measured biweekly after fish weighting. At end of the growth trial 6 fish /aquarium 
were randomly taken for collection of blood samples for determination of some serum metabolites. Then, whole fish body were 
used for further proximate and amino acids analysis.

The results revealed that the replacement of FM in diets of juvenile Nile tilapia by SBM and CGM up to 80% did not negatively 
affect the final mean weight, body weight gain and FCR. However, complete replacement of FM significantly (P< 0.05) 
decreased the final mean weight, weight gain and feed consumption, while increased the FCR. Also, 100 % FM replacement 
significantly decreased serum albumin and increased the triglyceride. However, did not significantly (P > 0.05) decreased 
the total plasma protein. In addition, whole fish body moisture and crude protein contents were not significantly affected by 
complete FM replacement. However, the whole body lipid content increased significantly as dietary FM replaced by SBM and 
CGM.  From the present study, it could be concluded that the dietary FM in juvenile Nile tilapia diets could be replaced by 
SBM and CGM up to 80% without significant effects on growth performance, body composition and serum metabolites.
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There is considerable interest in using crystalline amino acids (CAA) in research and practical diets. CAA allow fine-tuning of 
AA composition and balance, hence may lower FCR and wastes. However, high inclusion of CAA can also result in a reduction 
in dietary pH which may reduce palatability and confound other nutritional effects. In previous research using low protein diets 
we observed that fortification of the diet with dispensable amino acids (DAA, glutamic acid and glycine) did not restore growth 
rates to that of intact protein diets. As the pH of these diets were not equalized, it raised the question of a confounding effect 
of pH.

Hence, this study was designed to evaluate the effects of pH on low intact protein diets fortified with CAA. A practical 
diet containing 8% lipid and 24% intact protein was supplemented with indispensable amino acids to equal 120% of NRC 
requirement. Glutamic and glycine were then supplemented to achieve 30% dietary crude protein. Diluted NaOH was then 
added to this basal diet during pelleting to achieve graded levels of dietary pH (5.16, 5.77, 6.39 & 7.00). Juvenile channel 
catfish (average initial weight 3.9± 0.10g) were randomly allocated into 4 treatment groups using 3 replicates of 20 fish/ tank 
in indoor recirculating system. Fish were fed experimental diets three times/ day according to % of body weight and weighted 
bi-weekly. Dissolved oxygen, temperature and salinity were measured 2 times/day, while total ammonia nitrogen (TAN), nitrite 
and water pH were measured 2 times/week. 

Growth results are presented in Table 1: regression analysis showed that increasing dietary pH levels did not have a significant 
effect on final body weight, thermal-unit growth coefficient (TGC) or feed conversion ratio (FCR). However, there was a 
numerical increase in final weight and TGC for fish offered diets with pH of 6.39 and 7.0. 
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Egypt considered the 11th world inland capture fisheries, produced 231 959 tons and the 6th world aquaculture producer, produced 
1. 371 million tons (1.7% of the world aquaculture production) (FAO, 2018). Egypt is also the 1st Mediterranean Sea, Arab and 
African aquaculture producer (FAO, 2018). Although Egypt has 9 legal marine hatcheries (3 governmental and 6 privet sector 
marine hatcheries) produced 44.224 million fry, only 5.686 million were European seabass fry production (GAFRD, 2016). 
The European seabass females, which show 30 to 50% higher growth rates than males (Gorshkov et al., 2004). The estradiol-
17β (E2) may change the morphology of gonads, negatively affects survival and impairs growth in addition to changing the sex 
ratio (Piferrer, 2001; Wang et al., 2008). This research work aimed to study impacts of Estradiol (E2) and Marine Synbiotic 
enriched microdiets on the European seabass larval early weaning and physiology.

European seabass larvae four treatments were control greenwater 
(Inve O.Range® microdiet without treatment) (G), marine 
synbiotic (Bacillus subtilis HS1 probiotic bacteria 1x 107 CFU 
+ 1 mg chitosan gm-1) (MS), estradiol (150 mg g-1) (E2) and 
marine synbiotic and estradiol (MSE2) treated Inve O.Range® 
microdiets stocked in 30 L3 glass aquariums triplicates in NIOF 
Marine hatchery. Larvae samples were randomly collected from 
treatments tanks to statistically determine the length growth 
and physiology performances.

The larvae weaned in marine synbiotic treated microdiet 
achieved the best significant (P < 0.05) final total length, final 
standard length, total length gain, total length average daily gain, 
total length specific growth rate and total length gain% between 
35dph and 50dph. The marine synbiotic treated achieved the 
best significant (P < 0.05) final total length condition factor, 
final standard length condition factor and survival rate %. The 
larval weaning using greenwater control non treated, achieved 
the highest significant (P < 0.05) aspartate aminotransferase 
U/l and alanine aminotransferase U/l. The larval weaning 
using synbiotic treated achieved the highest significant (P < 
0.05) alkaline phosphatase U/l, total protein in g/l and globulin 
in g/l. The highest significant (P < 0.05) in acid phosphatase 
U/l and Glucose in g/l achieved by marine synbiotic and E2 
treatements. The larvae fed E2 treated microdiet showed the 
highest significant (P < 0.05) triglycerides in mmol/l.  
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In Benin, it is used for fish smoking, traditional smokehouse composed of metal barrels superposed fences and essentially using 
as fuel packaging cartons and wood. A large amount of smoke is released and causes breathing and visual difficulties among 
fish smokers in addition to the poor quality of the finished product (Schoch, 2015). Faced with these constraints, the use of 
other smoking equipment enabling both use less fuel and ensuring good quality of smoked fish and good health for smokers is 
essential. The present study aims to improve the quality of smoked fish through the use of fruit peelings, rice hulls and palm 
kernel charcoal as smoking fuels.

To this end, 15 mackerel and 15 horse mackerel are smoked in traditional way, 75 horse mackerel and, 75 mackerel are smoked 
with the experimental fuels and a new smokehouse (Figure1). Data on physical-chemical characteristics and sensory quality 
were collected and analyzed with SAS. Weight loss after smoking was significantly higher for smoked fish with pineapple peel 
(32.79), peanut shells (30.06) and orange peel (29.84) (p <0.001). Fish smoked in traditional way had higher pH values than 
smoked fish with new fuels (p <0.001). The highest value of relative humidity was observed in smoked mackerel (72.59%) (p 
<0.05). The skin color of smoked fish with rice hulls was less white, more red and yellow than other fish. Those smoked with 
palm kernel charcoal were lighter than other fish. The fish smoked traditionally had darker skin with a lower clarity value and a 
higher red index (p <0.001). The sensory quality of all fish smoked with rice hulls was more acceptable with high scores for the 
various parameters evaluated by the jury. On the other hand, traditionally smoked fish and those smoked with only palm kernel 
charcoal have a poorer presentation than those smoked with other fuels. This study shows that fruit peelings and rice hulling 
residues can be used for smoking fish to improve the presentation and qualities of smoked products.

Schoch D: 2015. The project “Fish smoking workshop” at the ASAV Int center, Cotonou (Bénin), 27p.



954

DETERMINATION OF ESTRADIOL-17Β AND TESTOSTERONE LEVELS IN MUNICIPAL, 
AGRICULTURAL AND PHARMACEUTICAL EFFLUENTS AND THEIR EFFECT ON SEX 
DIFFERENTIATION IN Labeo rohita AS ENDOCRINE DISRUPTOR

Asma Salman*, Shafaq Fatima

*Department of Zoology, Lahore College For Women University
Lahore, Pakistan
Corresponding Author Email: shafaq.fatima2013@gmail.com

Estradiol-17β (E2) and testosterone (T) are potent steroids released in environment through municipal, pharmaceutical and 
agricultural industries water effluents which act as endocrine disruptor (EDCs). Use of water contaminated by these EDCs 
may seriously affect the fish health particularly their maturation cycle. Present study measured the levels of E2 and T in water 
samples (n= 56) collected from pharmaceutical, agricultural, and municipal waste waters. Significantly high levels (P<0.05) of 
both hormones were detected in all water samples. Moreover, effects of E2 and T on gonadal development were histologically 
studied in juvenile labeo (Labeo rohita). Fish were exposed to the dose of 15ng/L of E2 and T for 30 days. Post-trial histological 
examination of gonads showed a few primordial germ cells and spermatogonia in control group. However, 100% sterility was 
observed in all fish samples exposed to both E2 and T. This study established that these hormones influenced the endogenous 
differentiation pathways and altered sex differentiation, resulting in sterility in labeo at environmentally-relevant and higher 
concentrations.
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Disposal of dredge material is a necessary part of maintaining navigable channels; however, dredge spoil disposal has wide 
ranging effects from altering species fitness to promoting ecosystem shifts. This study explored mortality due to dredge 
spoil addition on the blue crab, Callinectes sapidus, during winter when crabs exhibit torpor and are thus most sensitive to 
disturbance. Twenty crabs were allocated into four treatments including two levels of thin layer spoil additions (low spoil = 
2.5 cm and medium spoil = 10.0 cm), and two controls (no sediment, base sediment) with survival monitored and behavior 
coded. Four of the five crabs in the medium spoil treatment experienced instantaneous mortality, while those in the low spoil 
treatment may have experienced sub-lethal effects (Fig. 1). All surviving crabs exhibited all coded behaviors at least once (Fig. 
2); conversely, the vast majority of crabs that did not survive exhibited only a subset of behaviors.  Results suggests dredge 
spoil disposal has an immediate, adverse effect on crabs at medium thin layer levels of spoil addition and potentially suggest 
reduced fitness at even lower spoil levels. However, crabs exhibiting a variety of behaviors fared better than those that did not, 
indicating increased activity levels may offset spoil addition effects. Given growth and activity are temperature dependent, 
effects of spoil addition at higher temperatures warrant investigation and may lead to delineation of an ideal environmental 
window for dredge spoil deposition.
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Despite favorable natural resources in South-Eastern United States (e.g., climate, artesian groundwater), the U.S. catfish 
aquaculture industry is faced with considerable competition and tight commercial margins. Given the importance of feed in 
production costs, it is imperative that production makes the most efficient use of nutrients as possible. Since proteins drive 
both feed cost and fish growth, optimization of dietary protein is the cornerstone of efficient and economical fish production. 
Traditionally, commercial feeds are formulated based on dietary crude protein and the first-, and sometimes second-, limiting 
amino acid. Although this helps reduce costs, further savings are likely to occur if additional essential amino acids are considered. 
We have conducted a trial to optimize the ratio of the three first-limiting amino acid in practical catfish feeds using a response 
surface (Box-Wilson design) approach, which is particularly well-suited to evaluate multiple interactions simultaneously. By 
formulating experimental diets at carefully pre-determined concentrations of the three amino acids (see figure below), the 
response in feed and protein utilization efficiencies can be modeled and the best proportion of amino acids can be determined. 
Such results can then be used to formulate an optimized diet and be validated against a typical commercial feed to provide 
proof of principle. 

Fifteen diets were formulated to contain 28.0% crude protein and 4.2% crude lipid using poultry by-product meal, soybean meal, 
and dried distillers’ grain solubles (DDGS) as main protein sources. Lysine, methionine, and/or histidine were supplemented 
at the expense of a 1:1 mix of glycine and glutamine to maintain the diets isonitrogenous. All diets were neutralized by 
dosing sodium hydroxide to a neutral pH prior to cold-extrusion. A total of 1000 juvenile catfish (2g initial body weight) were 
distributed to 50 aquaria (20 fish per tank) one of 15 diets randomly allocated to each aquarium. The first diet (central diet) was 
offered to 8 tanks while the other diets were fed to three tanks each. All diets were fed to fixed ration to approach satiation for 
8 weeks. Results will be presented and discussed.
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Interest in local, sustainable aquaculture is continuing to expand across the United States. To ensure profitability and high 
consumer acceptance, a plant-based non-GMO source of protein is needed for replacing fishmeal in aquaculture diets. Most 
replacements in current use are derived from seeds, and often contain undesirable antinutritional components. Alfalfa (Medicago 
sativa) is a high biomass perennial legume that is grown across the U.S. for use in animal feeds. We evaluated the yield and 
composition of protein concentrates derived from fresh alfalfa foliage. Furthermore, a commercial alfalfa protein concentrate 
(APC) was used to replace fishmeal in diets for yellow perch (Perca flavescens) and rainbow trout (Oncorhynchus mykiss). 
Weight gains, growth rate, and feed conversion ratios were measured.

Total foliage was harvested from three varieties of alfalfa, two reduced lignin varieties and a conventional variety three times 
during the 2017 season. Protein was precipitated by heating from a strained plant homogenate. The amount of APC varied by 
harvest but not by plant variety indicating that reduced lignin content in plant stems does not affect APC yields. There was an 
average of 49.6% protein with an average of 5.6% lysine, methionine, and threonine in the protein precipitate. The majority 
of the protein in alfalfa foliage is in the leaves and immature stems. Leaves were removed from a biomass type alfalfa using 
a custom harvester, a protein-rich juice produced using a screw press, and protein precipitated by heating. There were no 
differences in APC yield from total foliage or stripped leaves. The total foliage yielded an average of 105 g APC/kg dry matter 
and stripped leaves yielded 111 g APC/kg. Five methods were tested for precipitating APC: heat, freezing, acid pH, basic pH, 
and basic pH followed by acid pH. The acid based methods resulted in the highest yield and lowest fiber content, while heating 
resulted in a higher protein concentration. Extraction methods also impacted crude fat, sugar, and specific amino acids. Heat 
treatment resulted in increased concentration of limiting amino acids and lower sugar content compared to the other methods. 
Thus, processing methods can alter the final product composition.

Diets were formulated for yellow perch with the control diet containing 15% fishmeal and the test diet with 18.4% APC 
replacing fishmeal. Two experiments were conducted over 14 weeks. Fish on the control diet had a higher weight gain and 
growth rate but fish on the test diet had a more efficient feed conversion ratio and greater muscle:total body weight ratio 
compared to fish on the control diet. For rainbow trout, the test diets consisted of 3% or 6% APC added as a supplement to the 
feed replacing the equivalent amount of fishmeal. Weight gain and rate of gain over 12 weeks was highest for fish receiving the 
control diet. Thus, APC had reasonable palatability, but needs further investigation on growth effects.
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Certification is used to assure improved environmental performance in the aquaculture sector. But certification initiatives face 
limitations in including a broad range of producers with different capabilities, which in turn reduces their scope and impact. 
Drawing on Sen’s capability approach, we introduce a novel way to assess how certification standards can be more inclusive 
and, consequently, have more impact. We compare four shrimp aquaculture standards based on an analysis of what we label 
‘prescribed capitals’ and ‘bundle of capitals’ that enable the compliance capability of producers. The results show that standards 
narrowly prescribe standards requiring human capital, while there is potential for prescribing a wider bundle of social, financial 
and physical capitals that allow more flexible standard compliance while maintaining social and environmental goals. The 
findings have consequences for the redesign of certification standards to support a broader diversity of producer capabilities 
and ultimately increase their impact. 
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The economic impacts of oyster reef restoration are both short-term in nature given their brief on-the-ground duration, as well 
as long-term. Since 2011, restoration work has been completed on more than 600 acres of sanctuary (non-harvest) oyster reefs 
in the Choptank River Complex, Maryland- a major Chesapeake Bay tributary. We ran analysis on the economic impact of 
about $53 million of oyster reef restoration during 2012-2016 period, using a modeling software (IMPLAN). 

The present analysis suggests restoration investment has and may result in ecological improvements and socioeconomic benefits 
to project participants and to the residents and communities adjacent to coastal areas. The reef restoration supported more than 
700 jobs from the 2010 through 2016. The direct investment in oyster reefs has also generated an additional $90.2 mil so that 
a total of $143.2 mil has been infused into the local economy over 2010-2016.  

The findings in this study, and future similar studies, are important to increase the understanding of the role of green jobs in the 
economies of local communities, as well as the fish harvesting benefits the restoration projects provide.
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Bacillus is a genus of Gram-positive, aerobic spore-forming rods, able to produce a wide variety of bioactives include enzymes 
and antimicrobial peptides. Their application as probiotics have significantly increased and also demonstrated good results in 
shrimp aquaculture, focusing on growth and health improvement, and disease management. However, related bacterial strains 
or species can differ significantly in their genotype and phenotype. With Next-generation sequencing (NGS) technologies and 
analysis, recent studies have revealed important information and features of the genetic basis that is related with the probiotic 
activity.

In the present study we report the draft genome sequences of two Bacillus strains that exhibit probiotic activity in shrimp, and 
also biotechnological potential. B. pumilus 36R and B. safensis 13L were isolated from saline sediments collected from Sonora, 
México. Both strains significantly reduced the mortality of white shrimp Litopenaeus vannamei challenged with a pathogenic 
Vibrio parahaemolyticus strain that cause Acute Hepatopancreatic Necrosis Disease (AHPND). 

Genomic DNA was extracted with a Promega kit, strains 36R and 13L were sequenced with an Ion Torrent (PGM, 380,463 
reads) and Illumina (Miniseq, 2,291,884 reads), respectively. After an analysis with FastQC, low quality (Q 20) reads were 
removed with PRINSEQ. The filtered reads were assembled with Newbler (version 2.6), obtaining 283 contigs for a 3,941,096 
bp genome with a GC content of 41.1% for 36R; and 82 contigs for a 3,675,838 bp genome with a GC content of 41.6% for 13L. 
Synteny of genomes were obtained with Mauve Genome Alignment (version 2.4.0). Annotations was performed with RAST; 
4,220 and 3,793 coding sequences (CDSs), 80 and 80 RNAs were identified for 36R and 13L, respectively. 

36R presented several genes involved in bacteriocins and ribosomally synthesized antibacterial peptides (bacitracin), secondary 
metabolism (lanthionine and auxin biosynthesis) and genes related to stress response, nitrogen and phosphorus metabolism. 
For 13L we found genes involved in bacteriocins and antibacterial peptides (bacitracin), genes related to secondary metabolism 
(thiazole/oxazole-modified microcin TOMM and auxin biosynthesis), and genes related to stress response, nitrogen and 
phosphorus metabolism. The genome sequences can be used for mining and reconstruction of metabolic pathways in Bacillus 
strains. The genome sequence guided strain improvement would augment probiotic potential of Bacillus strains for applications 
in aquaculture. 
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Due to the growing and rapid expansion that offshore aquaculture is experiencing, encouraged by the Blue Revolution and the 
need for feeding the world in the next 20 to 30 years, there has been a strong development of technologies for the fish farming 
in offshore areas has been unleashed. This presentation will report on the advances of systems for offshore fish farming that 
have been developed by one of the leading companies of submersible cages, using copper alloy meshes: Coppernet Chile 
and Coppernet Mexico. The first of these cages are already operating on a site 4 miles off the coast in the Sea of   Cortez, Baja 
California Sur, a site located in the hurricane zone, and frequently subjected to tropical storms. These first of these cages are 
in full production of Seriola rivoliana, and offer a rapid submergence system (from surface to submerged in 10 minutes). Each 
of these cages has a farming volume of 13,000 m3, when submerged, or 11,000 m3 when on the surface. The cages can be 
submerged either all together, or individually. No specialized mooring system is needed; simply a grid, similar to those that are 
currently in use by more than 95% of marine fish producers globally.

This type of technology allows fish producers to expand their farming zone to areas beyond the coast, being able to opt for 
better water quality, with less concentration of pollutants and away from the areas of boat traffic.

This presentation will also discuss the advances of another category of farming systems: fish farming vessels, one of which is 
under development by the company Ocean Arks Tech. The system is in the final development phase, and will soon to ready 
for construction.  This autonomous fish farming Ark has the distinction of being able to operate either in federal waters or in 
international waters, which allows fish producers to operate right now, while regulations to operate in federal and / or state 
waters are still being established. This thereby allows countries such as USA, Mexico, Canada, and others, to not to fall behind, 
but rather take advantage of access to two oceans, and be able to compete with countries such as Norway, Chile, China, Russia 
and Japan, which have already started strongly in the development of oceanic aquaculture.

These types of fish farming vessels will possess two strategic advantages: first, they will bring fish production closer to 
consumption centers, reducing freight rates and making aquaculture more sustainable. Secondly, these ships will produce fish 
sustainably, in their natural environment as an oceanic school, which will generate a new standard or category of sustainability 
in consumers, allowing for wider market acceptance and better market prices.
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Benthic diatoms are important for the nourishment of several organisms in aquaculture. Additionally, benthic diatoms are 
important in biotechnology, pharmacology and cosmetology due that they provide different materials or valuable products. 
Light is an important factor due that produce important modifications on microalgae metabolism. The aim of this work was to 
measure the effect of three irradiance levels (30, 50 and 100 µE m-2 s-1) on growth, proximal composition and photosynthesis of 
Nitzschia palea and Cymbella sp. maintained under batch cultures. The growth rate was modified by effect of irradiance level 
for the two diatom species. For Cymbella sp. the irradiance of 50 µE m-2 s-1 induce the highest growth rate and cell density; 
meanwhile, for Nitzschia palea the growth and cell density were increased at 100 µE m-2 s-1. The irradiance of 30 µE m-2 s-1 
increased cell size and organic dry weight in both species. The highest carbohydrate content was found for both species at 
exponential growth phase with irradiance of 100 µE m-2 s-1. The lipid content was highest at 100 µE m-2 s-1 and proteins at 100 
µE m-2 s-1 on the exponential growth phase for both species. The photosynthesis was highest at 100 µE m-2 s-1 at exponential 
growth phase for both species.

We concluded that the irradiance level could be used as an inductor to modify the metabolism of Nitzschia palea and Cymbella 
sp. and produce different growth, proximal composition and photosynthesis.  
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Water quality is the most important aspect of fish health. Managing your water can be difficult for systems that are constantly 
turning over high volumes of fish, but should always be considered in management practices. Areas of water conservation may 
have increased difficulty with keeping good water at manageable prices. Taking steps to ensure good water quality can improve 
your fish health, longevity and yields.

Freshwater fish are reliant on their surrounding water for many purposes. How a fish’s body changes with the osmotic gradient 
around it greatly impacts its overall health. Understanding the interactions with the surrounding environment is vital to 
understanding overall influences of common water quality parameters.

The most important aspect of water quality is your nitrogen cycle. This cycle converts ammonia into nitrite, and finally nitrate. 
Ammonia is the primary waste product from fish, being excreted from the gills and gastrointestinal system. At high levels, 
ammonia is highly toxic to fish, as is its primary waste product, nitrite. Nitrate is the safest nitrogen compound and is used 
by plants and algae as a food source. However, even at high levels, nitrate can have the same toxicity as ammonia. Nitrogen-
fixing bacteria colonies will do the work of conversion for you; provided they have a place to live. Biological filters have many 
designs, but the most significant part is your biomedia, the structure on which your good bacteria can grow and thrive. This 
structure includes bio balls, mats, strapping, brushes, and essentially any porous surface with adequate water flow. These filters 
must be maintained regularly to ensure that old, dead bacteria are removed and water is able to easily flow through the filter. 

pH and kH are essential in good fish health. Optimal pH will depend on your fish species. kH measures the buffering capacity 
of your water, also known as alkalinity. Your gH, or total hardness, will play a part in your kH. You need a sufficiently high kH 
in order to keep your pH stable. If your species can tolerate a wide range of pH, it is important that a stable pH is maintained. 
pH is based on a log 10 scale, so a pH change from 5.0 to 6.0 is a 10x decrease in the hydrogen ion concentration. The hydrogen 
ion concentration of your water can have a significant impact on many different biological processes in fish, most importantly 
those functioning in the gills. 

Water parameters must be tested regularly and depending on your setup, may be required weekly, to daily to hourly. Choose 
a reliable test kit that multiple staff know how to use correctly. Additional testing may be required for new setups or possible 
contamination.
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Biosecurity and quarantine protocols are essential to effective aquaculture management strategies. Managing disease outbreaks 
can require time, money and energy. Using pre-emptive strategies to mitigate the possible spread of disease can be relatively 
cheap and easy. No matter the species or disease in question, simple changes throughout the production facility can have 
important impact on your bottom line.

Fish, and other aquatic organisms, live in a continually contaminated environment. It is impossible to completely sterilize their 
environment to limit the spread of disease. However, decreasing their stress level goes a long way to improve their immunity. 
The stress response in fish is very similar to the stress response in mammals. The hormone cortisol is released in events of 
acute or chronic stress and results in decreased immune function over time. Decreased immune function leads to more frequent 
disease and parasite outbreaks, potentially resulting in loss of product to morbidity and death.

The most significant contributor to fish stress is water quality. This can be one of the hardest aspects of production to manage 
depending on your setup and water source. No matter the source of your water, be sure to test it independently from your 
fish systems. All of your systems need to be tested regularly and more frequently for systems that are undergoing or recently 
completed chemical treatment. Stocking density can severely affect water quality between systems and needs to be carefully 
considered when moving animals in confined containers.

Stress from transport and handling can also have major impact on fish health. Fish are not made to be handled in any fashion, 
so limit the amount of times fish are moved between systems or physically handled for measuring or vaccination. Consider 
different methods of transport between systems. Could your transport be improved to limit stress? Try to think through the eyes 
of a fish to see if taking on new technology could benefit your final product.

Immune stimulants are becoming more readily available in aquaculture. Studies involving vitamin C, beta glycans and allicin 
are showing positive signs in feeding trials. Consider adding an immune stimulant to your fishes’ feed in anticipation of a 
stressful event (i.e. handling, transport, etc) for the best result.

There are many potential benefits to anticipating fish stress and limiting it where you can. True, not all sources of stress can be 
eliminated, but limiting them will yield larger, healthier product with a robust bottom line. Having a straightforward, simple 
protocol can save you significant money and fish losses over time.
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Fish, and other aquatic animals, are constantly being exposed to parasites. When a fish is healthy, their immune system is able 
to keep parasite levels low, but they are never fully eradicated. However, due to stress from handling, transport, water quality 
or numerous other causes, parasites can take advantage of a pause in a fish’s immune function and proliferate rapidly.

Fish parasites exist both externally and internally. Depending on your species and aquaculture setup, you may see one type more 
often than the other. All parasites require early diagnosis in order to prevent spread and possible fish morbidity and mortality. 
Physical signs of parasitic disease can include flashing, scale loss, bruising or decreased appetite with external parasites and 
failure to thrive and increased morbidity and mortality with internal parasites.

External parasites are very common in all fish species. Most are small enough to only be seen with a microscope on low power 
(40x). Larger parasites, such as Argulus spp (fish lice) and Lernaea spp (anchor worms), are large enough to be seen with the 
naked eye. Simple skin/mucus scrapings are sufficient to diagnose an ectoparasite infection. Common external parasites include 
Ichthyophthirius multifiliis, Trichodina, Ichthyobodo, monogenean treamatodes (flukes), Chilodinella, and others. Many of 
these parasites require easy water-based treatment. Some systems where infections are common may consider prophylactic 
parasite treatment.

Internal parasites are more common with aquaculture species in contact with exposed wild populations. It is not uncommon to 
find parasites in wild-caught fish with no physical symptoms. However, in fish bring raised for consumption, internal parasites 
may result in decreased body condition and failure to thrive. Both internal and external parasites may show increased morbidity 
and mortality, and increased secondary bacterial and fungal infections. Internal parasites will usually require a feed-based or 
injectable medication for treatment. Diagnosis can be made upon necropsy or fresh fecal samples.

No matter the parasite, fish can become stressed, leading to decreased immune function. This can open the door to many more 
infections and disease spread. If you suspect a parasite infection, take immediate steps to correctly diagnosis the problem and 
start treatment early. Early diagnosis and treatment is the best thing to protect your fish investment.
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All cyprinids, including ornamental koi and goldfish, are susceptible to general and specific infectious diseases. In any system, 
potential fish pathogens, including parasites, bacteria, fungi and viruses, have the potential to spread rapidly. With effective 
quarantine and biosecurity procedures, fish can be protected from these diseases. However, when disease sneaks through, quick, 
decisive action is required to protect fish from disease and potential death.

Fish carry harmful pathogens at all times. An effective immune system keeps most pathogens from getting out of control and 
causing a disease outbreak. However, due to stress during handling, transport, overstocking or other causes, fish may suffer 
from decreased immune function, allowing these diseases to take hold and spread. Knowing the potential invaders and signs to 
look for can greatly reduce the number of fish affected and exposed.

As with all disease outbreaks, quick diagnosis and treatment are the best practices to preserve fish loss. Depending on the 
pathogen involved, clinical signs can vary widely. When dealing with disease that results in heavy mortality, proper disposal of 
corpses needs to be considered. Make sure all personnel are aware of proper disease outbreak protocols. Have a knowledgeable 
veterinarian at the ready to help with any diagnostics. Yearly preventative health screenings including evaluation of the 
biosecurity and quarantine protocols is recommended.

With the resurgence of Koi Herpes Virus (cyprinid herpesvirus-3) over the last year, koi and other carp are at risk to a highly 
virulent and deadly disease. Holes in quarantine and biosecurity need to be addressed at all ingress points. Testing for the disease 
is relatively simple and can be performed by any trained veterinarian. The less well-known Carp Edema Virus, commonly 
called “sleepy koi disease,” is unknown to many carp aquaculture facilities. Spring Viremia of Carp is known in only certain 
states and can be mistaken for KHV if temperatures are not in range. Differentiating between these diseases and the potential 
OIE implications need to be understood by all carp aquaculture specialists.

Infectious diseases in cyprinids can result in significant fish loss if over-looked. Understanding how these pathogens enter fish 
systems, how to identify signs of disease and effective management can greatly lessen disease outbreaks. 
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Spat collecting is today the first necessary step leading to black pearl production in French Polynesia. It is therefore essential 
to understand the factors controlling spat collection spatial and temporal variations to optimize both cultural practices and 
atoll lagoon management. To investigate the origins of these variations, a bioenergetics model following the Dynamic Energy 
Budget (DEB) theory was developed to describe the entire life cycle of the black-lip pearl oyster Pinctada margaritifera, from 
the planktonic larval phase up to death at adult stage with a particular emphasis on reproduction determinism.

To calibrate the DEB model, ecophysiological experiments in controlled environment provided growth, survival, metabolic rates 
and settlement success of P. margaritifera larvae at four trophic levels, which were representative of in situ food conditions. 
Validation was then performed using in situ data from the lagoon of Ahe atoll (Tuamotu, French Polynesia). The variability 
of pearl oyster reproductive cycle (spawning event, synchronicity and fecundity) was studied from February to August 2017 
jointly with the monitoring of temperature, food availability, current and wind variations. Validation was eventually performed 
by comparing DEB predictions with growth and reproduction pattern recorded in the literature.

The ecophysiological experiment showed that low food density was not lethal for larvae but highly impacted growth speed, 
which delayed settlement and ultimately increased in situ mortality rate. Altogether, in situ environmental conditions led to 
three significant spawning events spread in time and space during the six month-long field survey. The DEB model allowed us to 
simulate correctly oyster growth and reproduction, and then to show that spawning date and synchronicity between individuals 
relied mainly on phytoplankton abundances and temperature cycle. This field, laboratory, and DEB model investigations 
showed how trophic level and environmental conditions can affect reproduction and larval development.

This work sheds light on how biological traits and environmental fluctuations affect key processes of pearl oyster populations 
dynamic such as recruitment success or reproduction effort. Ultimately, in the context of pearl farming it is essential to 
understand such important mechanisms.
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The spotted rose snapper; Lutjanus guttatus, is the second most important snappers from a commercial point of view, of 
the Mexican Pacific Ocean, first to L. peru. The pigmentation of the skin presents problems when it is cultivated in floating 
cages, losing commercial value due to the low skin color. The bioassays were designed providing the following diets: 1. 
Commercial diet + shrimp head (three replicas), 2.- Commercial diet (three replicas) and 3.- Fishes fed with natural food. The 
temperature, salinity, pH, dissolved oxygen, nitrites, nitrates, ammonium and phosphate were monitored. Biometric analyzes 
were performed every 10 days to calculate the supply of food rations. The treatment of feed/head of shrimp was the one that 
presented a better performance in the culture as well as in the pigmentation of the skin with carotenoids, at the beginning of 
the culture (2.44±1.01) and, at the end culture (17.31±6.57) vs without shrimp head beginning the culture (3.60±1.53) and at 
the end the culture (7.49±3.26). The results indicate that adding by-products such as shrimp head to red-skinned fish such as 
snapper L. guttatus increases skin pigmentation. 
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Aeromonas salmonicida subsp. salmonicida (hereafter A. salmonicida) is the etiological agent of furunculosis in sea and 
freshwater fish. Once the A. salmonicida enter the fish host through skin, gut or gills, it spreads and colonizes the host organs like 
kidney, liver, spleen, or heart. A. salmonicida infects leukocytes and exhibits an extracellular phase in the blood of the host. It is 
unknown, however, whether A. salmonicida can infect erythrocytes.  Here we evaluate whether A. salmonicida infects Atlantic 
salmon (Salmo salar) erythrocytes in vitro and in vivo. A. salmonicida invaded primary S. salar erythrocytes, as shown in the 
gentamicin protection assays, fluorescence confocal microscopy (Fig. 1A), and flow cytometry. The effects of A. salmonicida 
infection on cellular processes of erythrocytes are not known, but hemolysis of erythrocytes did not occured, even with high 
bacterial loads in erythrocytes. Naïve Atlantic salmon intraperitoneal infected with A. salmonicida showed bacteremia after 
5 days post infection and presence of intraerythrocytic bacteria (Fig. 1B). Our results reveal a novel intraerythrocytic phase 
during A. salmonicida infection.
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Lumpfish (Cyclopterus lumpus), a native fish of the North Atlantic Ocean, is utilized as cleaner fish to control sea-lice 
infestations. Effective vaccine programs against bacterial pathogens, like Aeromonas salmonicida, have been identified as 
a high priority area for lumpfish production. In this study, we followed the A. salmonicida infection in lumpfish to establish 
a vaccine challenge model. Groups of 120 fish where intraperitoneally (i.p.) injected with different doses of A. salmonicida. 
Samples of blood, head-kidney, spleen, and liver were collected at different time points. A. salmonicida was detected after 5 
days post-infection in the head kidney and later in the rest of the tissues. A. salmonicida killed lumpfish in a dose-dependent 
fashion. The lethal dose 50 (LD50) was estimated around 102 CFU/ml. Additionally, we evaluated A. salmonicida purified iron 
regulated outer membrane proteins (IROMPs) and an A. salmonicida bacterin expressing IROMPs as protective antigens. 
A commercial vaccine, purified OMPs, and mock immunized fish were utilized as control. Groups of 100 fish were intra 
peritoneally (i.p.) immunized and boost 4 weeks post prime-immunization. Twelve weeks post prime-immunization the fish 
were i.p. challenged with 10 times the A. salmonicida LD50 (107 CFU/ ml) to evaluate vaccine efficacy. Lumpfish differentially 
responded to the different antigens, ranging from anaphylactic like-shock to protective immunity. Both in-house made bacterin 
and purified IROMPs conferred 100% and 60% protection, respectively. Our results suggest that vaccine design influence 
lumpfish immunity and provided a guide for future vaccine lumpfish programs. 
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Seedling of oyster larvae in Hiroshima Bay was extraordinary low in 2014 accounting ca. 20% of the normal years. The 
larval settlement rate depends not only on environmental condition such as physical and chemical parameter but also 
biological parameter including feed phytoplankton abundance and physiological condition of the larvae. Recent years, nutrient 
concentration is quite low causing low primary production in Hiroshima Bay. In the present study, we conducted a numerical 
simulation to evaluate why the settlement of oyster larvae are often unsuccessful. The analyses were focused on hypotheses that 
the larval recruitment may be depending on the feeding pressure by various filter feeders including oyster adults or the lack of 
feed due to low nutrient input in Hiroshima Bay. 

To understand the structure of prey-predator interactions between phytoplankton and filter feeders including oysters, field 
observations carried out to collect filter feeder animals from June to August 2016 at 3 oyster raft stations and 7 shoreline 
stations in the Hiroshima Bay. Temporal variations of temperature, salinity, and underwater fluorescence were also monitored 
at 5 stations using underwater fluorescent-turbid meters. 

Although the total chlorophyll a concentration was not so low between 2.6 to 35.9 mg l-1 with the average of 11 mg l-1, small-
sized chlorophyll a component which is supposed to be a good feed of oyster larvae was low. Model calculation showed that 
zooplankton was the top grazer of phytoplankton in Hiroshima Bay. The phytoplankton was also filtered a lot by adult oysters, 
implying adult oysters can be a threat for survival of oyster larvae. 

Sensitivity analyses (Fig. 1) revealed that increased nutrient load enhances phytoplankton production, including the use of 
small-sized compartment, leading to successful of oyster spat settlement. In conclusion, the fundamental cause of recent low 
success rates in the settlement of oyster larvae appear to be insufficient quantities of feed phytoplankton, due to competition for 
this feed resource with various other filter feeders, leading to reduced nutrient loads.
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With increasing impacts of diseases on aquaculture production in all countries, the need for a well-trained aquatic veterinary 
workforce (including veterinarians and para-veterinarians) has become a global imperative. Numerous educational efforts are 
underway ensure that sufficient numbers are available to support aquaculture industries, producers, governmental agencies 
and a myriad of supporting industries that provide services or products to prevent, control or eradicate diseases. Without this 
infrastructure, sustainable and economically viable aquaculture will simply not thrive. 

A number of International and National veterinary organizations have, or are developing processes to determine, evaluate, 
harmonize and accredit veterinary education throughout the world, the educational needs within veterinary degree-earning 
curricular, and extracurricular continuing education and professional development (CEPD) programs, to ensure an adequate 
veterinary workforce to meet contemporary and societal needs. These include, but are not limited to, the World Veterinary 
Association (WVA), the Council on International Veterinary Medical Education, the World Organization for Animal Health 
(OIE), the North American Veterinary Medical Education Consortium (NAVMEC), the Federation of Veterinarians of Europe 
(FVE). Although organizations all are addressing aquatic veterinary education to some degree, two are focusing exclusively on 
ensuring aquatic are addressed in veterinary curricular and CEPD programs – the World Aquatic Veterinary Medical Association 
(WAVMA), and the International Partnership on Aquatic Veterinary Education (i-PAVE). The WAVMA Aquatic Veterinary 
Certification (CertAqV) Program certifies veterinarians who have Day-1 competency (knowledge, skills & Experience; KSEs) 
in 9 core subjects required practice aquatic veterinary medicine (equivalent to competencies required of individual receiving a 
veterinary degree). 

Building on WAVMA and other veterinary organization’s efforts, i-PAVE has embarked on a multi-year project to verify 
and validate these core competencies or KSEs needed in any country, using a DACUM/SCID Process (Developing A 
CurriculUM for validating any educational curriculum or training program, using veterinarians actively practicing aquatic 
veterinary medicine. The DACUM process that has proven time and again to be very effective, relatively quick, and a low-
cost approach to accurately developing occupational standards for any job or occupational area, and has been and continues 
to be used by educators and trainers in over 40 countries (Adams RE, RL Hogan & LJ Steinke. 2015. DACUM: The seminal 
book. Edwin & Associates, Wilmington, DE, USA. 372 pp.). The process involved a job/occupational analysis in which expert 
workers (individuals recognized for being “the best” at their jobs) who identified 189 individual competencies (general areas 
of competence or GACs) essential for aquatic veterinary medicine. Finally, small groups of 3-5 aquatic veterinary practitioners 
from different global regions have been used to validate these findings in a series of online questionnaires or face-to-face 
validation workshops, relative to the needs for aquatic veterinary education in the Americas, Europe, Africa and the Asia-
Pacific. Finally, a survey of every veterinary school in each region will be used to determine which of the core aquatic veterinary 
subjects are actually covered in veterinary school curricula, or veterinary CEPD programs, in N. and S. America, Europe, 
Africa, and the Asia-Pacific.
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Texas Parks and Wildlife Department initiated community discussions for a Texas Oyster Aquaculture Plan in 2015, but the 
plan was not put forward to the state legislature.  During the community discussions it was noted that a state regulatory 
framework for oyster aquaculture did not exist and questions about community acceptance were unknown.  Therefore, a project 
was undertaken to identify information needs and regulatory impediments (e.g., lack of legislative authority for agency action, 
agency goal conflicts) to allow off-bottom oyster culture in Texas.  

Potential impediments were identified through approximately monthly meetings and discussions with different leaders of 
stakeholder groups (i.e., state agency, non-governmental organizations, and commercial harvesters).  Impediments were verified, 
where possible, through written material (e.g., Texas code).  The project identified that the lack of regulatory authority to Texas 
state agencies, which can only be accomplished through legislative action, is the primary impediment.  Non-governmental 
organizations and commercial oyster harvesters did not identify any other major impediment to off-bottom culture in Texas, but 
noted that if allowed it should be environmentally sound (e.g., protect sea grass) and sustainable.

During the project there was a change to oyster harvest rules (TAC Chapters 58.21 and 58.22; House Bill 51) in Texas, in 
particular a 300-foot set-back.  This was met with high turn-out at public meetings of recreational (i.e., coastal homeowners) 
harvesters that did not understand how they would be affected.  Therefore, a second project that is ongoing, has been undertaken 
to identify potential user conflicts through public meetings (i.e., town hall meetings/workshops with the general public) along 
the Texas coast.  

The information developed during this project should aid Texas state agencies in developing regulatory and legal requirements 
for off-bottom, mid-water, or surface culture of oysters in Texas waters.  The research projects were supported by Gulf States 
Marine Fisheries Commission awards ACQ 210-039-2016-TAMU and ACQ 210-039-2017-TAMU and were reviewed by the 
TAMU-CC Institutional Review Board.
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Continued growth of the oyster aquaculture industry relies on the overall success of oyster performance during commercial 
hatchery production and ultimately at grow-out on farms. There are two possible mechanisms by which hatchery production 
can influence oyster performance during grow-out: 1) the water conditions that oysters experience in the hatchery result in 
sublethal carry-over effects that persist in the juvenile stage, and 2) selective mortality during the hatchery process decreases 
genetic variability and affects performance phenotypes within the pool of juvenile oysters produced. Focusing on the former, 
performance in later life stages can be affected by environmental pressures and experiences from earlier life history stages, 
called carry-over effects. Because of the wide geographic range in which oyster farming occurs, salinity is one environmental 
parameter that can vary greatly from hatchery to grow-out. Therefore, it is necessary to understand how salinity experienced 
during the larval stage at a hatchery may impact juvenile performance at grow-out in order to better anticipate how differing 
water conditions between hatcheries and oyster farms may impact the overall success of the aquaculture industry.

Oyster larvae from a commercial oyster hatchery were exposed to three different salinities (13, 15, and ambient salinity at the 
commercial hatchery) from two days post-fertilization in July 2018. Standardized culturing practices were used to raise the 
oysters through setting at the Virginia Institute of Marine Science (VIMS) Aquaculture Genetics and Breeding Technology 
Center and at the commercial hatchery. Following 6 weeks in common-garden nursery conditions at VIMS, juveniles from each 
larval treatment were then placed in two Chesapeake Bay tributaries of differing salinity regimes for grow-out. Temperature, 
salinity, dissolved oxygen, pH, and total alkalinity were measured to document water conditions experienced by oysters 
during the hatchery phase and during grow-out. To detect sublethal carry-over effects, growth, total lipid, total protein, total 
antioxidant, and ratio of glutathione to glutathione disulfide were measured every four days during the larval stage and every 
two weeks for four months in the juvenile stage. 

Larvae under the lowest salinity treatment had faster growth and higher setting rates, and assessments of juvenile performance at 
grow-out show whether this success translates into better growth and stress tolerance under different environmental conditions. 
Understanding how hatchery conditions might carry-over to affect the performance of oysters at grow-out will help famers 
choose hatchery-raised oysters best suited to their local environments.  
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Development of All-female Walleye broodstocks could improve angler satisfaction in Midwest states while creation of YY 
Male Broodstock could assist with exotic Walleye eradication in Western states.  We fed fry feed top-coated with either 
Estradiol (E2) or Methyltestosterone (MT) at the Rathbun and Meade Hatcheries in Iowa and Kansas.   At 171-176 dph, 255 
and 181 fish were euthanized and necropsied from the Meade  and Rathbun facilities, respectively.  Phenoypic sex ratios for 
control groups were 53.1% Female, 43.8% Male (1 unknown) from Meade and 57.4% Female and 41% Male (1 unknown) 
at Rathbun.  Preliminary phenotypic sex calls suggest successful recipe development for sex-reversal in both directions.  The 
proportion designated phenotypic or intermediate females in the three E2 treatment trials at 171-176 dph ranged from 96.3 to 
98.4%. The number of fish designated as either males or presumed males in the two MT trials at that time were 94.0 and 98.4%.   
Remaining study fish from both hatchery facilities were subsequently transferred to the Milford Hatchery in Kansas to be reared 
further to confirm the above sex ratios.   At 332dph, a total of 32, 29 and 35 fish from three E2 treatment groups were killed 
and examined histologically yielding 100% female sex ratios for all three groups.   Based on both the early phenotypic and 
subsequent confirmatory histological results, the study yielded two recipes for successful feminization of male walleye.   More 
recent examination of histological samples of the MT groups suggests that the promising results noted above may not have 
been on target, though the results are hindered by small sample size.   Combining existing fish culture, research and genetics 
experience from multiple state agencies could prove effective for rapid and efficient development of desirable broodstocks for 
use in fisheries management. 
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Vibrio parahaemolyticus (Vp.) is a human pathogenic bacterium that is naturally occurring in coastal and marine waters 
worldwide. Vp. is commonly observed as a constituent of the microbiome of many marine animal and plant species, including 
oysters. As a result of the potential for oysters to accumulate significant levels of Vp. through filter feeding and consumer 
trends favoring raw consumption, they are more often associated with exposure in human Vp. infections than any other seafood 
product. Gastric infection from pathogenic Vp. exposure can cause self-limiting gastroenteritis and in rare cases septicemia. 

Despite the implementation of mandatory control measures and illness reporting and response protocols intended to reduce the 
occurrence of shellfish related Vp. infections and outbreaks in the U.S., the number of shellfish related Vp. cases reported to 
CDC has not significantly decreased in recent years. Additionally, Vp. illness has become common in regions not historically 
considered to have high Vp. illness risk, including the Northeast U.S. While these trends are concerning, the complexity of 
Vp. illness source attribution and reporting can result in significant challenges when evaluating how the actual risk per serving 
in specific regions and harvest areas are changing concurrent with increases in reported illness. These reporting challenges 
also impact the ability for managers to apply illness reporting data toward the development and refinement of Vp. control 
measures and implement harvest area closures and product recalls in a manner that results in meaningful consumer protection. 
Additionally, currently there are no reliable diagnostic methods to accurately determine the pathogenic composition of a Vp. 
population, limiting the ability for environmental surveillance to inform proactive management for Vp. in shellfish harvest 
areas.  

We evaluated the potential to use routine surveillance for total and pathogenic Vp. in oyster samples and epidemiological 
illness data, in combination with multi-parameter water quality monitoring, to inform and refine Vp. management strategies 
in Massachusetts. We concluded that the most commonly employed genetic markers for total (tlh) and pathogenic Vp. (trh & 
tdh) more often than not did not correlate strongly with illness occurrence and that site to site variability of the environmental 
conditions associated with historic illness occurrence and elevated total (tlh) and pathogenic Vp. (trh & tdh) requires a localized 
approach to develop accurate risk assessment methodology. 
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Quantitative monitoring and assessment of marine fisheries enhancement programs is a fundamental requirement for evaluating 
and improving success

The success of marine fisheries enhancement is dependent on quantitative assessment of , but the effectiveness of a stocking 
effort may depend on the specific location and time at which individuals are released. In southwest Florida,

Nursery habitat for juvenile fish has been lost to coastal development and shoreline hardening, raising concerns about the health 
of Florida estuaries

We apply a novel approach using hatchery-reared juvenile Common Snook (Centropomus undecimalis) tagged with passive 
integrated transponder (PIT) tags as ecological probes to examine spatiotemporal variability in post-release survival of Snook 
in southwest Florida. Hypothesis-driven release experiments in tidal-creek systems that are monitored with marine-adapted PIT 
tag antenna arrays have examined the survival impacts of release-site habitat within and among systems, and the influence of 
release strategy on habitat use. PIT tagged Snook have been released on four occasions using a replicate release design. 

Recapture histories were highly variable among individuals but general patterns were influenced by release season (fall vs spring) 
and site-specific differences in hardened or natural shoreline habitat. Cormack-Jolly-Seber mark-recapture models suggest that 
recapture histories were best explained by short-term differences in survival among the habitats at which individuals were 
released, and long-term patterns in detectability among habitats. Yet, these patterns differed among seasons, particularly for 
short-term survival, which has been significantly lower for fall releases. The use of variable tag sizes, pre-release acclimation to 
habitat, and predator-exclusion cages during release also influenced rates of survival and detectability of hatchery-release fish. 
Throughout the Gulf of Mexico, stock enhancement programs regularly release hatchery-reared sportfish, and the application 
of adaptive-management release experiments can advance the use of hatchery-reared fish as ecological probes to understand 
fish-habitat associations, the influence of available habitat on survival, as well as reduce short-term mortality of stocked fish to 
improve the effectiveness of sportfish stock enhancement.
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AN INVESTIGATION INTO THE IMPACT OF ACUTE HEPATOPANCREATIC NECROSIS 
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Acute Hepatopancreatic Necrosis Disease (AHPND) continues to affect aquaculture globally.  AHPND infections are caused by 
virulent strains of the bacteria Vibrio parahaemolyticus carrying plasmid borne binary toxin genes. The disease infects stocks 
during the early stages of grow-out with mortality rates of up to 100% in ponds. 

In order to test the infectivity of the AHPND-causing Vibrio parahaemolyticus to the fresh water prawn Macrobrachium 
rosenbergii, the Aquaculture Pathology Laboratory at the University of Arizona conducted studies at a range of salinities 
utilizing susceptible SPF Penaeus vannamei as indicators in order to compare the infection rates of the two species.  A pre-trial 
was run with Penaeus vannamei to determine if the AHPND-causing V. parahaemolyticus would be viable and cause an infection 
at salinities ranging from 5-20ppt.  Results of the salinity test indicated that the AHPND-causing Vibrio parahaemolyticus can 
cause infection in P. vannamei at salinities of 5-20 ppt, with mortality rates ranging from 100% to 35% under the experimental 
conditions examined.  Subsequently, in two separate AHPND challenges utilizing Macrobrachium rosenbergii, no mortality 
and no pathology indicative of an AHPND infection were noted by routine histology or by PCR at salinities ranging from 
0-20 ppt.  The P. vannamei included in both challenges had mortality rates of 100-75% and were AHPND positive by routine 
histology and PCR indicating that Macrobrachium rosenbergii are not susceptible to AHPND at a dose of 1x106 CFU/ml which 
is lethal to P. vannamei, regardless of the salinity level. 
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Public aquariums provide an unparalleled resource for a large and diverse array of ornamental species. Spawning of these 
captive populations often occurs volitionally as exhibits possess mature, well-fed specimens that have had an ample amount of 
time to acclimate to life in captivity. Often these individuals spawn frequently and are able to supply a reliable source of eggs 
and larvae that can be utilized for research and fish culture. In addition, the nature of these large exhibits enables egg collection 
from species that may be unfeasible to house in traditional laboratory or small-scale fish culture facilities.

Built in the early 1930s, the Key West Aquarium is one of Florida’s oldest aquariums. It was the first aquarium to use an “open 
air concept,” which allowed for natural sunlight to illuminate the concrete marine displays. In the 1960s a roof was added to the 
once opened-air aquarium to cut down on algae in the exhibits. Today the Aquarium stands as one of the top attractions in Key 
West and is home to sharks, turtles, stingrays, tropical fish, and various other local species.

As the culminating experience of my Tropical Ornamental Mariculture Technician program at Florida Keys Community 
College, I engaged in an internship at the Key West Aquarium that provided me the opportunity to research and develop two 
different egg collectors designed specifically for tank systems of the historic aquarium. 

The first egg collection design was a basket made out of a small 1-gallon bucket cut open and covered with mesh on all sides. 
It was then placed in a 1½-gallon bucket with a small hole drilled in the side. The collector was placed at the back side of the 
overflow on a flow-through, native species system that receives a constant supply of seawater from a saltwater well. After water 
passes through the egg collector, it flows out a hole cut in the back of the tank and overflows into a common drain trough. 

A second egg collection design retrofitted acrylic tanks that are set into the old concrete cells of the original marine displays. 
These tanks contain standard weir overflow boxes in which egg collectors were fitted inside. 

All egg collectors were checked daily and emptied as necessary.  

We succeeded in collecting a large amount of fish eggs via these collectors. Eggs collected from the basket-style collector were 
incubated in 10-gallon glass aquaria using the standard greenwater technique. Rotifers were provided as feed. Larvae were 
maintained for up to 5 weeks and were suspected to be some species of grunt.  

Efforts are ongoing to collect and rear eggs from the ornamental fish species housed at The Key West Aquarium. Future work 
will entail transferring a subset of eggs to Florida Keys Community College for rearing by students of the Tropical Ornamental 
Mariculture Technician program. 
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Enteric septicemia of catfish (ESC), columnaris disease, and streptococcosis, caused by Edwardsiella ictaluri, Flavobacterium 
columnare, and Streptococcus iniae, respectively, are common bacterial diseases of economic significance for the pond-raised 
catfish industry.  Catfish farmers use several management practices (e.g., applications of chemicals, antibiotic-containing feed) 
to prevent large financial losses from these diseases.  Because of limitations of available management approaches for controlling 
these bacterial species and due to public concerns about the environmental impacts from the use of antibiotic-containing feed 
in agriculture, the discovery of environmentally safe, natural antibacterial compounds would benefit aquaculturists.  As the first 
step in the discovery of such compounds, we evaluated a crude extract from the roots of muscadine Vitis rotundifolia against 
these fish pathogenic bacteria.

A 96-well microplate bioassay was utilized in which test materials and the drug control florfenicol were added to separate 
wells prior to the addition of the test species of bacteria to individual wells.  Microplates were incubated for 24 h after which 
absorbance measurements of each well were obtained to determine cell density.  In addition, cell viability was determined after 
24 h incubation of F. columnare for the isolated test compounds by using 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT).  Means and standard deviations of absorbance measurements were calculated, graphed, and compared to 
controls to determine the 24-h 50% inhibition concentration (IC50) and minimum inhibitory concentration (MIC).
 
The crude extract was most active against F. columnare.  Subsequently, several isolated compounds from the extract were 
further evaluated against F. columnare.  Among these isolated compounds, (+)-hopeaphenol and (+)-vitisin A were found 
to be the most active (bacteriostatic activity only) against F. columnare, with 24-h 50% IC50 of 4.0±0.7 and 7.7±0.6 mg/L, 
respectively, and MIC of 9.1±0 mg/L for each compound (approximately 25X less active than the drug control florfenicol).  
Efficacy testing of (+)-hopeaphenol and (+)-vitisin A is necessary to further evaluate the potential for these compounds to be 
used as antibacterial agents for managing columnaris disease. 
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The U.S. Fish and Wildlife Service’s (USFWS) Aquatic Animal Drug Approval Partnership Program (AADAP) is the only 
program in the United States that is exclusively dedicated to acquiring U.S. Food and Drug Administration (FDA) approval 
of new medications for use in fish culture and fisheries management.  To gain FDA approval of a drug, sufficient data must 
be generated and accepted by the FDA’s Center for Veterinary Medicine (CVM) to demonstrate the drug is safe for humans, 
target animals, and the environment, and can be manufactured consistently and is effective for its proposed use(s).  To fulfill 
this mission, the AADAP team collaborates with federal, state, tribal, academic, and private sector partners to implement 
the national Investigational New Animal Drug (INAD) program, conduct research to support New Animal Drug Approvals 
(NADAs), and disseminate aquatic animal drug use information via a professional outreach program.  This presentation will 
serve as an overview of the aquatic animal drug approval process as well as an update of the current status of FDA-approved 
drugs and those which are currently available under INAD exemptions.  In addition, this presentation will allow the AADAP 
team to inform the audience on the current needs for various pivotal studies.

 
THE OCEAN SAVED HUMANITY ONCE -- WILL AQUACULTURE HAVE TO DO IT AGAIN?

Jerry R. Schubel
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JSchubel@lbaop.org

Seventy thousand years ago the ocean is believed to have saved humanity by providing an abundant source of food to the 
drastically diminished population living in caves along the coast of southeastern Africa.   The dramatic decline in the population 
of humans was attributed to abrupt climate change.   Today, climate is changing more rapidly that any time in human history 
and once again the ocean must play a major role, this time in feeding a growing population in the face of projected declines in 
agricultural productivity and shortages of water. We will also look to the ocean not only for more food, but for more energy, 
more minerals, more pharmaceuticals, and even more fresh water.  At the same time our use of the ocean for recreation and 
relief from over-crowded, over-heated cities will increase.   Farming the sea must contribute more to feed a growing population 
and can help stabilize fishing communities as fish populations move to stay within their preferred temperature ranges.   
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The eastern oyster (Crassostrea virginica) and northern quahog (Mercenaria mercenaria) are some of the most sensitive marine 
organisms impacted by coastal ocean acidification. Exposure to elevated pCO2 alters CO3

- system speciation. Decreasing CO3
- 

concentrations will make it more difficult for marine calcifying organisms to form biogenic CaCO3, and increasing pCO2 in 
seawater can affect survival, growth, development, physiological processes, acid-base regulation, and alter energetic demands 
of bivalves. Even if they survive early development, there still might be a cost to maintaining basal metabolic functions under 
stressful conditions. In this study, we assessed the impacts of elevated pCO2 on the susceptibility to bacterial pathogens (Vibrio 
spp.) of the eastern oyster and northern quahog, throughout various life history stages.

Wild adult clams and oysters were spawned and larvae were reared in ambient conditions (pCO2 of ~600 ppm) and elevated 
conditions (pCO2 of ~ 1200 ppm) immediately upon fertilization. When challenged with pathogenic Vibrio spp., (i.e. V. 
coralliilyticus, V. splendidus, and Listonella anguillarum), larval clams and oysters and juvenile clams in the elevated treatment 
had significantly higher mortality as compared to challenged animals from the ambient treatment (Figure 1). Presence of Vibrio 
spp. and other marine bacteria in seawater and tissues of one year old clams grown under varying pCO2 was significantly 
greater in elevated conditions as compared to ambient pCO2. We further tested the survivorship and growth of pathogenic 
Vibrio spp. used in the exposure experiments and found there was significantly higher bacterial loads after 120 hours in elevated 
seawater than in ambient seawater. Clams reared under elevated pCO2 conditions for one year were transferred to ambient 
seawater and clams reared under ambient seawater were transferred to elevated seawater for six weeks and the pathogen 
exposure experiments were repeated, but final seawater chemistry did not have a significant effect on mortality. Our preliminary 
results suggest that future acidification conditions could increase susceptibility to infection by bacterial pathogens in clams and 
oysters. 
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A finite element, finite difference simulation model capable of predicting time dependent dynamics of oxygen, inorganic carbon 
and inorganic nitrogen concentrations within Clemson University’s Partitioned Aquaculture System (PAS) was developed. The 
model’s dynamic behavior was calibrated and validated using three years of data obtained from operation of a two-acre PAS 
unit and five years of data from operation of six 1/3-acre PAS units. The development of a combined deterministic and empirical 
model required knowledge of all sources and sinks for each of the elements represented. Five mass balance components were 
used to represent the various sources and sinks.  These were: photosynthesis, water column respiration, fish respiration, surface 
transfer (passive and active) and “other demand”.  Changes in individual element concentrations were predicted as a function 
of time by constructing a mass balance around each constituent (oxygen, inorganic carbon and inorganic nitrogen) within each 
volume element and recalculating for increased time increments.  

Model calibration and verification was performed using daily diurnal oxygen and pH data for two feed levels, 150 and 200 
Lb/acre-day, from 1997, 2000 and 2001.  This calibration procedure helped determine that the half saturation coefficient for 
light inhibition (Ks PAR) was not a single value.  The Ks PAR was found to be a function of POC.  The calibration procedure 
helped determine that the half saturation coefficient for other (Ks other) may change over time.  As sediment accumulates in 
the PAS from year to year and within a year, the system becomes aged.  Detailed sensitivity analyses were performed using the 
model to examine the effects of fish feeding levels, water column secchi disk visibility and water column total alkalinity on 
predicted maximum and minimum daily oxygen concentration and pH, as well as, the impact on the daily oxygen mass balance.  
Additional analysis was performed to compare the impact of precise control of PAS water velocity and aerator control set points 
on system oxygen dynamics.  System pH and oxygen concentrations were predicted at three feed levels, 150, 200 and 300 Lb 
of feed per acre per day, for four secchi disk visibilities, 5, 10, 15 and 20 cm and four water column total alkalinities, 1.5, 2, 3 
and 4 meq/L.  

The mass balance component that could potentially have the greatest impact on the oxygen and nutrient dynamics of the system 
was the “other” component.  It was determined that pond aging drives sediment demand (“other”) due to accumulation of algal 
biomass resulting in high oxygen demand and the potential for nutrient re-mineralization.  With respect to oxygen, the “other” 
demand dominated the system to the point of neutralizing management strategies.  This suggests that to maximize the fish 
growing potential of the system, the water column biomass needs to be harvested and not left to settle year after year
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SAFETY CONTROLS FOR AQUACULTURE PRODUCTS

*Michael Schwarz, S. Otwell, Brett Koonse, and M.L. Jahncke

Virginia Tech - VSAREC
102 S. King Street
Hampton, VA. 23669
mschwarz@vt.edu 

The Seafood HACCP Alliance based in the Association of Food and Drug Officials (SHA/AFDO) has recently developed new 
training programs implementing appropriate controls to prevent likely food safety hazards. The new programming features 
food safety controls at the critical control points CCP’s) for product ‘receiving’ that link farming and processing operations. 
On the farm, the program is based upon biosecurity, Good Aquaculture Practices (GAqPs), and food safety.  The disease 
management portion of this on-farm program program is addressed in the biosecurity and GAqPs components. In this model, 
biosecurity focuses upon the perimeter of the farm, and keeping disease out, and GAqPs focuses on optimizing production 
systems and management protocols within the farm, to maximize animal health, worker safety, and minimize the likelihood of a 
production disease outbreak. This presentation will focus on the disease management portion of this new Food Safety Controls 
for Aquaculture Products program. 
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INDUSTRIAL PERSPECTIVES IN MARINE HATCHERIES, FOCUSING ON LIVE FEEDS 
QUALITY, SAFETY, BIOSECURITY, AND OPTIMIZATION OF LARVAL PRODUCTION 
PROTOCOLS

Michael H. Schwarz*, Jerome Bosmans, Reza Ovissipour, Nasser Bayoumy, Eric Henry, Chad Clayton, 
and Stephen Urick

102 South King Street
Hampton Virginia 23669
mschwarz@vt.edu

Aquaculture continues to expand globally as the fastest growing sector in agriculture. Whilst the majority of aquacultured 
products currently come from fresh water environments, the greatest potential for future expansion reside in the brackish 
and marine sectors. In marine aquaculture, there is particular interest in food production, pharmaceuticals/nutraceuticals, 
ornamentals, and stock enhancement/conservation. With specific regard to high-value foodfish and ornamental/conservation 
aquaculture, typically larval production protocols and associated live feeds are production-limiting factors/bottlenecks. This 
presentation will discuss some of the current and evolving live feeds used in mariculture, industrial research needs as well as 
some implementation strategies.
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FULL PRODUCTION CYCLE ENVIRONMENTAL AND ECONOMIC IMPACTS OF BRASS 
MESH USED ON OPEN OCEAN AQUACULTURE PENS 

Tyler Sclodnick* and Langley Gace

InnovaSea Systems Inc. 
266 Summer St. 
Boston, MA. 02210 
tsclodnick@innovasea.com

Brass mesh has been demonstrated to be a commercially viable material for containment nets on aquaculture pens, but concerns 
remain in the industry about the environmental impact and economic performance of this product. Data was collected from the 
installation and monitoring of two pens with brass mesh at two open oceans farms, one off the Caribbean coast of Panamá and 
another in Baja California Sur, Mexico. Both pens were monitored for copper in the water and sediments as well as operational 
costs associated with the mesh over one grow out cycle.

Copper and zinc concentrations were measured at 1 m and 20 m in the water column as well as in the sediments at four locations 
at each farm and a reference site over 1000 m away from the brass pen. This was done prior to the pen installation, and 1 day, 
1 month, 7 months and one year after the pens were installed. Other chemical properties were also measured to provide context 
for the results. The copper concentrations never exceeded allowable levels according to several environmental standards.

The cleaning effort and parasite loads at both farms were recorded over the first production cycle of the pens at each site. 
Biofouling never accumulated to a level requiring cleaning on the pen in Panamá and the pen in Mexico required one cleaning 
after one year in the water. The brass pen in Panamá had an average of 0.79 parasites per fish with only one precautionary 
bathing at the start of the cycle while the rest of the farm had an average of 3.87 parasites per fish with 5 to 6 baths per pen 
over the same period. Parasites are a naturally occurring organisms in the marine environment and are treated with baths of 
environmentally safe hydrogen peroxide

The improvements in these two factors alone could save a farm $30,000 per pen per year. Additionally, the pens have not had 
any predator issues and improved biological performance due to improved water exchange through the pen and a lower parasite 
load is expected. 
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THE EFFECT OF TWO DIFFERENT FEEDS ON GROWTH, SURVIVIAL AND CARAPACE 
COLOR IN WHITELEG SHRIMP Penaeus vannamei 

Alexandra Segelken-Voigt*, Ralf Bochert

Mecklenburg-Vorpommern Research Centre for Agriculture and Fisheries Institute of Fisheries  
18375 Born (Germany)
a.segelken-voigt@lfa.mvnet.de

 
The whiteleg shrimp Penaeus vannamei Boone, 1931 is one of the most important commercial species in shrimp aquaculture. 
The dietary requirements of this species are an essential factor during production. In this regard, protein content of the feed is 
often limiting for growth and survival (Cho et al. 1994). 
 
The purpose of the present study was to determine the effect of two commercial feeds containing different amounts of protein 
on the weight gain and the survival of P. vannamei. Also the pigmentation was measured with a colorimeter as the ability to 
market shrimps usually depends on the level of their pigmentation which is associated with freshness and quality of the product 
(Boonyaratpalin et al. 2001). 

Two trials with commercial feeds containing 36% (Group A) and 49% protein (Group B) were undertaken with P. vannamei 
of a mean initial weight of 14.5 ± 2.1 g. In each setup, a total of 165 shrimps were held in triplicates (55 shrimps/tank) at 29°C 
for 100 days. 
 
Survival in Group A was 80.6% compared to 57.6% in Group B. 
Also significantly higher weight gain was recorded for Group A (F= 
92.821; p= 0.0001; see Fig. 1). 

Furthermore shrimps of Group A were darker compared to Group B 
before and after cooking (see Fig. 2.). 

Our findings will be complimented by further analysis of biochemistry 
(e.g. fatty acid-, amino acid profile, protein content) as well as 
astaxanthin content of P. vannamei and the commercial feeds. 

The final results of these measurements are still in progress and not 
available at time of abstract submission. They will be presented at the 
resubmitted version of this abstract. 
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DIFFERENTIAL EFFECTS OF TEMPERATURE AND SALINITY ON GROWTH AND 
MORTALITY OF EASTERN OYSTERS Crassostrea virginica IN BARATARIA BAY AND 
BRETON SOUND, LOUISIANA

Troy Sehlinger*, Michael R. Lowe, Megan K. LaPeyre and Thomas M. Soniat

Department of Biological Sciences
University of New Orleans
2000 Lakeshore Drive 
New Orleans, LA 70148 and
Louisiana Department of Wildlife and Fisheries
2021 Lakeshore Drive
New Orleans, LA 70148
tsehlinger@wlf.la.gov

Temperature (T) and salinity (S) and their interaction exert a major control on the life cycle of the eastern oyster (Crassostrea 
virginica), affecting reproduction, development, growth, and mortality. Quantifying specific T and S relationships on oyster 
growth and mortality has however proven difficult, with data suggesting potentially region-specific responses. Legacy and 
recent data from field tray studies from public oyster grounds in Barataria Bay (BA) and Breton Sound (BR) were used to 
estimate growth and mortality rates as a function of T and S. Previous studies conducted in BA and BR reported differences in 
growth and mortality between the basins. In the present study, environmental conditions were synchronized to compare growth 
and mortality between basins at similar combinations of T and S. Results indicate that not only do growth and mortality rates 
differ between BR and BA when T and S are the same (synchronized) but also that there is a seasonal switch in the dynamic 
as environmental conditions change through the year. Basin-to-basin differences in growth and mortality rates may be due to 
differences in other environmental conditions (e.g., food quality and composition, hydrology), or localized genetic adaptations 
to environmental conditions. 



989

ECOSYSTEM SERVICES OF RESTORED OYSTER REEFS: MACROFAUNAL COMMUNTIES 
IMPROVE WITH HABITAT COMPLEXITY

Rochelle D. Seitz*, Melissa A. Karp, and Mary C. Fabrizio

Virginia Institute of Marine Science 
College of William & Mary 
Gloucester Point, VA 23062
seitz@vims.edu

Oyster populations worldwide are declining at unprecedented levels. Recent large-scale restoration of eastern oyster populations 
in lower Chesapeake Bay has produced a unique opportunity to assess ecosystem services, such as water filtration and habitat 
provision, of oyster reefs varying in reef features and environmental conditions. Our general objective was to determine 
macrofaunal utilization of oyster reefs in relation to reef characteristics, environmental conditions, and geographic location 
in the Great Wicomico, Lynnhaven, Lafayette, and Piankatank Rivers of the lower Chesapeake Bay. Restoration reefs in these 
systems encompass the full range of reef types in the lower Bay, including high-relief, low-relief, natural, and newly restored 
reefs. We used benthic settling trays embedded into reefs that varied in structural complexity in a field survey. After seven 
weeks of soak time, we retrieved trays and estimated macrofaunal species diversity, density, and biomass and related these 
metrics to reef structural complexity and environmental conditions. In total, there were 67 macrofaunal species on restored 
oyster reefs across all the samples, and an average of 75.6 g AFDW m-2 and 6,356 ind. m-2 of macrofauna (in addition to oysters) 
were supported on reefs. There were significant differences in species composition among the rivers, and these differences were 
best explained by salinity. Macrofaunal diversity was significantly and positively related to salinity and reef rugosity, whereas 
total macrofaunal biomass and density were significantly and positively related to oyster volume. Mussel, mud crab, and fish 
densities were also significantly and positively related to oyster volume. The findings were significant in that they demonstrate 
substantial ecosystem services provided by restored reefs through a direct link between oysters and macrofauna in suitably 
constructed restoration reefs, although the productivity of reefs varies with salinity. Habitat complexity of restored oyster 
reefs has direct bearing on habitat quality and macrofaunal utilization of reefs, and this information should aid in future oyster 
restoration efforts. 



990

REPRODUCTION OF LARGEMOUTH BASS

Ken Semmens*, Shawn Coyle, and Boris Gomelsky

Aquaculture Research Center
Kentucky State University
Frankfort, KY  40601
ken.semmens@kysu.edu

Largemouth bass typically spawn naturally in early spring when increasing water temperatures are sustained above 18°C.   
Male fish select and maintain a nest site in shallow water. When female bass spawn, only a portion of the eggs are released 
during a spawning event.  They are “multiple” spawners, releasing demersal adhesive eggs at intervals during a 3-4 week 
spawning season.  

Reproduction of largemouth bass in aquaculture invariably relies on natural spawning using a variety of techniques in ponds 
and raceways.  Spawning-rearing ponds are the simplest and oldest method of culture. Broodfish are stocked into spawning 
ponds where the fish naturally pair up and spawn.  Substrate may or may not be provided. The egg transfer method depends 
on fish spawning in a clear pond where spawning mats are provided.  Mats with eggs are removed and transferred into fertile 
nursery ponds where larvae hatch and grow. In the fry transfer method, eggs are allowed to hatch and fry are harvested from the 
spawning pond, enumerated, and stocked into fertile nursery ponds. To ameliorate inconsistent production results and improve 
efficiency, mats with eggs may be incubated under controlled conditions in the hatchery. Swim-up fry may be stocked into 
prepared nursery ponds or cultured in tanks on a combination of natural or artificial foods. 

Artificial spawning is much less productive than natural spawning and is utilized primarily when reproductive manipulation 
to produce triploid or hybrid seed is desired. Human Chorionic Gonadotropin at about 4000 IU/kg is the preferred hormone 
and dose to induce ovulation.  Stripping milt from males has not been a reliable practice so males are usually sacrificed, testes 
removed, and rinsed with saline to create a suspension to fertilize the eggs. The table below summarizes results from induced 
spawning among largemouth bass for two hormone treatments. 
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THE ROLE OF PHOTOTAXIS IN THE INITIAL SWIM BLADDER INFLATION OF LARVAL 
YELLOW PERCH (Perca flavescens)

Osvaldo J. Sepulveda Villet*, Christopher R. Suchocki

University of Wisconsin-Milwaukee School of Freshwater Sciences
600 E. Greenfield Ave. 
Milwaukee, WI 53207, USA
*Corresponding author. Email: sepulveo@uwm.edu
tel: +1 (414) 382-1740

The yellow perch (Perca flavescens) is a high priority species for aquaculture, with strong demand in the United States. 
Unfortunately, numerous developmental problems during larval rearing prevent its commercial viability. Failed swim bladder 
inflation (SBI), is frequently reported in the literature as a bottleneck in the culture of yellow perch and many other physoclistous 
fishes. Unsuccessful SBI increases metabolic demands, inhibits prey capture, and increases a fish’s overall probability of death. 
Initial SBI occurs within an ephemeral period of ontogeny, and missing this opportunity results in permanent malformation of 
the organ. Lighting cues appear to play a role in triggering the response of rising to the surface to swallow the air required for 
initial SBI in several fishes including yellow perch. Larval yellow perch are photopositive, and this phototactic response seems 
to co-occur with the window of opportunity for SBI. Thus, we examined the role of phototactic behavior and low-intensity, 
moonlight-like illumination on initial SBI in yellow perch. The results of this study reveal that low-intensity nighttime light 
reduces the proportion of yellow perch larvae to initially inflate regardless of the direction of the light source. This research 
suggests that the photopositive response of yellow perch is not involved in SBI success, and in fact could play a role in 
hindering the process when incidental light reflects beneath the water’s surface.
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PROGRAMS AT THE US FOOD AND DRUG ADMINISTRATION TO MONITOR UNAPPROVED 
CHEMICAL AND DRUG RESIDUES IN AQUACULTURE PRODUCTS

Stanley G. Serfling

US Food and Drug Administration
Office of Food Safety
College Park, MD 20740
stanley.serfling@fda.hhs.gov

The United States imports more than 90% of seafood consumers eat, and majority of this seafood is farm raised seafood.  
Aquaculture, both domestically and internationally, poses unique production problems not encountered in wild-caught fisheries.  
Aquaculture producers, may use unapproved veterinary drugs or general-purpose chemicals that can have a negative effect on 
the cultured animals, the surrounding environment, and a concern for public health.

There is scientific evidence that the application of unapproved veterinary drugs during the various stages of the growing process 
can result in drug residues in the edible portions of fish and shellfish.  The potential immediate and long-range human health 
consequences may include hypersensitivity reactions, toxicity-related reactions, possible carcinogenic effects, and increasing 
prevalence of antibiotic-resistant microorganisms.  

All chemical substances and aquaculture drugs used in food producing animals in the United States are required to be approved 
under Section 512 of the Federal Food Drug and Cosmetic Act.  Unapproved chemicals or drugs used to treat diseases are 
considered unsafe new animal drugs and are not allowed at in aquatic species at any level.

Ensuring the safety of the food supply continues to be a top priority for US Food and Drug Administration.  The Agency’s 
approach to the control unapproved drug or chemical residues in aquaculture products is regulatory in nature with emphasis on 
intelligence gathering, selective sampling and compliance follow-ups.  
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ELEVATED CO2 IMPACTS GROWTH AND RESPIRATORY PERFORMANCE 
IN YELLOWTAIL KINGFISH (Seriola lalandi) AQUACULTURE

Alvin N. Setiawan*, Mr Hsiao-Heng (Tony) Pan, David McQueen, Steve Pether, Neill Herbert

National Institute of Water and Atmospheric Research, Northland Marine Research Centre, Station Road, 
Ruakaka, New Zealand

Accumulation and high concentration of dissolved-CO₂ (leading to reduced pH) is a central issue in recirculating aquaculture 
systems (RAS). Long-term exposure of fish to high CO₂ may lead to hypercapnia, diminished growth, and increased cost of 
production. However, CO₂ removal also incurs a substantial cost in RAS. This research was undertaken to determine the effect 
of CO₂ exposure in farmed yellowtail kingfish (Seriola lalandi) to inform cost/benefit analysis.

Juveniles (~230g) were reared for 54 days under the following conditions:
(1) 3.28 mg/L CO₂, pH 7.47
(2) 12.52 mg/L CO₂, pH 6.85
(3) 19.83 mg/L CO₂, pH 6.67
(4) 28.2 mg/L CO₂, pH 6.53 
(5) 39.6 mg/L CO₂, pH 6.38 

Growth rates were highest in ambient conditions, but no significant difference was detected up to 12.5 mg/L CO₂ (Fig. 1). 
However, growth rates decreased with increasing CO₂, levels, with markedly lower growth detected beyond 28 mg/L CO₂. 
But surprisingly, highest efficiency in feed conversion was similar across the first three treatments with progressive increase 
in feed use for the fourth and fifth treatments. Swim-flume respirometry revealed that standard metabolic rates were higher 
in kingfish reared at ~20mg/L CO₂ (nominally treatment three) compared to ambient conditions, leading to reduced aerobic 
metabolic scope (potential for secondary activities such as growth). Overall, our findings suggest that kingfish are a good 
candidate species for RAS-based production.



994

 WATER EFFICIENCY OF AQUAPONICS

Maryam Shafahi*, Reza Baghaei Lakeh, Kevin Anderson

*Associate Professor, Mechanical Engineering Department, California State Polytechnic University, 
Pomona, CA 91768
Email: mshafahi@cpp.edu

Aquaponics is an environmentally friendly method of food production benefiting from the integrated cycle of aquaculture 
and hydroponics. It uses a closed-loop water cycle with little run-off to the environment and minimum requirement for plant 
fertilizer. Considering the water scarcity around the globe and all of the problems agriculture industry is facing concerning 
water, more water efficient practices in the field such as aquaponics are becoming the wave of the future. This is a study on 
the water efficiency of an outdoor semi-commercial aquaponics system growing lettuce and tilapia located in California State 
Polytechnic University at Pomona. The annual water consumption of a raft bed system with the growth capacity of 250 plants 
per cycle was measured. The results were compared to the published data for the conventional soil farming in California and 
the world. Our finding shows that the outdoor aquaponics system can produce crop with 25% water efficiency enhancement in 
Southern California climate. 
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EFFICACY OF A FERTILIZATION SOLUTION CREATED WITH TESTES EXTRACTION 
AND MACERATION IN LARGEMOUTH BASS Micropterus salmoides

Amit Sharma*, Kenneth Semmens

Aquaculture Research Center
Division of Aquaculture
Kentucky State University
Frankfort, KY 40601
amit.sharma@kysu.edu 

Artificial propagation of largemouth bass is constrained by the fact that stripping milt from fish induced to spawn is not a reliable 
option.  Current induced spawning methods rely on obtaining a fertilization solution following extraction and maceration of 
testes.  This investigation examines the efficacy of the method. 

Five year old largemouth bass broodstock were held in spawning hapas at 20.8 °C and induced to spawn with a single injection 
of HCG or GnRH IIa.   Male fish didn’t express milt on stripping in response to any inducing agent. Males (n:48, mean(SD) 
weight:1049(259)g) were euthanized, the testes were extracted, weighed, macerated, screened to remove tissue, and irrigated 
with 6 ml of 0.85% saline to create a solution containing sperm. Each solution was sampled to observe sperm concentration 
and motility. Sperm concentration was measured using improved Neubauer Hemocytometer (Bright-line; Hausser scientific). 
Motility videos were taken immediately after activation for later analysis. The fertilization solution was generated as eggs were 
collected from ovulating females and used for dry fertilization. Small samples of these eggs were incubated in bowls to observe 
development. Remaining portion of spawns were segregated by spawning agent, coated with Fuller’s earth, and incubated in 
McDonald jars.  

Testes of mean (SD) weight 6.6(2.1) g yielded spermatozoa at a mean (SD) density of 6.0(3.2) billion/ml. There was no 
significant effect of inducing agent on sperm density of solution.  Spermatozoa were characterized in three groups with regard 
to motility: Non-motile, Progressively motile (normal), and Non-progressively motile.  Sperm motility videos reveal a mean 
(SD) progressive motility of 7.9(2.9) %. Mean (SD) values for non-motile and non-progressively motile spermatozoa were 
75.5(6.2) % and 16.6(4.9) %, respectively. Mean (SD) duration of motility was 116(18) seconds.

Fry yield among all treatments from the hatching jars ranged from 0.5-19.5 % with a mean (SD) of 8.5(5.1) %. Fry yield from 
eggs incubated in bowls ranged   from 4.2-38.9 % with a mean (SD) of 19.8(11.2) %. Large amount of unfertilized-transparent 
eggs were present at 48 hours of incubation in bowls with mean (SD) of 38(20.3) %. Though this method of creating a 
fertilization solution may be useful, the quality/viability of the sperm suspension is poor.
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ASSESSMENT FOR VIABILITY AND MICROBIAL COMPOSITION OF COMMERCIAL 
PROBIOTIC REGIMENS USED IN AQUACULTURE 

Indu Sharma*, Alexandra Salcedo-Bauza

Department of Biological Sciences
Hampton University
200 William R. Harvey Way
Hampton VA
indu.sharma@hamptonu.edu

Probiotics used in aquaculture claim to have beneficial health effects for the host by improving growth and feed efficiency, 
inhibiting pathogens and decreasing organic waste. The accuracy of label and composition needs to be questioned as the use 
of probiotics gains popularity. The question we asked was: Does the label adequately provide information about the type of 
bacteria, percent viability of the spores/bacterial load in the preparation, and the concentration of the microbial content/gram? 

The objective of this study was to assess the quality of commercial aquaculture probiotics using the following criteria: 1) the 
composition and relative abundance of the microbial species, 2) the accuracy of the product label’s microbial composition 
information in relation to the results obtained, and 3) the viability of microbes in the preparation. The 11 commercially available 
probiotics were recruited and reconstituted according to the manufacturer’s protocol and the microbial species were evaluated 
using 16S rDNA and next generation sequencing. For viability, we used live/dead bacterial staining in combination with flow-
cytometry. 

Conclusion:  For accuracy of label information, 2 out 11 probiotics provided accurate information, 5 products did not agree 
with the information provided on the label and 4 did not provide sufficient label information. For product content criteria, 5 
products did not meet with information provided on the label, 3 matched the label and possible benefits, and 3 products did 
not provide enough information on the label. Overall only one product met both criteria regarding accuracy and microbial 
composition (Table 1). The data generated in this study supplements the fishery industries’ awareness of the accuracy of 
commercially available probiotics and will encourage the probiotic industry to provide adequate information for their product. 
The preliminary data indicate most probiotics have more than ~89% viable microbes after being stored for two years. However, 
this study was limited to the accuracy and content. We did not test the product for biological activity. 
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NEUROLOGICAL SIGNS IN GREY MULLET Mugil cephalus CAUSED BY Vibrio harveyi 

Galit Sharon* and Rosa Ines Strem

Israel Oceanographic & Limnological Research Ltd.
National Center for Mariculture 
P.O. Box 1212, Eilat 88112, Israel

Consumption of flathead grey mullet (Mugil cephalus) has been growing worldwide. The National Center of Mariculture 
(NCM) in Eilat (Israel) is one of the major producers in the country, providing fingerlings from breading stocks held in captivity 
to local and foreign fish farmers. 

In recent years, the mullet breeding stocks and fingerlings have been showing neurological signs such as uncoordinated 
circular swimming and oral hemorrhages. A few days after the onset of the clinical signs, the fish die. No ecto- or endo-
parasites were found. Three different cell lines were inoculated with brain extracts of clinically diseased fish and incubated at 
different temperatures. A cytopathic effect (CPE) was observed after several days of incubation, however, the cells recovered 
and CPE was no longer evident. Histological analysis indicated cavitation in the brain tissue. PCR and RT-qPCR using specific 
primers gave negative results for viral nervous necrosis (VNN) or “viral encephalopathy and retinopathy” (VER). RNA from 
24 samples were processed for whole genome sequencing with MiSeQ Illumina Nextera XT. The results were negative for 
VNN by a new and a reference-based approach for RNA viruses. 

Bacteriological analysis showed different Vibrio species present in the liver, spleen and kidney. However, Vibrio harveyi was 
the bacterium most frequently isolated from brain tissue samples. PCR using a set of primers for the hemolysin and Tox R 
genes, regulating Vibrio harveyi virulence factors gene expression, showed positive results in all the brain tissue samples as 
well as in bacteria cultures isolates from clinically sick fish. An experimental intraperitoneal re-infection with Vibrio harveyi 
isolated from a clinically diseased fish showed that 5 days later, neurological signs and oral hemorrhages could be observed in 
fish. A comparative analysis of the 16S gene from both the bacteria used for infection and the ones later isolated from brain of 
clinically diseased fish showed a 100% sequence similarity. DNA and RNA samples from both bacterial isolates gave positive 
results for both hemolysin and Tox R genes. We therefore concluded that Vibrio harveyi was the cause of the neurological 
symptoms observed. To the best of our knowledge, this is the first report describing Vibrio harveyi causing neurological 
symptoms in grey mullets.
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RECOMMENDATIONS FOR KELP AQUACULTURE POLICY: HEAVY METAL UPTAKE IN 
RELATION TO PROXIMITY TO A SEWAGE OUTFALL IN SALEM SOUND, MA Saccharina 
latissima

Brianna Shaughnessy* and Carla Yacoub
 
Department of Biology
University of Massachusetts Boston
Boston, MA 02125
brianna.shaughnessy@umb.edu

Globalization coupled with rises in population density, specifically in coastal urban areas, drives demand for the design of policy 
surrounding alternative protein sources such as ocean-cultivated crops. As contemporary adaptation strategies to sustainability 
gain recognition, many of these strategies focus on the harvest of multi-use crops such as seaweed. Turning to sustainable 
ocean farming offers the added benefit of restoring vitality to maritime industry. For this an many other reasons, expansion of 
sustainable ocean farming is appealing to a variety of communities, industries, governmental organizations, and policymakers. 
Seaweed products span markets for food, dietary supplements, bioremediation, and even energy. This poster focusses on one 
seaweed crop that is gaining momentum in the Gulf of Maine: Saccharina latissima (Sugar Kelp). 

The centuries-long European practice of seaweed farming has increased in 
popularity in New England states over the past few decades. As a primary 
producer, seaweeds such as kelp absorb elements from the water in which it 
grows. Aside from carbon and nitrogen, some elements include toxic heavy 
metals such as lead and arsenic. Bioaccumulation potential depends heavily on 
the impacts of anthropogenic activity on water quality. In order to safely and 
effectively harvest Sugar Kelp for human consumption, it is critical that we 
understand the influence of farming location on potential food hazards. In this 
study, we assessed variation in Sugar Kelp blade morphology and heavy metal 
concentration of tissue collected at three sites that varied in distance to a sewage 
outflow in Salem Sound, MA. Our results indicate that although yield (blade 
size) was highest at the site closest to the outflow point, all sites yielded Arsenic 
levels that were higher than federally approved concentrations for consumption. 
It is essential that industries not only consider sites with greatest yield potential, 
but also sites with safest health implications. Further investigation into heavy 
metal absorption characteristics of kelp may allow streamlined restructuring of 
policy for permitting. 
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DEVELOPMENTS IN KELP AQUACULTURE POLICY: HEAVY METAL UPTAKE IN 
RELATION TO PROXIMITY TO A SEWAGE OUTFALL IN SALEM SOUND, MA Saccharina 
latissima

Brianna Shaughnessy* and Carla Yacoub
 
Department of Biology
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Boston, MA 02125
brianna.shaughnessy@umb.edu

Globalization coupled with rises in population density, specifically in coastal urban areas, drives demand for the design of policy 
surrounding alternative protein sources such as ocean-cultivated crops. As contemporary adaptation strategies to sustainability 
gain recognition, many of these strategies focus on the harvest of multi-use crops such as seaweed. Turning to sustainable 
ocean farming offers the added benefit of restoring vitality to maritime industry. For this an many other reasons, expansion of 
sustainable ocean farming is appealing to a variety of communities, industries, governmental organizations, and policymakers. 
Seaweed products span markets for food, dietary supplements, bioremediation, and even energy. This poster focusses on one 
seaweed crop that is gaining momentum in the Gulf of Maine: Saccharina latissima (Sugar Kelp). 

The centuries-long European practice of seaweed farming has increased in 
popularity in New England states over the past few decades. As a primary 
producer, seaweeds such as kelp absorb elements from the water in which it 
grows. Aside from carbon and nitrogen, some elements include toxic heavy 
metals such as lead and arsenic. Bioaccumulation potential depends heavily 
on the impacts of anthropogenic activity on water quality. In order to safely 
and effectively harvest Sugar Kelp for human consumption, it is critical that 
we understand the influence of farming location on potential food hazards. 
In this study, we assessed variation in Sugar Kelp blade morphology and 
heavy metal concentration of tissue collected at three sites that varied in 
distance to a sewage outflow in Salem Sound, MA. Our results indicate that 
although yield (blade size) was highest at the site closest to the outflow point, 
all sites yielded Arsenic levels that were higher than federally approved 
concentrations for consumption. When choosing farm location it is essential 
that industries not consider sites with greatest yield potential, but also sites 
with safest health implications. Further investigation into heavy metal 
absorption characteristics of kelp may allow streamlined restructuring of 
policy surrounding the permitting of future Sugar Kelp farming sites. 
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CURRENT EMERGING DISEASES AFFLICTING THE ORNAMENTAL FISH INDUSTRY

John P. Shelley*and Roy P. E. Yanong

USDA-Agricultural Research Service 
Aquatic Animal Health Research Unit
990 Wire Road
Auburn, AL 36832
john.shelley@ars.usda.gov

The ornamental fish industry is unique in that it includes both domestic culture and international trade of over 2,500 species 
from more than 125 countries. Environmental challenges, heavy stocking densities, improper nutrition and transport stress 
can facilitate infectious disease. Various diseases of concern with widespread financial implications have cropped up over 
the years, but through veterinary involvement the ornamental aquaculture industry has been able to identify, characterize and 
address many of these issues. However, “new” pathogens or the reemergence of pathogens once considered to be under control 
continues to be a problem that plagues the industry. Spironucleus vortens and Cryptobia iubilans are two flagellated protists 
that are best known for causing disease in African and South American cichlids. Treatment protocols have been established 
for these parasites, but evidence suggests that resistance may be an increasing issue and reevaluation of treatment regimens 
is warranted. Since 2011, a new strain of Edwardsiella ictaluri has emerged as a significant bacterial pathogen of zebrafish 
and other ornamental cyprinids. Currently, research is focusing on genetic profiling of this zebrafish E. ictaluri strain and 
evaluation of the effectiveness of different disease management strategies. Since 2012, low to moderate mortality associated 
with Erysipelothrix sp. bacteria which cause a severe ulcerative stomatitis has been reported in multiple cyprind and characin 
species. Research is focusing on characterizing the bacteria in an effort to produce an effective vaccine for the ornamental 
fish industry. Carp edema virus disease (CEVD), also known as “koi sleepy disease,” is a re-emerging viral disease of koi 
and common carp. Research is still needed to determine factors that precipitate disease, the length of time the virus remains 
infectious in the water, if the virus can be spread through vertical transmission and whether survivors clear the virus or become 
carriers. Megalocytivirus, an important genus of the family Iridoviridae can infect many different freshwater and marine fish 
species. Strains of Megalocytivirus are currently divided into three major subgroups: 1) infectious spleen and kidney necrosis 
virus (ISKNV); 2) red sea bream iridovirus (RSIV); and 3) turbot reddish body iridovirus (TRBIV). Historically viral strains 
reported in ornamental fish most closely resembled ISKNV, but recent research indicates that some of these isolates more 
closely resemble TRBIV. Herpesviruses are a poorly studied group that may have been the cause of major historical mortality 
events. Clinical signs are non-specific and fish present similarly to those infected with Megalocytivirus. Validated detection 
methods, surveillance programs, and prevention and management strategies are still needed.
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CHARACTERIZATION OF NK-LYSIN (1-4) AND NK-LYSIN LIKE (A & B) ANTIMICROBIAL 
PROTEIN GENES IN RAINBOW TROUT (Oncorhynchus mykiss)

Brian S. Shepherd*, Hao Ma, Guangtu Gao, Yniv Palti, and Gregory M. Wiens

USDA-ARS-School of Freshwater Sciences
600 E. Greenfield Ave., Milwaukee, WI 53204
Brian.shepherd@ars.usda.gov

Antimicrobial peptides (AMPs) are an ancient part of the innate immune system, which is a first line of defense against bacterial, 
viral and parasitic pathogens. The physiological control of AMPs is not well understood in finfishes, but their exploitation has 
been identified as a relevant area of research by the USDA-ARS-Alternatives to Antibiotics Initiative (Ames, IA, 2016) as 
a potential means to combat diseases. Based on the new rainbow trout genome assembly (Omyk_1.0), we identified 6 new 
saposin-like antimicrobial protein genes, and their chromosomal locations (19 & 25) were mapped out. Protein sequence 
alignments, and in silico modeling, show that all proteins fall within the Nk-lysin AMP sub-family (termed: Nkl 1, 2, 3 4 and 
Nkl-like a & b). Transcriptomic data show that nkl2 & nkl4 mRNAs are primarily expressed in the central nervous system and 
gonads at low abundance. Expression of nkl1 & nkl3 mRNAs occurred in many tissues, with nkl1 mRNA showing the highest 
abundances among the nkl1-4 transcripts. By contrast, the nkl-like a & b mRNAs are mostly expressed in immune-related 
tissues (spleen and kidney) and at much higher abundances (10- to 50-fold higher) than all the nkl1-4 mRNAs. RNA sequencing 
was performed to measure gene expression for these AMPs in gill tissue of rainbow trout exposed to aquaculture stressors 
(handling stress, salinity, temperature and re-use water) and in juvenile trout challenged with Flavobacterium psychrophilum 
(Fp). In the stress study, abundances of nkl1, nkl2, nkl4, and nkl-like a were downregulated by high-temperature and salinity 
stress, and nkl3 and nkl-like b were downregulated by high-temperature only when compared with controls. In the bacterial 
challenge study, abundances of nkl3, nkl4, nkl-like a and nkl-like b, were significantly affected by genetic line (resistant vs non-
resistant) and treatment (PBS or Fp), which were further verified by real-time quantitative PCR with spleen tissue sampled at 
4 post-challenge time points (6 h, 24 h, 48 h and 144 h post-injection), but patterns differed substantially between individual 
transcripts. This work represents an initial, but comprehensive, characterization of the Nkl-family of AMPs in rainbow trout. 
Understanding the distribution and regulation of these AMPs may enable rational design of approaches to reduce infectious 
disease in aquaculture.  
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INSULIN-LIKE GROWTH FACTOR BINDING PROTEIN-2B IN SALMON: ITS IDENTITY, 
UTILITY AS GROWTH INDEX AND POSSIBLE ROLE IN GROWTH

Munetaka Shimizu*, Ryousuke Kizaki, Brian R. Beckman, and Walton W. Dickhoff

Faculty of Fisheries Sciences, Hokkaido University
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A family of six insulin-like growth factor binding proteins (IGFBPs) are 
important modulators of IGF actions in mammals, with IGFBP-3 being a 
major carrier of circulating IGFs. In salmon, three major IGFBPs at 20-25, 28-
32 and 40-50 kDa are detected in plasma/serum, although their identity was a 
matter of debate. We identified them as IGFBP-1b, -1a and -2b, respectively, 
through protein purification, partial amino acid sequencing and cDNA cloning. 
The identity of the 40-50 kDa IGFBP as IGFBP-2b was unexpected since its 
responses to feeding and regulation by growth hormone were similar to those 
of mammalian IGFBP-3, suggesting physiological/functional convergence of 
salmon IGFBP-2b with mammalian IGFBP-3. We quantified plasma IGFBP-
2b levels by radioimmunoassay in immature salmon under varying feeding 
conditions and found that its circulating levels were generally positively 
correlated with circulating IGF-I levels and individual growth rates. We thus 
propose that IGFBP-2b is a major carrier of IGF-I and useful as a positive index 
of growth. However, its immunoassay is currently not available due to the 
limitation of purified IGFBP-2b for standard and label. In order to obtain more 
IGFBP-2b, we have produced recombinant salmon IGFBP-2b with a His-tag 
(His.rsIGFBP-2b) that has ability to bind human IGF-I and is immunoreactive 
to antiserum against purified salmon 41-kDa IGFBP. Given that recent studies 
revealed that there are two copies of IGFBP-2b in salmonids, we are going 
to produce both rsIGFBP-2b1 and -2b2. Availability of rsIGFBP-2bs should 
help us re-establish immunoassay and conduct in vivo and in vitro functional 
analyses for unraveling their roles in growth. 
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REQUIREMENT OF VALINE IN DIETS FOR JUVENILE OLIVE FLOUNDER Paralichthys 
olivaceus

Jaehyeong Shin1*, Min-Gi Kim1, Chorong Lee1, Bong-Joo Lee2 and Kyeong-Jun Lee1
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This study was conducted to estimate the requirement of valine in diets for olive flounder, because valine requirement of olive 
flounder has not been fully understood.

For a feeding trial, juvenile olive flounder were randomly stocked into eighteen experimental tanks. The valine concentrations 
in semi-purified experimental diets were set to be 0.4, 0.8, 1.2, 1.6, 2.0 or 2.4%. The semi-purified diets were fed three times 
a day for 13 weeks. The fish whole-blood and primer intestine were sampled for innate immune response, histology and gene 
expression analyses. The fish carcasses were analyzed for proximate and amino acid compositions.

At the end of feeding trial, final body weight was significantly lower in fish fed containing 0.4 and 0.8% diets than that of fish 
fed higher valine levels (1.2-2.0%). The lowest survival was observed in the lowest diet (0.4%). Nitro blue tetrazolium activity 
was significantly lower in fish fed 0.4% diet than that in fish fed other diets. On the basis of broken line model, olive flounder 
diet should contain valine at 15.6g/kg for the optimum growth feed efficiency.
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LOUISIANA’S FARM ALLIGATOR Alligator mississippiensis INDUSTRY LEADS TO WETLAND 
CONSERVATION

Mark G. Shirley*

Louisiana Sea Grant and Louisiana State University AgCenter
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Production of alligator (Alligator mississippiensis) skins produced on Louisiana farms has exceeded 300,000 skins per year 
over the last several years with an annual value of nearly $70 million dollars. The wholesale value of the meat from these 
alligators adds an additional $8 million dollars of value per year. Louisiana’s highly successful farm program relies on the 
collection of eggs from nests found in coastal marshes and other wetland habitats. Farmers return a percentage of the crop to 
the wild each year to sustain the wild population. Eggs are collected in June and hatch in late August. The hatchlings are raised 
in a warm aquatic environment and fed a high protein floating feed formulated especially for alligators.  Most of the alligators 
are harvested at 1.1 - 1.3 m in length which takes 12 – 15 months. In addition to the hide and meat value, research is underway 
to develop other valuable products from the unused parts. Revenue generated from the collection of eggs provides a significant 
economic incentive to wetland landowners to maintain a healthy wetland habitat. Loss of wetlands from coastal erosion, 
saltwater intrusion and land use changes threaten the future of this industry.

LOUISIANA’S FARM CRAWFISH Procambarus clarkii INDUSTRY OVERVIEW

Mark Shirley and C. Greg Lutz

LA Sea Grant and Louisiana State University AgCenter
1105 west Port Street
Abbeville, LA 70510

There is more land area dedicated to crawfish production than any other freshwater aquaculture species in North America and 
almost all of it is in Louisiana. The current year’s production (2018-2019 season) in Louisiana is estimated to be 97,000 ha. The 
farm gate value of the crop last season was estimated to be over $125 million dollars. Market forms include live, fresh or frozen 
tail meat, and frozen whole boiled. The greatest concentration of ponds are located in the rice producing region of southwest 
Louisiana where heavy clay soils are optimal for holding water. Crawfish acreage has increased over the past 5 years mainly 
due to lower rice prices and the greater economic potential for crawfish. Farmers flood the ponds in the fall and begin harvesting 
during the winter and continue through May.  Rice is either planted solely for crawfish forage or the ratoon growth from the 
commercial rice crop is managed to provide food throughout the season. Survival of brood stock over the summer, population 
density and water quality are factors that affect production. In recent years, White Spot Syndrome Virus (WSSV) has occurred 
in some ponds causing substantial losses. During the 2017-2018 season, we estimated that 10 percent of the ponds were infected 
with the virus causing farmers to cease harvesting at the peak of the season. WSSV is a serious threat to the industry. 
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ECOPHYSIOLOGICAL RESPONSES OF EUROPEAN SEA BASS Dicentrarchus labrax TO 
ELEVATED CARBON DIOXIDE AT DIFFERENT SALINITY GRADIENTS

Jyotsna Shrivastava*, Warren Caneos, Moses Ndugwa, Ronny Blust, Gudrun De Boeck
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Salinity drift is a limiting factor for many marine organisms including diadromous and non-diadromous fish. The shift in the 
ambient salinity can alter overall fitness of fish. Ocean acidification is a recognized consequence of anthropogenic carbon 
dioxide (CO2) emission in the atmosphere. Despite its threat to marine ecosystems, little is presently known about the ability of 
fish to respond efficiently to this acidification either individually and/or with shifts in salinity gradients. 

In the present study, we investigated the impact of ocean acidification on the performance of European sea bass (Dicentrarchus 
labrax) when progressively acclimated to normal seawater (32 ppt), brackishwater (10 ppt) and hyposaline water (2.5 ppt). 
Following acclimation to different salinities for two weeks, fish were exposed to present-day (control CO2 , 400 μatm) and 
future (high CO2, 1000 μatm) atmospheric CO2 for 1, 3, 7 and 21 days. Results showed a transient but significant increase in 
the blood pH of exposed fish acclimated at 10 ppt (day 1) and 2.5 ppt (day 21) possibly due to an overshoot of the blood HCO3- 
accumulation. Additionally, plasma [Na+] of exposed fish reared at 10 ppt was significantly reduced at day 1 relative to control 
fish. Na+ concentration of control fish was relatively higher at 10 ppt and lower at 2.5 ppt compared to 32 ppt control group at 
all sampling periods. We also found that an increase in Na+/K+-ATPase (NKA) higher when acclimated to lower expression 
of control fish was relatively salinities (10 ppt and 2.5 ppt) as compared to 32 ppt control group throughout the experiment. 
Meanwhile, a significant reduction of Na+/K+/2Cl− (NKCC) mRNA level of the exposed fish acclimated at 32 ppt (1-3 days) 
and 10 ppt (7-21 days) was noted. The reduced expression of NKCC could be an adaptive response to foster ion retention 
during hypercapnia in sea bass acclimated at lower salinities. Furthermore, Rhesus glycoproteins (Rhbg, Rhcg1 and Rhcg2) 
were upregulated in the fish acclimated at lower salinities. It suggests that environmental stressors, such as increased CO2, 
may enhance ammonia excretion rate. Overall, the physiological and ion-osmoregulatory performance of juvenile sea bass are 
strongly affected by the two environmental stressors and the duration of the exposure.
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NON-TOXIC PHOTOACTIVE RELEASE COATINGS FOR BIOFOULING CONTROL
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Novel non-toxic coating technology for biofouling control developed for the aquaculture industry is presented that relies on 
the photoactive generation of hydrogen peroxide to reduce the settlement of biofouling organisms rather than the leaching of 
pesticides. 
 
Biofouling, the unwanted growth of biological organisms on underwater surfaces, has long been recognized as a major problem 
for commercial aquaculture. Biofouling dramatically increases labor costs, reduces the value of product, and can harm cultured 
species. Fouling clogs gear, stops water flow and food delivery, can compete with culture organisms for food or space, and can 
directly affect the growth and survival of cultured organisms.  As a result, considerable physical and economic effort is directed 
toward the prevention and control of biofouling at culture facilities.  Cleaning of gear and use of toxic coatings are the primary 
methods employed by the industry to maintain biofouling-free surfaces.  Time and energy expended to keep gear clean taxes 
aquaculturalists consuming as much as 30% of labor costs and contributing 15% to operational costs.  

A novel bio-based release coating was developed that, when immersed in water, controls the settlement of biofouling organisms.  
This release coating is based on a hyper-branched polymer derived from natural product chemistries.  Biofouling control is 
accomplished by the release properties of the polymer that degrades and dissolves when exposed to sunlight.   Catalysts in the 
formula generate low levels of hydrogen peroxide when exposed to sunlight.  Peroxides are oxidizing agents known to thwart 
the settlement of biofouling organisms.  Peroxides also facilitate the gradual breakdown of the bio-based coating resulting in a 
release of the surface layer, and along with it any biofouling that may have attached.   This solution to the biofouling problem is 
sustainable because peroxides quickly dissociate back to oxygen and water after leaving the coating surface, and all ingredients 
in the bio-based coating are generally regarded as safe (GRAS).   

Results from biofouling resistance testing on PVC test panels and aquaculture gear (bags, trays and cages) performed from 
2015 to 2018 are presented.  Oysters and scallops grew significantly larger in treated bags and trays over a three month grow-
out period. Treated gear requires less maintenance and can be reused without cleaning. Results from field testing demonstrate 
that photoactive release coating technology is a viable solution to the biofouling problem experienced by shellfish farmers, who 
rely on gear changes and cleaning to control biofouling.
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THE LACK OF DIETARY GLUTAMATE AND/OR GLUTAMINE IS DETRIMENTAL TO 
JUVENILE HYBRID STRIPED BASS

Sichao Jia, Xinyu Li, and Guoyao Wu
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Traditionally little attention has been paid to the role of dietary glutamate (Glu) or glutamine (Gln) in the nutrition of fish.  Both 
Glu and Gln can be synthesized by animals in a tissue-specific manner. This study was conducted with a purified diet (consisting 
of crystalline amino acids) to test the hypothesis that dietary Glu or Gln are essential to the survival and growth of juvenile 
hybrid striped bass. The purified diet was formulated on the basis of (1) the percentages of Glu, Gln and other “nutritionally 
nonessential amino acids” in the conventional 60% fishmeal diet, and (2) the percentages of nutritionally essential amino 
acids, vitamins and minerals recommended by the NRC for hybrid striped bass or similar carnivorous fish. There were five 
treatment groups: (1) the 60% fishmeal, (2) a purified diet (containing crystalline amino acids), (3) the purified diet containing 
all crystalline amino acids except for Glu, (4) the purified diet containing all crystalline amino acids except for Gln, and (5) 
the purified diet containing all crystalline amino acids except for Glu and Gln. All diets had the same levels of dextrinized 
starch, carboxymethyl cellulose, and fat, and were made isonitrogenous with the addition of alanine.  There were 3 tanks of 
fish per treatment group, with 12 fish per tank (50 L water, 26 °C).  The fish were maintained in a water recycling system, in 
which water was circulated through mechanical and biological filters and changed regularly (30–50% every 3 days).  Air was 
supplied through air stones connected to air pumps.  The dissolved oxygen was maintained above 6 mg/L, salinity at 1 ppt, 
and photoperiod at 14 h per day.  Fish were fed four times daily, and their body weights were measured every two weeks.  The 
mean body weight of the juvenile fish was 9.0 g.  Fish in the groups fed diets without Glu, Gln or both started to die from 
the third week, whereas a few fish in Diet 2 (control) died in the fifth week.  Survival rates were statistically analyzed by the 
Kaplan-Meier survival analysis. By the end of the fifth week, the survival rates of fish in the 60% fishmeal and the control 
groups were 97% and 89%, respectively, and the two values did not differ statistically (P > 0.05).  The survival rates of fish in 
the 0% Glu, 0% Gln, and 0% Glu+0% Gln groups were 39%, 39%, and 42%, respectively, which were all different (P < 0.05) 
from the values for the 60% fishmeal and control groups. The growth rates of fish in the 0% Glu, 0% Gln, and 0% Glu+0% 
Gln groups were 25-30% lower (P < 0.05) than those in the fishmeal and control groups. Fish in the 60% fishmeal and control 
group contained less (P < 0.05) water in the whole body and a higher (P < 0.05) proportion of protein in the lipid-free carcass, 
compared with fish in the 0% Glu, 0% Gln, and 0% Glu+0% Gln groups. Collectively, our results indicate that (1) juvenile 
hybrid striped bass cannot synthesize sufficient Glu or Gln; and (2) adequate provision of Glu and Gln in diets play a crucial 
role in not only sustaining the life of the fish and their maximal growth, but also regulating protein deposition in the body.  
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BIOACCUMULATION AND DEPURATION OF DILTIAZEM BY TILAPIA
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Recent growth in aquaculture is fueled by the demand for affordable fish protein, but its sustainability will be determined by 
water availability and the safety, or perceived safety, of its product.  In some regions aquaculture will be in direct competition for 
limited water resources.  As water resources tighten, aquaculturists may be forced to knowingly, or even unknowingly, utilize 
lower quality “nontraditional water” supplies.  This would include the direct use of reclaimed water (i.e., treated wastewater 
effluent) or indirect use of effluent diluted in surface waters.  These waters contain trace levels of contaminants of emerging 
concern (CEC, e.g., pharmaceuticals, personal care products).  Based on the traditional understanding of contaminants, soluble 
chemicals, like many CECs, are not expected to bioaccumulate.  However, CECs that ionize at an environmentally relevant 
pH may undergo a chemical transformation that enables bioaccumulation. This potential bioaccumulation in farmed fish is not 
well known.  Therefore, a study was undertaken to quantify the bioaccumulation and depuration of diltiazem (e.g., brand names 
Cardizem CD, Dilacor XR), an ionizable calcium channel blocker, at environmentally relevant concentrations in tilapia.

Tilapia, Oreochromis mossambicus, fingerlings were purchased locally.  Uptake and depuration of diltiazem was conducted at 
three pH levels (approximately 6.7, 7.7 and 8.7).  Potential bioaccumulation was quantified by were exposing five fingerling 
tilapia in triplicate 38 L tanks to diltiazem-HCl at a concentration of 1 µg/L for 1, 3, 6, 12, 24, 48, 72 and 96 hrs.  Potential 
depuration was quantified by exposing five fingerling tilapia in triplicate tanks to diltiazem for 96 hrs and transferring them 
to fresh water with no diltiazem.  Fish were then sampled after 1, 12, 48, and 96 hrs.  After each exposure time all fish 
were anesthetized and euthanized with buffered MS 222 followed by blood and tissue collection, respectively, for analysis.  
Concentrations were determined for plasma and whole tissue using LC-MS/MS.  Uptake and elimination curves of diltiazem 
for each pH were determined by plotting chemical concentrations against time on an arithmetic scale, allowing for generation 
of the rate constant of uptake and elimination (depuration).  

The projections and improved bioaccumulation models for farmed fish will provide aquaculturists with knowledge to make 
pro-active management decisions regarding water quality in the future, while improving our general understanding of human 
exposure to pollutants from nontraditional water use.  This research was supported by USDA NIFA award # 2106-69007-25093.
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PROBIOTICS AND 1-MONOGLYCERIDES AS FEED SUPPLEMENTS FOR YELLOWFIN 
TUNA (Thunnus albacares) AT EARLY DEVELOPMENTAL STAGES
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The effects of probiotics and 1-monoglycerides supplementation on the growth and survival of yellowfin tuna larvae were 
evaluated at 9-10 DPH, a common age of acute mortality largely due to nutritional deficiencies. Two probiotic trials (carried 
at different stocking density and different probiotic inclusion) and one trial with 1-monoglycerides were performed (4% of the 
total feed for rotifers). The higher probiotic supplementation (40x106 CFU l-1; trial 2) yielded a significantly higher total length 
(TL) in the supplementation group with respect to the control in 10 DPH YFT larvae, with no significant differences in survival 
between groups for both trials.   With regard to 1-monoglycerides, no significant differences were found for both, total length 
(TL; p=0.86) and dry weight (DW; p=0.11). Interestingly, survival and dry weight exhibited an inverse relationship, suggesting 
that the trend of higher dry weight in the control group could be related to density dependent growth. No significant differences 
were found in survival (p=0.24); however, the supplementation group yielded a two-fold increase in survival compared to the 
control group, and overall, had the higher and less variable values (Table 2). We consider that the two-fold increase in survival 
suggests a beneficial effect of  the 1-monoglycerides supplementation and that the significance of such effects was masked by 
the combined effect of notable dispersion occurred in the control group and reduced sample size (n=3), leading to a type II error.  
Probiotics might have assisted rudimentary digestive system processes of pre-flexion larvae, whereas 1-monoglycerides might 
have contributed to select the gut microbiota and as additional energy sources (from the short-chain and medium-chain fatty 
acids), enabling higher larvae nutrient uptake and growth. 
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TOWARD IMPROVED SUSTAINABILITY IN FEED FORMULATION FOR ARCTIC CHARR 
Salvelinus alpinus L.
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Arctic charr is a cold-water salmonid species with a circumpolar distribution in nature, manly found north of 62°N.  The global 
aquaculture production is very scare, less than 10.000 tons, led by Iceland (ca 60%), Sweden and Canada. Limited salinity 
tolerance affect the possibilities in sea-water cage culture, making fresh water or brackish water culture more preferable.  
The trend in feed production for salmonids has been toward usages of more sustainable raw material and optimization of the 
ingredients in the feed. This is both economically beneficial for lowering the production cost and has also a marketing aspect 
through increased consumer’s environmental awareness. For the growing Arctic charr culture it is important to identify if it can 
follow the same development in feed production and composition as for Atlantic salmon and rainbow trout although existing 
difference in life history and circle.

A series of lab scale trials has been conducted in order to design optimum and cost effective diets for Arctic charr. These trials 
include studies on optimal protein requirement as well as trials on substitution of fish meal and fish oil in the diets. The results 
from the lab trials have elucidated the size related protein requirement where it seems to drop considerably on fingerling stage 
(fig.). The fish can be grown from fingerlings to harvest size on feed with appreciably lower protein content than generally is in 
commercial feeds at present. This gives increased flexibility in the feed formulation. 

The substitution trials have demonstrated that high proportion of the fish meal and fish oil in the diet can be replaced by 
vegetative raw materials without affecting growth and feed utilisation. Rape seed meal seems to be more substantial (28-30% 
of CP) than soya meal (18-20% od CP). Substitution of fish oil by some plant oils have minimal effect on growth (table). 
Substituting fish oil in diets mayn however affect the fatty acid composition of the fish produced, and is reflected by the fatty 
acid composition of the oil.  The “wash out” period prior to harvesting intending to balance the n-3/n-6 ratio is affected by plant 
oil type. 
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COMPARATIVE TRANSCRIPTOMICS OF OLYMPIA OYSTERS Ostrea lurida AND ROCK 
SCALLOPS Crassadoma gigantea IN RESPONSE TO ACIDIFICATION
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Rapid environmental change due to anthropogenic stressors is a serious concern for many marine species. Calcifying 
invertebrates in particular are expected to be impacted by ocean acidification- the reduction in ocean pH due to the uptake 
of anthropogenic CO2. As the west coast of North America has natural long-standing variation in ocean pH, it is possible that 
some populations of widespread species can reveal adaptations to projected conditions. The Olympia oyster (Ostrea lurida) 
and the purple-hinged rock scallop (Crassadoma gigantea) are native shellfish species with expansive, overlapping ranges 
on the Pacific coast of North America. Considerable interest in developing sustainable aquaculture exists for both species. 
Characterizing the mechanisms that facilitate such broad distribution across strong pH gradients would be useful for predicting 
how these species will respond to future acidification conditions. 

To understand inter- and intra-specific variation in response to reduced pH, this study compared gene expression responses to 
two pH treatments for adult Olympia oysters and rock scallops from three to four genetically diverged populations. Olympia 
oysters were collected from California, Oregon, and British Columbia, while rock scallops were collected from California, the 
Washington outer coast, Puget Sound, and Alaska. After acclimating to common conditions for nine months, individuals were 
exposed to two pH levels (7.4 and 7.8) for seven weeks. Tissue samples (gill and mantle) for transcriptomics were taken at three 
time points: prior to reducing the pH, after 36 hours, and after seven weeks in order to compare gene expression patterns during 
both acute and prolonged acidification stress. 

Analysis of differential gene expression and functional enrichment were performed for each species. Genes that exhibited a 
conserved response to pH across populations or a significant population-specific response (Fig. 1) were of particular interest, 
as these latter genes may be involved in local adaptation. Orthologs were compared between species to identify conserved 
responses to acidification among bivalves or diverged patterns of local adaptation.
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CAN GROWTH RATE STILL BE IMPROVED?

Jeffrey T. Silverstein, U.S. Department of Agriculture, Agricultural Research Service
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Identifying sources of variation in growth and directing toward fast growth has been an important route for improvement 
in aquaculture species.  Examples include breeding for large size in nearly all species, done through mass or family based 
selection and biotechnological approaches. Improved growth has been important for reducing time to harvest and improve to 
adaptation protocols for salmon smolts going into seawater.

Growth is a process that integrates a broad array of environmental signals and as a trait, growth is associated with nearly every 
biological process.  Understanding the regulation of growth, the endocrine underpinnings, the natural history strategies that 
give rise to variation, and how to control and channel growth in fish production settings, have all taken huge steps forward over 
the past 40 years.

There are two paths forward for genetic improvement of growth in the future.  The first depends on having better understanding 
of the physiology behind growth and identifying the mechanisms controlling growth with greater precision and accuracy; and 
the second (genomic selection) depends on identifying genomic variants associated with growth and having better selective 
breeding tools to target traits with low heritability or low degree of genetic determination. 

In the first case, better defining the mechanisms of growth decreases the variation due to environmental and unknown differences 
and increases the fraction attributable to genetic differences.  Better understanding of the variation in phenotype frequently 
leads to a cause/effect genetic connection of the phenomenon. Heritability is greater and selection pressure applied to the trait 
will yield greater change.

In the second case, physiological understanding is not leveraged so much as the genomic ties and (growth) phenotype are 
tracked through the population of interest.  In this way, the growth potential of different gene combinations is tracked and even 
though the mechanistic biological connection to growth may not be understood, positive growth combinations are favored, 
and progress is made.  This process, marker assisted genomic selection, will be especially important for complex traits that are 
correlated with growth.  

In reality, as genomic selection advances, both paths will be taken simultaneously.  One real promise of genomic selection is 
the ability to make progress on traits with both strong genetic determination (high heritability) and traits with weaker genetic 
determination (low heritability).  As growth is better understood and improved, consumer focused traits like muscle and meat 
quality (product quality) will move to the fore in production programs.
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GEAR TYPE COMPARISON FOR OFF-BOTTOM OYSTER AQUACULTURE IN FLORIDA, 
USA

Natalie Simon*, Leslie Sturmer, Reggie Markham
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Cedar Key, FL 32625 USA 
Lnst@ufl.edu

Biofouling is a major concern for aquaculture production of single oysters for the premium half shell market. To address 
increased interest in oyster aquaculture in Florida and biofouling concerns, a gear type comparison study was conducted to: 1) 
Document production performance of triploid eastern oysters Crassostrea virginica using off-bottom culture methods, and 2) 
Evaluate effects of biofouling control methods. 

Two gear types, single floating bags and six bag-slot floating cages, were compared over an 8½ month growout period (average 
water temperature: 20.5 ± 12.1 ºC). Triploid oysters (average shell height, SH: 52.2 mm; shell length, SL: 39.1 mm; shell 
width, SW: 16.7 mm) were deployed in September 2017 at a stocking density of 150 oysters per 14 mm mesh Vexar bag. At 
harvest (13 months from spawning), triploid oysters cultured in bags and cages averaged 84.0 mm and 87.3 mm in SH, 59.5 
mm and 65.5 mm in SL, and 32.5 mm and 33.1 mm in SW, respectively. Harvested oysters averaged 109.7 g and 119.8 g in 
total weight, TW (fouling organisms were removed from shells) and 23.7 g and 19.9 g in wet meat weight, MW for cages and 
bags, respectively. Floating cages produced oysters with significantly higher average SH, SL, and TW (P ≤ 0.003); however, 
floating bags produced oysters with higher average MW (P ′ 0.003). No differences were observed in oyster survival (P = 
0.96) between gear types, averaging 90%. Condition indices and other shell and meat metrics were also assessed. 

The average weight of biofouling organisms, consisting primarily of natural oyster overset and barnacles, on oysters harvested 
from floating bags (4.2 g or 4% of TW) significantly differed (P ′ 0.001) from oysters in cages (11.8 g or 9% of TW). Weights 
of biofouling on culture bags had similar results with floating bags averaging 0.7 kg and bags from cages averaging 1.7 kg (P ′ 
0.006). In this study, weekly flipping of floating bags adequately controlled biofouling on oysters and culture bags as opposed 
to weekly 24-hr aerial drying of bags in floating cages. From a management perspective, use of floating bags reduced labor 
requirements for biofouling maintenance by half as the floating cages required flipping back after drying. In addition, a study 
evaluating stocking densities of 175 to 250 oysters per floating bag is ongoing and results will be presented. 
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MICROBIAL BIOMASS (NOVACQTM) STIMULATES FEEDING AND IMPROVES THE 
GROWTH PERFORMANCE ON EXTRUDED LOW TO ZERO-FISHMEAL DIETS IN TILAPIA 
(GIFT STRAIN)

Cedric J. Simon*, David Blyth, Nurul Ahmad Fatan, Sharon Suri

Commonwealth Scientific and Industrial Research Organisation (CSIRO)
Queensland Bioscience Precinct, St Lucia 4067, Australia 
Cedric.simon@csiro.au

Worldwide tilapia production is rapidly growing and becoming increasingly reliant on the provision of cost-effective sustainable 
formulated feeds. We assessed the capacity for various inclusion rates of the microbial biomass-based ingredient NovacqTM 
(0%, 2.5%, 5%, 10%) at the expense of wheat flour to improve growth performance in diets at 10% fishmeal (FM), as well as 
the growth response at 5% and 0% FM, with or without the addition of 10% NovacqTM in iso-nitrogenous (CP= 34.5-36.1%) 
extruded diets for GIFT tilapia fingerlings. A total of 10 fish per tank (11.4±1.8 g) were reared for 6 weeks on 8 experimental 
diets and a commercial diet in freshwater RAS (n=6). 

All extruded diets containing NovacqTM outperformed the 
benchmark commercial diet. Total replacement of fishmeal (0% 
FM) with soybean meal resulted in a significant decrease of 
around 14.5% in daily weight gain, but 50% replacement (5% FM) 
did not significantly affect weight gain. Weight gain increased in 
parallel with increasing inclusion rates of NovacqTM, with weight 
gains of 7.8%, 23.6% and 34.5% in relation to an isoenergetic 
and isonitrogenous control diet, at 2.5%, 5% and 10% NovacqTM 
inclusion, respectively (Fig 1). NovacqTM at 10% in diets 
containing 5% and 0% fishmeal also significantly increased the 
growth performance of tilapia, producing a net improvement in 
weight gain of 19.5% and 15.5% against the 10% fishmeal control 
diet, respectively (Fig 2). 

Feed intake mirrored the growth trends. A 10% inclusion of 
NovacqTM resulted in ~33% increase in feed intake at all levels of 
fishmeal inclusion. Daily feed intake measurements, similar FCRs 
and nutrient retention efficiencies, indicated NovacqTM principally 
stimulated feeding with no adverse effect on nutrient use. 

The use of NovacqTM as a feed additive can more than compensate 
for the negative impact of fully eliminating fishmeal and is likely 
to improve the sustainability value of tilapia diets.  
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GENERATION OF KNOCK-IN TRANSGENIC CHANNEL CATFISH Ictalurus punctatus 
CARRYING CATHELICIDIN GENE BY CRISPR/CAS 9 SYSTEM

Rhoda Mae C. Simora*, Max Bangs, Tracy Qin, Cuiyu Lu, Veronica Alston, Yingqi Huang, Zachary Taylor, 
Michael Coogan, James North and Rex Dunham
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Channel catfish (Ictalurus punctatus) is an important food fish in the United States and one of the best studied model species 
for teleost immunity.  Efforts were geared towards increasing disease resistance in this species as 40% of catfish production is 
lost to disease.  Generating disease-resistant transgenic fish lines using CRISPR/Cas 9 technology will greatly impact how fish 
genome engineering is performed.  The system requires the use of a single guide RNA (sgRNA) which will define the nucleotide 
sequence to be targeted and the Cas9 nuclease, thereby creating a double strand break (DSB) underneath the RNA/DNA hybrid 
complex. Recent CRISPR/Cas9-based gene 
editing in fish can easily generate knockout 
models by disrupting the gene sequence, but 
its efficiency for creating models that require 
insertion of foreign genes into endogenous 
genomic loci has been very poor and/or limited.  
In this study, we inserted cathelicidin, an 
antimicrobial peptide from American alligator 
which was shown to have strong activity 
against multiple Gram-negative bacteria and 
is not cytotoxic towards mammalian cells, into 
channel catfish embryos through 
microinjection.  

Three gene constructs were created to compare 
the delivery of the transgene to the embryos 
namely double-stranded DNAs using zebrafish 
ubiquitin and carp beta-actin promoters and 
single-stranded DNA using zebrafish ubiquitin 
promoter. Based on the results, mutation rates 
ranged from 5.3% to 43.3% for the three 
constructs (Table 1), which is notable since 
CRISPR/Cas9 knock-in models usually have 
1-10% efficiency based on previous studies. 
DNA sequencing revealed successful integration 
of the cathelicidin-beta actin promoter into the 
chromosome 1 of the founders (Fig.1), while 
sequence analysis of the cathelicidin-ubiquitin 
is underway.  

Overall, we have successfully generated a 
CRISPR knock-in transgenic catfish with 
cathelicidin gene which will eventually develop 
high performance fish with the ability to combat 
diseases. 
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THE STATUS OF KAMPACHI, Seriola rivoliana, CULTURE IN THE UNITED STATES

Neil Anthony Sims* and Lisa Vollbrecht 

Kampachi Farms, LLC
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Kailua-Kona, HI 96740 USA

Kampachi, Seriola rivoliana – also known as the Almaco Jack, or Long-fin Amberjack - is currently cultured commercially at 
one offshore facility in Kona, Hawaii, which reportedly produces around 400 tons/year. There are also two additional facilities 
undertaking research on the species in the U.S. – one in Kona, and the other in Sarasota, FL, and an offshore demonstration 
project – the Velella Epsilon – that is applying for permits to culture a single cohort offshore of Sarasota, in the Gulf of 
Mexico. Elsewhere, there are two commercial farms operating in the Gulf of California, in Mexico, and significant production 
of S. rivoliana and its sibling species, S. dumerili, in southern Japan, alongside hamachi production (S. quinqueradiata). It is 
understood that all of Japanese production is solely from wild-caught fingerlings, and is largely based on moist feed.

The life cycle of kampachi has been completed in captivity, but there are challenges with spawning of F1s that are selected from 
production pens. There are currently no well-established selective breeding programs for the species, although SNP markers 
for growth and other performance parameters have been identified. The reliance to date on wild-caught broodstock represents 
a significant constraint to growth of the industry.

S. rivoliana is distributed throughout the warm waters of the world (though notably absent from the Red Sea). There is a 
commercial fishery for S. dumerili in the Gulf of Mexico. The previous commercial fishery in Hawaii for S. dumerili/rivoliana 
(“kahala”) has been shut down since around 1990, due to ciguatera poisoning, and the presence of cestode worms (Protogrillotia 
zerbiae) in the flesh. Trypanorhynch plerocerci infest wild dumerili and rivoliana at rates 87% and 73% respectively, though 
cultured fish have shown no presence of cestodes or ciguatera.

In net pen culture, all Seriola spp are vulnerable to rapidly proliferative infestations of skin flukes (Benedenia seriolae in 
Japan, Neobenedenia sp in warmer waters). Management of skin flukes represents the most significant challenge to production 
offshore.

Kampachi achieves high-prices in sushi markets, but there is a strong market preference for larger fish (over 3 kg; requiring up 
to 18 months grow-out, and higher FCRs) and a market expectation that mandates expensive, high-quality feed (protein levels 
over 42%, lipid up to 26%). Given the competition from hamachi, the size of the available sushi market in the U.S. at current 
prices is constrained. Current prices also limit the potential penetration into other food service. Traction in retail sales is also 
constrained by consumers’ lack of familiarity with the product, and the high price-point.
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QUORUM QUENCHING Enterobacter STRAINS IMPROVE SHRIMP SURVIVAL DURING 
Vibrio INFECTION 
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Shrimp aquaculture is the fastest growing area of animal protein production. Shrimp 
are prone to the infectious diseases due to high-density cultivation in shrimp ponds. 
Acute hepatopancreatic necrosis disease (AHPND), aka Early Mortality Syndrome 
(EMS), is a severe bacterial shrimp disease caused by virulent strains of Vibrio 
harboring a plasmid encoding a pir-like toxin. This bacteria-produced toxin is a 
major pathogenicity factor that causes tissue destruction in shrimp intestines. 
Repressing expression of pathogenicity factors, e.g. pir-like toxin, is a promising 
approach for prevention of the disease outbreaks.

Frequently, expression of bacterial pathogenicity factors depends on the population 
density of the pathogen, which is regulated via quorum sensing mechanisms. 
Interruption of bacterial quorum sensing signaling, e.g. quorum quenching, may be 
valuable anti-infection strategy. In order to explore potential applications of quorum 
quenching in aquaculture, we engineered Enterobacter Ag1, a strain of enteric 
bacteria that is able to survive in the seawater and to colonize shrimp intestine, 
to reduce quorum sensing molecules concentration to reduce the likelihood of 
conversion of Vibrio into a pathogenic state. 

Here we show (Fig.1): 
• shrimp feed Ag1, expressing enzyme AidH that disrupts Vibrio autoinducer-1, had 
reduced mortality (25 to 55%) relative to controls
• shrimp feed Ag1, over-expressing lsr operon to reduce autoinducer-2 levels, had 
reductions in mortality ranging from 31 to 55% relative to controls.
Correspondingly, expression of pir-like toxin in shrimp intestines decreased in 
both cases by more than 2 fold (Fig. 2). We propose that the reduction in shrimp 
mortality is directly related to lower toxin production.

These results indicate that quorum-quenching by probiotic bacteria may be 
an effective means to control bacterial diseases in aquaculture. Our approach 
may considerably reduce if not eliminate the use of antibiotics and chemicals in 
aquaculture and provide a more sustainable solution to disease control and enhanced 
productivity.
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DIGESTIBILITY AND GUT HEALTH IN RAINBOW TROUT Oncorhynchus mykiss FED WITH 
FILAMENTOUS FUNGI

Aprajita Singh*, Sajjad Karimi, Aleksandar Vidakovic, Markus Langeland, Kartik Baruah, Johan Dicksved, 
Anders Kiessling and Torbjörn Lundh 
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Due to intensification in aquaculture, there is a rapid increase in fish disease or degradation in fish health. The promising feed 
sources which are sustainable and contain bioactive components provide new arena to explore different prebiotic supplements 
to fish. Neurospora intermedia is filamentous fungi with high protein (52% CP) and contain chitin and chitosan as its bioactive 
components. A 35 days feeding trial was conducted to observe the effect of N. intermedia on digestibility, immune system and 
gut microbiota of Onchorhynchus mykiss (Walbaum, 1792). N. intermedia was used as the test ingredient to replace fish meal. 
Three diets were prepared viz., control (C), non pre conditioned (T1) and pre conditioned diet (T2). Control diet was prepared 
without N. intermedia whereas diets T1 and T2 were prepared in the ratio of 70:30 of control and test diets. Fecal samples for 
digestibility were collected up to 30 days whereas fecal microbiota were collected at 10 days interval including zero day. Serum 
was collected on 35th day for assessing immunological parameters. Hence, the whole experiment was conducted to understand 
the relation between the filamentous algae on overall health of Rainbow trout.
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IONO-OSMOREGULATORY ADJUSTMENTS IN LARGEMOUTH BASS Micropterus salmoides 
EXPOSED TO CHRONIC SUB-LETHAL AMMONIA TOXICITY
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Ammonia is produced as a principal nitrogenous waste product of fish metabolism. Typically in intensive aquaculture systems 
with high stocking densities, high feed supply, and minimal water renewal, the accumulation of ammonia can rapidly rise to 
the toxic levels. Toxicity induced by high environmental ammonia (HEA) can impair many physio-biochemical functions 
in fish. Adjustments in electrolytes, ions transportation (through gills) as well as osmo-regulatory processes are some of the 
compensatory mechanisms that respond to the internal metabolic disorder in response to high ammonia exposure.

In the present study, we aim to investigate the iono- and osmoregulatory disturbances in largemouth bass (Micropterus 
salmoides) that can be caused by HEA. This is an important freshwater sportfish species native to the United State (US), and 
is gradually becoming a promising candidate species for the US aquaculture industry. Fish were exposed to 5.5 mg/L ammonia 
(HEA) which represents 25% of the determined 96 h-LC50 value. Samplings were carried for 3, 7, 14, 21 and 28 days. Temporal 
effects of HEA on plasma electrolytes (Na+, Cl− and K+), branchial Na+/K+-ATPase (NKA), H+-ATPase activity and muscle 
water content (MWC) were investigated. We also assessed whether this fish species can use NKA as an NH4

+ transporter to 
defend ammonia toxicity. Exposure to HEA resulted in significant augmentations in branchial NKA activity from 14 days 
onwards and prevailed the control until the last exposure time point. This response was exemplified by a rise in plasma Na+ 
content (Fig. 1). [K+], [Cl−] and MWC homeostasis were disrupted followed by recovery to the control levels.  Branchial H+-
ATPase activity did not change considerably under HEA, except for a transient increase recorded at day 14. These data suggest 
that HEA exposure can disturb electrolyte and water balance homeostasis in largemouth bass, however, it can adapt to the 
long-term sub-lethal ammonia concentrations by activating various components of ion-regulatory pathways. During the HEA 
exposure periods, NKA activity was always lower when K+ was substituted by NH4

+ on an equimolar (10 mmol/L) basis. This 
scenario signifies that active NH4

+ movement across the gill basolateral membranes on the ‘K+ site’ of the NKA molecule is not 
a functional pathway, suggesting this species does not use NKA as an NH4

+ transporter.
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COMBINED APPLICATION OF NUTRIENT MANIPULATION (BY PHOSLOCK) AND 
HYDROGEN PEROXIDE BASED ALGAECIDE TO CONTROL CYANOBACTERIAL GROWTH 
IN HYPEREUTROPHIC PONDS 

Amit Kumar Sinha*, William R. Green, Lonnie Howe, April Surratt, John Howe

Department of Aquaculture and Fisheries, University of Arkansas at Pine Bluff, Arkansas-71601
sinhaa@uapb.edu

As a result of eutrophication (typically phosphorus), cyanobacterial blooms are progressively becoming a major water quality 
issue in pond, lakes, and river ecosystems globally. These conditions negatively affect the fisheries resources. In addition, 
toxins production by these cyanobacterial blooms posing a serious threat to human health and animal welfare. Manipulating 
phosphorus concentrations in order to limit its bioavailability to cyanobacteria is a key solution. Alternate to the nutrient 
reduction strategy, the application of chemicals (e.g. algaecides) are direct means of controlling harmful algal blooms by lysing 
cyanobacterial cells.

In this proposed study, the potential of phosphorus-binding compound such as Phoslock, and granulated H2O2-based algaecide 
(PAK® 27 at dose of 2.5 and 4.0 mg/L H2O2) was assessed either individually or in combination to control cyanobacterial 
blooms. Phoslock was applied at a recommended dose of 100 kg Phoslock per 1 kg of Soluble Reactive Phosphorus (SRP). The 
experiment was carried out for 12 weeks in 0.1 acre hypereutrophied ponds primarily dominated by cyanobacterial Planktothrix 
and Microcystis sp. PAK® 27 (for both doses- 2.5 and 4.0 mg/L H2O2) either individually or in combination with phoslock 
declined cyanobacterial population by 80% -85 % in 4-7 days post application. The application of phoslock increased the 
TN:TP via phosphorus reductions, and eventually shifted the phytoplankton communities from cyanobacteria dominance 
to eukaryotic green algae (Spirogyra sp. And Cladophora sp.) and diatom dominance. Interestingly, such phytoplankton 
community transformation was preponed when phoslock and PAK® 27 (typically 2.5 mg/L H2O2) were applied simultaneously. 
However, non-targeted biota including the green algae and zooplankton community were adversely affected by 4.0 mg/L H2O2 
-PAK® 27. We also found that the longevity of PAK® 27 treatment effects were up to 4-5 weeks, while for phoslock it was up to 
7 weeks (Fig. 1). Thereafter, cyanobacterium Planktothrix and Microcystis sp. fraction began to reestablish. Interestingly, the 
inhibitory effects for the combined application of phoslock and PAK® 27 (at both dosages) were noticeable over 12 weeks (Fig. 
1). Overall, these data suggest that inhibitory efficiency of nutrient manipulation (via phoslock) and H2O2 exposure (as PAK® 
27) on cyanobacteria algal blooms was enhanced when the two compounds were applied simultaneously. 
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THE STATUS OF RED DRUM, Sciaenops ocellatus, AS A COMMERCIALLY READY SPECIES 
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Red drum, Sciaenops ocellatus, is a commercially produced marine finfish species with global production in Taiwan, China, 
Israel, Martinique, Mexico, Bahamas, Singapore, United Arab Emirates, Ecuador, and the United States. In the U.S., red 
drum are currently commercially cultured in Texas, Florida, South Carolina, and the U.S. Virgin Islands, with the majority 
(>85%) of production occurring within Texas. Broodstock management, reproductive biology, feeding behaviors and dietary 
requirements, growth and production requirements, and disease management are relatively well known for red drum compared 
to other candidate marine aquaculture species. Despite being commercially produced for more than 30 years, few red drum 
have been reared to maturity for use as broodstock and these individuals represent less than 5% of broodstock inventory for 
the industry. The majority of red drum broodstock in current use in the US were captured from the wild. Captive broodstock 
development and genetic improvement are major areas of research that could be undertaken to remove impediments of further 
industry expansion. Red drum reproduction methods have shifted from natural maturation in ponds and manual (strip) spawning 
to controlled photothermal conditioning, with or without the use of maturation hormones. Current photothermal conditioning 
methods utilize a 120- to 150-day cycle in which the natural seasons of a full year are condensed to within the allocated 
maturation cycle. These methods are extremely effective for reproducing red drum, allowing spawning to be accomplished on 
demand throughout much of the year using the same set of broodfish compared to a 2-3 month egg production period during 
the autumn under natural conditions. Most red drum production facilities operate their own hatcheries and typically produce 
only what is needed to supply the culture facility with little inventory left to supply producers or facilities that do not have the 
technical expertise or equipment necessary to operate a hatchery. Only a few hatcheries produce an excess of larvae for sale 
to grow out only facilities, which greatly limits the ability of the industry to expand in the U.S.   Methods of production of 
juveniles to foodfish market size are well known. Outdoor pond production systems for grow out to foodfish size dominate the 
domestic an international industries for this species. The market size of red drum has shifted over time from 0.7 kg to a desired 
market size of approximately 1.4 kg at the time of harvest. To achieve these harvest weights, a 16 to 24 moth production cycle 
is required dependent upon mean temperature at the culture location. Best growth is achieved when using a starter diet for 
juveniles consisting of 50-55% protein and 15-17% lipid and quickly transitioning to a 44-45% protein, 13-16% lipid diet for 
foodfish grow out. Some producers Decrease to a 40% protein, 13-16% lipid finishing diet for the last few months of production 
for larger fish. Red drum currently achieves U.S.$7.00-$7.70/kg live weight at harvest. With the continued ban of commercial 
harvest of red drum from the Gulf of Mexico since the 1980s, many restaurants that serve traditional “redfish” dishes report 
shortages in availability indicating room for market growth.
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HOW TO IMPROVE MUSSEL CULTURE IN EUROPE ?
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In Europe two species of mussels are produced, the blue mussel Mytilus edulis and the Mediterranean mussel Mytilus 
galloprovincialis. Harvesting and cultivation of mussels in Europe dates back to historic times. Descriptions of pole (bouchot) 
culture in France go back to 1235. In The Netherlands wild mussel fisheries was described in the 17th century; lease sites 
were first granted in 1870. Mussel production gradually evolved from wild fishery to culture by the end of the 19th century. 
Traditional mussel culture predominantly consists of bottom culture in North-western Europe; along the French Atlantic coast, 
characterized by a large tidal range and high current velocities, intertidal poles are used: the bouchot culture. Suspended culture 
systems have been in use in the Mediterranean since historic times. Raft systems as used in the Galician Rias in Spain were first 
developed along the Mediterranean coast in Spain in the 1930’s. Longline suspended culture is presently the dominant mussel 
culture technique, and nowadays also used under offshore conditions. Main production areas are the German and Dutch Wadden 
Sea for M edulis and the Spanish Rias, the Italian and Greek coast for M galloprovincialis. In total mussels are produced in 23 
countries. Especially along the North and East Adriatic coast small scale culture exists with a potential for expansion. 

Traditionally seed is collected from wild beds. Given the relatively low production efficiency in bottom culture, a lot of seed is 
required for this culture type. To improve seed availability and as a response to protective measures against bottom disturbance, 
suspended seed collectors have been introduced. In the other culture types seed is collected predominantly within the farms. 

Total mussel production figures, based on FAO data, showed a steady increase since the start of data collection in 1950 until 
the 1980’s. After top values in the 1990’s there is a general decline in aquaculture and wild fisheries yields. In the meantime 
market prices showed an upward trend. Despite the market pull, the European mussel industry has not been able to cope with 
the increasing consumers demand. The question is: what are limiting factors for European mussel production at present, and 
how can it be improved? 
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FLAT OYSTER Ostrea edulis RESTORATION PILOTS IN THE DUTCH NORTH SEA
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Oyster bed restoration in the Dutch North Sea appears to be a viable option to support the ambitions for the Dutch North Sea 
policy to simultaneously achieve biodiversity goals, restore ecosystem functions and enhance ecosystem services including 
future seafood production. For the recovery of flat oyster (Ostrea edulis) beds, knowledge is required about the conditions 
under which the active restoration of this species in the North Sea can be successfully implemented. The conditions for the 
long-term development of a flat oyster bed are largely determined by four life-history processes: survival, growth, reproduction 
and recruitment. To evaluate the suitability of potential sites tolerance ranges for abiotic and biotic environmental factors 
were derived from the literature (Kamermans et al., 2018a,b). Site selection for pilot studies was based on sea bed motion 
and bed shear stress, sediment composition and type of substrate, concentration of suspended particles and larval dispersal 
and retention. In 2016, a natural bed of flat oysters and Pacific oysters was discovered in the Voordelta at one of the selected 
locations (Christianen et al., 2018). 

Pilots were started near shore at the Voordelta flat oyster bed in 2016 and at a more offshore location Borkum Reef in 2018. 
Oysters were introduced onto the sea bed and cages with oysters to monitor survival, growth and reproduction were installed. 
Shell width and wet weight as well as condition were determined at beginning and end of the growing season. Oyster spat settles 
on hard substrates, such as stones, shell fragments, or oyster shells. They adhere or fix themselves to the substrate and do not 
disperse further. Thus, shell material was added in the period when larvae were present to collect oyster spat. In the Voordelta, 
larvae were counted weekly and different shell substrates were also introduced weekly to determine the best substrate (Pacific 
oyster shell, flat oyster shell, mussel shell and cockle shell) and the best deployment week.

Oysters relayed at Borkum Reef showed better survival than oysters introduced in the Voordelta. This was not related to the 
condition of the oysters, as oysters of the same shell weight showed higher meat content at Voordelta (Fig. 1). Treatment of the 
oysters before relaying was different and may be the cause of the higher mortality in the Voordelta. The oysters showed growth 
at both locations. In addition, larvae were observed at both locations. Weekly introduction of spat collectors showed that the 
timing of deployment is more important than the 
type of collector or substrate.                     

The relayed oysters showed survival, growth and reproduction. It remains to be determined whether the oyster beds are able 
to sustain itself through local recruitment. Combining oyster culture and oyster restoration is an option worth investigating. It 
could be very productive, as cultivation offers broodstock for larvae that can expand and maintain the natural bed and harvest 
adds to food security.

Christianen M.J.A. et al . 2018 Marine Biology Research 14,6 https://doi.org/10.1080/17451000.2018.1498520
Kamermans et al, (2018a) Wageningen Marine Research / Deltares. Report C053/18 http://dx.doi.org/10.18174/456358
Kamermans P., et al 2018b. Sustainability 10, 3942. http://www.mdpi.com/2071-1050/10/11/3942/pdf
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Pond production of yellow perch (Perca flavescens) is common in Ohio and much of the Midwest. An interesting dynamic 
with yellow perch is that a fillet-sized perch is often the same size desired by pond and lake management companies for their 
clientele (113 – 151 g; >10 cm). Recently there is increased interest in supplying high-end restaurants with yellow perch. This 
Extension on-farm demonstration project is investigating the use of the split pond system and the intensive aeration system on 
two commercial yellow perch farms in Ohio with the goal of producing greater yields of 113 – 151 g fish in the same or less ha 
of water. These production systems have been adopted in the United States by a number of hybrid catfish (′ Ictalurus punctatus 
X ′ I. furcatus) producers in recent years. Current yellow perch production averages approximately 3,360 kg/ha, so it would 
be unrealistic to expect yields from these new systems to equal those obtained in catfish production. However, considering that 
current yellow perch production typically uses only limited surface aeration (usually <15 d/season) and limited feed inputs 
(maximum of <35 kg/ha/d), the relatively high market prices (>$8.80/kg live for pond and lake management companies) for 
yellow perch suggest that more intensive production systems may be feasible. This project entails stocking first year newly feed-
habituated yellow perch at approximately 197,600/ha (double the normal 98,800/ha) on June 1st and June 3rd, 2018 at Brehm’s 
Perch Farm, LLC and Millcreek Perch Farm, LLC in central and west central Ohio, respectively. The Brehms retrofitted three 
individual ponds, totaling approximately 0.40/ha, into one split-pond. Fish are housed in a 0.13 ha pond with the remaining two 
ponds acting as biological filtration. Millcreek is contributing both a 0.40 ha and 0.20 ha pond to this demonstration project and 
is focusing on intensively aerating ponds (continuous at 3.7 kW/ha). We will utilize the production and economic records of 
Millcreek’s previous 10 years to offer a crude comparison to historical production and costs. Yellow perch are fairly sensitive 
to poor water quality although they grow well when crowded. Preferred water quality parameters for yellow perch are known 
and farmers are testing on a regular basis to maintain a healthy stock. Fish sampling is occurring monthly and fish are fed twice 
daily to at or near satiation. This on-farm demonstration project is slated to conclude November 2018 and available results will 
be presented. Perch are currently feeding at rates between 56 – 84 kg/ha/d, well above previous maximums for these two farms. 
Ponds in the demonstration appear to be assimilating the higher feeding rates without problems and fish appear healthy. To 
date, this project has shown enough potential that further research should be investigated at a university in replicated fashion 
with stronger economical emphasis. The participating farmers are preparing to follow this one-year project into another season. 
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DEVELOPING TECHNO-ECONOMIC ANALYSIS (TEA) AND LIFE CYCLE ANALYSIS (LCA) 
FRAMEWORK TO TEST THE SUSTAINABILITY OF AQUAPONIC SYSTEMS 

Mollie Smith*, Terrill Hanson, Brendan Higgins, Daniel Wells, David Blersch                        

E.W. Shell Fisheries Center 
2101 North College Street
mrs0018@auburn.edu 

Aquaponics systems have great potential to improve the sustainability of food production systems by leveraging the waste of 
one production system (aquaculture) to feed another (hydroponics). While aquaponics is generally thought of as a “sustainable” 
approach to fish and vegetable production, the assumption that aquaponics systems are inherently sustainable has never been 
rigorously tested. Rigorous measurements of economic and environmental sustainability in aquaponics are currently lacking. 
This effort will utilize techno-economic assessment (TEA) and life cycle assessment (LCA) approaches to quantify economic 
opportunities/challenges for producers and environmental impacts of aquaponics systems. The long-term goal is to use the 
results of these analyses to improve the system sustainability.

Once TEA and LCA analysis of the existing pilot aquaponic system at Auburn University has been carried out, the economic and 
environmental impact of scaling this system up to commercial scale (10x pilot facility) can be determined. Also, these analyses 
will allow us to compare the environmental impacts of the scaled-up aquaponics system to a pair of existing production systems 
in Alabama or similar regions—specifically tilapia production and cucumber production that are independent of each other.
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INTEGRATED CULTURE OF BARLEY HYDROPONIC SYSTEMS (Hordeum vulgare) WITH 
TWO CONCENTRATIONS OF TILAPIA CULTURE EFFLUENTS (Oreochromis sp)

Carlos Smith*, Cristian Sánchez 

Hippocampus del Perú Sac 
Pasaje Los Pinos Nro. 114 Int. 804 en Miraflores, Lima
*carlos.smith@upch.pe

Tilapia is the second fish, from aquaculture, most produced in the world due to its hardiness, tolerance to low levels of water 
oxygen, brackish water and its rapid growth. The effluents from aquaculture contain mainly nitrogen, phosphorus and carbon 
sources from faeces, uneaten food or other products of excretion. The accumulation of these wastes in the water affects the 
health of the productive system but these effluents serve as nutrients for the plants, which have a phytoremediation effect. The 
associated raising of species such as green hydroponic forage allows to obtain a food of high protein quality, which develops 
in places with scarce water, space or poor quality of the cultivated land and reduce production costs. An integrated raising of 
a culture of red tilapia (Oreochromis sp.) and a green hydroponic forage system of barley (Hordeum vulgare) in two different 
concentrations was made. A superior performance of 15% in size and weight was obtained in the forage of the group in the 
effluents without dilution.

The experiment was carried out in the months of June and July in the southern Andean Zone of Peru. The effluents from a 
red tilapia culture in a pond covered with black plastic, with a culture density of 5 kg/m3 were used. The water had a pH of 
6.7 and dissolved solids 1.1 μS/cm. The effluents were used in two concentrations, the first without dilution (T1), the second 
with a dilution of 50% v/v (T2) and the control group of only water (TC). For the hydroponic forage, an experimental module 
dimensioned with 85 cm long x 85 cm wide and 2.2 m high was used, and it has a capacity of 40 hydroponic trays of 60x40cm 
and with 2 areas, the germinative (dark phase) and the productive (light phase). One kg of seed was weighed per treatment; the 
seeds were disinfected with a 1% sodium hypochlorite solution. Soaking was done for 48 hours, with an interval of aeration 
hour of oreo at the end of the first 24 hours. At the sprout, they were homogeneously placed in labeled trays for each treatment, 
and placed in the germination area for 5 days with an irrigation frequency of three times a day (7am, 12:30 pm and 4:30 pm). 
In the production area they remained for five more days, with the same irrigation schedule.

The yield of the hydroponic culture of the barley irrigated with effluents from the red tilapia culture without dilution shows 
greater growth and better weight (Table 1). Integrating these raisings allows increasing the profitability of aquaculture, reducing 
environmental impacts and improving the health of aquaculture systems. In addition to obtaining agricultural products of high 
demand for human consumption and other livestock production
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AN UPDATE ON HEMOCYTIC NEOPLASIA IN HARD CLAMS CULTURED IN 
MASSACHUSETTS 

R. Smolowitz*, A. Gourlay, D. Murphy, S. Roberts, R. Gast

Aquatic Diagnostic Laboratory, Roger Williams University, One Old Ferry Road, Bristol, RI 02809
rsmolowitz@rwu.edu

Monitoring of Hemic Neoplasia in Wellfleet, MA, cultured hard clams (Mercenaria mercenaria) has continued for several 
years.  Samples examined annual since 2009 have shown continued high levels of the disease associated with significant 
mortality in aquacultured hard clams, but not wild clams and the disease continues to cause mortality in cultured clams. Results 
from the spring of 2018 showed 28.3% of clams sampled from the surface of plots, and 9.4% of clams collected from the 
sediment in the same plots were positive.  A preliminary study showed aquacultured clams of varied origin are affected by the 
disease indicating the disease is not hard clam strain dependent.  Recent laboratory based infection studies, demonstrated the 
disease appears to be directly transmissible to naïve clams.  The similarity of the disease to hemocytic neoplasia in soft shell 
clams is striking and it is hypothesized that a transmissible neoplastic cell may be the cause of disease in hard clams as has been 
describe in soft shell clams and cockle species.  The potential for spread of neoplastic disease from Wellfleet to other areas is 
not known.  Results of recent transmission studies and molecular work will be presented.   
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UTILIZING Brachionus ROTIFER BIODIVERSITY IN MARINE FINFISH LARVICULTURE

Terry W. Snell*, Rachel K. Johnston, Amelia B. Matthews, Matthew Carberry

School of Biological Sciences 
Georgia Institute of Technology  
Atlanta, Georgia, 30332-0230, USA 
terry.snell@biosci.gatech.edu

One of the greatest discoveries of the last 20 years of rotifer research is cryptic species in the Brachionus plicatilis species 
complex. Using this biodiversity in aquaculture depends on methods for its collection, storage and distribution. The production 
of diapausing eggs permits easy deployment of rotifer biodiversity in marine finfish larviculture. The mouth gape sizes of larvae 
determine the size of rotifer prey that can be ingested. Despite the advantages of using multiple rotifer species of different sizes 
in larviculture, it is difficult for hatcheries to maintain pure cultures by serial dilution without cross-contamination, even for the 
most experienced hatcheries. 

In this paper we describe a technique for utilizing multiple rotifer species in larviculture that is based on using rotifer diapausing 
eggs as inocula. This enables hatcheries to be confident in the purity of the rotifer strain they are growing and to supply their 
larval predators with optimally sized rotifers that are best adapted for local environmental conditions. We show that large 
quantities of diapausing eggs can be produced by many Brachionus species. 

Using the full range of body size diversity from seven Brachionus species, we can produce female rotifers with mean body 
lengths as small as 137 µM, or as large as 305 µM, and neonate females from 103 to 206 µM (see Table). The length of 
diapausing eggs for small Brachionus species averaged 100 µM, as compared to 166 µM for large species. Diapausing egg 
production varied 3.6 fold among the 14 species investigated. Using diapausing eggs of the very small rotifer Proales similis 
(88 µM) to inoculate mass cultures also is described.
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BIOFLOC MEAL ENRICHED WITH YEAST AS FEED INGREDIENT IN DIETS FOR MARINE 
SHRIMP Litopenaeus vannamei 

Roberta Soares*, Bruna do Valle, Camila Brito, Camila Costa, Karin da Silva, Roberta Nery, 
Flávio Rodrigues, Silvio Peixoto 

Universidade Federal Rural de Pernambuco, Laboratório de Tecnologia em Aquicultura, 52171-900, Recife, 
PE, Brazil
*Corresponding author: beta.ufrpe@gmail.com

The levels of fishmeal and fish oil in aquaculture feeds follows a downward trend and is driving demand for new ingredients. 
Among the alternative ingredients tested in aquaculture is the excess of suspended solids, removed from biofloc technology 
systems (BFT). However, its limited protein content and deficiency in some essential amino acids reduces the possibility to 
replace high levels of fishmeal. To overcome this problem, we propose the use of yeast for enrichment of biofloc. Yeast provides 
high protein value, essential amino acids, among others, and is a feasible economic ingredient. This study aimed to develop a 
diet containing a bioproduct composed of biofloc meal and yeast to replace fishmeal in diets for L. vannamei postlarvae.

The yeast Saccharomyces cerevisiae ATCC 9763 was grown in YPD broth and the biofloc meal (BM) was produced using biofloc 
biomass collected from L. vannamei tanks. These products were combined in a ratio of 9:1 (BM:yeast) to form the bioproduct 
(BP). Six (06) isoproteic (400 g/kg of crude protein) and isoenergetic (14.5 MJ/kg) experimental diets were formulated with 
gradual replacement of fishmeal by the bioproduct: BP0 = control treatment (no bioproduct); BP10 = 40 g/kg (10%); BP50 = 
200 g/kg (50%);  BP70 = 280 g/kg (70%); BP90 = 360 g/kg (90%); and BP100 = 400 g/kg (100%). Rectangular tanks (50 L) 
were stocked with 150 postlarvae (PL12). The animals were fed the experimental diets three times daily for 30 days.

Shrimp weight gain, final weight, specific growth rate did not differ between treatments BP0, BP10, BP50 and BP70, however 
these parameters were significantly lower in BP90 and BP100 (Table 1). Apparent feed conversion and protein efficiency ratio 
showed no significant difference between treatments. The BP100 diet resulted in higher survival rate than the control diet 
(BP0), however the final biomass of shrimp tended to reduce as the level of BP increased in the diets.  The results indicate 
that up to 280 g/kg (70%) of fishmeal can be replaced by the bioproduct without negative effects on growth and survival of L. 
vannamei postlarvae. 
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APPARENT DIGESTIBILITY OF DIETS CONTAINING BIOFLOC AND YEAST COMBINATION 
FOR MARINE SHRIMP Litopenaeus vannamei 
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José Filipe Silva, Silvio Peixoto
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PE, Brazil
*Corresponding author: beta.ufrpe@gmail.com

The biofloc has been tested as a feed ingredient, however its nutritional content needs to be improved to increase its use in 
aquaculture diets. The combination with the yeast Saccharomyces cerevisiae can improve the protein content, in addition to 
providing enzymes. The aim of this study was to evaluate the apparent digestibility coefficient (ADC) of diets containing a 
bioproduct composed of biofloc and yeast for L. vannamei juveniles. 

The yeast S. cerevisiae ATCC 9763 and the biofloc meal (BM) were combined in a ratio of 9:1 (BM:yeast) to form the 
bioproduct (BP). Six isoproteic (350 g kg-1 of crude protein) diets were formulated containing different levels of fishmeal 
replaced by bioproduct: BP0 = 0% (control diet); BP10 =10% (30 g kg-1); BP30 = 30% (90 g kg-1); BP50 = 50% (150 g kg-1); 
BP70 = 70% (180 g kg-1) and BP100 = 100% (300 g kg-1). Chromium oxide (1%) was used as an inert marker in all diets. L. 
vannamei juveniles (7.8 g) were reared in 300 L tanks and fed the diets for 21 days. The feces were collected daily. 

The ADC of dry matter and gross energy were significantly reduced from 70% and 50% substitution levels, respectively (Table 
1). The crude protein ADC was high, and no significant differences were found among the treatments. The digestibility of most 
amino acids tended to improve with the increase in the concentration of the bioproduct. The results of ADC indicate that the 
bioproduct is suitable as an alternative protein source for L. vannamei juveniles and can replace up to 30% of fishmeal in the 
diet without adverse effects on the nutrient digestibility.  
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SURVEILLANCE PROGRAM AND ANIMAL HEALTH MONITORING: AN INVESTMENT 
RATHER THAN COST

Shuaib T Muhammed*, Albert Ferrer, Victoria Alday Sanz
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PO Box- 20, Al Lith -21961
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Disease in aquaculture systems are the outcome of three major components, namely, health of the animal, culture environment 
conditions and presence of pathogen in the system. The early detection of signs of diseases or poor health is crucial to take 
measures to minimize the economic impact of diseases.  Routine animal health monitoring allows to generate this information 
for immediate decision-taking such as feeding rate correction, water exchange or even emergency harvest. A well-established 
surveillance program is the key to achieve the above mentioned results. The surveillance program is designed to focus mainly 
on primary endemic pathogens in key stages of production as well as in wild. It also includes exotic pathogens which are 
emerging or present a higher risk as these could be find the way through into the culture system via various means including 
water currents, importation of shrimp and fish from infected countries or ballast water. 

 This presentation describes about the current surveillance program at National Aquaculture Group, NAQUA, having around 
4500 ha of culture surface. Since the main damage to shrimp industry of Saudi Arabia was caused by WSSV disease in recent 
years, the major part of the program is adopted for an early detection of WSSV and then the priority goes to TSV as the disease 
was present in the south of Saudi Arabia few years back. The frequency of sampling for endemic pathogens varies based on 
the economic impact of the disease, the type of rearing conditions (indoor or outdoor) and also depends on weather conditions 
as low temperature that does pose a risk factor. The frequency of exotic pathogen surveillance is based on their distribution, 
economic impact and the risk of introduction. Wild crustacean samples from the premises of farm (intakes, feeder canals etc.) 
is incorporated as part of surveillance and these samples are tested for endemic pathogens: WSSV and TSV. 

This presentation also describes the shrimp health monitoring system and strategies. The objective of this program is to assess 
the health status of the animals in production systems and detect any possible buildup of diseases. The program describes the 
importance of obtaining the right sample, the different techniques used for analysis and interpretation of outcomes taking to 
account environmental factors. It also elaborates the criteria of morphological changes that indicate deviation from optimum 
health, covering from macroscopic to microscopic changes, the possible causes that may lead to these changes and mitigation 
measures to decrease the risk of disease outbreak.   It is emphasized that health is directly related to productivity and therefore, 
close monitoring and optimization of animal health is a key tool for profitable farming.
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SIMULATION TESTING TO EVALUATE ABC CONTROL RULES FOR ATLANTIC SURFCLAM 
(Spisula solidissima)

Laura K. Solinger*, Eric N. Powell, Steven X. Cadrin, Daniel R. Hennen

Gulf Coast Research Lab, University of Southern Mississippi
703 East Beach Dr. 
Ocean Springs, MS 39564
Laura.solinger@usm.edu

Atlantic surfclam (Spisula solidissima) is an important resource for the mid-Atlantic shellfishery, though uncertainty remains 
in the estimation of spawning stock biomass and total stock biomass. Despite this uncertainty, the 2016 stock assessment 
determined that the stock was not overfished (p<0.01) and that overfishing is not occurring (p<0.01) (NEFSC, 2017: NEFSC 
Ref Doc 17-05). Nevertheless, uncertainty in the biomass estimates has recently led to a decrease in the annual biological catch 
(ABC) by the mid-Atlantic Fishery Management Council. We propose to evaluate current and alternative ABC control rules 
through simulation testing to develop risk-based catch advice and inform management. The operating model will be conditioned 
by the 2016 Atlantic surfclam stock assessment, a size-age-structured stock synthesis model, and estimation models will be 
conditioned based on current and alternative control rules used across the US and in international management of shellfisheries. 
Forecasted estimates of stock status and uncertainty will support risk-based advice to management procedures.
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INTEGRATED miRNA AND mRNA TRANSCRIPTOME ANALYSES OF Penaeus vannamei 
HEMOCYTE REVEALS THE EFFECT OF NON-LETHAL HEAT STRESS ON SHRIMP 
ANTIBACTERIAL IMMUNITY 
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1 Center of Excellence for Molecular Biology and Genomics of Shrimp, Department of Biochemistry, 
Faculty of Science, Chulalongkorn University, Thailand
2 Omics Science and Bioinformatics Center, Faculty of Science, Chulalongkorn University, Thailand
kunlaya.s@chula.ac.th

Since the causative agent of early mortality syndrome (EMS) or acute hepatopancreatic necrosis disease (AHPND) in shrimp 
has been reported as Vibrio parahaemolyticus (VPAHPND), the mechanistic processes involved in shrimp immune response 
during infection is not clearly understood. In this research, the chronic non-lethal heat stress (CNLHS) was confirmed to 
significantly increased the survival of VPAHPND-challenged shrimp. Then, we explored how the CNLHS regulate shrimp 
immunity by analysis of the mRNA and miRNA expression profiles in VPAHPND-challenged shrimp haemocyte under heat and 
non-heat stress conditions using next generation sequencing. A total of 3141 mRNAs and 101 miRNAs was differentially 
expressed after VPAHPND infection whereas 3980 mRNAs and 86 miRNAs was differentially expressed after VPAHPND infection 
under heat stress condition. The differential expressed miRNAs and target mRNAs enriched in shrimp immunity were selected 
for constructing a miRNA-mRNA regulatory network. The miRNA-mRNA regulatory network of shrimp immune transcripts 
implicated that CNLHS regulates prophenoloxidase activating system, hemocyte homeostasis, and electron transport chain 
resulting in enhancing shrimp tolerance against VPAHPND infection.

THE NEXUS OF SHELL-BUDGET MODELING, SUSTAINABLE FISHING AND OYSTER 
REEF RESTORATION

Thomas M. Soniat*, Eric N. Powell and Nathan Cooper

Department of Biological Sciences and 
Gulf States Center for Environmental Informatics
University of New Orleans
2000 Lakeshore Drive
New Orleans, LA 70148
tsoniat@uno.edu

A shell budget model has been applied in Louisiana to estimate the sustainable harvest of oysters on public oyster reefs using 
no-net-shell-loss as a sustainability reference point.  Existing oyster density and size are provided by an annual stock assessment 
conducted by the Louisiana Department of Wildlife and Fisheries. The model simulates oyster growth and mortality, and 
natural shell loss for each reef.  Reef shell mass is increased when oysters die in place and diminished when oysters are removed 
by fishing.  Sustainable harvest is estimated as the volume (sacks) of live oysters that can be removed without diminishing reef 
quality (i.e., reef shell mass). The model has practical application in identifying areas for closure to oyster fishing, determining 
total allowable catch, managing shell planting and restoring reefs.  
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PRODUCING PREDATOR-RESISTANT OYSTERS FOR SEA RANCHING

  
Rémi Sonier*, Luke A. Poirier, Léon Lanteigne, and Luc A. Comeau

Fisheries and Oceans Canada
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In eastern Canada, shellfish culture techniques fall into  two categories, off-bottom and bottom. Although off-bottom techniques 
are increasingly being employed, most of the existing leases are still classified as bottom culture leases.   Bottom leases are 
underutilized due to predation by crustacean predators. 

Our research aims to develop a seed production approach adapted to sea ranching (bottom culture) and the risk of predation.  
Specifically, oyster seeds are initially exposed to a dynamic environment in suspension in order to promote shell thickness.  

Juveniles with thick shells are subsequently deployed within bottom leases. It is hypothesized that a thick shell curtails 
predation susceptibility by species such as the Atlantic rock crab Cancer irroratus and the green crab Carcinus maenas. 

Ultimately the mechanical defense provided by shells may allow bottom-cultivated oysters to perform essential ecosystem 
services such as habitat formation, water filtration and benthic-pelagic coupling in marine and estuarine systems.
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POTENTIAL OF CALANUS AS A FEED ATTRACTANT IN LOW FISH MEAL DIETS FOR 
ATLANTIC SALMON

Mette Sørensen*, Yangyang Gong, Ghana Vasanth, Dalia Dahle, Viswanath Kiron
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Commercial salmon feeds that are mainly composed of plant ingredients, contain only 30% of fishmeal and fish oil (Ytrestøyl 
et al., 2015). Most likely, fishmeal and fish oil will be used in the future too, albeit at lower inclusion levels. The aquaculture 
industry is searching for substitute ingredients that provide extra benefits such as improved fish health and/or flesh quality. 
Although such ingredients, particularly those from marine resources are abundant in nature, they are largely untapped. One 
such resource is the marine zooplankton Calanus finmarchicus (calanus), that has the potential to be a high-value component 
in salmon feeds. Calanus is a copepod commonly found off the coast of Norway. This zooplankton is commercially harvested 
and used for extraction of high-value oil and proteins. The protein fraction has a balanced amino acid composition and contains 
low molecular water-soluble fractions that may have appetite-stimulating properties. The aim of the present research was 
to investigate the potential use of the marine copepod Calanus finmarchicus hydrolysate as a functional supplement in low-
fishmeal and fishmeal-free diets for Atlantic salmon, Salmo salar. 

The experiment was designed to employ a control diet (10% fishmeal, CO) and 2 Calanus hydrolysate-incorporated (at 1.5% 
in low-fishmeal (5%) diet, CL and at 3% in fishmeal-free diet, CH) diets. The feeding trial lasted for 7 weeks. The overall 
growth of fish from all groups was very good. Supplementation of Calanus hydrolysate in low fishmeal (5%) with high plant 
ingredients diets did not alter the feed intake, growth performance and health/welfare of the fish. The fish fed CH diet failed 
to achieve similar feed intake and growth performance as that of the CO-fed group. Taken together, it is possible to include 
Calanus hydrolysate at 1.5% in low-fishmeal (5%) diet without any negative effect, but the inclusion of 3% in the fishmeal-free 
diet for Atlantic salmon seems not adequate to compensate for the specific nutrients found in fishmeal.
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A variety of plant ingredients are used as replacements of fish meal and fish oil in feeds for Atlantic salmon (Salmo salar). 
Biological responses in fish depend on the ingredient quality, and the combination of marine and plant ingredients. Hence, it is 
important to understand the effects of decreasing amount of marine ingredients in fish diets on feed utilization and fish health. 
Intestinal health is critical for nutrient digestion, absorption and growth of the fish. Some plant ingredients, e.g. soybean meal, 
are known to cause intestinal inflammation in fish. Similarly, plant oils at high inclusions levels when combined with low 
inclusion levels of marine ingredients may have adverse effects on intestinal health. Intestinal mucins, a critical component of 
mucus, play vital roles in protection of fish. We hypothesize that feed, with different combination of plant proteins/plant oil and 
fish meal/fish oil may affect the intestinal health of Atlantic salmon. 

We examined the effect of various combinations of marine and plant ingredients on digestibility, growth and intestinal health 
of Atlantic salmon post smolt. The fish were fed one of the following five diets for 7 weeks (Table 1). 

Significant differences were observed in final body weight, weight gain and apparent digestibility coefficients of the feed 
groups. Samples have been secured for gene expression analysis and intestinal histology. Health parameters are being analysed 
and the results will be presented and discussed.
 
This study is funded by MABIT (Project number: AF0082) and is carried out in collaboration with BioVivo Technology AS.
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DEVELOPMENTAL ORIGINS OF ADULT DISEASE: THE BISPHENOL A (BPA) SYNDROME
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Endocrine Disruptors are exogenous chemicals, or mixture of chemicals, that interfere with any aspect of hormone action. 
Among endocrine disruptors, bisphenol A (BPA) is particularly relevant due to its ubiquity. BPA is an estrogenic chemical 
present in food and beverage containers, dental composites, and many products in the home, the workplace and the environment.

Developmental exposure to BPA in mice caused a complex array of effects that resembled those observed after developmental 
exposure to diethylstilbestrol in humans. In females, exposure to environmentally relevant doses of BPA during fetal and 
neonatal development induced both earlier vaginal opening and earlier first estrous, altered estrous cyclicity, advanced 
reproductive aging and decreased fertility and fecundity. In the mammary gland it induced preneoplastic lesions in mice and 
carcinomas in rats. In addition, BPA induced obesity, metabolic changes and altered behaviors.

Field studies in wildlife and epidemiological studies in humans have revealed an increase in the prevalence of the diseases 
and health effects observed in rodents exposed to BPA during organogenesis, suggesting that exposure to BPA in particular 
and endocrine disruptors in general are a cause of immediate concern regarding the preservation of environmental and human 
health.
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CULTIVATION OF MICROALGAE USING NUTRIENT RICH EFFLUENT FROM ANAEROBIC 
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The production of organic wastes represents hundreds millions tons per year in Europe. A small but increasing part of these 
products is recycled through Anaerobic Digestion (AD), leading to the production of approximately 250 million tons of digestate. 
This nutrient rich digestate (N, P, K) is mainly used as fertilizer. However, large areas of North Western Europe are receiving 
fertilizers in excess. Therefore, nutrients should be removed from anaerobic digestate before its discharge in the environment.

 After mechanical separation of particles, the soluble nutrients can be trapped using micro-algae cultivation, either under 
phototrophic, mixotrophic, or heterotrophic processes. An average size anaerobic digestion plant (500 Kwe) produces 18 000 
m3 of digestate per year containing 50 tons of soluble nitrogen. Calculation shows that the nitrogen entrapment in phototrophic 
condition would require a photo-bioreactor in continuous mode, which could take up the full surface of a 50 000 m2 glass house.

Mixotrophic cultivation can exhibit both higher growth rates and cell densities (figure 1), leading to reduced surface and volume 
for the reactor needed for production. Furthermore, the reduced light needs allow to increase the light-path in the bioreactor.

However, mixotrophic cultivation faces some challenges: i) the addition of a carbohydrate source increase the risk for a 
biological contamination (bacteria, protozoa…), ii) the large oxygen need implies the setting up of an efficient gas transfer 
system and iii) the need for a large amount of carbohydrate source induce increased costs. 

Microalgae production processes result in higher costs than those of crop products. Therefore, only the valorization of specific 
high value biomass compounds (peptides, omega 3) for aquafeed could allow such process to be economically sustainable.
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A study of fatty acid compositions was completed on the eastern oyster, Crassostrea virginica from the Ten Thousand Islands 
(Florida, USA). Freshwater inflow from watershed management is affecting this region, greatly modifying the salinity gradients. 
Oysters and POM (Particulate Organic Matter) were sampled during two contrasted period: wet season (August 2012) and dry 
season (February 2013). Sampling was done in three bays at 3 stations from upstream to downstream. 

Principal component analysis (PCA) on fatty acids of POM reveal that during wet season POM was enriched by 16:1n-7, 20:5n-
3, 16:2n-4 (diatoms biomarkers) and 18:3n-3 (green microalgae biomarker). But during dry season, POM was dominated by 
18:4n-3, 18:5n-3 and 22:6n-3 markers of dinoflagellates. 

PCA analysis on digestive gland showed that during wet season oyster dietary regimes are influenced by diatoms whereas only 
dinoflagellates are found to influence oyster diet in dry season. The 18:3n-3 was present in higher proportions in oysters during 
the wet season meaning that green microalgae are actively consumed during this season. For both seasons, in reserve lipids 
of oysters, negative linear regressions were found between this FA and salinity. Diatoms biomarkers, 16:1n-7, 16:2n-4 and 
20:5n-3, were in higher proportions in oysters during the wet season confirming diatoms were abundant in POM during this 
season. The positive relationship found between 20:5n-3 in oysters and the salinity confirms that diatoms are more abundant 
in downstream stations while in the meantime abundance of green microalgae decreases. Higher proportions of 18:5n-3 and 
22:6n-3 in digestive gland confirmed the predominance of dinoflagellates in POM during the dry season. 

Bivalve can synthetize de novo some particular FA named Non Methylene Interrupted (NMI) 22:2i and 22:2j which are thought 
to have functional and structural roles in bivalve membranes. In membrane lipids of oyster digestive gland, positive correlation 
was found between 22:2j and salinity and negative correlation between 22:2i and salinity. This also could indicate different 
structural or functional roles of these two NMI in oyster membranes in response to salinity change. 

This study revealed that dinoflagellates constitute a part of oyster diet during dry season and that diatoms and green microalgae 
mainly contributed to oyster diet during the wet season. It showed that the oyster’s diet is mainly influence by seasonal 
fluctuations in salinity, potentially due to seasonal changes in freshwater inflows. However changes in NMI composition also 
suggest that salinity may also have a direct influence on oyster fatty acid composition. 



1040

EFFICACY OF ULTRAVIOLET LIGHT RADIATION IN REDUCTION OF GOLDEN ALGA 
Prymnesium parvum CELL DENSITY AND ICHTHYOTOXICITY

Gregory M. Southard*, Eli Margalit, David Prangnell, and Leonard Willett

Texas Parks and Wildlife Department
Inland Fisheries Division – Analytical Services Laboratory
505 Staples Road, San Marcos, TX 78666
Greg.Southard@TPWD.Texas.Gov

The haptophyte Golden alga Prymnesium parvum (GA) is a harmful algal bloom species responsible for extensive mortalities of 
fish and other gill-breathing organisms. Considered to be ubiquitous, GA is most often found in marine and estuarine waters but 
can also bloom and cause toxicity in brackish inland waters.  In recent years, GA has been active in North America, particularly 
in Texas, causing severe fish kills in state waters since 2001. Two of the affected reservoirs, Lakes Diversion and Possum 
Kingdom, are source waters for Texas Parks and Wildlife Department (TPWD) freshwater fish hatcheries. Management and 
mitigation of GA toxic blooms is important for fish production, so TPWD has evaluated different techniques and technologies 
to eliminate GA cells and reduce toxicity levels in hatchery source waters and production ponds. The present study was 
conducted to evaluate the efficacy of ultraviolet (UV) radiation in reduction of GA cell densities and ichthyotoxin levels. 

UV percent transmittance (UVT) levels for GA culture samples were determined using a UVT meter (254 nm). A collimated 
beam apparatus was then used to irradiate GA culture samples with a wide range of UV doses (38 ′ 3,062 mJ/cm2). GA cell 
densities were estimated using a hemacytometer pre- and post-treatment (24 h). Toxicity levels were determined for the GA 
culture initially using a bioassay (ichthyotoxic units/ITU and % mortality) and for samples at 2 and 24 h post-treatment. UV 
doses ≥ 191 mJ/cm2 (Tables 1 & 2) eliminated GA cells and toxicity levels were reduced to safe levels at ≥ 383 mJ/cm2 (Table 
2). These results indicate that UV radiation is an effective tool for managing GA through elimination of cells and toxicity. Field 
trials for large-scale water treatment using Atlantium Technologies HOD UV system are planned for Fall 2018 with results to 
be reported in the final presentation.  
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BUILDING TOOLS TO MINIMIZE USER CONFLICT WHILE PROMOTING BOTH 
AQUACULTURE AND TRADITIONAL FISHERIES
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melsouth@vims.edu

The waters and shorelines of the Virginia Chesapeake Bay present a prime example of multiple uses by constituents with widely 
varying commercial, recreational and cultural interests. Historically, commercial fishing, especially of oysters, dominated 
the activity throughout the tidal areas of the Bay. For decades, communities developed along shorelines to take advantage 
of productive public (aka Baylor Ground) and private (leased) oyster grounds, and to harvest other economically important 
species. Disease epizootics in the late 1950s caused oyster harvests to collapse and continue to decline through several 
consecutive decades. Nearshore properties associated with commercial fishing were abandoned and sold. The numbers of new 
residents increased along the shore and many diverse activities replaced commercial fishing. Concurrently, efforts to increase 
oyster populations and oyster production on both public and private grounds has remained a bay-wide focus of federal, state 
and local entities. Over the past decade there has been a substantial improvement in oyster production on public grounds, but 
most especially on private grounds. The most rapid expansion has been in hatchery-based production of cage-cultured oysters 
on private grounds. Conflicts have arisen between new user groups residing along the bay shore, and a growing industry that 
works primarily in nearshore waters. Additionally, as the shoreline has been developed, there are very limited access points 
along the waterfront where commercial activity can occur.  Herein we describe an effort to characterize the oyster industry 
as it exists today, examine the regulatory and economic framework that resulted in its recent growth, identify challenges that 
will likely impact future expansion, and suggest pathways for supporting growth of a multi-faceted oyster industry, ranging 
from traditional harvest through intensive aquaculture, into the future. We describe (1) current and future productivity of 
public oyster grounds given their dependency on limited (both in quantity and future availability) shell resources for habitat 
and replenishment; (2) current and future productivity of private lease grounds including estimates of unproductive area; and 
(3) current and future productivity of intensive, hatchery dependent oyster aquaculture including limits to and opportunities 
for future expansion. All are examined in context of current regulatory and statutory impediments to multiple uses by other 
commercial, recreational and cultural/economic interests. 
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IDENTIFICATION OF INPUTS FOR QUANTITATIVE MICROBIAL RISK ASSESSMENT OF 
Vibrio parahaemolyticus IN CHESAPEAKE BAY AND WASHINGTON STATE 
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Non-cholera Vibrio bacteria are estimated to cause 80,000 illnesses, 500 hospitalizations, and 100 deaths in the US each year 
(Scallan et al., 2011). Raw oyster consumption is increasingly implicated in gastroenteritis caused by pathogenic strains of V. 
parahaemolyticus (Vp) (Letchumanan et al. 2014). As oyster consumption expands and sea temperatures rise, Vp outbreaks 
may increase, posing major public health and food safety concerns.

The US Food and Drug Administration (FDA) 2005 quantitative microbial risk assessment (QMRA) of Vp in raw oysters 
identified uncertainties and information gaps that new research may address, underscoring the need for an updated QMRA. 
Further, the previous national risk model has not been adequately predictive for all US harvesting regions. Regionalization, 
using recent, localized studies, may improve precision of risk estimates by considering local harvest practices and variation of 
spatial and temporal factors. 

We conducted a comprehensive literature search 
using controlled vocabulary and keyword terms 
in scientific and government databases to 
identify recent studies for inclusion in a future 
QMRA, focusing particularly on studies in 
the Mid-Atlantic and Pacific Northwest, two 
critical US regions for oyster harvesting. Study 
quality was evaluated by predefined criteria 
including study design, execution, analysis, 
reporting, and data strength. Information was 
extracted to inform the main components 
of the QMRA: dose-response assessment, 
exposure assessment on harvest and post-
harvest Vp growth, and oyster consumption 
behaviors. Articles were ranked based on study 
relevance and rigor. Conclusions were drawn 
using a weight of evidence approach for all 
inputs, parameters, and models informing each 
component. This literature review incorporated 
and critically assessed the current state of 
evidence to provide new regionalized inputs 
and recommend modifications to the risk 
assessment framework and models for a future 
QMRA of Vp in raw oysters.
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REPRODUCTIVE TRIGGERS IN FLAT OYSTERS, Ostrea SPP. 

Laura H. Spencer1*, Steven Roberts1
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Species diversity is a critical consideration in oyster aquaculture, an industry prone to widespread mortalities caused by disease 
outbreaks. Flat oysters (genus: Ostrea) are important alternative aquaculture species, as they are not susceptible to the same 
diseases that plague the ubiquitous Pacific oyster. Native flat oysters are also targeted in restoration programs, which require 
reliable hatchery production. Reproduction in flat oysters, however, is complex and poorly understood, making them difficult to 
manipulate in the hatchery for controlled breeding. As spermcasters only, females do not broadcast spawn eggs, but rather release 
eggs into the mantle cavity where they are fertilized, and remain as “brood” until released as shelled larvae. As simultaneous 
hermaphrodites with irregular successive spawning, both male and female gametes in a range of developmental stages can co-
occur within an individual oyster. Strip spawning has to date been relatively unsuccessful, and production primarily relies on 
volitional spawning, and collection of released or late stage brooded larvae. A better understanding of how the environment 
triggers Ostrea gametogenesis and gamete release is needed to advance aquaculture production and breeding programs. Here, 
we explore how Ostrea gonad maturation, sex, and larval production are affected by temperature and food availability, common 
reproductive triggers in oysters, at different stages of broodstock handling. 
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HISTOPATHOLOGICAL & BIOCHEMICAL MONITORING TOOLS FOR ENHANCING AN 
ECOLOGICAL APPROACH TO BLUE MUSSEL (Mytilus edulis) AQUACULTURE 
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Carrie Byron 
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The Ecological Approach to Aquaculture (EAA) mandates that aquaculture activities conserve or enhance ecosystem services 
(FAO, 2010). Typical approaches to assessing maintenance of ecosystem services through the EAA lens treat ecosystem services 
as static benchmarks. However, ecosystems are dynamic and thus it is important to acknowledge ecosystem services as mutable 
metrics, even more so as one considers accelerating climate driven ocean change. The Gulf of Maine (GoM), warming faster 
than 99% of global oceans (Pershing et al. 2015), is an excellent example of this; where aquaculture of Blue mussel (Mytilus 
edulis) is increasing, despite wild populations having declined by >60% in the past 40 years (Sorte et al., 2016). This marks a 
clear mismatch between the GoM’s capacity to support robust wild populations of Blue mussels (an ecosystem service) and the 
proliferation of that species in a farmed setting. 

Long term histological and biochemical monitoring of farmed mussel populations can yield assessment of physiological health 
and resiliency of the population. Farmed mussels at two locations in Casco Bay, Maine were sampled twice monthly over a 
22month period (Feb 2017- Dec 2018) to assess changes in reproduction, energy investment, and pathology via histology and 
image analysis in tandem with full lipid class and fatty acid profiling.

Trends in allocation of energy, as measured by ratios of reproductive, lipid and glycogen storage tissues showed inverse 
relationship (r2=0.81, p<0.05) likely driven by environmentally mediated gametogenesis. However the magnitude of 
reproductive investment was not consistent across years. Mussels in 2018 demonstrated a 18.5% increase in reproductive 
investment over 2017, with corresponding decreases in lipid (-3.4%) and glycogen (-12.3%) storage tissues, variability in 
reproductive investment across gametogenic cycles. Oocyte atresia was observed with high prevalence across both years in 
all months (>80% of all females). Coupled with the presence of digestive gland atrophy and general hemocyte responses this 
indicates some level of stress in the population. It will be important to determine however, what a “normal” population stress 
level is. EPA/DHA ratio suggests some level of diet shift between spring and fall months. Further study will elucidate important 
environmental drivers to lend insight to these processes.
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EFFECT OF FEEDING SUPPLEMENTAL CHOLINE CHLORIDE ON HYBRID CHANNEL 
Ictalurus punctatus X BLUE Ictalurus furcatus CATFISH GROWTH PERFORMANCE
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Auburn University
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Hybrid catfish are known for their fast growth, efficient feed conversion, and resistance to disease compared with either channel 
or blue catfish. Choline is considered an essential vitamin-like nutrient for monogastric animals and vertebrates. The 2011 NRC 
lists the nutrient requirements for channel catfish as 400 mg per kg of diet, but does not contain information regarding catfish 
hybrids. We hypothesized that the faster-growing hybrid catfish may require more dietary choline to reach their genetic potential 
for growth. To determine the effect of increasing the dietary choline concentration on hybrid catfish growth performance 
and meat yield, 2 commercial field trials were conducted. Feed was manufactured in a commercial feed mill using a typical 
commercial catfish diet formulation. Hybrid catfish were fed diets containing either 1,500 (CTL) or 3,000 (ICC) mg of choline 
chloride per kg of diet. Each diet was provided to catfish in 2 replicate raceways within the same pond stocked at 0.152 m2 per 
fish. Fish were harvested at a commercial catfish processing plant. No significant differences were observed in survivability, 
entire raceway body weight gain, or feed conversion ratio (F:G; FCR). However, the CTL fish consumed 5% more feed 
compared with those fed the ICC diet (P = 0.032). Hybrid catfish fed the ICC diet had numerically lower FCR and were 28 g 
heavier at harvest than the catfish fed the lower choline diet. Overall, these data indicate that increasing choline may improve 
hybrid catfish growth performance. 



1046

EFFECT OF FEEDING SUPPLEMENTAL CHOLINE CHLORIDE ON HYBRID CHANNEL 
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To determine the effect of increased dietary choline chloride supplementation on muscle growth characteristics, commercial 
catfish were supplemented with 2 concentrations of choline chloride (CTL = 1,500 mg/kg and ICC = 3,000 mg/kg). Six weeks 
prior to processing, 10 fish (650 g) from each of the 2 replicate raceways (1,560 m2 stocked with 10,000 fish) per treatment were 
randomly chosen (total n = 40) for analysis. Fish were cut transversely immediately caudal to the dorsal fin for determination of 
whole body muscle cross-sectional area. Muscle samples (1.3 cm x 0.64 cm x 0.64 cm) from the right fillet 2.54 cm caudal to 
the dorsal fin were excised and processed for cryohistology and immunofluorescence staining followed by enumeration of total 
nuclei, Myf-5+, MyoD+, and dual-positive (Myf-5+:MyoD+) myogenic stem cells. Catfish fed the ICC diet had greater muscle 
nuclear density (P = 0.027), and had numerically more muscle fibers and greater proportions of myogenic stem cells than those 
fed the CTL diet. The 18% increase in nuclear density in ICC-fed fish indicates the potential for increased myofibrillar protein 
synthesis which may lead to increased meat yield. Increased supplemental concentrations of choline may be necessary for 
hybrid catfish to achieve their genetic muscle growth potential. 
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ADAPTATION AND PLASTICITY OF RETENTION EFFICIENCY IN THE MUSSEL Mytilus 
edulis?
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Bivalve retention efficiency describes the proportion of particles from seston captured at the filtration surface (i.e. gills). The 
full extent to which environmental conditions, such as food quality and concentration, affect retention efficiency in bivalves is 
not fully understood. Understanding the extent to which this trait is subject to adaptation or plasticity would provide a better 
understanding of bivalve bioenergetics and bivalve-phytoplankton interactions. 

In this experiment, the retention efficiency of the blue mussel, M. edulis, was measured between and within four ecologically 
distinct fjords with the goal of determining the potential for adaptation and/or plasticity of this trait. Sites were selected for their 
latitudinal gradients covering between 58.4′N and 64′N, to promote distance and diversity between M. edulis populations. To 
disentangle differences between adaptation and plasticity, mussels were transplanted between two field sites, acclimated, and 
retention was efficiency measured. 

Preliminary results suggest that retention efficiency of M. edulis may not be driven by long-term adaptation, but instead by 
local environmental conditions. Mussels transplanted into new fjords displayed similar retention efficiency patterns as local 
mussel populations after a three-week acclimation period. This information can inform both energetic growth models and 
bivalve-phytoplankton interactions, which have practical application to farm management plans, carrying capacity estimation, 
and ecological impacts of industrial scale bivalve aquaculture. 
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The Aquaculture Stewardship Council (ASC) is a global, not-for-profit organisation that operates an independent certification 
and labelling programme based on a set of scientifically robust standards. The Standards define responsible environmental 
and social practices and express the actual requirements, where possible, in metric performance levels. The current metric 
performance levels are the result of the multi-stakeholder driven Aquaculture Dialogues and as such relied to a large extent on 
industry and NGO provided information.  

As the ASC Standards need to remain accurate and up to date, regular reviews and revisions are conducted. These revisions 
include adjusting the metric performance levels. In order to standardise the review of metric performance levels the ASC is 
currently developing a Metric Methodology which will define standardised data collection and statistical analysis methods. 
The backbone of the data for metric setting within the ASC standards is data from both certified and non-certified farming 
operations as well as scientific research. The general aim of the ASC standards is to reward responsible farming practices. 
Therefore, knowledge about the industry is crucial and has to be subject to regular verification. In order to ensure that certified 
farms represent the best aquaculture practices it is essential to include peer reviewed research studies within the metric setting 
protocol. Transparency is a key objective of the ASC and as such the Metric Methodology will make collected and used data 
publicly available. The public accessibility of this data will foster further collaboration and research by third parties and 
furthermore enhance transparency in global aquaculture performance. 

The presentation will illustrate an example from recent sealice related data analysis, explain the general framework of the 
Metrics Methodology and discuss upcoming areas of attention.
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THE STATUS OF OLIVE FLOUNDER, Paralichthys olivaceus, AS A COMMERCIALLY READY 
SPECIES FOR US MARINE AQUACULTURE 
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The olive flounder is highly regarded throughout the world as a commercial aquaculture species. Also marketed as “hirame” 
and “Japanese flounder” in seafood markets in the United States and abroad, this species is a prime commercial candidate 
for land-based commercial culture in RAS and flow-through seawater and brackish water systems. Decades of aquaculture 
research have been conducted on this species, leading to improvements in a variety of aspects of its aquaculture performance, 
including nutrition, all-female mono-sex production, and live transport.  Additionally, the genome and transcriptome of this 
species have recently been sequenced, providing important insights and informing future directions of research. Native to 
the northwest Pacific Ocean and typically found in waters of 21° – 24° C, most of the global aquaculture production of olive 
flounder occurs in the Republic of Korea, with FAO reporting nearly 44,000 metric tons of global aquaculture production of 
the species in 2016.  While much of this production is consumed in regional markets throughout eastern Asia, an estimated 700 
metric tons of the production is exported to the United States each year.  Market size for this species is typically ~ 1 kg, and 
much of the production is sold as live fish throughout the world. Given the well-established aquaculture production protocols, 
the high value of the species, and the existing global market, the olive flounder is a strong candidate species for commercial 
land-based production in the United States.  Currently there are no known commercial producers of this species in the United 
States, and the University of Miami (UM) Aquaculture Program is the only known producer of olive flounder, albeit in pilot-
scale, in the country.  Broodstock have been conditioned to spawn year-round and survival of larvae through the juvenile stage 
has been consistently high ranging from 30 – 60%.  Moreover, pilot-scale preliminary nursery and growout trails have yielded 
survival rates > 90%, with fish growing to about 800 grams in one year.  It is anticipated that, in the near future, small-scale 
commercial aquaculture production of this species will occur in the United States to service the growing demand for high-
quality domestically-produced marine fish.
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EVALUATION OF DIETARY CREATINE AND GUANIDINOACETIC ACID 
SUPPLEMENTATION ON JUVENILE RED DRUM Sciaenops ocellatus
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Red drum, Sciaenops ocellatus, has been an important aquacultured and recreational fish species in the Gulf of Mexico region 
for many years. Many of the critical nutrient requirements of this species have been quantified to allow formulation of refined 
diets for aquacultural production. In recent years, dietary creatine was reported to enhance weight gain and feed efficiency of 
red drum. Guanidinoacetic acid (GDA) is the precursor to creatine in its biosynthetic pathway. Therefore, this study evaluated 
if supplemental dietary GDA, either singly or in combination with creatine, could enhance growth of red drum.

In this experiment, the basal diet contained 0% creatine and 0% GDA. Creatine (0 or 2%)
and GDA (0, 0.5 or 1%) were added to the basal diet in a 2 x 3 factorial arrangement. The culture system consisted of 110-L 
aquaria in a recirculating system containing brackish (6 ppt) water at 28.4o C. A total of 24 aquaria were each stocked with 12 
juvenile red drum initially averaging 17.4 g/fish.  Each diet was fed to fish in quadruplicate aquaria twice daily for a total of 8 
weeks. The fish were weighed weekly to gauge growth and adjust feed quantities. Fish were fed 4% of body weight during the 
first 4 weeks and then reduced to 3% of body weight for the last 4 weeks of the trial. At the end of 8 weeks, fish were weighed 
and three fish per aquaria were euthanized for measurement of condition indices and body composition analysis, which is 
currently in progress. The data were statistically analyzed using factorial analysis of variance. Significance level was set at 
P<0.05.

Juvenile red drum in this feeding trial grew rapidly with weight gain values ranging from 199 to 235% of initial weight (Fig. 
1). Creatine alone had significant effects on red drum weight gain and feed efficiency; whereas, GDA had no effect. The feed 
efficiency values for all diets ranged from 0.77 to 0.96, and survival ranged from 94.4 to 100% over the 8-week trial. 

Based on the results of this study, creatine was effective in enhancing weight gain and feed efficiency of red drum while GDA 
was not. Thus, it does not appear that red drum can synthesize creatine from the precursor GDA.
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Millions of fathead minnows are raised annually for use as forage, bait, 
research, and as feeder fish. However, little aquaculture-related research 
has been conducted to improve production methods. A review of literature 
on fathead minnows across disciplines highlighted three under-appreciated 
factors affecting fathead minnow production: 1) poor egg adhesion to 
spawning substrates, 2) egg and fry cannibalism at high fish densities, and 3) 
the relatively short breeding period of individual males. A flow chart (right) 
highlights factors affecting  minnow  production. 

Broodfish stocking density is a critical factor in production, yet recommended 
rates vary widely. Fish size, pond fertility, and feeding rate all influence the 
selection of an appropriate rate. In Arkansas, typical broodfish rates (by 
weight) are 9 to 22 kg/ha for bait production, and 25 to 56 kg/ha for feeder 
production. Skewing the brooder sex ratio towards a preponderance of females, 
as is done in laboratory culture, is less beneficial in pond culture. Only one-
third or fewer of male fish breed at any one time, and individual males breed 
for only a short time (< 2 to 3 weeks) during a much longer spawning season. 
Selection of spawning substrate with good egg retention is critical, as eggs that 
do not adhere are lost. Perhaps less than half of the eggs laid by fish adhere 
to the most commonly-used substrate, plastic irrigation tubing. Maintaining 
pond fertility and a feeding program are important in reducing egg and fry 
cannibalism, which can be significant at high fish densities and when fish are 
under-fed. New culture methods, such as indoor hatching and stocking of fry 
into prepared ponds, can increase production, but must be cost-effective.
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STATUS AND MANAGEMENT OF THE FLAT OYSTER Ostrea edulis POPULATION IN 
SWEDEN

Åsa Strand*, Linnea Thorngren, Thomas Holthuis, Mats Lindegarth, Ane T. Laugen
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Over the past years, oyster (Ostrea edulis) beds in Europe have been reported to be in regression. There are no known indications 
of a similar trend in Sweden, however, as there is no systematic monitoring of oyster beds in Sweden and as the knowledge 
of past and present distribution is fragmented, such conclusions are speculative at best and should be confirmed. Moreover, 
little is known about the pressures affecting the bivalve beds in Sweden. Specifically, there is a lack of knowledge related to 
interactions between the native flat oyster (O. edulis) and the non-native Pacific oyster (Magallana/Crassostrea gigas, Fig. 1).

In this talk we will present results obtained during the first year of the project “Knowledge base for unified management 
of OSPAR-listed bivalve beds”. The overall objective with the project is to determine if native bivalve beds in Sweden are 
declining, evaluate causes to population changes, produce knowledge for informed management decisions such as population 
genetics and oceanographic trajectory modelling, and test solutions to restore and enhance oyster populations.

To address these issues we have performed a field survey to evaluate temporal changes in population development of flat 
oysters and changes in intermix of Pacific oysters in flat oyster beds. During autumn 2018 we revisited 44 sites with flat oyster 
densities > 0.75 individuals/m2 that were previously surveyed in 2013 and 2014. Oyster densities and population development 
of the oysters were quantified using a submersible towed camera and subsequent image analysis. Preliminary results from this 
survey will be presented and discussed from a management perspective.
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FISH FARMING ORGANIC EFFLUENTS AND A SCALLOP FISHERY 
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Discharge of effluent waste from open cage salmonid farming has concerns on environmental impacts which has also led 
to initiatives developing mitigation approaches as in IMTA. With a consensus that waste mitigation would best be achieved 
locally under the cages more focus is now directed to benthic organisms potentially being able to contribute in extraction and 
recirculating the effluent wasted energy. The dispersal of effluents from aquaculture depends on sinking rates and current 
velocity conditions and the amounts eventually reaching the benthos generally decrease with increasing distance from the farm 
site. Along the Norwegian outer coastal areas, open cage salmonid farms often overlap with the distribution of the king scallop 
Pecten maximus. The king scallop is a sedentary species recessed into a range of soft sediments at depths down to more than 50 
m depth. Anecdotal information from diver fishermen on good catches of scallops in the proximity of fish farms has questioned 
options for positive interaction between fish farming and the king scallop fishery. 

The presentation will summarize results from studies tracing effluent organic waste from a coastal open cage fish farm into the 
king scallop and other co-habiting benthic species. The results will be discussed in view of the theme of interactions between 
farming and wild populations.    
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CONNECTING THE DOTS: NETWORKS IN NORWEGIAN SALMON EXPORTS

Hans-Martin Straume* and Erling Vårdal

BI Norwegian Business School
Po.Box 6233
5893 Bergen, Norway
hans-martin.straume@bi.no

Seafood is the world’s most traded food product group, as more than 36% of production is traded, Norway is the world’s second 
largest producer of seafood, as well as the leading producer of farmed salmon. As the Norwegian aquaculture industry better 
tackles capacity problems and controls lice- and disease problems in the production, and the price-level remains profitable, the 
industry is anticipated to have a high potential for future growth.  A significant share of future production will be exported to 
foreign markets demanding high quality nutritious products.

All trade is a network activity between firms. In this paper we set out to investigate the network structure between Norwegian 
firms exporting fresh farmed salmon and their foreign trading partners. Efficient trade in the aquaculture industry is affected by 
numerous factors determined at the firm-level, such as efficient logistics, contracts, futures and choice of invoicing currency. 
To understand how such firm-specific factors affect observed trade patterns it is important to understand how networks are 
established, evolves over time and ceases to exist.  

In this paper we study the topology of networks between Norwegian exporters of fresh farmed whole salmon and their foreign 
trading partners. Using highly disaggregated trade data, we describe the structure of observed networks. We study region-
specific, as well as firm-specific, differences in network activities, and studies the link between networks and important factors 
that affects trade, such as geographical distance and income per capita. Our results indicate large differences in unit values and 
the number of foreign connections in the different network structures, both at the regional, as well as on the firm level. Gravity 
variables such as geographical distance and GDP per capita is important for the formation of different network structures. 
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EXTENSION UPDATE - A NEW AQUACULTURE DISINFECTANT - PERACETIC ACID

Dave Straus*, Thomas Meinelt, Dibo Liu, Lars-Flemming Pedersen, Chris Good and John Davidson

USDA - Agricultural Research Service
Harry K. Dupree - Stuttgart National Aquaculture Research Center
Stuttgart, AR  72160
Dave.Straus@ars.usda.gov

Peracetic acid (PAA) is approved in several European countries for use as a water disinfectant.  Our labs international 
collaborations have studied its effectiveness to many pathogens including Ichthyophthirius multifiliis, Saprolegnia spp., and 
various bacteria.  PAA is a stabilized mixture of acetic acid, hydrogen peroxide and water that breaks down quickly to water 
and vinegar.  It has replaced chlorine in many industries and its disinfection capacity is used widely.  

PAA is approved as a disinfectant for the US aquaculture industry for two products:

PeroxyChem’ s VigorOx® SP-15 Antimicrobial Agent (EPA registration June 26, 2017) is for: 1) Sanitizing surfaces of 
harvesting equipment used in the aquaculture industry, and 2) Cleaning and disinfecting fish culture tanks and raceways when 
water is drained and fish are not present.  

AquaTactics’ Aqua Des™ (approved November 3, 2017) is for: 1) In-water use in fish ponds/raceways (remove fish from pond 
prior to use and test for residual PAA levels prior to restocking), 2) Use on aquaculture equipment (pumps, boots, foot bath 
mats, net dips, waders, dive equipment, etc.), and 3) Use on fish pond equipment (water free raceways, gratings, pipes, etc).
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STATUS OF COPPER SULFATE RESEARCH AT SNARC - REVISITED

Dave Straus*

USDA - Agricultural Research Service
Harry K. Dupree - Stuttgart National Aquaculture Research Center
Stuttgart, AR  72160
Dave.Straus@ars.usda.gov

An overview of the Technical Sections completed for the New Animal Drug Application (NADA) for copper sulfate will be 
given and the status of sponsorship will be discussed.  

An initial label claim will be “For the treatment of Ichthyophthiriasis (Ichthyophthirius multifiliis) on Ictalurid catfish cultured 
in earthen ponds.”  The Technical Sections are: 1) Human Food Safety - Complete for all fin fish, 2) Effectiveness - Complete 
for Ich for all fish, 3) Target Animal Safety - Complete for channel catfish, 4) Environmental Assessment - Approved by FDA/
CVM (Environmental Impact for earthen ponds complete letter requested by Sponsor), 5) Chemistry, Manufacturing and 
Control – ???, 6) Label - Draft was concurred by FDA/CVM; sponsor will submit final label, and 7) All Other Information; to 
be addressed.

The supplemental label claim will be “To control egg mortality associated with saprolegniasis infecting channel catfish eggs.”  
The Technical Sections are: 1) Human Food Safety - Complete for all fin fish, 2) Effectiveness –Complete for channel catfish 
eggs, 3) Target Animal Safety - Complete for channel catfish eggs, and 4) Environmental Assessment; to be addressed, 5) 
Chemistry, Manufacturing and Control - ???, 6) Label; to be addressed, and 7) All Other Information; to be addressed.
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A NEW DISINFECTANT FOR THE TOOL CHEST - PERACETIC ACID

Dave Straus*, Thomas Meinelt, Dibo Liu, Lars-Flemming Pedersen, Chris Good and John Davidson

USDA - Agricultural Research Service
Harry K. Dupree - Stuttgart National Aquaculture Research Center
Stuttgart, AR  72160
Dave.Straus@ars.usda.gov

Peracetic acid (PAA) is a potent new disinfectant that is very economical to use compared to the traditional products.  It is also 
a much greener product.  PAA is a combination of acetic acid and hydrogen peroxide (with a stabilizer) that degrades rapidly.  
It has replaced chlorine in many industries.  Uses include: sanitation in food/beverage plants, agricultural facilities, wineries/
breweries, greenhouse equipment, animal housing, used to prevent bio-film formation in paper/pulp industries, wastewater 
treatment, commercial laundries and poultry processing.

PAA is approved as a disinfectant for the US aquaculture industry for two products:

PeroxyChem’ s VigorOx® SP-15 Antimicrobial Agent (EPA registration June 26, 2017) is for: 1) Sanitizing surfaces of 
harvesting equipment used in the aquaculture industry, and 2) Cleaning and disinfecting fish culture tanks and raceways when 
water is drained and fish are not present.  

AquaTactics’ Aqua Des™ (approved November 3, 2017) is for: 1) In-water use in fish ponds/raceways (remove fish from pond 
prior to use and test for residual PAA levels prior to restocking), 2) Use on aquaculture equipment (pumps, boots, foot bath 
mats, net dips, waders, dive equipment, etc.), and 3) Use on fish pond equipment (water free raceways, gratings, pipes, etc).
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CAN BOMB CALORIMETRY BE USED TO DETERMINE THE ENERGY CONTENT OF 
SESTON?

Tore Strohmeier*, Øivind Strand and Cathinka Krogness

*Institute of Marine Research 
PO Box 1870 Nordnes
N-5817 Bergen
tores@imr.no

Suspension feeding bivalves feed directly from the sea. They use their gills to retain the heterogenous mixture of suspended 
particles (the seston) that comprise the diet. The nutritional value of the seston is dependent on the concentration, composition 
and size distribution of the suspended particles and their availability in space and time. The seston in coastal waters varies 
on short spatial and temporal scales with respect to concentration, biopolimeric composition, estimated energy content and 
nutritional value. 

The composition of the seston to meet the nutritional needs for growth and reproduction of suspension feeding bivalves is 
usually inferred by different seston quality ratios. Currently there is few published studies on the energy content of seston, and 
the energy absorbed from food is calculated as the product between a proxy of food availability and a ‘fixed factor’ to convert 
the proxy to energy content, as the variation over time in the relationship between food proxy and the energy content of the 
food is not known. This mismatch between the proxy of food availability and real energy content of the food suggests that the 
use of a fixed energy conversion factor holds a large potential for erroneous inputs in models of suspension feeder growth and 
trophic impact. 

The presentation will summarize the results from an ongoing project in terms of the seston mass/energy content needed to 
obtain accurate measurements, how to increase seston mass on filters and the seasonal energy content of seston and mussel 
tissue from a coastal site. 
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UTILIZING PARTERNSHIPS FOR INFORMED REGULATORY MANGEMENT OF Vibrio 
parahaemolyticus AT COMMERCIAL OYSTER FARMS IN ALASKA 

Kimberly S. Stryker*, John Jacobs, Ava Ellett, Jessica Jones, and Kris Holderied

Food Safety & Sanitation Program, Division of Environmental Health, Department of Environmental 
Conservation, State of Alaska, Anchorage, AK 99501
Kimberly.stryker@alaska.gov 

In 2004, Alaska was caught by surprise with an outbreak of Vibrio parahaemolyticus (Vp) illnesses, as waters were historically 
too cold to routinely support Vp growth. From 1995 – 2003, Alaska tested over 400 oyster and environmental samples without 
culturing a single isolate of Vp. Yet in 2004, 62 cruise ship passengers became ill after consuming oysters harvested from 
Prince William Sound. Subsequent investigation revealed the causative strain being of serotype O6:K18, and environmental 
surveillance yielded 77 isolates with O1:K9, O4:K63 and O6:K18 being predominant. Many of these serotypes are also found 
in the Puget Sound, and exchange through migrating animals or other means is likely due to proximity (McLaughlin et al. 
2005). However, the key to their emergence is likely elevated water temperatures, with all illnesses having occurred when water 
temperatures surpassed 15°C.  

After this outbreak, Alaska implemented a Vp control plan requiring water temperature monitoring, decreased harvest to 
temperature control time periods, and dropping gear or ceasing harvest if water temperatures exceed 15°C. From 2005 to 2017, 
Alaska reported between 0 and 5 sporadic cases annually, and routine monitoring of oysters or water for the presence of Vp had 
not been conducted. However, as of August 2018, Alaska had seen three separate outbreaks of Vp where records review and 
environmental investigations yielded no evidence of temperature abuse or non-compliance with the Vp plan that would have 
contributed to the growth of Vp.  

Alaskan waters represent a region of emerging risk for Vibrio illness. Current climate projections suggest that approximately 
33% of Alaskan coastal waters will routinely exceed 15°C in August by as early as 2030, a generalized predictor of conditions 
favorable for Vibrio growth (Jacobs et al. 2015). In Alaska, very little is known about the endemic strains of Vibrio that are 
currently present, and their potential virulence.  

In 2018, a partnership was formed between Alaska DEC, NOAA/NOS/National Centers for Coastal Ocean Sciences, FDA 
and Alaska shellfish growers to begin to understand the current distribution of Vp strains in Alaskan shellfish and changes 
that may have occurred since the 2004 outbreak.  During the summer of 2018, nearly 100 suspected Vp isolates were obtained 
from growers from the Southeast, Prince William Sound, and Kachemak Bay.  PCR confirmation, typing, and Whole Genome 
Sequencing are underway 

In this presentation, we will review the historical, current, and potential future issues with Vp in Alaskan waters through the 
lens of research and policy.   
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BROODSTOCK NUTRITION RESEARCH FOR CALIFORNIA YELLOWTAIL (SERIOLA 
DORSALIS)

Kevin Stuart*, Lisa Armbruster, Allen Davis, Ron Johnson, Guillaume Salze, and Mark Drawbridge

Hubbs-SeaWorld Research Institute
2595 Ingraham St.
San Diego, CA 92109
kstuart@hswri.org

The reliable production of marine finfish is contingent on the quality of the eggs available from the broodstock population.  
Inconsistent egg production or poor egg quality will negatively impact the production of juvenile fish available for growout.  
Proper broodstock nutrition is critical for maintaining a supply of good quality eggs.  Over the last three years, Hubbs-SeaWorld 
Research Institute has been investigating the effects of broodstock nutrition on spawning and egg quality in California yellowtail 
(Seriola dorsalis).  

Three feeding trials were completed during consecutive spawning seasons from 2015 to 2018 using California yellowtail 
broodstock.  For each trial we used a Hobart mixer and mash premix (Bio Vita Starter Mash; Bio-Oregon, and Breed-M; 
INVE) to formulate experimental diets in sausage form of 3.0 cm diameter cut to 8.0 cm in length.  During the first and second 
spawning seasons we evaluated the use of arachidonic acid (ARA) and taurine (TAU) supplemented diets as compared to a 
reference diet and in the third season we evaluated a fresh diet (sardines & squid) as compared to a commercial reference diet. 

Fish were fed experimental diets at a ration of 3-5% body weight per day for five days of the week.  All trials were conducted in 
small breeding tanks of 10 m3 supplied with flow through water under ambient conditions.  Fish in all years spawned between 
April and August when water temperatures ranged from 15 to 23° C.  For all trials we recorded egg production, egg quality 
(hatch rates, survival to first feeding, egg and larval metrics), as well as fatty acid and proximate analysis for both the diets and 
the eggs.  

Results from these trials determined that ARA and TAU are necessary nutrients for California yellowtail and an increase in 
ARA in the diet of 1.0% and TAU of 2.4% improved egg production, and egg and larval quality.  It was also found that the 
commercial reference diet (Breed-M, INVE) fed to California yellowtail reduced egg production and quality when compared 
to broodstock fed a fresh diet.  

These trials are first steps in defining the nutritional needs of California yellowtail broodstock so that a formulated feed can 
be developed that is more consistent and biosecure than traditional fresh fish diets.  Future research will be aimed at defining 
specific inclusion levels of nutrients such as ARA and TAU, in order to formulate a broodstock diet for California yellowtail 
that will maximize egg production and quality.
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THE STATUS OF CALIFORNIA HALIBUT, PARALICHTHYS CALIFORNICUS, AS A 
TECHNOLOGICALLY FEASIBLE SPECIES FOR MARINE US AQUACULTURE

Kevin Stuart*, Constance Silbernagel, and Mark Drawbridge

Hubbs-SeaWorld Research Institute
2595 Ingraham St.
San Diego, CA 92109
kstuart@hswri.org

California halibut (CH; Paralichthys californicus) is a highly valued species that supports an important commercial and 
recreational fishery along the Pacific coast of the United States.  It is the largest of 18 species recognized in the genus 
Paralichthys, reaching a maximum size of 33 kg.  This species is considered a promising candidate for marine aquaculture in 
California, with interest for both food and stock replenishment.  It has been reared on an experimental level since the early 
1980’s, with limited commercial efforts in Mexico.

Culture of CH in the United States has mostly been done on a small scale and has shown that it is technologically feasible 
to rear this species.  Broodstock maturation and egg production can be accomplished without hormone therapy and fish will 
produce eggs for approximately six months of the year when ambient water temperatures are between 15 and 20° C.  Larval 
culture of the species includes both rotifers and Artemia as live prey, along with the addition of greenwater during the rotifer 
phase.  Larval survival to settlement (at ~28 dph) is typically very high (70-80% from egg), however losses during settlement 
in high density conditions can reduced this to 15-20% by the time metamorphosis to a juvenile is complete at ~50 dph.  
Juvenile growout to market size has been done on a very limited basis in flow through tanks.  Females grow faster than males 
but even so, it takes up to three years to reach a market size of 1kg.  A live market for this species exists and is currently 
being supplemented in California by the importation of Korean flounder, Paralichthys olivaceus. Among the known disease 
agents affecting P. Californicus are ectoparasites including Trichodina sp., Uronema sp. and Cryptocaryon sp.; endoparasites 
including Anisakis sp.; and bacterial agents including Pseudomonas sp. and members of the family Vibrionaceae, such as 
Photobacterium damselae subsp. damselae which has been associated with mass mortality events. 

While culture of this species is technologically feasible, research still needs to be done in certain areas in order to realize 
commercial readiness.  These areas include: improved nutrition across all life stages, selective breeding to improve growth 
rates, development of all female populations; and improved juvenile pigmentation; developing methods for disease prevention, 
diagnosis and control. 
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AN OVERVIEW ON TUNA FEEDING AND NUTRITION

Jorge Arturo Suarez and Daniel Benetti

University of Miami, Rosenstiel School of Marine and Atmospheric Science
4600 Rickenbacker Causeway, Miami, Florida 33149, U.S.A.
Email: jsuarez@rsmas.miami.edu

Tuna aquaculture scientists and the industry concur that the long-term sustainability and profitability of the tuna farming is 
conditioned to the successful development of practical, cost-effective and environmentally-sustainable diets. Since tuna are 
fattened primarily fed on pilchards and sardines, the practice requires considerable logistics, high costs and is vulnerable to 
criticism by several stakeholders.  Although there is evidence that tuna fattening is more ecologically efficient and economically 
viable than tuna fishing even at relatively high FCRs (15-20:1), it is widely accepted there is a clear need of understanding the 
nutritional requirements for manufacturing practical diets for juvenile and adult tuna. 

Development of practical and sustainable diets for the new target species is at the top of the list of problems to resolve. A 
lack of knowledge about the nutritional requirements and digestibility of nutrient ingredients at the various life stages of 
most commercially important scombrids being cultured has been identified as the major problem to be addressed and solved. 
Currently, economic feed conversion rates remain extremely high, ranging from 15-20:1. The problem is aggravated at larger 
sizes, which consume greater quantities of feed than their smaller counterparts.

Researchers and the industry are tackling these major issues by focusing on identifying the nutritional requirements at different 
life stages of each species targeted, aiming at formulating and manufacturing economically viable and ecologically efficient 
aquafeeds. In this paper, we’ll summarize the current status of nutrition of the large scombrids and updated overview.
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THE EFFECT OF OYSTER FARM ON THE NEIGHBORING HOUSING VALUE IN RHODE 
ISLAND

Pratheesh O Sudhakaran*, Gavino Puggioni, Hiro Uchida, and James Opaluch

Department of Agriculture 
Texas State University
601 University Drive
San Marcos, TX-78666
Email: pos6@txstate.edu 

From 2000 onwards, the United States saw an increasing trend for the shellfish aquaculture practices, especially along the 
Northeast coast. Despite the majority of public supporting shellfish aquaculture operations, these operations are sometimes 
opposed by local communities. Recently, the state of Massachusetts has issued a marine sanctuary to waters near Poppanesset 
Island and the cause for such an action is widely attributed to the strong resistance of the rich communities for the construction 
of oyster farms in Poppanesset bay (O’Sullivan 2014). Moreover, in a public meeting for seafood marketing held at Providence, 
Rhode Island in 2014, a discussion was carried out regarding the devaluing of property values due to the construction of oyster 
farms in the vicinity. Different reasons such as blocking the scenic water view, more water traffic, and more traffic on roads 
leading to the oyster farm might be the possible reason for the devaluation of property claims. Since the uproar against the 
devaluing of housing property is directly affecting the lives of the public, it is critically important to study the effect of the 
construction of oyster farms on property value. A difference-in-difference (diff-in-diff) approach within a hedonic price model 
(HPM) was used to evaluate the effect of oyster farm on property values. We used a linear mixed specification with lot size 
as unit level fixed effect and city as a random effect. Our housing sales data list all the housing transactions in Rhode Island 
between 2000 and 2013. The result (Table 1) showed that the construction of oyster farms reduced the value of larger properties, 
but the effect is insignificant in general.  One of the limitations of this study is the relatively small housing transactions after the 
construction of oyster farms, which happened in recent years. Moreover, the analysis is not capturing the perception of those 
house owners who were not in the market. A revealed preference method such as a survey would be necessary to capture the 
perceptions of all house owners.
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METAGENOMIC ANALYSIS OF MICROBIAL POPULATION IN INSITU AND EXSITU 
BIOFLOC IN THE FRESHWATER GIFT TILAPIA CULTURE

S.Felix*, M.Menaga, A.Gopalakannan & M.Charulatha

Vice Chancellor
Tamil Nadu Dr.J.Jayalalithaa Fisheries University
Nagapattinam

A study was conducted to investigate the microbial community of biofloc in freshwater culture of GIFT Tilapia for 180 days. 
The animals were stocked at a density of 50/m3 in two treatments such as insitu and exsitu in triplicates. The biofloc samples 
were collected and the metagenomic DNA sample was isolated from insitu and exsitu biofloc culture pond water throughout the 
experimental period.The metagenomic DNA sample was isolated from insitu and exsitu biofloc culture pond water throughout 
the experimental period. The quality of isolated metagenomics DNA sample was checked on NanoDrop for determining 
A260/280 ratio. The kingdom level abundance in insitu pond water was found to be 62.47% of bacteria, 0.32% of archaea, 
36.77% of unclassified and 0.4% eukaryote. The kingdom level abundance in insitu pond water was found to be 58.12% of 
bacteria, 0.12% of archaea, 47.0% of unclassified and 0.4% eukaryote. In both insitu and exsitu, the proportion of Proteobacteria 
was found to be abundant at the phylum level and Leptolyngbya sp. at the species level. Based on the functional classification 
performed most of the genes were found to be involved in metabolism. This study becomes the first of its kind in determining 
the microbial profile of biofloc in the freshwater culture of GIFT Tilapia. The functional ecology of the microorganisms is 
identified and it is further used for the identification of probiotic potency and production of valuable metabolites. 
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SEA CUCUMBER (Pastichopus californicus) POLY CULTURE TRIALS AND HURDLES IN 
WASHINGTON STATE

Andrew Suhrbier*, Ryan Crim, Lorenz Hauser, Natalie Lowell, Ralph Elston and Dan Cheney

Pacific Shellfish Institute
120 State Ave NE #1056
Olympia, WA  98502 USA
suhrbier@pacshell.org 

A prized delicacy in Asian markets, the giant red sea cucumber (Parastichopus californicus) is commercially dive harvested 
along the west coast of North America. While populations have declined leading to closed areas and reduced quotas the market 
demand has been steady. Efforts to raise these creatures in an aquaculture setting in Alaska and Washington state are ongoing 
through multiple grant opportunities providing the groundwork to fill the demand.   Up to a year and a half of individual growth 
data has been collected and analyzed for juveniles set out with mussel and black cod/sablefish farms in Washington State 
(figures 1 and 2).  Growth has been consistent with anecdotal and published seasonal trends with animals reaching market size.  
Other aspects of sea cucumber culture such as Washington state hatchery and nursery development, population genetics and 
disease work will be briefly discussed (figure 2). 
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USAID FARMER-TO-FARMER AQUACULTURE PROJECT VOLUNTEER OPPORTUNITIES 
OVER THE NEXT FIVE-YEAR CYCLE

Joseph R. Sullivan 

Retired
14836 Ls Cresta Dr., Piedmont, Oklahoma, 73078
nalitemwaubwalwa@gmail.com

Every five years the US Congress passes the Farm Bill which, among many other things, funds the United States Agency for 
International Development’s (USAID) John Ogonowski and Doug Bereuter Farmer-to-Farmer Program.  This bill was up for 
renewal again in 2018 and, at that time, a handful of non-governmental organizations (NGOs) submitted bids for and were 
awarded contracts for executing this program in specific countries.  Following these awards, the NGOs then began planning 
for projects to support agriculture in these countries.  Included under the wide umbrella of agriculture is aquaculture along 
with a long list of other farm plants and livestock.  Generally speaking, the NGOs seek volunteers for two week to month-long 
training projects.  These can include projects directly related to culture of the fish, shellfish or aquatic plant and the various 
aspects of that, but also can include the business elements such as business plans, budgeting, value-added processing, marketing 
and so forth.  This presentation will identify countries with aquaculture as part of their Farmer-to-Farmer program, the lead 
NGOs in those countries, the aquaculture project plans as far as they have developed by the time of the meeting, NGO contact 
information and hard-copy announcements for any projects for which the NGOs are actively seeking volunteers at that time.  
Volunteer travel, per diem and lodging expenses are covered, but no salary is given.

Even if there are no projects addressing your particular skills at the time of the meeting, conference attendees with several weeks 
of available time are encouraged to submit their resumes to the NGOs.  I have completed more than two dozen aquaculture 
assignments so far and actively applied for less than 10% of those, being unaware of the assignments before being contacted 
by the NGOs.  If you are in their database and they find a match, they will contact you; although you are certainly encouraged 
to directly apply for assignments shown on their web sites if you wish.
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HEAVY METAL BIOACCUMULATION AND HISTOPATHOLOGY INTERRELATIONSHIP 
FOR SEASONAL ENVIRONMENTAL ASSESSMENT OF Cirrhina mrigala INHABITING RIVER 
CHENAB 

Tayyaba Sultana*, Sarfraz Hussain, Salma Sultana and Shahid Mahboob Rana

Department of Zoology, Government College University, Faisalabad-38000, Pakistan
E-Mail: arif143@yahoo.com

The current study was aimed to evaluate the seasonal variation in bioaccumulation of metals (Pb, Cu and Ni) in selected fish 
tissues (Gills, Kidney, Liver and Muscle) of Cirrhinus mrigala.Twenty fish samples having average total length 32cm and 
total wet weight 1258 grams were collected from the polluted site near Wara Thatta Muhammad Shah (31° 32′ 57′ N, 72° 32′ 
6′ E), River Chenab, District Cheniot, Punjab. These samples were collected during December 2015 to November 2016.The 
collected specimen were kept in polythene bags and transported to the Department of Zoology, Government College University, 
Faisalabad. The atomic absorption spectroscopy was used to assess the bioaccumulation and histopathology was done by 
following the procedure of histopathology. 

The results revealed variation in bioaccumulation of metals in different seasons. In winter season minimum concentration 
of Pb, Cu and Ni was recorded while highest was recorded in summer season. The bioaccumulation order of Pb & Ni in 
organs was Liver > kidney > muscle > gills in winter whereas in summer the order was liver > gills > kidney > muscle. The 
bioaccumulation order of Cu in winter in organs was kidney > liver > gills > muscle while in summer it was gills > kidney 
> liver > muscle whereas in case of Ni bioaccumulation order in summer it was detected as kidney>muscle>gills>liver. The 
studied heavy metals concentration were above the permissible limits of WHO. Histopathological examination of fish has 
been considered an important indicator to evaluate the environmental pollution. Histological assessment was carried out in 
kidney and liver. Kidney showedCongestion (CN), Dilation (DL) in Bowman capsule space, Necrosis (NC) while Livershowed 
cytoplasmic vacuolation (CV), Necrosis (NC), Sinusoid dilation. This study revealed that the Chenab River is polluted due to 
the discharge of industrial effluents, sewage run off from the city. The entry of metals into the river system reflects the pollution 
by industries which may adversely affect the fish population. 
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TEXTILE INDUSTRY EFFLUENT TOXICITY ON DNA INTEGRITY AND HISTOLOGY OF 
REPRODUCTIVE SYSTEM OF Labeo rohita

Salma Sultana*1, Waqas Bashir1, Tayyaba Sultana1, and Shahid Mahboob Rana2

1Department of Zoology,  Government College University, Faisalabad-38000, Pakistan
2Department of Zoology, King Saud University, Saudi Arabia
*Corresponding Author email: sal545pk@yahoo.com

The experiment was conducted for the period of six months. The experiment was done in triplicate.  The 15 fingerlings were 
exposed to different concentrations of textile effluents for determining of LC50 for 96 hours duration. The 90 fingerlings of Labeo 
rohita was exposed to different sublethal doses of textile effluents after determining the LC50.  The percentage concentrations of 
sample water were prepared on volume to volume (v/v) ratio. LC50 for 96 hours were determined for Labeo rohita was147.795 
ml/L.   The fish were fed commercial diet 3-4 % of wet body weight. Growth parameters were also recorded on monthly basis.
The DNA integrity was assessed by comet assay and % DNA fragmentation protocol. The histology was done following general 
protocol.

When these fishes were exposed to different sub-lethal concentrations of textile mills effluents their gonad showed marked 
histological alterations as compared to the control specimens. Morphological, structural and cellular changes were observed 
carefully. The targeted organs were testis and ovaries in this study. The gonad histology of Labeo rohita showed dysgenesis 
severe hypergonadism, hypogonadism, focal necrosis and changes and degenerations of gonad cells. The changes in testis size 
(Testicles shrink) was also examined in experimental group whereas normal histology of testis and ovaries of control Labeo 
rohita was observed.  

The experimental Labeo rohita showed comet development in ovaries and testis and no comet in control fishes. The fishes 
in control group have not shows comet formation. This study concluded that DNA Fragmentation increase with increase of 
exposure time. DNA Fragmentation was used as a bio-indicator for long term effect of textile effluents on the gonad of Labeo 
rohita. The % DNA Fragmentation was also assessed in testis and ovaries of Labeo rohita on monthly basis. 
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ATLANTIC SALMON Salmo salar, STEELHEAD Oncorhynchus mykiss, AND LETTUCE 
PRODUCTION AT SUPERIOR FRESH LLC

Steven Summerfelt and Brandon Gottsacker
  
Superior Fresh LLC
W15506 Superior Fresh Drive
Hixton, WI 54635

Superior Fresh LLC uses state-of-the-art recirculating aquaculture system (RAS) technology in a “fish house” and connected 
hydroponics “greenhouse” to produce micro-greens, baby greens, head lettuce, steelhead, and Atlantic salmon year-round while 
recycling 99.9% of the flow. Existing facilities are on target to produce approximately 100 MT and 600-1000 MT of fish and 
lettuce annually, respectively, with variations depending largely on the mix of greens produced. Expansions underway and 
planned for 2019 at the current location are expected to increase production approximately 5-fold. 

The fish house uses dual-drain culture tanks, radial flow settlers, drum filters, fluidized sand biofilters, forced-ventilated 
cascade column, low head oxygenation, and ozonation, which are all technologies that have been well-proven for trout and 
salmon production during USDA ARS supported research at The Conservation Fund Freshwater Institute. The nearly 3-acre 
greenhouse uses relatively long and shallow pools with floating raft technologies to produce leafy greens. The greenhouse 
includes sophisticated water recirculation systems and climate control and supplemental LED lighting, i.e., LED’s are only 
used when solar intensity is reduced seasonally and by cloud cover. In addition, water is recirculated between the fish house 
and greenhouse to provide nutrients for the leafy greens and subsequently remove nutrients from the water that is returned 
to the fish. Thus, every ton of fish feed fed produces almost one ton of fish and up to 6-10 MT of salad greens, which truly 
maximizes nutrient utilization. In addition, Superior Fresh irrigates the effluent from their fish culture, plant culture, and 
processing systems on approximately 20 acres of alfalfa, but stores this effluent in a 5-million gallon pond when the ground is 
frozen. Thus, none of the fish or plant production or processing system water goes to a surface water discharge. 

Fish are received as eyed eggs; they are never vaccinated or fed antibiotics or pesticides. These fish are fed an organic-certified 
feed that includes a relatively high proportion of fishmeal/fish oil but no land-animal proteins or GMO ingredients. Gutted 
Atlantic Salmon are marketed at a typical mean size of 4 kg, with regular weekly harvests that began during the summer of 
2018. The Atlantic salmon sell for a premium price and are the only local “farm to table” options on menus and store shelves in 
Wisconsin and other regions of the Midwest. Steelhead are marketed less frequently, generally in special promotions, at a mean 
size of 2.5 kg, with harvests that also began in the summer of 2018. Leafy greens, which are USDA organic certified, have been 
marketed in both retail and wholesale outlets since 2017. Fresh product ships practically every day of the year.

Superior Fresh is at the forefront of making sustainable local food systems a reality for consumers across the country.
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CONDITION OF SEA CUCUMBERS Cucumaria frondosa AFTER MULTI-YEAR HOLDING IN 
EFFLUENT WATERS OF LAND-BASED SALMON CULTURES

Jiamin Sun*, Jean-François Hamel, and Annie Mercier

Department of Ocean Sciences
Memorial University, St John’s, A1C 5S7, NL, Canada
jiamins@mun.ca

Cucumaria frondosa is the most common sea cucumber in the North Atlantic and one of the most abundant worldwide. It 
occurs along the coast of New England (USA), the eastern coast and Arctic Canada, Greenland, and Scandinavia, as well as in 
the Faroe Islands. Sea cucumbers have been identified as prospective extractive species in integrated multi-trophic aquaculture 
(IMTA). They are presumed to have the ability to remove organic particles from the water and sediment and use this energy 
to grow. This study aims to investigate whether C. frondosa (a suspension feeder) can be sustained on effluent wastes from 
a salmon culture, by comparing the growth and health of sea cucumbers feeding on these waste products with those of wild 
individuals with natural diets. 

Tanks holding sea cucumbers were supplied with effluent from 
a land-based salmon culture for about 4 years. Sediment (i.e. 
excess fish feed and feces) was siphoned and filtered (100 μm) 
before being frozen at -22℃. Sea cucumbers from  the IMTA 
system and from the wild (24 of each) were also collected 
during the same period and held in filtered seawater for 48 
h to evacuate feces, before sampling different organs and 
taking their wet weight. Preliminary analysis showed that the 
individuals from the IMTA system were different, i.e. smaller 
and less healthy; their muscle bands were also thinner (Figure 
1). All the sea cucumbers from the wild had a well-developed 
gonad (Figure 1A), whereas only 42% of sea cucumbers from 
the IMTA system had a gonad, and it was smaller and immature 
(Figure 1B). 

In addition, the muscle bands, intestine, and gonad of all sea 
cucumbers, as well as the sediment samples, were analyzed for 
proximate content and stable carbon and nitrogen isotope ratios. 
Subsamples we also collected for lipid and fatty acid analysis. 
Results of this analysis will be compared and discussed.
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IMPACTS OF TRADE VOLUME ON PRICE RELATIONSHIPS: AN EMPIRICAL ANALYSIS 
OF THE U.S. CATFISH MARKET

Prasanna Surathkal* and Madan M. Dey

Department of Agriculture
Texas State University
San Marcos, Texas 78666
p_s197@txstate.edu

The U.S. catfish aquaculture industry has been shrinking continuously and alarmingly for the last 15 years or so. Rapid increase 
in catfish imports, which has coincided with the decline in the domestic industry, is being blamed by industry commentators as 
a major cause of the decline. In this analysis, we explicitly model the impacts of catfish trade volume on relationship between 
the import price and domestic prices at the wholesale and farm level.

We analyze price relationships as functions of trade volume in a threshold-based nonlinear time-series framework; trade regimes 
are defined empirically using the import volume as the transition variable; this allows us to endogenously split the sample into 
high-import and low-import regimes. We are essentially analyzing the pass-through of import prices to upstream (processor and 
farm) markets of domestic market in the catfish market, conditional on the levels of trade volume.

Data for the analysis has been compiled from the United States Department of Agriculture (USDA) and the National Marine 
Fisheries Service (NMFS). Figure (1) shows the plot of catfish imports into the U.S. between 1986 and 2013. The plot clearly 
shows a sharp jump in the level of catfish imports around 2004. As a preliminary step, we tested for a structural change in 
the catfish trade volume variable using the Pettitt (1979) nonparametric change-point test. Results from the test indicated a 
structural break at 2004-June (with a U test-statistic value of 22944 and a p-value of smaller than 0.001). Therefore, there was 
a statistically significant and abrupt increase in catfish imports after 2004 June. 

A common approach in previous studies of price transmission is to split sample data over the time dimension, which may not 
always be appropriate since there could be other fac- tors at play. Physical flow of goods is an important factor determining the 
integration of markets. Therefore, we divide the sample over the volume of catfish trade, which can more directly allow for the 
effects of import on prices. Our study contributes to the literature by: first, estimating the pass-through of import prices into 
domestic downstream market prices conditional on trade volume; second, our use of the trade volume variable as transition 
variable to define import regimes is an innovative approach to analyzing nonlinearities in price relationships.
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ASSESSING THE FEASIBILITY OF BIOFLOC TECHNOLOGY TO LARGEMOUTH BASS, 
Micropterus salmoides

April Surratt, Nicholas Romano, Amit Kumar Sinha, Nathan Egnew

Aquaculture/Fisheries Center, University of Arkansas at Pine Bluff, Pine Bluff, Arkansas, 71601

Biofloc technology (BFT) is an effective water quality management strategy and may also promote the growth and health of 
aquatic animals that can consume bioflocs, such as shrimp and filter feeding fish.  In fact, most research on BFT has focused on 
crustaceans and a few fish species that have included tilapia, carp and catfish.  Generally, the results have been positive, which is 
believed to be in part due to these animals being able to tolerate a high amount of suspended solids from bioflocs.  Information, 
however, is lacking regarding the feasibility of BFT to more carnivrous fish such as largemouth bass, Micropterus salmoides.  
The aim of this study was to compare the water quality as well as survival, growth, various stress indicators, and biochemical 
composition of M. salmoides cultured with BFT or a clear water system (CWS) over one month.

Each treatment (BFT and CWS) was triplicated with a total of 150 fish in each (initial mean weight of 9.6 ± 0.2) that were 
housed in 2,000 L blue colored tanks. Each BFT tank had three airstones to provide rigourous aeration and sugar was daily 
added at a C/N ratio of 15.  The CWS had a mechanical and biofilter on top of each tank and water was continually added with 
a submersible pump. All fish were fed twice daily ad libitum with floating pellets.  Each day, ammonia, nitrite, nitrate, pH, 
dissolved oxygen (DO) and settleable solids were measured.  Each week, a subsample of fish in each tank were measured for 
length, weight, hepatosomatic index (HSI), plasma cortisol and liver/muscle biochemical composition.

Initially, the BFT tanks had ammonia, nitrite and nitrate levels of 4, 5 and 8 mg/l, respectivley.  After 12 hours of adding sugar, 
these levels dropped to undetectable levels.  Despite the water becoming cloudy, the total settelable solids were largely absent. 
In contrast, dissolved nitrogen were consistently higher in the CWS tanks, until ammonia levels substaintially dropped after one 
week. The DO and pH tended to be lower in the BFT tanks, which was correlated to the amount of total settleable solids.  The 
DO never fell below 5 in the BFT tanks.

Fish in the BFT fed little for the first 5 days, but then slowly increased their feed intake onwards.  Neverthelss, the fish were 
cautious and slow feeders compared to those in the CWS tanks that eagarly fed on the water surface.  Despite the intially lower 
feed intake, the growth and HSI were comparable after the first week onwards.  Moreover, there were also little indications of 
stress among the fish between in each system.  Taken together, the obtained results thus far suggest that BFT can be applied to 
M. salmoides juveniles.  Ongoing analysis will further reveal any differences in overall quality and health between fish grown 
in each system. 
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SEA GRANT 10-YEAR AQUACULTURE VISION

LaDon Swann

Mississippi-Alabama Sea Grant Consortium
ladon.swann@usm.edu

For nearly 50 years, the National Oceanic and Atmospheric Administration’s (NOAA) National Sea Grant College Program 
(NSGCP) has invested in the development of sustainable marine and Great Lakes aquaculture businesses. For example, a 
$26-million investment in aquaculture research and technology transfer from 2012-2015 led to an economic impact of $200 
million and included the creation or retention of 8,000 jobs.

Sea Grant will likely be investing $50 to $100 million in aquaculture research and technology transfer over the next 10 years. 
A clear vision will help guide strategic investments to support and expand the aquaculture industry. In March 2015, the Sea 
Grant Association established a committee to develop a 10-year vision for aquaculture investments by NOAA’s NSGCP.  The 
purpose of this 10-year vision is to (1) determine Sea Grant’s most appropriate roles over the next 10 years, and (2) identify 
priority research and outreach strategies leading to sustainable economic development, environmental conservation and social 
well-being.   

NOAA Sea Grant’s 10-Year Aquaculture Vision: Sea Grant’s integration of research, outreach and education will be instrumental 
in creating and applying aquaculture products, tools and services to foster the expansion of a sustainable U.S. marine and Great 
Lakes aquaculture industry.
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WALTON W. DICKHOFF:  CAREER CONTRIBUTIONS TO FISH PHYSIOLOGY AND 
AQUACULTURE

Penny Swanson*

NOAA Fisheries
Northwest Fisheries Science Center
Seattle, WA 
penny.swanson@noaa.gov

In this symposium we pay tribute to the scientific contributions made by Dr. Walton W. Dickhoff to fish physiology and 
aquaculture, as well as his role as a mentor and champion of the aquaculture industry.  Throughout his career, Walt contributed 
to both basic and applied research on fish physiology, primarily in areas of growth, reproduction and development.  Many novel 
discoveries made by his team fundamentally shifted our understanding of how growth and reproduction are regulated in fish, 
and how growth affects important life history transitions such as, smoltification and age of maturity.  This research formed the 
basis of applied strategies for monitoring growth and reproduction in finfish, improving quality of salmon smolts, and altering 
age of maturity.  During his career he published 154 peer reviewed papers.  His research contributions were recognized by 
a Distinguished Research Award from the University of Washington (UW) in 1991 and a Distinguished Career Award from 
NOAA in 2004.  

Walt spent most of his professional career at NOAA Fisheries, Northwest Fisheries Science Center (NWFSC) and the School of 
Aquatic and Fishery Sciences (SAFS) in Seattle.  He received his doctoral degree from the University of California, Berkeley 
in 1976 after which he did postdoctoral research at UW under the mentorship of Professor Aubrey Gorbman.  Later he was a 
research associate in the Department of Zoology until 1984 when he moved to SAFS and became a research professor from 
1987- 2012.   He was hired as a physiologist by the NWFSC in 1982 and remained there until his retirement in 2017.  During 
that time, he was a division director at the NWFSC from 2003-2017.  He maintained joint appointments during much of his 
career. He taught fish physiology, served on 73 graduate student committees, chaired an additional 20 MS or PhD committees, 
and served on numerous departmental committees.  He played a key role as director of the Cooperative Education and Research 
Program between SAFS and the NWFSC from 1993-2002.  His committee service and leadership role at the NWFSC included: 
development of a NWFSC Internal Grant Program, revision of promotion processes, strategic planning, and expansion of 
research and facilities for marine aquaculture at the Manchester Research Station.  Aside from research, Walt contributed to the 
aquaculture industry by serving on Technical Oversite Committees and the Board of Directors for USDA’s Western Regional 
Aquaculture Center, which he chaired for several years. With the support of the NMFS Office of Aquaculture, he directed the 
expansion of a multidisciplinary marine aquaculture program at the NWFSC from 2010-2017. His efforts included construction 
of the Ken Chew Shellfish Research Laboratory, development of sablefish as a new marine species for commercial aquaculture, 
and establishment of a partnership with Puget Sound Restoration Fund to support restoration of native shellfish species.  His 
legacy lives on as these programs and partnerships with the aquaculture industry continue to expand, and many of his mentees 
continue to make significant contributions to both aquaculture and fish physiology.  
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OVERWINTERING STRATEGIES OF THE SALMON LOUSE Lepeophtheirus salmonis

Emma Taccardi*, Carrie Byron, Heather Hamlin, and Ian Bricknell

School of Marine Sciences; Aquaculture Research Institute
University of Maine
Orono, ME 04469
emma.taccardi@maine.edu

With increasing salmon production over the past several decades, there is growing concern about the impact of disease. The 
salmon louse Lepeophtheirus salmonis is the primary parasitic disease of salmon aquaculture and affects populations of both 
wild and farmed fish. Despite the current understanding of its widespread presence and detrimental effects on host salmonids, 
its complete life history strategy remains uncertain – particularly regarding overwintering prior to infection blooms in the 
spring. Baseline ecology and physiology of overwintering sea lice in Maine were investigated via host choice comparisons, 
development under low temperatures, and metabolic rates under a range of temperature regimes.

Stable isotope analysis (SIA) was assessed as a quantitative tool to distinguish where sea lice originate from, in terms of 
host population and geographical region. Preliminary studies experimented with sample processing protocols to establish an 
efficient method for SIA of sea lice. δ13C and δ15N isotopic values of parasites were compared across host cohorts (salmon 
tissue type, and farmed versus wild salmon), geographical region (Maine, Washington, and Canada), and years (2015-18). 
Results suggest clear separation in isotope signatures across months, and between farmed and wild salmon hosts (Figure 1).

Survival at each larval stage through the infectious copepodid stage was tested under low temperatures. Measurements at 
each experimental temperature (2, 4, 6, and 8°C) in one chamber were compared to those at a control temperature of 12°C in 
a separate chamber. Each egg string (24 per chamber) was monitored daily for: (1) total number of individuals, (2) days to 
hatched nauplii, (3) survival at nauplius stages, (4) days to copepodid molt, and (5) survival at copepodid stage. Preliminary 
results indicate that time to hatching is tripled at 4°C compared to 12°C.

Oxygen consumption rates (OCRs) of copepodids were measured as signs of basal metabolic rates under different temperatures. 
Preliminary studies examined various types and concentrations of anesthetic (aiming for temporary paralysis of L. salmonis), 
and compared OCRs of animals that were anesthetized and non-anesthetized. Individuals were distributed across a 96-well 
plate and into a Seahorse XFe96 Analyzer running at 4, 12, and 20°C. Additionally, OCRs of sea lice that developed under 4 
and 12°C were compared to evaluate whether “cold” lice performed better than control lice. Preliminary trials indicate that 
temporary paralysis is necessary for robust OCR readings, and that MS-222 is the most efficient anesthetic.
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HORIZONTAL TRANSFER OF THE pVA1 PLASMID FROM AHPND-CAUSING TO NON-
AHPND VIBRIO BACTERIA
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Yanbei Ren, Chengcheng Guo, Xuepeng Wang, Jie Huang
 
Yellow Sea Fisheries Research Institute 
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ktangnelson@gmail.com

Acute hepatopancreatic necrosis disease (AHPND) is a Vibrio bacteria disease that has caused substantial mortalities, reaching to 
100%, in farmed penaeid shrimp. This disease was originally shown to be caused by virulent strains of Vibrio parahaemolyticus 
those harbored a plasmid pVA1 encoding PirABvp toxin proteins. Recently, cases of AHPND caused by other Vibrio species, 
including V. harveyi, V. campbellii, V. owensii and V. punensis, are reported. The mechanisms underlying the burgeoning 
number of AHPND-Vibrio species is not known. Here we showed that all of the virulent strains of Vibrio bacteria harbor the 
pVA1-type plasmid. This plasmid contains a cluster of conjugative transfer genes, suggesting that the pVA1 plasmid can be 
disseminated via conjugation. We constructed a donor AHPND-V. parahemoluticus with the insertion of a chloramphenicol 
resistant gene into the pVA1, then transferred the pVA1_Cmr plasmid to a recipient non-AHPND V. campbellii by conjugation. 
The transconjugant V. campbellii became pathogenic and caused AHPND in the exposed population of Penaeus vannamei in a 
laboratory challenge study. In addition, the transfer of pVA1plasmid was demonstrated in vivo from AHPND-V. campbellii to 
V. owensii present in the healthy shrimp. These studies explain the increased numbers of AHPND-causing Vibrio bacteria, and 
will be useful in the development of management strategies leading to the prevention and control of AHPND.
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THE EFFECT OF COPPER SULFATE TREATMENT ON THE MICROBIOME OF COMMON 
SNOOK Centropomus undecimalis

Andrea M. Tarnecki*, Noah Levi, Nicole Rhody, Matthew Resley, and Kevan Main
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All organisms maintain a diverse community of microorganisms known as the microbiome that play a vital role in host health. 
These microbes aid in digestion, educate the immune system, and prevent infection through competitive exclusion and production 
of antimicrobials. The taxonomic structure of the microbiome is impacted by environmental conditions as well as host-derived 
parameters. Parasite treatments may alter microbiome structure, a condition known as dysbiosis, resulting in decreased bacterial 
diversity and increased abundances of opportunistic pathogens. The purpose of this study was to characterize the impact of 
copper sulfate treatment on the microbiome and innate immune activity of common snook Centropomus undecimalis.

Parameters were measured in external mucus of wild snook from Terra 
Ceia Bay, Florida, and captive broodstock ranging in time in captivity 
from 3 months to 3 years sampled twice within a 3 week period. 
The first sampling point coincided with the end of a 45 day copper 
sulfate treatment that was allowed to depurate naturally before the 
second sampling point. Total bacterial counts and total Vibrio counts 
were determined using culture-based methods. The microbiome was 
characterized with high-throughput sequencing. Innate immune activity 
was determined using established assays.

Snook microbiome structure was determined primarily by group 
(wild versus captive) and sampling time (captive, first versus second 
sampling) (Fig. 1). At the end of copper sulfate treatment, community 
were dominated by Catenococcus whereas after depuration Idiomarina 
increased in abundance. Females harbored higher Vibrio counts than 
males in wild fish (Table 1). Captive fish had higher superoxide 
dismutase (SOD) activity and Vibrio counts than wild fish. There were 
no significant differences in other measured parameters. 

Copper sulfate treatment significantly alters microbiome structure, 
and this community is altered following depuration of the parasite 
treatment. Increased SOD activity in captive fish suggests oxidative 
stress. A future sampling point is planned to observe community 
structure following an extended time in captivity.
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SEX AND NUTRITIONAL HISTORY AFFECT STRESS RESPONSE BEHAVIORS OF THE 
ZEBRAFISH Danio rerio

J. Christopher Taylor, Stephen A. Watts, Robert Sorge

The zebrafish has been frequently utilized as a model for studies focusing on human cognitive states including pain and 
distress. Previous experiments in our lab suggest that the zebrafish is a good candidate for nociceptive studies as it responds 
dose dependently to a variety of algogens which cause discomfort in mammals. In this study we investigated the effects of 
nutritional history and sex on sensitivity to inflammatory pain. Zebrafish were proffered daily rations of food equal to 2%, 
5%, or 8% of their body weight for a period of 4 months. A portion of these fish were injected in the lips with a 5 μl dose of 
5% acetic acid (IAA) or DDH2O. After a 20 min acclimation period, the distance swam in the next 20 min was recorded and 
tracked with Anymaze software (Stoelting Co.), after which the fish were euthanized. Rations for the remaining fish in each 
treatment were then increased or decreased for a month to cause a change in body mass. Fish were then injected with acetic 
acid or DDH2O and swimming distance was again tracked. IAA was correlated with a decrease in motility during the recording 
sessions. Male or diet-restricted fish were most sensitive to IAA. We suspect that these responses are indicative of increased 
cognitive discomfort. However, critics of pain studies in fish cite differences in brain anatomy between fish and mammals and 
often classify nociceptive behavior in fish as a painless reflex rather than discomfort. We hypothesized that if fish were capable 
of cognitive suffering then they would seek to alleviate discomfort if given the opportunity. We built a novel apparatus which 
maintained a horizontal temperature gradient (25-35° C) within a 61*5*1.5 cm (L*W*H) column of water. Control or IAA 
treated fish were allowed to swim freely within the aquarium and the amount of time spent on the warmer and cooler sides of 
the apparatus was recorded and compared between fish that were injected in the lips with acetic acid or DDH2O. Male zebrafish 
with IAA spent more time in the cooler zone of the aquaria than fish injected with DDH2O. We suspect the male zebrafish 
sought cooler water to alleviate their discomfort.  In a subsequent study comparing the effects of zebrafish skin extract (a 
possible anxiogenic) on temperature preference in zebrafish, the same trend of seeking cooler water was observed in males, 
but not females. These data suggest that sex and nutritional history will impact outcomes of pain studies in zebrafish and we 
hypothesize these behaviors have a cognitive component which is not reflexive. Supported by NORC P30DK056. 
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EVALUATION OF AN ON-LEVEE MODIFIED PARTITIONED AQUACULTURE SYSTEM 
FOR PRODUCTION OF PACIFIC WHITE SHRIMP Litopenaeus vannamei

David Teichert-Coddington*, Luke A. Roy, Benjamin H. Beck, Jeonghwan Park, D. Allen Davis, 
Sunni Dahl
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Farmers in west Alabama raising Pacific white shrimp, Litopenaeus vannamei, in low salinity waters have used semi-intensive 
ponds as the primary production system for nearly twenty years. Traditional farm ponds vary in size from 0.75 – 3.5 hectares. 
In recent years, one farm in Alabama has been experimenting with an alternative production system, split ponds, to produce 
marine shrimp. The split pond production system is similar in design to those recently adopted by the U.S. catfish industry. The 
shrimp split ponds use 20 to 40% of the pond as a shrimp culture zone and the other 60 to 80% of the pond serves as a waste 
treatment basin in which no shrimp are stocked. Culture water is exchanged between the two sections of the pond utilizing 
a slowly rotating paddle wheel. The U.S. catfish industry has observed remarkable increases in total production utilizing this 
intensive pond-based production system. Despite the development of intensive pond-based production systems for shrimp 
culture, variable survival, growth, and inconsistent production are commonly observed in these systems. In order to avoid some 
of the issues associated with pond production that might result in poor performance (most notably depredation by predators 
such as waterbirds, exposure to pond bottom soils, and low dissolved oxygen), an on-levee modified partitioned aquaculture 
system was developed in which land-based tanks serve as the shrimp culture unit and an adjacent pond serves as the waste 
treatment lagoon. A 12-tank system was constructed on shore next to a 1,1-ha earthen pond. Each tank was 3.05 m in diameter 
and contained 7.1 m3 of water. Four tanks were each stocked with 300, 600, or 900 shrimp/m3. Tanks were equipped with a3 
water supply nozzles that aerate by venturi action. Water was exchanged continuously from the earthen pond to each of the 
on-shore tanks. 

In addition to the 12-tank modified partitioned aquaculture system, production and water quality was tracked in two separate 
split ponds already located on the farm in order to compare growth, survival, and water quality of these different production 
systems. Over the course of the production cycle, dissolved oxygen and temperature were monitored daily, while total ammonia 
nitrogen, nitrite nitrogen, pH, and salinity were measured weekly. In addition, total alkalinity, total hardness, and chlorophyll-a 
were measured monthly. The production trial is currently on-going and ponds will be harvested in October of 2018. Shrimp 
survival, final weight, yield, and food conversion ratio will be determined following harvest. Results will be utilized to evaluate 
the feasibility of a modified on-levee partitioned aquaculture system compared to traditional split ponds production systems. 
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SURVEILLANCE PROGRAM AND ANIMAL HEALTH MONITORING: AN INVESTMENT 
RATHER THAN COST

Shuaib T Muhammed*, Albert Ferrer, Victoria Alday Sanz
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Disease in aquaculture systems are the outcome of three major components, namely, health of the animal, culture environment 
conditions and presence of pathogen in the system. The early detection of signs of diseases or poor health is crucial to take 
measures to minimize the economic impact of diseases.  Routine animal health monitoring allows to generate this information 
for immediate decision-taking such as feeding rate correction, water exchange or even emergency harvest. A well-established 
surveillance program is the key to achieve the above mentioned results. The surveillance program is designed to focus mainly 
on primary endemic pathogens in key stages of production as well as in wild. It also includes exotic pathogens which are 
emerging or present a higher risk as these could be find the way through into the culture system via various means including 
water currents, importation of shrimp and fish from infected countries or ballast water. 

 This presentation describes about the current surveillance program at National Aquaculture Group, NAQUA, having around 
4500 ha of culture surface. Since the main damage to shrimp industry of Saudi Arabia was caused by WSSV disease in recent 
years, the major part of the program is adopted for an early detection of WSSV and then the priority goes to TSV as the disease 
was present in the south of Saudi Arabia few years back. The frequency of sampling for endemic pathogens varies based on 
the economic impact of the disease, the type of rearing conditions (indoor or outdoor) and also depends on weather conditions 
as low temperature that does pose a risk factor. The frequency of exotic pathogen surveillance is based on their distribution, 
economic impact and the risk of introduction. Wild crustacean samples from the premises of farm (intakes, feeder canals etc.) 
is incorporated as part of surveillance and these samples are tested for endemic pathogens: WSSV and TSV. 

This presentation also describes the shrimp health monitoring system and strategies. The objective of this program is to assess 
the health status of the animals in production systems and detect any possible buildup of diseases. The program describes the 
importance of obtaining the right sample, the different techniques used for analysis and interpretation of outcomes taking to 
account environmental factors. It also elaborates the criteria of morphological changes that indicate deviation from optimum 
health, covering from macroscopic to microscopic changes, the possible causes that may lead to these changes and mitigation 
measures to decrease the risk of disease outbreak.   It is emphasized that health is directly related to productivity and therefore, 
close monitoring and optimization of animal health is a key tool for profitable farming.
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RAPID PROGESTIN INDUCTION OF SOUTHERN FLOUNDER SPERM HYPERMOTILITY 
THROUGH A NONGENOMIC MECHANISM 

Peter Thomas*, Yefei Pang, Wenxian Tan. 
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Development of commercial aquaculture for many marine flatfish species such as southern flounder is severely limited by 
poor male reproductive performance, especially reductions in sperm motility and fertility, but the underlying causes are largely 
unknown. A clearer understanding of the mechanisms regulating sperm motility would enable the development of more reliable 
and efficient methods to improve sperm quality and spawning of southern flounder and other marine flatfish species. Our 
previous studies have shown that acute treatment of southern flounder and Atlantic croaker sperm in vitro with a teleost 
progestin hormone (20β-S) causes rapid induction of sperm hypermotility and increased fertility through activation of progestin 
membrane receptor alpha (mPRα) coupled to a stimulatory G protein and increases in cAMP levels. In the present study the 
potential involvement of several intracellular signaling pathways in the sperm hypermotility response to 20β-S was investigated 
using specific pharmacological tools.

Aliquots of freshly collected sperm, diluted in physiological saline, were preincubated with inhibitors (I) or activators (A) of 
Egfr (I:AG1478, A:EGF), Mapk/Erk1/2 (I: U0126), Pi3k/Akt (Pi3k I:Wortmannin, LY294002, Akt I: ML9), Acy/cAMP (I: 
dd-Ado, A: forskolin), Pde (I: Cilostamide), or calcium (L-type channel I:verapamil) signaling pathways for 30 min. prior to 
treatment with 20β-S or Org 02-0 (specific mPR agonist) for 1 min. and motility activation with a hyperosmotic medium. Sperm 
motility was observed under a microscope and recorded for 1 min with a video camera and swimming speed was calculated 
using motion analysis software. Calcium influx into flounder sperm was measured using Fura-2 with a fluorescence plate 
reader and phosphorylation of Akt and Erk 1/2 by Western blot analysis. The induction of sperm hypermotility by 20β-S and 
Org 02-0 was blocked by prior treatments with inhibitors of Egfr, Mapk, Pi3k/Akt, Pde, and Acy. On the other hand treatment 
with activators of Egfr (EGF) and Acy (forskolin) mimicked the effects of the progestins and induced sperm hypermotility. 
These results indicate that progestins induce sperm hypermotility through Egfr/Mapk/Erk1/2, Pi3k/Akt/Pde, and Acy/cAMP 
pathways. The progestins caused rapid calcium influx into sperm, an effect mimicked by EGF and forskolin and blocked by 
verapamil which also blocked progestin induced sperm hypermotility. The results suggest progestins activate multiple signaling 
pathways through mPRα in flounder sperm to induce calcium influx and hypermotility and enhance fertility. Practical methods 
to increase the reproductive performance of flounder broodstock could potentially be developed through pharmacological 
stimulation of these pathways. This research was supported in part by USDA NIFA grant 2009-65203-05757 to PT.
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A REVIEW OF THE IMPACT REEF STRUCTURE AND SIZE HAVE ON INTERTIDAL AND 
SUBTIDAL ZONES

Melody A. Thomas*, Matthew Campbell, and Steve Hall
 
Biological and Agricultural Engineering
North Carolina State University
Raleigh, NC 27695
Mathoma6@ncsu.edu

There are many efforts to protect the coastal environment and rehabilitate natural species. One such effort is artificial reefs that 
help provide habitats for marine and estuarine species, attenuate wave energy, and stabilize shorelines. This will be a review on 
artificial reef structures in intertidal and subtidal zones and the effects shape and size have on the reef functions and surrounding 
areas.

Intertidal reefs are important for coastal protection along with protecting and providing habitat for species near the shore. 
The coastal protection provided by the reefs include attenuation of wave energy, reduction of erosion, and water quality 
improvement. A popular species found on reefs are bivalve mollusks, filter feeders growing in brackish waters and along the 
coast. The mollusks help enhance the reef structure and function over time. Size of the artificial reef is an important factor in 
intertidal zones since larger structures can reduce more of the wave energy; however, water needs to be able to pass through to 
allow habitat development and provide nutrients to the habitants. 

The shape and size for subtidal reefs can greatly influence which species will be attracted. Species utilizing these structures 
include crustaceans and juvenile fish. Optimizing the reefs to attract fish based on unique structures to create smaller areas 
could protect the juveniles from predation and increase survival rates of previously declining fish.
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USING IN VITRO TECHNIQUES TO CULTURE SEVERAL SPECIES OF MID-ATLANTIC 
FRESHWATER MUSSELS

Roger L. Thomas*, Kathryn Longwill, Lance Butler, Danielle Kreeger, Kurt Cheng, and Christopher Vito 

The Academy of Natural Sciences of Drexel University
Patrick Center for Environmental Research
Philadelphia, Pennsylvania 19103 
Thomas@ansp.org

Freshwater mussels are the most imperiled group of animals in North America. During the last century, there have been dramatic 
declines in species diversity, range and population abundance. These changes are most likely due to decreased water quality, 
the historic construction of barriers to fish host migration and increases in land development. It is important to conserve this 
natural resource because numerous studies have shown that freshwater mussels are ecosystem engineers that provide valuable 
services such as water filtration, habitat enhancement, and benthic substrate stability in ponds, small streams and large rivers. 

Laboratory and hatchery propagation techniques are key to increasing diminished mussel populations but can pose numerous 
challenges, such as obtaining healthy fish of the right species and size to match each mussel species’ seasonal reproductive 
requirements. In vitro methods that circumvent the need for a fish host would improve, and potentially, reduce costs and allow 
culturing of rare species that are hard to propagate using established techniques. 

Three mussel species (Utterbackiana implicata, Leptodea ochracea, and Lampsilis cariosa) were successfully transformed 
into juveniles using in vitro techniques. Some challenges that were faced include maintaining proper media pH and controlling 
fungal growth. Survival of in vitro juveniles varied among species, though significant mortality was seen up to one month 
post-transformation. Lampsilis cariosa juveniles demonstrated the best transformation and survival rates out of the three 
species. Three hundred in vitro juvenile L. cariosa grew to an average of 1mm in our demonstration mussel hatchery and have 
been transported to more natural habitats where they will continue to grow. Healthy juvenile mussels produced in vitro will 
support the overall goal of re-establishing viable mussel populations in streams throughout the Delaware River Basin for future 
generations.
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DESIGNING INQUIRY-BASED, PROJECT-ENHANCED, INTERDISCIPLINARY LEARNING 
ENVIRONMENTS IN THE HIGH SCHOOL CLASSROOM USING AQUAPONICS    

Kenneth R. Thompson*, Kirk W. Pomper, and James H. Tidwell

Aquaculture Research Center
Kentucky State University
Frankfort, KY 40601 USA
ken.thompson@kysu.edu 

The purpose of this study is to provide high school students’ real-world project-based learning opportunities in the classroom. 
Students will define problems and design solutions for engineering their recirculating system, plan and carry out investigations 
related to the phenomenon carrying capacity, investigate growth performance of fish and plants, monitor the nitrogen cycle, 
analyze and interpret quantitative data, and acquire skills to operate scientific instruments. 

The driving research question, “How does different levels of nutrient input affect the carrying capacity of an aquaponics 
ecosystem” guides the intervention design. Focus will be on the nutrients that is introduced into the aquaponics system and 
how that may affect the productivity (in response to nutrient input) and challenge the functioning of the ecosystem. Six 
(6) participating high schools will maintain a similar aquaponics system with the same components and dimensions. Two 
high schools will be assigned randomly to each of the three nutrient levels: minimum (low; baseline feeding slightly above 
maintenance), intermediate (medium; preferred feeding rate), or maximum (high; feeding for maximum growth). Juvenile Koi 
carp will be fed daily a percentage of body weight of either 2, 4, or 8% for eight weeks. Notably, nutrient input as feed will be 
the only variable that differs among the six aquaponics systems. Students will gather and analyze water quality parameters and 
examine the relationships among interdependent factors as well as productivity (fish and plants) data and compare between the 
three nutrient levels. Results of the project is forthcoming and will be provided in the presentation. 
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STORIED SEAFOOD: BUILDING POSITIVE PERCEPTIONS THROUGH THE POWER OF 
STORIES AND EXPERIENCES

Kimberly D. Thompson*, Sebastian Belle, Jennifer Bushman, Becky Holt, Tyler Korte, Cynthia Sandoval, 
and Tiffany Waters

Seafood for the Future/ Aquarium of the Pacific
320 Golden Shore, Suite 350
Long Beach, CA 90802
KThompson@lbaop.org

 
Public perception plays an important role in the future of marine aquaculture development in the U.S. Even with regulatory 
confidence in the science and tools available to inform decisions, perception-based concerns can influence permitting decisions 
and hinder aquaculture development. Addressing misperceptions about aquaculture will require a diverse portfolio of solutions. 
Preliminary survey results indicate that telling stories through video and providing the public with opportunities to tour the 
farms will support efforts to improve public perceptions about marine aquaculture in the U.S. This session is broken up into 
three parts:

1. Perception Survey Results: A presentation of the results from a survey that was designed to provide a landscape overview 
of who is sharing information about marine aquaculture, the context in which they are doing so, and the channels through 
which they are disseminating it. The survey was conducted by the Galway Statement Implementation Committee’s Ocean 
Literacy Working Group and Aquaculture Working Group. – Kimberly Thompson 

2. Video Sneak Peak: We will share short trailers (1-2 minutes) for a series of videos that were created to share the stories 
of seafood farming with the public. Series producers include: Aquarium of the Pacific/Seafood for the Future, Global 
Aquaculture Alliance, Maine Aquaculture Association, NOAA Fisheries, Route to Market, and The Nature Conservancy. 
Producers will be available for a short Q&A. 

Producers:
Jennifer Bushman (Route to Market); Becky Holt (Global Aquaculture Alliance); Cynthia Sandoval (NOAA Fisheries); 
Moderator: Kimberly Thompson (Aquarium of the Pacific); and Tiffany Waters (The Nature Conservancy). 

3. Panel Discussion: Panelists will discuss the importance of telling the aquaculture story. They will also share their 
experiences of successes and failures to share the story of marine aquaculture with the public and concerned audiences. 

 
Panelists:
Sebastian Belle (Maine Aquaculture Association); Tyler Korte (Blue Ocean Mariculture); Jennifer Bushman (Route 
to Market); Becky Holt (Global Aquaculture Alliance); Cynthia Sandoval (NOAA Fisheries); Moderator: Kimberly 
Thompson (Aquarium of the Pacific/Seafood for the Future).
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IT TAKES A VILLAGE: COLLABORATIVE COMMUNICATION STRATEGIES TO ADDRESS 
PUBLIC PERCEPTIONS ABOUT U.S. MARINE AQUACULTURE

Kimberly D. Thompson* and Jerry R. Schubel

Seafood for the Future/ Aquarium of the Pacific
320 Golden Shore, Suite 350
Long Beach, CA 90802
KThompson@lbaop.org

*Proposal for the Special Session on Social Issues

The long-term sustainable solution to creating a safe, secure, and sustainable global food system to feed a growing population 
is developing an integrated program of responsible land-based agriculture and ocean-based aquaculture.   The U.S. imports 
more seafood than any other nation, most of it from farmed sources. It has the scientific knowledge and technological and 
ecological capacity to grow a responsible marine aquaculture sector to complement its well-managed wild-capture fisheries and 
land-based agriculture. To realize its potential, the U.S. must overcome its permitting paralysis that prevents farms from being 
permitted and investors from investing in its waters. 

Perception-based concerns can influence permitting decisions and hinder aquaculture development, particularly in developed 
nations like the U.S. Efforts are underway to facilitate more consistent distribution of scientifically accurate information about 
marine aquaculture to address public misperceptions about marine aquaculture. The Aquarium of the Pacific’s Seafood for the 
Future program hosted a forum in October 2018, titled: Aligning Stakeholder Communications for U.S. Marine Aquaculture 
to facilitate discussions about how perceptions impact marine aquaculture development in the U.S. and what can be done to 
address it. The result was the creation of multi-stakeholder working groups charged with mapping the various stakeholders 
involved and drafting strategies to communicate with them effectively. Seafood for the Future is also working with national and 
international working groups to educate the broader public about what marine aquaculture is and why it is important. 
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THE DEVELOPMENT OF ATLANTIC SALMON AQUACULTURE IN ICELAND – ENTERING 
UNCHARTED WATERS

Helgi Thorarensen*, Ólafur I. Sigurgeirsson, Catherine P. Chambers and Guðrún Helgadóttir

Department of Fish Biology
Holar University College
551 Saudarkrókur, Iceland
helgi@holar.is

Over the past 10 years, aquaculture production of Atlantic salmon has grown rapidly in Iceland from less than 300 MT in 2008 
to an expected 20 000 MT in 2018. Presently there are many applications for production licenses being processed that could 
further double or triple the production. Cage culture of Atlantic salmon is primarily restricted to the Westfjord and parts of the 
Eastfjord regions while other coastal areas are either too exposed and unsuitable for aquaculture, or farming is restricted due 
to proximity to angling rivers. 

The East- and Westfjord regions are sparsely populated with small fishing villages that have suffered significant population 
decline in recent decades. In part, this is caused by the restructuring and centralisation of the fishing industry with little 
fishing quota being left in the small fishing communities. The development of aquaculture has proven to be real boon to these 
communities, creating new and more varied employment opportunities for young people.

The government and regulatory bodies were very poorly prepared for this sudden growth in aquaculture. Estimates of carrying 
capacity for different fjords were not available although that research is now underway. The structure of the regulatory bodies 
has been changed several times since 2008 with responsibility being shifted between different institutions. Finally, the legal 
framework for aquaculture is still under development, creating uncertainties for the future growth of aquaculture. A recent risk 
assessment conducted by the Icelandic Marine and Freshwater Research Institute has set the maximum limits to cage culture 
of salmon in Iceland to 71 000 MT without posing undue risk to natural populations. However, this estimate is based partly on 
weak assumptions and may place unnecessary restrictions to the development of salmon aquaculture. Furthermore, regulations 
are already in place which exclude salmon farming from the west and north coast of the country and from sites with close 
proximity to salmon rivers.

As in some other countries, the discussion about salmon farming in Iceland has been heated and polarised. On one hand, fish 
farming companies and local municipality leaders in the East- and Westfjords have emphasized the benefits of aquaculture for 
the communities. On the other hand, owners of angling rivers, angling societies and some environmental groups are opposing 
the development of salmon aquaculture and predict the demise of natural stocks due to genetic mixing, sea lice and pollution 
from fish farms. The debate is currently raging full force and does not appear likely to end with a resolution between the two 
camps. In this presentation we summarise the development of salmon aquaculture in Iceland and provide an analysis of the 
discourse.
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LARGEMOUTH BASS Micropterus salmoides FEEDS AND FEEDING – A REVIEW

James H. Tidwell*, Shawn D. Coyle, Leigh Anne Bright

School of Aquaculture and Aquatic Sciences
Kentucky State University
Frankfort, KY 40601
james.tidwell@kysu.edu

The largemouth bass (Micropterus salmoides) is by nature a top-level predator. When reproduced in a hatchery, at first feeding 
it does not accept artificial diets. A shift to a pelleted feed requires that the fish first be “feed-trained” to accepted non-living 
food. In a series of studies in the 1960s and 70s, J.R. (Jack) Snow at the Marion National Fish Hatchery in Alabama developed 
the “Marion Program” which established the basic procedures used to produce large numbers of advanced fingerlings (15-20 
cm) using artificial diets. Feed-trained fingerlings will retain their acceptance of pelleted feeds, allowing them to be grown to 
advanced sizes desired by live food markets (> 500g).

The nutritional requirements of the LMB have not been fully identified so species-specific diets are not widely produced. 
Salmonid diets are often used in commercial production based more on availability than nutritional suitability. Protein 
requirements for LMB appear to be relatively high (44-48%). However, the fish can utilize non-fish meal animal source proteins 
efficiently. Diets containing as little as 4-8% fish meal have performed well in pond grow out. Relativity low requirements for 
long chain highly unsaturated fatty acids also allow the use of lipids which are less expensive than fish oil. When nutritional 
requirements are more fully elucidated, these traits may allow significant decreases in feed costs. In China, LMB were often 
raised on “trash fish” but that practice has largely ceased, and production is now based on formulated feeds.

Efficient feeding practices can be as important proper feed formulation in terms of cost of production. LMB feeding activity 
in pond production is influenced by water temperature. A controlled environment experiment found that at water temperatures 
near 26°C, LMB feeding, growth, survival, and feed conversion appear near optimal. At 20°C, feed conversion and survival 
remained good but feeding activity and growth rate were reduced ~35%. At 32°C, feeding was active, and growth was similar 
to 26°C, but feed conversion efficiency was decreased. Also, fish were under chronic stress and more susceptible to disease.

Under commercial culture conditions LMB are usually fed floating feeds. In an experiment comparing sinking and floating 
pellets, and two sized of floating pellets, LMB fed the 5.5-mm sinking pellets were significantly larger at harvest (629 g) than 
those fed a similar size floating pellet (566 g). There was no significant difference (P > 0.05) in survival (> 90%), FCR, or 
average daily feed consumption among fish fed the similar size floating or sinking diets. 
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EVALUATING A LOW-COST SALT MIXTURE IN BRACKISH WATER INTENSIVE SHRIMP 
(Litopenaeus vannamei) PRODUCTION SYSTEMS

Thomas W. Tierney*, Leo J. Fleckenstein, Andrew J. Ray

School of Aquaculture
Kentucky State University, Land Grant Program
Frankfort, KY 40601 USA
thomas.tierney@kysu.edu

Indoor production of Pacific white shrimp (Litopenaeus vannamei) continues to grow in popularity by providing high-
value, fresh, never frozen shrimp to inland metropolitan markets year-round.  This technique is possible through the use of 
recirculating aquaculture systems (RAS), which allow for high animal densities, require minimal space, and limited water 
exchange.  Typically, inland shrimp farms use an expensive complete artificial sea salt mixture; however, if an alternative salt 
formulation including only the most important ions could be used, this may reduce production costs substantially.  The purpose 
of this project was to evaluate shrimp production and water quality dynamics using various mixtures of an alternative salt (AS) 
formulation and a complete sea salt (CS) formulation.

This experiment compared five salt mixtures, dictated by different inclusion levels of AS and CS.  The AS mixture was composed 
of NaCl, MgCl, MgSO′, KCl, NaHCO′, and CaCl′ at percentages of 75%, 5%, 12%, 2%, 1%, and 5% respectively. The 
CS was Crystal Sea Marinemix (Marine Enterprises International).  Each mixture defined a treatment and were as follows: 
100% CS, 75/25% CS/AS, 50/50% CS/AS, 25/75% CS/AS, and 100% AS.  Each treatment included four, randomly assigned 
1 m3 culture tanks operated at a salinity of 15 ppt.  The tanks were stocked at 250 shrimp/m3 at an average weight of 4.2 g.  
Water quality parameters including nitrogen compounds (TAN, NO2-N) and turbidity (NTU) were measured weekly, while 
total suspended solids (TSS) and volatile suspended solids (VSS) were measured biweekly.  Daily water quality parameters 
included temperature (°C), dissolved oxygen (DO), pH, and salinity (ppt).  Approximately 30 days into the study, samples of 
shrimp were weighed to determine mean individual weights.  An α-value of 0.05 was used to determine significant differences 
between treatments.

Concentrations of Mg, K, Ca, Fe, Sr, Ba were significantly higher in the CS. Significant differences were found between 
treatments in DO, pH, and NO2-N; however, none of the differences indicate one salt mixture outperforming the other in these 
metrics.  No significant differences were found with regard to the average weight of shrimp between treatments.  The 100% AS 
formulation cost was $8.84 USD/m3 water at 15 ppt. salinity, while the cost of the 100% CS formulation was $22.10 USD/m3 

at 15 ppt.  These results indicate that using the AS formulation may bring down the cost of artificial salts substantially while 
having no noticeable impact on shrimp production.  
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WORKSHOP: FOCUS GROUP EVALUATION OF A CUSTOM-FABRICATED 
CRYOPRESERVATION DEVICE AND DATA MANAGEMENT SYSTEM FOR REPOSITORY 
MANAGEMENT OF AQUATIC GENETIC RESOURCES

Terrence Tiersch

Aquatic Germplasm and Genetic Resources Center, Louisiana State University Agricultural Center
Baton Rouge, LA 70810
ttiersch@agcenter.lsu.edu

The genetic resources of aquatic organisms come to us as products of millions of years of evolution, decades of scientific 
development, and investment of hundreds of millions of dollars in breeding and research. The genetic resources (e.g., improved 
lines, transferred genes) of fish and shellfish can be considered as a form of scientific wealth that can be accumulated and 
exchanged, typically as live animals. However, large-scale maintenance of aquatic organisms as live populations to secure these 
genetic resources is inefficient, costly, and risky. 

In situ maintenance can be substantially enhanced and backed up by combining cryopreserved germplasm repositories and 
genetic information systems with live culture. Unfortunately, cryopreservation has not currently advanced much beyond the status 
of exploratory research for most aquatic species, lacks widespread application, and methods for successful cryopreservation 
remain poorly defined. Therefore, new approaches and standardization are needed for repository-level application to ensure 
reproducible recovery of cryopreserved materials. Additionally, development of new technologies is needed to address 
preservation of novel biological materials, such as eggs and embryos. 

At present the main avenue for cryopreservation is development of central facilities (e.g., stock centers) committed to and 
equipped for these activities. A second approach is to utilize mobile capabilities at remote facilities. A third avenue, not yet 
exploited, would be development of standardized on-site cryopreservation using inexpensive, simple, custom-fabricated 
platforms produced specifically for aquatic species. Emerging technologies such as 3-D printing and microfabrication (i.e., 
“laboratory on a chip”) enable prototyping and testing of customized devices that can be equipped with printed circuitry 
for sensing and monitoring, and can incorporate internet connectivity (e.g., wi-fi and bluetooth) allowing data archiving 
and process control. Platforms such as these could provide hatcheries and stock centers with the capability to track sample 
quality and certify suppliers of reproducible samples. After initial innovation, device configurations would diverge across user 
communities before convergence on the most effective designs. This convergence would support cross-species standardization, 
community development and repository expansion. 

To advance this technological approach we are hosting a workshop at the 2019 World Aquaculture Society meeting in New 
Orleans to provide focus group evaluation of a custom-fabricated cryopreservation device and data management system. 
Participants will interact with the technology and provide beta testing information. We encourage those interested in participating 
in the workshop to pre-register at: www.WAScryofocusgroup.tagdatasolutions.com.
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(Continued on next page)

DEVELOPING SOCIAL MEDIA INFOGRAPHICS FOR FLORIDA SEA GRANT AQUACULTURE

Laura G. Tiu*, Leroy Creswell, and Rebecca Burton

University of Florida/IFAS – Florida Sea Grant
Walton County Extension Office
DeFuniak Springs, FL  32433
lgtiu@ufl.edu

Aquaculture is Florida’s most diverse agribusiness.  More diverse than any state in the nation, Florida excels in shellfish, 
marine, restoration and ornamental aquaculture. In 2013, aquaculture sales for Florida totaled $77.9 million from 393 farms 
(USDA 2013 Census of Aquaculture).   This makes Florida 2nd in the nation, behind Louisiana, in number of farms, and 6th in 
the nation in terms of value of sales. 

Florida Sea Grant is a university-based program that supports research, education and extension to conserve coastal resources 
and enhance economic opportunities for the people of Florida.  Aquaculture outreach is conducted through a network of 
Extension Agents who provide the information needed to help Florida’s citizens and visitors better appreciate and understand 
the industry that provides a wide range of cultured, aquatic products for local, regional, and national markets.  

In order to take advantage of a growing social media presence, Extension and Communication Specialists developed a series 
of infographics representing the various sectors of aquaculture in Florida.  Infographics were designed to be exciting, short and 
sweet and easy to share (waxcom.com).  The infographics were developed during the summer of 2018, with release beginning 
in fall 2018.  Impact of the social media campaign was measured using a variety of metrics readily available to developers.
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Several steps were involved in creating the infographics.

Step 1. Identifying Intent (Goal): Establish Florida Sea Grant as the premier source for researched-based information on 
aquaculture in Florida.

Step 2. Developing a SMART Objective: Develop 10 infographics to share on social media representing the diversity of 
aquaculture supported by Florida Sea Grant and measure increased awareness, positive shifts in attitude, and appropriate action 
or behavior change (https://blog.hootsuite.com/social-media-metrics/).

Step 3. Assemble a group of Extension Specialists to determine focus and content of the infographics.

Step 4. Collaborate with Florida Sea Grant Communications team to develop graphics.

Step 5. Combine content and graphic; refine.

Step 6. Publish infographics on social media and website and monitor results for 3 months.

Step 7. Evaluate and develop next steps.
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TEMPERATURE CHANGE EFFECTS ON Dero digitata POPULATION GROWTH WITH AND 
WITHOUT SUPPLEMENTAL FOOD SUPPLY

Ambika Tiwari*, Charles Mischke, and Matt Griffin

Mississippi State University
Thad Cochran National Warmwater Aquaculture Center
Post Office Box 197, Stoneville, Mississippi  38776 USA
atiwari@drec.msstate.edu

Dero digitata is the oligochaete host of the myxozoan parasite Henneguya ictaluri, the causative agent of proliferative gill 
disease (PGD) in farm-raised catfish.  They are found year round in benthic sediments of catfish production ponds. Research 
has shown D. digitata populations peak in the spring and fall, which correlates positively with seasonal outbreaks of PGD.  Two 
separate studies were performed to identify optimal conditions for cultivating D. digitata in the laboratory for experimental 
life cycle studies.  The first experiment investigated the effects of temperature on D. digitata population growth.  Dero digitata 
in these studies were from laboratory populations initiated from oligochaetes collected from commercial catfish ponds.  These 
cultures were maintained on-site using previously established protocols (autoclaved pond water, 22-26 °C, no aeration and a 
substrate of 1” squares of unbleached paper towels) with water exchanges performed as needed.  Five different experiments 
were conducted, each with three different temperature treatments ranging from 7 to 32 °C. Plastic tubs containing 4 L of 
autoclaved pond water were seeded with 100 Dero digitata. Cultures were held under different temperature regimes and 
the numbers of D. digitata were determined after 2 weeks.  Dero populations reared in the temperature window ranging 
from 21-32 0 C showed significantly higher population growth than populations maintained at lower temperatures (P>0.05). 
A second experiment was performed similarly to investigate the effects of supplemental nutrition on laboratory-reared D. 
digitata populations.  Treatments consisted of autoclaved water collected from production ponds with substantial algal growth 
or a reservoir pond with a negligible algal bloom and maintained at ideal temperatures determined in Experiment 1 (~26 0C).  
Cultures were supplemented with algal wafers consisting of three different compositions. Significantly larger numbers of D. 
digitata were observed in the treatment consisting of autoclaved pond water supplemented with algae wafers consisting of 
29.0% minimum (min.) crude protein, 7.0% min. crude fat, 6.0% maximum (max.) crude fiber, 9.0% max. moisture, 0.8% 
min. phosphorus. This work identified optimal conditions for the laboratory propagation of D. digitata and will facilitate life 
cycle studies and controlled experiments establishing developmental timelines and host-parasite interactions of catfish and H. 
ictaluri similar to procedures used with Myxobolus cerebralis, Ceratonova shasta, and other myxozoan parasites of economic 
importance.
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FROM BENCH TO BELLY: CREATING A NETWORK TO DRIVE SUPPLY SIDE SOLUTIONS 
FOR THE FUTURE OF FISH FEED 

Michael Tlusty*, Kevin Fitzsimmons, Rick Barrows

School for the Environment, 
University of Massachusetts Boston, 
Boston MA 02125
Michael.tlusty@umb.edu

Aquaculture competes on a global market for access to feed ingredients. With an expected 28% increase in world population 
by 2050, it is expected that aquaculture will continue to grow unless it runs into supply chain bottlenecks of inputs into 
aquaculture, primarily in feeds.  Of the ingredients where shortages can occur, a recent study (Froelich, et al 2018)1 indicates 
that under ‘business as usual’ scenarios,  forage fisheries, which are the primary source of fishmeal (FM) and fish oil (FM), may 
reach ecological limits as soon as 2037. It is consequently of paramount importance that we create new, nutritionally equivalent 
ingredients for sustained growth of aquaculture. There has been a great deal of work at the lab bench to find new and novel 
ingredients not only for fish meal and oil, but other crops that may fluctuate in price and supply. But how do we make sure these 
novel ingredients get out of the lab, and into production and ultimately the belly of the consumer?  

In 2015, Dr Kevin Fitzsimmons organized the Future of Fish Feed (F3) Team as a collaborative effort between NGOs, 
researchers, and private partnerships to accelerate the commercialization of innovative, alternative aquaculture feed ingredients 
to replace wild-caught fish.  Dr. Rick Barrows was engaged for his expertise in feeds and Prof. Michael Tlusty, for his expertise 
in sustainability.   The first project was to create a prize for the first company to sell 100,000 mt or the most of ‘Fish-Free 
Feed’ Challenge awarded in 2017. The second prize will reward the company that sells the most oil that substitutes for fish oil 
according to contest rules. 

During the Fish Free Feed (F3) Competition, it became clear that a suite of tools was needed to help lessen the hurdle of getting 
alternative feed ingredients to market. We created the Feed Innovation Network (FIN) was created as a means to encourage 
sustainable innovations in fish-free aquaculture feed ingredients by sharing experimental protocols for both ingredient and feed 
evaluation, and directing ingredient companies to test facilities that can provide services to analyze ingredients as well as test 
new feed formulations. Overall, we aim to create a structure through meetings and online resources to connect various industry 
players to collaborate to solve potential future restrictions in feed resource availability.  

In this talk, we will present these various resources that the FIN created for the aquaculture industry. We will also present 
forthcoming projects, that include a database of Alternative Feed and Ingredient Research (AFIRE), and an algae database that 
lists suppliers, and basic nutritional information about algae.  

1.  https://www.researchgate.net/publication/325765030_Avoiding_the_ecological_limits_of_forage_fish_for_fed_aquaculture
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ARE WE SAVING HUMANITY? FIVE STEPS TO AVOID HYPERBOLE AND TO FOCUS 
SEAFOOD AS PART OF A FOOD-SECURE FUTURE

Michael Tlusty*, Peter Tyedmers, Megan Bailey, Friederike Ziegler, Patrik Henriksson, Christophe Béné, 
Simon Bush, Richard Newton, Frank Asche, David Little, Ben Belton, Max Troell, Malin Jonell

School for the Environment, University of Massachusetts Boston
100 Morrissey Blvd. Boston, MA 02125
michael.tlusty@umb.edu

Campaigns to promote seafood sustainability are full of hyperbole – from the promise of food-security and low impact food to 
a healthy oceans. But are we achieving these desired outcomes or is it merely under-delivering on an over-promise? What we 
are faced with is that demand for food will grow significantly in coming years. Food provisioning and distribution is resource 
intensive and plays an important role in how humanity will approach and possibly surpass different planetary boundaries. 
Discussions of how food systems can be modified to exert less pressure on the environment are therefore important, but 
typically focus on agriculture with little mention of aquatic production (fisheries and aquaculture). In this talk, we present 
five steps for better consideration of aquatic foods for inclusion in the broader food system discussion. These steps include 
mainstreaming seafood in the global agenda on ecosystem and human health; treating seafood as a highly differentiated set 
of products with different environmental profiles; differentiating seafood based on varying nutritional profiles; adopting as 
extensive definitions of sustainability as possible, and accounting for environmental and social impacts throughout the entirety 
of the value chain. This paper is by no means the first to make the call to inclusively consider aquatic production within a food 
systems context. However, the continued lack of food system approaches to seafood sustainability is troubling, as aquatic 
production has many laudable characteristics that can help mitigate future environmental and social impacts associated with 
food production. Including aquatic products in our future food system discussions may not be a panacea for all impacts that 
arise from producing food, however, it will certainly help us move toward a more food-secure future.
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COMBINED Streptococcus iniae/agalactiae VACCINATION EFFECTIVELY PROTECTS 
AGAINST BOTH DISEASES IN BARRAMUNDI

Cristián Socías, Ana maría Rabanal, Luis Velasquez, and Jaime A. Tobar*

Biological Research and Development
Virbac-Centrovet
Av. Salomón Sack 255, Cerrillos
Santiago – Chile
Jtobar@centrovet.com

Streptococcus iniae and Streptococcus agalactiae represents two of the most ubiquitous bacterial pathogens for warm water 
fish such as Tilapia (Oreochromis sp.), Barramundi (Lates Sp.), Sea bream (Sparidae) and others. Both bacteria affects fish in 
similar growth stages, causing significant economic losses to the aquaculture industry. Currently there is no bivalent commercial 
vaccine in the market, nor clear evidence regarding the potential interference between these two agents as antigens. The 
development of a bivalent vaccine against streptococcosis is an attractive strategy to prevent this disease.

The use of combined vaccines in intensive aquaculture represents an efficient, cost-effective and animal-friendly method to 
prevent and control viral and bacterial diseases. Multivalent formulations enable to induce multiple specific protection to 
vaccinated fish by using one single injection as well as reducing fish handling and stress. The inclusion of different antigens 
in a single formulation, must be studied in detail in order to avoid antigen interference, a process where antigens and/or their 
induced immune response negatively interact between different fractions, impairing the protection against one or even all the 
antigenic fractions present in the vaccine.

In this work, we evaluated the protection of bivalent vaccines against S. agalactiae and S. iniae challenge in Barramundi. 
Vaccinated fish were maintained under controlled conditions an antibody curves as well as survival after challenge was evaluated. 
Results show that, in spite of the high protection observed by homologous monovalent vaccine-challenge controls, bivalent 
vaccines showed the highest protection against both pathogens. Partial cross-protection was observed when S. agalactiae 
vaccinated-group was challenged with S. iniae, but cross-protection did not work in the opposite direction. Bivalent-vaccinated 
group showed also the highest antibody titer over time, measured as specific IgM-ELISA.

Our data supports the notion that full immunity against S. iniae and S. agalactiae needs  to be driven by specific antigens for 
each pathogens, and that combination of S. iniae and S. agalactiae fractions in a bivalent vaccine do not interfere in specific 
immune responses against both diseases. 
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ENVIRONMENTAL IMPLICATIONS OF MICROFIBER INGESTION BY THE EASTERN 
OYSTER Crassostrea virginica IN MASSACHUSETTS 

Catherine Tobin*, Juanita Urban Rich 

School for the Environment
University of Massachusetts Boston
Boston, MA 02125
Catherine.Tobin001@umb.edu 

Plastics account for 80-85% of marine debris. Microfibers, with a worldwide production of 66.8 million tons in 2015, are the 
dominant form of microplastic pollution in the environment. Sources of microfibers include synthetic clothing, fishing gear, rope 
and cigarettes. Microfibers have been reported everywhere in the ocean from the deep-sea to beaches, with microfibers most 
prevalent in high human population density areas. Microfibers have been documented in many different species, e.g. shellfish, 
worms, crustaceans and fish.  Microfibers are not only an ecological issue, but potentially a human health and economic concern. 
In terms of oysters, microfibers threaten the human values of oysters socially (oysters for human consumption), economically 
(oysters as a source of employment), and environmentally (oysters as an ecosystem service). The research presented here is 
focused on the implications to D-stage oyster larvae as a result of microfiber exposure. 

Experiments were conducted in the Summer 2018 to determine the effects of polyester microfiber exposure on development 
during the larval stage of oysters and develop an Adverse Outcome Pathway (AOP) to establish population effects. An acute 
exposure experiment was designed exposing D-staged oyster (Crassostrea virginica) larvae to 5 microfiber concentrations (5 
microfiber/mL, 50 mf/mL, 500 mf/mL, 5000 mf/mL and 50,000mf/mL) reflective of a 2:1 microfiber to food concentration over 
a 24-hour exposure period. We monitored shell sizing, lipids and mortality for the 12-day experiment. Additionally, samples 
were taken for RNA analysis to determine differentially expressed genes and develop an AOP. 

Results discussed from this experiment will focus on shell size, lipids and mortality. The results will be presented and related 
to the larger context of environmental and social implications of microfibers within oysters.  
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ENVIRONMENTAL REQUIREMENTS FOR THE CULTURE OF LARGEMOUTH BASS

J.R. Tomasso

School of Fisheries, Aquaculture & Aquatic Sciences
Auburn University
Auburn, Alabama USA 36849

Largemouth bass (Micropterus salmoides) are adapted to temperate, freshwater environments. Since temperate aquatic 
environments characteristically exhibit extensive variability in physiochemical characteristic, it is not surprising that largemouth 
bass are tolerant to wide ranges of specific characteristics. From a production perspective, however, there are minimal, maximal, 
and optimal values for most characteristics.

Temperature is the predominant physiochemical characteristic controlling growth. Fingerling growth appears to be best in the 
26-29 C range. Oxygen consumption and oxygen requirements are tied to temperature because increasing temperature increases 
oxygen demand. Growth appears to increase with increasing dissolved oxygen concentrations up to air saturation levels.

Ammonia is toxic to largemouth bass. The 72-h median-lethal concentration (the concentration of a poison that will kill half 
of the exposed animals in 72 h) of un-ionized ammonia to fingerlings is 0.82 mg/L un-ionized ammonia-N. Using this value 
as a baseline, safe levels for culture are 0.082 to 0.041 mg/L un-ionized ammonia-N. Largemouth bass are resistant to nitrite, 
compared to other fishes, with a 96-h median-lethal concentration of 140 mg/L nitrite-N.

The figure conceptualizes the role of the environment (Env) and diet in the production of largemouth bass using the concept 
of performance capacity (Based on work by CB Schreck; (Stress and Fish, 1981, Academic Press). Animals have a genetically 
defined maximum capacity to perform (survive, grow, reproduce, etc.). Maximum performance capacity is reduced by 
suboptimal (Sub) environments. Optimal (Opt) environments and diets help the fish approach their maximum performance.

Given the extraordinary effect that environment can have on performance, it should be a central consideration in planning a 
production facility. However, this can be expensive and should be carefully considered in production budgets and facility siting.
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IT STARTS WITH THE BROODER

Les Torrans* and Brian Ott

USDA-ARS Warmwater Aquaculture Research Unit
Thad Cochran National Warmwater Aquaculture Center
Stoneville, MS 38776 USA
Les.Torrans@ars.usda.gov

It is not unusual to have fish ranging in size from 0.5 lbs to 5 lbs from a single-batch hybrid catfish production pond at the end 
of a growing season. Farmers may be docked for fish that are either larger or smaller than the processor’s preferred size range 
of 1-3 pounds. The graph at right shows the size distribution of a sample of ungraded fingerlings. While the average weight of 
fish in this sample was 0.05 lbs (5.4”), individual fish ranged in weight from 0.01 lbs to 0.23 lbs (coefficient of variation, CV = 
78%). The size range may be even greater with fingerlings of a larger average weight. This initial size variation expands as the 
fish grow and results in the large size range observed at harvest. Currently the best management practice to minimize small and 
large food fish is to stock graded fingerlings.
 
We believed that the size range seen in ungraded fingerlings begins at an early age, perhaps even with the female brooder. We 
hatched eggs from ten spawns each of 2-, 3- and 4-year-old female channel catfish brooders and individually weighed 100 sac 
fry and fry at 2-, 4-, and 6-days post-swim-up from each spawn to determine mean weight (mg) and uniformity (CV, %). There 
was considerable variation within spawns in 
sac fry and fry weight at all ages post swim-up (see table at right). The weight of sac fry and swim-up fry at all ages was less for 
offspring of two-year-old females, and higher and generally similar for offspring of three- and four-year-old females. The CV 
of weight for all ages of fry was greater for offspring of two-year-old females; the CV in weight increased with fry age among 
all female-age groups.

Mixing eggs or sac fry from different age females or mixing fry of different ages post swim-up will increase fry size variation. 
Any initial variation in size of fry will likely be magnified when fry are stocked in ponds with mixed-size zooplankton 
populations. Presumably, larger fry will be able to consume larger zooplankton and thus feed more efficiently and grow faster 
than the smaller fry, further increasing the size range of the population. It may be possible to reduce catfish fingerling size range 
by stocking only fry of the same age and from the same age female brooder in each fry pond. This may reduce the need to grade 
fingerlings before sale.
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DIETARY PREBIOTICS AND PHYTOGENICS IN LOW FISH MEAL AND FISH OIL BASED 
DIETS FOR EUROPEAN SEABASS Dicentrarchus labrax: AN EFFECTIVE TOOL TO BOOST 
MUCOSAL TISSUES HEALTH AND DISEASE RESISTANCE 

Torrecillas, S*.1, Serradell, A., Makol, A., Terova, G., Gini, E., Valdenegro, V., Kalinowski, 
T. Izquierdo MS., Acosta, F., Montero, D.

1Grupo de Investigación en Acuicultura (GIA), IU-ECOAQUA, Universidad de Las Palmas de Gran 
Canaria, Crta. Taliarte s/n, 35214 Telde, Las Palmas, Canary Islands, Spain
silvia.torrecillas@giaqua.org 

The successful replacement of fish meal (FM) and fish oil (FO) by land-based meals and oils in feeds for marine fish species is a 
determining factor to achieve a sustainable aquaculture sector development. However, their use has been associated with variable 
side-effects on fish growth performance and health. For European sea bass (Dicentrarchus labrax) gut in particular, replacement 
of dietary marine raw materials causes gut lamina propria and submucosa engrossment, increases mucus production and gut 
bacterial translocation rates, up-regulates several inflammation related genes and alters microbiota populations. Therefore, it 
is necessary to develop functional diets as part of a management strategy targeting mucosal health and disease incidence when 
low FM/FO formulations are used. In this sense, prebiotics and phytogenics may be potential candidates to safeguard fish 
mucosal tissues health and increase disease resistance. In the present study, one control and three experimental diets containing 
galactooligosaccharides (GOS) and a mixture of essential oils (PHYTO) or their combination (GOSPHYTO) were fed to 
European sea bass for 9 weeks before challenging the fish via gut inoculation with Vibrio anguillarum in combination with a 
stress panel by confinement. At the end of the feeding trial, growth performance, systemic immunocompetence, gut and gill 
morphology and associated lymphoid tissue (GALT and GIALT) status were evaluated by immunological, morphological and 
immunohistochemical methods via an automated image analysis software. Gut morphological and mucus secretion patterns 
were studied along the challenge test. 

Dietary GOS, PHYTO and GOSPHYTO reduced gut V. anguillarum translocation rates and fish mortality after 7 days of 
challenge test. Gut morphological patterns as well as gene expression of several gut junctional complexes-related genes varied 
depending on the product supplemented and the region of the mucosal tissue studied, whereas gill was less affected. Fish fed 
GOS and PHYTO diet presented less (P<0.05) posterior gut (preileorectal valve) fold area covered by goblet cells, due to 
a smaller (P<0.05) goblet cell area compared to fish fed non-supplemented diets. A similar pattern was observed in rectum 
(postileorectal valve) for fish fed GOS diet. Indeed, for this intestinal region fish fed GOS based diets presented a thinner 
(P<0.05) submucosa and higher (P<0.05) density of rodlet cells compared to fish control diet. On the other hand, fish fed 
PHYTO based diets, presented an upregulation of several genes related with junctional complexes, in relation to the lower gut 
bacterial translocation rates found. The pattern of response after intestinal bacterial challenge in terms of fold area covered 
by mucus and goblet cell area morphological patterns varied among dietary treatments, presenting fish fed PHYTO diet the 
higher and longer capacity of response. Finally, a comparison among the morphometric parameters evaluated within all the 
intestinal segments evaluated as well as between both mucosal tissues (gut and gill) revealed variations on the goblet cells size, 
distribution and density, regardless of the dietary treatment supplemented (i.e. Figure1.).  
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COMPARATIVE EVALUATION OF Vibrio parahaemolyticus ASSOCIATED WITH JUVENILE 
AND ADULT OYSTERS (Crassostrea virginica) 

Lia Tosiello*, Stephen Jones, Robert Robertson

University of New Hampshire, Durham, NH
Liatosiello@gmail.com

Managing food safety risk is an important part of seafood production. In New Hampshire, a new policy was created in 2018 to 
manage disease risk posed by Vibrio parahaemolyticus (Vp). This naturally occurring bacterial species, while often harmless, is 
capable of causing disease in people who eat raw or undercooked oysters. New Hampshire’s new policy prohibits importation 
of live oysters from areas that have had harvest closures caused by two known virulent strains of Vp, with the aim of preventing 
the introduction of those bacterial strains into New Hampshire waters and therefore preventing illnesses those strains could 
cause. The policy primarily applies to oyster seed purchased by aquaculturists. 

To investigate the scientific underpinnings of this policy and evaluate the risk posed by 
imported oyster seed, this pilot study compared Vp present in juvenile oysters (seed) to 
Vp in adult oysters. Samples of adult oysters and samples of newly purchased and then 
transplanted juvenile oysters were taken concurrently over 3 months from the same 
aquaculture site in Little Bay, NH. Triplicate samples consisted of 12 adult oysters and 
initially 36 juvenile oysters, which was reduced to 24 juveniles as they grew. Analysis 
determined that there was no significant difference in Vp concentrations between 
samples with different numbers of juveniles, so sample size was based on the mass 
of meat needed to perform lab analyses. Initially meats from 24 juveniles weighed 
only 1-2g, but after three months 24 juvenile meats weighed 30-40g, thus justifying 
reducing the number of animals per sample. Enumeration of total Vp (using tlh gene) 
and potentially pathogenic Vp (hemolysin toxin positive using tdh or trh genes) was 
accomplished using a most probable number culture pipeline in combination with PCR. 
Previously established methods were modified for the small size of the juveniles, as 
shucking was accomplished with a razor blade and meat homogenization performed by 
magnetically spinning a razor blade in a beaker. 

Vp concentrations in juvenile and adult oysters were not significantly different, and 
there were no hemolysin markers detected in the juveniles. Of the 317 Vp isolates 
sampled, there were 2 positive for both trh and tdh, and both isolates came from adult 
oysters (one each from the July and October samples). Microbial community analysis 
is underway to compare the microbiomes of adult and juvenile oysters and to identify 
changes over the sampling period. While these data only represent a single location 
and source, knowledge about Vp in both juvenile and adult oysters can be useful to 
managers to support public health and productive aquaculture. 
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APPLING AUTOPOT SYSTEM IN DE-COUPLED AQUAPONICS UTILIZE RAS DISCHARGED 
WATER

Huy Tran, Apopka Aquaponic Farms, LLC., APOPKA, FL. USA 32712, 407-575-0702

AnglerHuy@yahoo.com

Abstract- Using AutoPot system in decoupled aquaponics to fully utilize the nutrient stream from RAS facilities. AutoPot is a 
PDA (Plant-Driven Aquaponics) system.

De-Coupled Aquaponics - In the de-coupled aquaponics model, all fecal material is filtered from the fish system with fine 
screen drum filters (any size micron screen) and the plant crop is “de-coupled” from the fish system circulation and runs on a 
separate parallel loop with its own dedicated treatment.   This arrangement offers several benefits over the coupled aquaponic 
model but does require more space, more equipment and more sophistication.  The de-coupled aquaponic paradigm does away 
with the need to constantly adjust the fecal load in the system to maintain nutrient balance as the fish and plants grow and their 
waste generation and nutrient requirements change.  This eliminates the waste stream from the drum filter in the coupled model.  
In addition, since all solid waste are utilized and is independent from the fish system, the nutrient stream to the plants can be 
varied in volume and concentration to optimize plant growth without impacting fish water quality.  The choice of fish species 
for culture in Autopot Aquaponics is quite liberal. The emphasis choice of a species is based more on economics rather than its 
hardiness. The fish component is set up in a way that every single tank operates independently with the discharge water goes 
only one way. Fish to plants and no returns. So there is no interference from the hydroponics component and vice versa.  This 
allows us to maintain tank water quality as good as possible by bio-filtration and by controlling freshwater exchange.  Option 
available for more sensitive species in multiple use of water. 
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MOLECULAR FEATURES OF COMPLEMENT REGULATORS IN COBIA Rachycentron 
canadum AND THEIR EXPRESSION IN RESPONSE TO Photobacterium damselae subsp. piscicida 
INFECTION 

Hung B. Tran*1,2, Shih-Chu Chen, Hso-Chi Chaung, Ta-Chih Cheng

1Laboratory of Molecular Fish Immunology and Genetics, Department of Tropical Agriculture and 
International Cooperation, National Pingtung University of Science and Technology,Pingtung 91201, 
Taiwan
2Research Center for Animal Biologics, National Pingtung University of Science and Technology,Pingtung 
91201, Taiwan

Photobacteriosis of cobia, caused by Photobacterium damselae subsp. piscicida (Pdp), is the serious bacterial disease that cause 
high economic losses in Taiwan. It has been proved that the complement system has been considered as a central component 
of the innate immune system play a central role in initiation of proper responses against bacterial infection. Here we have 
characterized the sequence and analyzed the expression of complement regulators (CFI, HF1, C1INH, MCP, DAF, and CD59) 
in liver during acute Pdp infection of cobia. Our data reveal their high identities with other known fish with some unique 
features and their gene expressions were regulated by bacterial infection in a time-dependent manner. Collectively, our results 
indicate the complement system of cobia is actively suppressed by Pdp.
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COMPARISON AND ANALYSIS OF DIFFERENT DRYING TECHNIQUES FOR PHILIPPINE 
SANDFISH (Holothuria scabra) 
 

*Mark Jude F. Trondillo and Kevin F. Yaptenco  
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In the Philippines, traditional sun drying of sandfish [Holothuria ((Metriatyla)) scabra] takes a longer period of time, low in 
quality and little price valuation in the market. In this study, three methods of drying (smoke-sun, hot air-solar, and oven) were 
employed. The drying characteristics, quality in terms of the physical quantity and microstructural changes; and profitability 
were examined using traditional and modified methods. It was observed that the shrinkage may have affected the muscle fibers 
subsequently reconstructed the size of the tissue. There was a significant difference (p < 0.05) in the mean values obtained for 
length and width among dried sea cucumber samples under different drying methods. The microstructural changes were also 
observed under the Scanning Electron Microscope which revealed that primary drying using hot-air had better results than 
traditional smoking. The micrographs of final stage dried sea cucumber from smoke-sun, hot air-solar and oven drying methods 
have poor definition of cell membranes at any point location of dried sea cucumber. Among the dried samples, hot air-solar 
drying method was economically and profitability accepted which also demands higher price valuation from the processor, 
buyer and exporters. 
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MIGRATION OF ATLANTIC SALMON POST-SMOLTS AND THEIR INTERACTIONS WITH 
AQUACULTURE IN PASSAMAQUODDY BAY, NEW BRUNSWICK, CANADA

 
Marc Trudel*, Brent Wilson, James Hawkes, Chris McKindsey, Émilie Simard, Jon Carr, Jason Daniels, 
Fred Page
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E5B 0E4
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Salmon aquaculture is Canada’s largest commercial finfish fishery. The vast majority of this production occurs in open-water 
net pens where abiotic and biotic exchange occurs between the farm and the environment. Pathogens and parasites occurring 
on wild hosts migrating in the vicinity of aquaculture sites present a risk to the farm that may result in a significant loss and 
cost to the industry. Wild salmon is one of the susceptible hosts that can carry pathogens and parasites that may be transferred 
to farmed salmon (spill over). Wild salmon may also be a recipient for diseases occurring on farmed salmon (spill back). 
Hence, understanding the migration of wild salmon is necessary to determine the risk of disease transfer between wild and 
farmed conspecifics and guide future sittings. Yet, relatively little is known on the extent and duration of the interactions 
between wild and farmed salmon in marine ecosystems. Here, we present the results of a telemetry project to characterize the 
migration routes, survival rates, and the extent of interactions between Atlantic salmon post-smolts and salmon aquaculture in 
Passamaquoddy Bay (New Brunswick, Canada).
 
Preference: Oral Presentation for a special session proposed by Shawn Robinson and Marc Trudel entitled Wild-Farm 
Interactions in Aquaculture
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GROWTH AND LONGEVITY IN SURFCLAMS EAST OF NANTUCKET

Jason M. Trumble*, M. Chase Long, Sara M. Pace, Jeremy R. Timbs, Kelsey M. Kuykendall, 
Eric N. Powell, Roger Mann

Gulf Coast Research Laboratory
The University of Southern Mississippi
Ocean Springs, MS 39564
sara.pace@usm.edu

The surfclam Spisula solidissima is a benthic dominant on the inner continental shelf of the Mid Atlantic from Delmarva to 
Georges Bank. Surfclams are one of the largest filter feeding bivalves and support a major Mid Atlantic fishery. NMFS has 
surveyed the surfclam resource for the past four decades in support of fishery management; however, one region that has not 
been routinely included in this survey is the region east of Nantucket eastward to the Great South Channel in waters that are 
characterized by highly variable bathymetry including shallow depths that compromise large vessel access, and the presence of 
rocks and boulders interspersed among a predominantly sandy bottom. In August 2017 an intensive survey of this region east 
of Nantucket was completed aboard a chartered commercial vessel. Findings include the differential distribution of large and 
presumably old surfclams, and smaller and presumably younger surclams, consistent with the known offshore movement of 
the stock in response to warming bottom water temperatures. Herein we report our findings on the growth rate and longevity 
of surfclams in the region with particular focus on the potential timing of the movement of this population into deeper water.
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MARINE MEALS ENHANCE GROWTH AND NUTRIENT UTILISATION WHILE HAVING 
VARIABLE EFFECTS ON FEED INTAKE IN JUVENILE TIGER PRAWNS, Penaeus monodon

Ha H Truong* and Cedric Simon

Bribie Island Research Centre, Commonwealth Science and Industrial Research Organisation,
Australia 4507
Ha.Truong@csiro.au

Marine invertebrate meals and more sustainably produced marine microbial biomass (NovacqTM) are used in the prawn aquafeed 
industry as key strategic ingredients. The mechanisms by which these ingredients improve growth performance of prawns is 
not fully understood but have been attributed to various ‘unknown growth factors’. It is unclear as to how much of the growth 
factor is linked to metabolic enhancement, such as improvements in digestibility or nutrient utilisation, and/or increases in 
nutrient intake.

Three dietary treatments were investigated including a control fishmeal (FM)-based diet, FM-based diet with 10% commercially 
available krill meal (KM) and a FM-based diet with 10% NovacqTM on growth, feed consumption, nutrient retention and feed 
intake rate. Growth, food consumption and survival of juvenile prawns (5.0 g) were recorded over a 42 day period and whole 
prawns were collected for nutrient retention. Naive prawns were allowed to feed on allocated diets at restricted time intervals 
(1, 2, 4 and 6 hrs). Uneaten dry matter and feed stability was measured to determine feed intake. 

After 6 weeks, prawns offered NovacqTM and KM outperformed FM-based diets with an average increase of 62% in weight gain 
and 32% improvement in FCR as shown in Table 1. In this trial, superior growth observed in NovacqTM-supplemented diets 
was related to increased feed consumption and nutrient retention while mechanisms attributed to growth improvements from 
KM were less obvious. The function of ‘unknown growth factors’ in prawns appears to differ between marine meals and how 
the meal was processed. Not only did NovacqTM increase feed consumption over the trial period but also had a positive effect 
on feed intake rate over extended periods of time. NovacqTM inclusions maintained higher feed intake rates after 6 hrs of feed 
exposure compared to the control. Furthermore, NovacqTM numerically increased prawn carcass retention of gross energy by 
34.7% and protein by 43.7% compared to FM, where these parameters are independent of feed intake. It appears that NovacqTM 
may function as both a feed attractant/stimulant and a metabolic enhancer. KM tended to improved nutrient retention which 
may explain the relative improvements in weight gain while no increase in intake was observed. This presented data indicates 
possible modes of action in which different marine meals function to promote growth.  
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PLAN YOUR WORK, THEN WORK YOUR PLAN:
OPERATIONAL VALUE OF FISH HEALTH MANAGEMENT PLANNING

Jesse T. Trushenski* 

Riverence
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jesse@springsalmonllc.com

Regardless of whether mortalities occur, impaired fish health is a drain on operational efficiency and profitability.  Effective 
fish health management involves proactive actions to reduce the likelihood of disease events and effective reactive measures to 
contain and control disease events when they occur.  Proactive measures include the identification of an aquatic animal health 
team tasked with development and implementation of a fish health management plan, including risk management, surveillance, 
and investigation of possible disease events.  Reactive measures include therapeutic and administrative responses to diseases 
that have been identified and adaptive changes to management of fish health going forward.  None of these measures will be 
fully effective unless properly understood by all personnel and implemented consistently.  Written fish health management 
plans codify site specific expectations and action plans related to monitoring and improving fish health.  Such plans are useful 
tools for training personnel and communicating fish health management strategies to regulatory agencies, customers, and 
others.  This presentation will cover the benefits of comprehensive fish health management planning and discuss preparation of 
fish health management plans according to the USDA’s Commercial Aquaculture Health Program Standards (CAHPS).
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FUNGAL INFESTATION OF AFRICAN CATFISH Clarias gariepinus FROM EARTHEN PONDS 
OF A SMALL SCALE FISH FARM IN MINNA, NIGER STATE, NIGERIA

Tsadu S. M*., Ogunbiade, M.A. AND Yisa, T.A.
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Agricultural  Technology, Federal University Technology Minna, Nigeria
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The study was conducted to investigate fungal infestation of Clarias gariepinus from earthen ponds of a small scale fish farm 
in Minna , Niger State Nigeria. The objective was to isolate and identify fungal species occurring among the fishes. Nine (9) C. 
gariepinus were sampled from three earthen ponds in the farm. Fungal analysis was carried out on the skin, gills and fins of the 
fish by pour plating and incubation method using Sabourand Dextrose agar. Ten (10) fungi species were isolated and identified. 
These are Aspergillus niger, Aspergillus fumingatus, Rhizopus spp, Mucor spp , Penicillin spp, Candida parapsillosis,Candida 
pseudotropicalis, Candida stellatoidea, Torulopsis candida and Torulopsis glabrada. The highest colony count of 1.75 x 106 

was obtained from the skin samples. One Way Analysis of variance (ANOVA) was used to compare the fungi density on the 
three body parts. The mean fungi densities on the three fish body parts were found to be significantly different (P < 0.10) from 
each other.

Introduction  
Like any other animal, fish are subject to infection by pathogens. Pathogens also affect fish postharvest quality (Al-Hawbi & 
Uddin, 2008). C. gariepinus is the most cultured catfish in Nigeria. The objective of this study was to isolate and identify fungal 
species occurring in C. gariepinus cultured in earthen ponds in Minna Nigeria.

Materials and Method
Nine (9) fresh samples of C. gariepinus were randomly selected from three (3) earthen ponds from the farm. Sabourand 
dextrose agar was used to prepare serial dilution at 10-3 and 10-3 dilution factors and used as stock solution. The stock solutions 
were heated  and sterilized in autoclave for 15 minutes at 121oC and cooled to 45oC. The solutions were inoculated with 1 ml 
of macerated body tissues of the fish and poured onto sterilized petri dishes and 1ml agar added. The plates were wrapped and 
incubated at 28oC for 72 hrs. The fungi were identified using Fungi Atlas by Carmen (2017). Colony counting was done from 
each culture plate. One way analysis of variance (ANOVA) was used to compare fungal density on the three body parts of the 
fish. 

Results
Ten fungi species were identified from the fish samples. Candida pseudotropicalis and Candida parapsilosis had the highest 
density and percentage density on the skin and gills respectively. This was followed by Candida stellatoidea on the gills and 
Mucor and Rhizopus spp on the skin. The highest number of colonies and Colony forming Units (CFU) formed were on the 
skin samples from pond C, followed by skin again from pond B. The skin had the highest fungal density followed by the gills 
and the fins had the least.

Conclusion
Live catfish samples from earthen ponds of a small scale fish farm in Minna Nigeria were found to be infested with ten fungi 
species isolated from skin, gills and fins. The most prevalent fungi species was Candida parapsilosis with total count of 36 and 
percentage density of 16.7%
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STRATEGIES FOR IMPROVEMENT IN GLOBAL AQUACULTURE PRODUCTION

Lisa Tucker*, Wendy Norden, Taylor Voorhees, Tyler Isaac, Tori S. McConnell

Seafood Watch
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The argument that global aquaculture production must expand in order to meet the growing population’s demand for seafood 
is a commonly heard one. At face value this may be true, however the nuances of production growth are vast. An increase in 
volume of farmed product alone will not feed a growing global population. Import and export statistics show that areas where 
population growth will be highest in the coming years are, in many cases, exporting their products rather than keeping them 
in local and domestic markets. Increasing the volume produced does not inherently put seafood in the hands of those who will 
need it, and can have major ecological impacts if expansion is done unsustainably.

Aquaculture can be done sustainably, regardless of production system or species. Countries and regions that produce the 
majority of farmed seafood imported by the United States often do so in ways that are not ecologically sustainable, however 
there are examples of better-performing production of the most commonly consumed species. Along with these examples, there 
are promising efforts to drive improvement in ways that are appropriate to the specific region, and do not attempt to apply a 
one-size-fits-all approach to improvement.

Strategies for engaging with stakeholders and incentivizing improvement efforts in aquaculture must be tailored to the unique 
context in which the industry is operating. The ecological and socio-economic factors resulting in unsustainable production 
must be thoroughly understood in order to work closely and effectively with a given supply chain to support improvement 
efforts. 

Given the vast landscape of ecological and socio-economic contexts for aquaculture production, it is necessary to have many 
different tools for improvement. The Monterey Bay Aquarium Seafood Watch® program is currently partnered with a variety 
of organizations to identify, develop, test and implement tools that will collect data and information and guide improvement 
efforts. This discussion will examine case studies of different strategies for engagement in global aquaculture improvements.
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SPLIT PONDS FOR CATFISH FARMING
 

Craig S. Tucker

Warmwater Aquaculture Research Unit
USDA Agricultural Research Service
Stoneville, MS 38776
craig.tucker@ars.usda.gov

Split ponds are outdoor aquaculture systems loosely based on the Partitioned Aquaculture System (PAS) developed at Clemson 
University in the 1980s and 1990s. The primary goal of the Clemson PAS was to increase fish production and reduce pollution 
by optimizing the waste-treatment capacity of phytoplankton-based nutrient-transformation processes. The PAS was a highly 
engineered system that remains the epitome of pond aquaculture systems relying on photoautotrophic processes to control 
water quality. However, the PAS was considered too complicated and too expensive for commercial catfish farming. Split ponds 
simplified the PAS concept by using existing earthen ponds as the starting point for construction, reducing the fish loading 
density in the fish-holding area of the pond, and focusing on facilitation of fish-management activities—such as feeding and 
harvesting—rather than optimizing the system for nutrient processing and removal.

A pilot-scale split pond was built at the National Warmwater Aquaculture Center in Stoneville, MS, in 2003 by dividing an 
existing pond into two sections—a 0.8-acre waste-treatment lagoon and a 0.2-acre fish-holding basin. The two sections were 
hydraulically linked with water pumped by a slow-turning paddlewheel and screens prevented fish from escaping from the 
fish-holding basin. Initial split pond design was based on mass balances of oxygen uptake by fish and oxygen delivered to the 
fish basin during daytime by pumping from the algal lagoon and oxygen delivered at night by electric paddlewheel aerators. 
Initial trials with channel catfish in 2004 were disappointing, with poor growth and large losses of fish to infectious diseases. 
Beginning in 2005, hybrid channel × blue catfish were used and results improved dramatically. It was immediately obvious that 
the system was capable of holding more fish and assimilating more feed wastes than originally thought. Over 5 years of trials 
with hybrid catfish, annual net fish production exceeding 18,000 pounds/acre was achieved routinely, with fish growing from 
about 0.1 to 1.75 pounds/fish in about 6 months. Feed conversion was excellent for pond conditions. One system was scaled to 
commercial size (5-acres) in 2008 and put in production in 2009, with no loss of productivity due to scaling. Four additional 
commercial-sized ponds (7-acres) were built in 2012 to evaluate pump types and pumping rates for recirculating water between 
the lagoon and fish-holding basin.

The split pond was rapidly adopted by catfish farmers in Mississippi, Arkansas, and California beginning in about 2010. 
Commercial ponds use a variety of pump types and pumping rates.  Although the initial design calculations used to build the 
pilot scale facility in 2003 appear to remain valid, most commercial installations use undersized pumps that appear to limit 
system productivity. Nevertheless, commercial ponds routinely produce more than 15,000 pounds/acre, and several studies 
have shown that under proper conditions, they can be the profit-optimizing production system for hybrid catfish production.
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TAURINE PRODUCTION IN PLANTS AND BACTERIA FOR AQUAFEED

Frank Turano* and Michelle Price

Plant Sensory Systems, LLC
1450 S. Rolling Rd.
Baltimore, MD 21227
fturano@plant-ss.com

Aquafeed producers are turning to plant-based and single-cell protein as a partial replacement for fishmeal. The problem is that 
plant-based and bacteria-based proteins lack taurine (Tau), an amino sulfonic acid that plays a key role in the health of freshwater 
and marine fish and shrimp. One solution is to supplement aquafeed made with plant-based or single-cell-based protein with 
chemically synthesized Tau. However, the manufacturing of synthetic Tau involves the use of hazardous compounds and 
creates hazardous waste, which poses environmental and safety concerns. In addition, chemically synthesized Tau can contain 
high levels of arsenic. Plant Sensory Systems (PSS) has developed the Enhanced-Nutrition (EN) technology, which when 
transferred to plants or bacteria allows Tau to be produced. Tau-containing plants or bacteria provide an economical way to 
include this critical component in alternative aquafeed protein sources.

Tau can be synthesized from cysteine (Cys) through the activities of two 
enzymes: Cys dioxygenase (CDO) and sulfinoalanine decarboxylase 
(SAD). PSS used a molecular approach to move the CDO and SAD genes 
(EN1 technology) into Arabidopsis seeds. Performance was evaluated 
using high-performance liquid chromatography (HPLC). In the EN1 
Arabidopsis seeds, Tau levels ranged from 0.05% to 0.33% dry weight. In 
seeds without the EN technology, Tau was undetectable. 

A new form of the EN technology (EN+) has been engineered and tested 
in Arabidopsis seeds. Levels of Tau in Arabidopsis seeds of the EN+ lines 
are 12x higher than those with the EN1 technology. The EN+ technology 
has since been transferred into a soybean line that has been shown to have 
superior performance in aquafeed. The soybean line is a high-protein, low 
anti-nutrient elite commercial variety. In addition, bacterial strains have 
been engineered to contain either the EN1 or EN+ technology. In the EN 
bacterial strains, Tau accumulates in the cells and in the supernatant. 

EN soybean seeds are a safe, sustainable, and cost-effective way to 
provide Tau in soy-based aquafeed. Tau produced by EN bacteria could 
be used either as a fortified single-cell protein based aquafeed ingredient, 
or when purified, as an ingredient in aquafeed, pet food, nutraceuticals, or 
health/energy drinks.
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DIGESTION OF AQUACULTURE EFFLUENT AND Saccharina latissima AS A SUSTAINABLE 
FORM OF NUTRIENT RECYCLING IN AQUAPONICS/ HYDROPONICS

Dylan Turner*, Jeri Fox, Zachary Miller-Hope

University of New England
Arthur P. Girard Center of Marine Science
Biddeford, ME 04005
dturner4@une.edu

The predominant issue facing Recirculating Aquaculture Systems (RAS) is efficient waste management of effluent solids 
resulting from high stocking densities, inefficient feed rates and inadequate filtration. RAS has grown in popularity in recent 
years largely to help mitigate water pollution caused by flow through systems and as a more environmentally friendly alternative 
to offshore net pens. There is a need for these systems to help control nutrient pollution and as a result solutions are needed to 
effectively dispose of the waste these systems generate. In the United States and specifically Maine, aquaculture is a rapidly 
growing industry and has seen much interest from large RAS companies and offshore seaweed farms are becoming more 
numerous. Seaweed harvest is increasing annually with little outlet (No processing and not a large consumer base) and it 
is also a nutrient rich resource, which also has waste products as a result of processing. This research proposes a method to 
recycle both aquaculture waste and seaweed to create a nutrient rich fertilizer that could be used in aquaponics, hydroponics, 
or traditional agriculture.

Digestions (Hydrolysis and fermentation) are going to be performed on both sludge from an aquaculture system as well as 
Sugar Kelp (Saccharina latissima) to break down both components and mobilize the nutrients. These digestions will be carried 
out under both aerobic and anaerobic conditions to determine if there is a difference in nutrient mobilization under different 
conditions. Nutrient analysis will be done to determine overall concentrations of nutrients and how much is brought into a 
usable form for plants.

Preliminary results show a combination of anaerobic and aerobic digestion mobilizes important macro and micronutrients such 
as phosphorus, potassium, iron, sulfur, and potentially more.

These preliminary findings suggest that there is a useful alternative for aquaculture waste as well as an outlet for the Maine 
seaweed industry which has some wide-reaching implications. If implemented this would bring many aquaculture practices 
closer to a fully sustainable system, reducing the amount of nutrient pollution in many coastal areas. It would create an animal 
based fertilizer to be used in aquaponics and hydroponics, making it easier to be certified organic, and make both more feasible 
options for growing food. Lastly, it would create an alternative revenue stream for aquaculture businesses that promotes 
sustainability.
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EFFECTS OF DIETARY SPIRULINA AND PLANT OIL ON GROWTH AND BODY 
COMPOSITION OF STEELHEAD Oncorhynchus mykiss

Ronald Twibell*, Ronald Johnson, Nathan Hyde and Ann Gannam

Abernathy Fish Technology Center
1440 Abernathy Creek Road
Longview, WA 98632
Ronald_Twibell@fws.gov

The need to reduce marine fish meal and fish oil in aquaculture feeds has prompted alternative ingredient evaluations with 
numerous species. As fish meal and fish oil are standard ingredients in diets fed to steelhead (progeny of anadromous rainbow 
trout, Oncorhynchus mykiss) reared in conservation hatcheries, we conducted a 12 week feeding trial to evaluate alternative 
dietary ingredients for this species. Using a factorial design, Spirulina and plant oil (63:37 mixture of canola and linseed oil) 
were evaluated as partial and complete replacements for fish meal and fish oil, respectively. Two basal diets containing 0 or 50% 
substitution of Spirulina for fish meal were extruded and dried. After drying, each basal diet was divided and top-coated with 
fish oil or the plant oil mixture. Each of the four dietary treatments was fed to quadruplicate groups of 100 steelhead initially 
weighing 12.4 g/fish. Growth responses were unaffected (P>0.05) by dietary Spirulina supplementation but were significantly 
reduced (P<0.05) by dietary substitution of fish oil with plant oil (Figure 1). Effects of dietary treatments on steelhead whole 
body proximate and fatty acid composition will be discussed. Results of this study suggest 50% of dietary fish meal can be 
replaced with Spirulina in steelhead diets with no deleterious effect on growth responses.
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PRIMARY PRODUCTIVITY REQUIRED TO SUSTAIN GLOBAL AQUACULTURE: 
A RESOURCE INVENTORY FROM 1970 TO 2013

Peter Tyedmers*, Angela L. Moores

School for Resource and Environmental Studies 
Dalhousie University
Kenneth C. Rowe Management Building, 6100 University Avenue, Suite 5010  
P.O. Box 15000, Halifax, NS B3H 4R2, Canada
peter.tyedmers@dal.ca

Currently accounting for half of seafood for human consumption, aquaculture continues to grow rapidly with global production 
having increased by ~140% since the turn of the millennium1. As with all forms of food production, aquaculture is inexorably 
dependent on a range of primary resource inputs (e.g. land, water, energy, etc.), while contributing to a similarly diverse array 
of global-scale challenges (e.g. eutrophication, climate change, etc.). Given the scale of the sector globally, and its likely role 
in meeting future food demand, it is imperative that the scale of its aggregate resource dependence and impacts be understood, 
particularly given the need for humanity to operate within planetary boundaries2. Here we report on the scale of primary 
productivity required (PPR) annually to sustain aquaculture production globally and at various sub-global scales from 1970 to 
2013. 

Following earlier efforts to assess PPR of capture fisheries3, we model PPR to grow a given mass of species A in country B 
using estimates of average trophic transfer efficiency in aquatic ecosystems (10% in wild ecosystems, 15% while in culture) and 
trophic level (TL) of the species of interest. To the extent a species in culture in a given country and year is unfed, we assume 
its TL reflects what it would be in the wild. However, where growth of a cultured species is wholly or partially based on feed, 
we quantify PPR using an estimate of the animal’s functional trophic level (FTL) using the proportion of the species’ diet that 
is plant- (TL of plants assumed to be 1), livestock- (TL of livestock assumed to be 2) and fish-derived (TL of fish inputs to diets 
based on TL analysis of major global sources of fishmeal and oil available that year). 

Preliminary results indicate that while PPR to sustain aquaculture globally has grown rapidly over the last 43 years (Figure 
1), it has done so more slowly than global live weight production. The relatively lower rate of growth of PPR to sustain global 
aquaculture results primarily from marked reductions in PPR to sustain aquaculture outside of Asia over the last decade in 
particular (Figure 1) despite continued production growth in non-Asian aquaculture over this period. This is due in large part to 
declining rates of fishmeal and oil inclusion in many fed culture systems.
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EFFECT OF TOASTED Citrillus vulgaris SEED SHELL MEAL ON THE GROWTH OF Clarias 
gariepinus FINGERLINGS 

Emmanuel F. Ude* and Uchechukwu P. Emeh
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Ebonyi State University, PMB 53, Abakaliki
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emm_ude@yahoo.co.uk

High cost of fish feed is one of the greatest challenges facing aquaculture industries all over the world, especially in developing 
countries. Certain levels of agricultural residues may be considered useful for incorporation into diets of fish to minimize cost 
of production, enhance fish growth, elicit profitability and nutritional wellbeing of the people, particularly in income deficit 
regions of the world where substantial proportion of the population live below poverty level. Melon (Citrillus vulgaris) seed 
shell is part of agricultural wastes normally discarded. Although some crop residues have been reported to contain good amount 
of fibre, ash, lipid and protein, but some generally contain anti-nutrients. Removal of anti-nutritional factors can be greatly 
reduced by roasting, toasting or boiling. The present study was conducted to assess the potential of toasted Melon seed shell 
meal as substitute for expensive conventional feedstuffs in fish diet. 

A 56-day feeding trial was carried out to investigate the effect of toasted melon seed shell meal on the growth performance of 
Clarias gariepinus fingerings. Three diets containing maize and 75% inclusion of toasted and non-toasted melon seed shell 
meal were formulated (Table 1). A total of 90 C. gariepinus fingerings (5.10±0.00g mean weight) were randomly assigned 
to the three treatment diets, each having three replicates  stocked at 10 fish/m2 and fed at 5% body weight per day (9:00hr-
17:00hr). Results obtained showed significant differences (P<0.05) for growth parameters measured. Fish fed diet containing 
0% Melon seed shell meal (T1) (Control) gave the highest mean weight gain (MWG) of 73.59±6.66g. Specific growth rate 
(SGR) of 7.15±0.16% and protein efficiency ratio (PER) of 1.83±0.17%. Fish fed diet containing 75% non-toasted melon seed 
shell meal (T2) had the lowest MWG of 28.90±3.05g, SGR (5.59±0.17b) and PER (0.68±0.07b) values. There were significant 
differences (P<0.05) in MWG of fish fed TI (0%), T2 (75%) and T3 (75%) (Table 2). It can be concluded that toasted melon 
shell meal inclusion in the diet of Clarias gariepinus up to 75% can be effectively utilized in local diet. 
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MORPHOMETRIC AND MOLECULAR ANALYSES OF Tilapia guineensis POPULATIONS 
FROM NIGERIAN COASTAL WATERS

  
Esther A. Ukenye*, Idowu A. Taiwo, Patricia. E. Anyanwu,  Olalekan R .Oguntade, Tope O. Oketoki 
and Adeola B. Usman.
 
Biotechnology Department Nigerian Institute for Oceanography and Marine Research, Victoria Island 
P.M.B 1279 Victoria Island, Lagos Nigeria. eekwelem@yahoo.com

Information about the current level of diversity and genetic structure of T. guineensis populations in Nigeria which will be 
useful for fishery management, aquaculture production, stock conservation, and fish improvement through selective breeding 
is lacking. Morphometric and molecular techniques were used to characterize and investigate genetic diversity of T. guineensis 
populations from some Nigerian coastal waters for breeding and conservation purposes. Samples were collected from six 
coastal states in Nigeria.

Thirteen morphometric variables were measured for determination of phenotypic variation while ten microsatellite markers 
were utilized for genetic diversity assessment. Results of morphometric analysis showed that T. guineensis populations can be 
differentiated into only two distinct groups. The results revealed low variability among the populations of T. guineensis from 
the coastal locations studied. This implied that T. guineensis populations from Nigerian coastal waters are morphologically 
different. Iwoama and Brass (Bayelsa state) populations were the most varied among all the studied populations (Figure 1). 
Furthermore, When compared to other locations, fish in Iwoama and Brass had the highest mean weight of 0.29+0.006 kg 
and 0.27+0.004 kg with mean total length of 0.24+0.002 m and 0.23+0.001 m. Molecular studies showed that Buguma in 
Rivers state, Badagry in Lagos state and Brass in Bayelsa state populations had the highest genetic diversity as was revealed 
by heterozygosity and shannon indices. Clustering using SSR data gave four major clusters reflecting some level of genetic 
variability (Figure 2). Rivers, Lagos and Bayelsa states show greater genetic and morphological divergence and are therefore 
considered suitable areas for sourcing T. guineensis for fish improvement in Nigeria.    
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OPTIMIZING THE DEVELOPMENT OF MICROSCOPIC LIFE STAGES OF Saccharina spp. 
FOR SELECTIVE BREEDING

S. Umanzor*, S. Augyte, M. Marty-Rivera, D. Bailey, S. Pitchford, J. Kim, G.H. Wikfors, S. Lindell, 
C. Yarish

*Department of Ecology and Evolutionary Biology, University of Connecticut, Stamford, CT 06901, USA
schery.umanzor@uconn.edu

Sugar kelp (Saccharina spp.) in the Northeastern US. have only started to be cultivated at a commercial scale during the last two 
decades, and are now a fast-growing industry throughout New England.  As a part of an effort to boost the production of sugar 
kelp in the region, we are pursuing a selective breeding program within ARPA-E’s MARINER program that combines strain 
selection via the isolation and cloning of gametophytes obtained from about 100 parental sporophytes collected from the Gulf 
of Maine and southern New England. The life cycle of kelps shows an alternation of generations between microscopic male 
and female gametophytes and the macroscopic sporophyte stage. The isolation, cloning, and maintenance of male and female 
gametophytes in culture is a key process that allows for the selection of genomes with desired traits such as high growth rate, 
high yield and temperature tolerance. Although gametophyte isolation cloning techniques are well-documented, challenges 
arise when controlling and monitoring hundreds of gametophytes simultaneously. We will describe the use of flow cytometry 
as a novel and automated technique to produce hundreds of uniclonal gametophytes by isolating single meiospores in short 
periods. We will also provide optimization techniques to enhance the buildup of clonal biomass under laboratory conditions, 
as well as techniques to avoid cross-contamination and parthenosporophyte blade formation (without fertilization or crossing). 
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INVESTIGATION OF THE SALINITY TOLERANCE OF INVASIVE AND NATIVE COASTAL 
CRAYFISH IN SOUTH CAROLINA, USA

 

Elizabeth B. Underwood* and Michael R. Kendrick 
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South Carolina Department of Natural Resources 
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* underwoode@dnr.sc.gov

Freshwater crayfish in the near-coastal zone of South Carolina face numerous ecological and environmental threats, including 
habitat destruction, invasive species, coastal flooding, sea-level rise, and storm surge. Since the early 1900s, sea level in the 
Charleston, SC area has risen at an average rate of 3.2cm per decade. Sea level rise and storm surge events will likely lead 
to the salinization of near-coastal habitats, affecting crayfish that inhabit these wetlands. Further, the threat to native crayfish 
species posed by sea level rise is exacerbated by the invasion of this region by the red swamp crayfish, Procambarus clarkii. 
This invasive crayfish species has been shown to alter freshwater ecosystems and is known to survive, molt, and breed in 
brackish waters of up to 25 psu. It is therefore important to determine how native crayfish will respond to habitat salinization, 
particularly in areas where P. clarkii is or is likely to become established.

The objective of this study was to compare the salinity tolerance of native (Procambarus troglodytes and Procambarus lunzi) 
and invasive (P. clarkii) crayfish and to determine salinity conditions currently inhabited by P. lunzi. Procambarus troglodytes 
(n = 96) and P. clarkii (n = 96) were collected from freshwater wetlands and placed in environmentally-controlled, replicated 
tanks maintained at one of six salinity treatments (0, 6, 12, 18, 24, and 32 psu). Trials were conducted for a duration of seven 
days. Mean percent survival for P. troglodytes and P. clarkii at 30 psu was 62.5% and 56.3%, respectively (Table 1). In addition, 
Procambarus lunzi were collected from hammock island wetlands ranging in salinity from 0.7 psu and 8.0 psu. Thirty-two 
individuals were exposed to one of two salinity treatments (0 psu and 30 psu). Mean percent survival at the end of the first trial 
was 18.8 % (Table 1). Crayfish from this first trial’s 0 psu treatments (n = 16) were maintained in freshwater and fed every 
other day for two weeks before being placed in either 0 psu or 30 psu replicated treatment tanks. Mean percent survival after 
seven days was 87.5% at 30 psu (Table 1). Continuous monitoring of a South Carolina hammock island wetland from which 
P. lunzi has been collected has recorded salinities ranging from 1.3 psu to 6.1 psu, indicating that this species can survive in 
mesohaline conditions. These results indicate that crayfish species can tolerate high salinities for a short period of time, but 
chronic exposure may have negative effects on their survival. 



1120

DESIGN AND CALIBRATION OF A LOW-COST, OPEN-SOURCE, IN SITU PHYTOPLANKTON 
MONITORING SENSOR 
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We present the design and calibration of a low-cost (less than $250) phytoplankton monitoring sensor for in situ long-term 
deployment in a marine environment. The sensor is capable of monitoring for signs of algae blooms, harmful algae species, 
and can provide algae spectral group densities for farmers and researchers. The sensor employs an Arduino micro-controller 
governing an array of high-powered LEDs and uses the sinusoidal amplitude modulation (SAM) method to detect Chlorophyll 
a fluorescence and distinguish between the major algae spectral groups. The sensor runs on solar power and communicates with 
the monitoring team with a cell phone app via Bluetooth. The schematic, necessary code, and detailed instructions on obtaining 
the hardware and software, the assembly, calibration, deployment, and operation will be freely available online for the greater 
benefit of the global research and aquaculture communities. 

The general health of a marine ecosystem can be measured to first order by the amount and composition of the phytoplankton 
species it hosts.  Therefore, careful monitoring of the phytoplankton counts can be essential for environmentalists and those 
working in aquaculture. However, the methods for doing so are still cumbersome, requiring either a large amount of time on 
behalf of a skilled researcher for the monitoring or expensive equipment not readily affordable by many research groups and/
or aquaculture farmers.  

While alternatives and improvements to that equipment are regularly supplied in the literature, rarely if ever are the description 
of the sensor and necessary tools for deployment given in enough detail for non-experts to assemble and deploy the sensors 
themselves.  To that end, we present the design and necessary documentation for the assembly, calibration, deployment, and 
continued operation of our in situ marine phytoplankton monitoring sensor.

The sensor draws a small amount of power from an onboard battery when in operation. The onboard battery can be continually 
recharged by a small solar panel located on top of the sensor housing, making human interaction with the deployed sensor 
minimal. 

The electronics and rugged, waterproof housing components necessary to build the sensor can be purchased from major 
electronics and hardware suppliers. Assembly requires access to a small drill and minimal soldering skills, and access to 
a computer and free software is required to upload the software, which will be provided on GitHub along with assembly 
instructions and user manual.      
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PATHOGENSIS OF THE INVERTEBRATE PATHOGEN Vibrio coralliilyticus
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The bacterium Vibrio coralliilyticus has been implicated in extensive damage to coral reef ecosystems by fatal infections of 
multiple coral species and massive losses of farmed shellfish larvae, specifically for the Pacific oyster Crassostrea gigas. This 
marine pathogen in found throughout the world and associated with a wide variety of substrates and organisms. However, there 
was a general lack of knowledge on the pathogenesis of V. coralliilyticus and if the different strains being studied represented 
a broad-host pathogen or multiple microorganisms each specialized for a specific host.

Multiple strains of V. coralliilyticus were screened for virulence using 
previously established infection systems using the reef-building coral 
Montipora capitata and larval C. gigas. Strains included OCN008, 
OCN014, and BAA-450, which are known coral pathogens, as well 
as RE22 and RE98, known shellfish pathogens. Additionally, V. 
coralliilyticus strain H1 was included, which was originally isolated 
form healthy coral, and V. cyclitrophicus HMSC5, a non-pathogenic 
isolate isolated from oysters. Virulence in each infection system varied 
between the different V. coralliilyticus strains. Strain OCN008 and 
RE98 were the most pathogenic to coral, while the rest of the strains 
were significantly lower, except for strain H1, which was avirulent 
(Figure 1A). In contrast, every V. coralliilyticus strain was pathogenic 
to C. gigas larvae, including strain H1 (Figure 1B). Strain HMSC5 was 
unable to cause disease in either infection experiment. 

Further mutagenesis studies have uncovered differences between coral 
and oyster infections indicating that quorum sensing, chemotaxis, 
and, motility is not required for oyster infections, but play a role in 
infections of coral. However, the transcriptional regulator, ToxR, and 
the outer membrane protein OmpU are important for infection in both 
systems. The differences between coral and oyster infections indicate 
that there may be more factors influencing the infection of corals 
compared to C. gigas larvae. These results could indicate that oyster 
larvae may be an inadvertent host for V. coralliilyticus and hatcheries 
are providing an artificial environment for this pathogen.
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MORPHOMETRIC CHARACTERIZATION OF TWO CICHLIDS POPULATIONS (Tilapia 
guineensis AND Sarotherodon melanotheron) FROM SELECTED WATER BODIES IN LAGOS 
STATE, NIGERIA

Adeola Usman, Temilade Olubunmi, Esther A. Ukenye

Email: adesbabe2000@yahoo.com

This study was carried out using morphometric and meristic approaches in characterization and identification of two Cichlids 
(Tilapia guineensis and Sarotherodon melanotheron) as an important tool for aquaculture industry. Eighty samples of farm 
raised and wild T. guineensis and S. melanotheron were collected from two Farms and two Lagoons in Lagos State. The standard 
length and weight of the fish used for the study ranged between 8.4 cm - 17.2 cm and 26.1g - 133g respectively. Seventeen 
morphometric and meristic characters were measured with the aid of divider, thread, wooden measuring board and ruler.  Data 
collected from the morphometric were subjected to statistical analysis using SPSS (version 2.0). The t-Test results showed that 
there were significant differences (p≤0.05) in pre-pectoral length (PPEL) of T. guineensis from cultured locations. There were 
also significant difference (p≤0.05) between Head length (HL); Total length (TL), Standard length (SL), Pre-dorsal fin length 
(PPL), Pre-anal fin (PAL) and Pre-pectoral fin length (PPEL) in wild and farm-raised S. melanotheron respectively. Dorsal Fin 
length (DFL) and weight (WEI) of T. guineensis and DFL; WEI and Pelvic fin rays (PEL) of S. melanotheron were significantly 
different (p≤0.05) in both farm-raised locations respectively. There was no significant differences (p≥0.05) at Dorsal fin rays 
(DF), Pectoral fin rays (PEC), anal Fin rays (AF), Caudal fin rays (CAU), Pelvic fin rays (PEL) and Weight (WEI) of both T. 
guineensis and S. melanotheron in the wild locations.  Fin length which is a major distinguishing character among the Tilapines 
was observed to have varying proportions among the cultured and wild populations.  The present investigation thus provides 
on morphology of T. guineensis and S. melanotheron from wild and culture environment.
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More than 250 million cases of gastroenteritis, respiratory diseases and more than 5 million cases of hepatitis are reported 
annually worldwide. This indicates that infectious diseases are on the rise. Reasons for this are an ever increasing world 
population and the ease of travelling that enhances the risk of disease spread. An unprecedented rise of antibiotic resistance of 
most pathogenic microbes and viruses provides another serious health risk. We show that the aquaculture environment with 
freshwater, brackish and seawater components provide a serious source of antibiotic resistant pathogens. Here, some pathogens 
even get more virulent than in their human host. This way environmental health as a branch of public health gets unexpected 
importance with several facets of the natural and man-made environment that affects human health. Three basic disciplines 
generally contribute to the area of aquaculture environmental health: environmental epidemiology, toxicology, and exposure 
science. Information from these three disciplines can be combined to conduct a risk assessment for specific physical, chemical, 
or biological hazards. Such risk factors, separate or in combination, determine whether an exposure poses significant risks 
to human health. This can in turn be used to develop and implement environmental health policies that regulate chemical 
emissions, or impose standards for proper sanitation in aquaculture. This way environmental health management can become 
a tool of preventive medicine. Preventive medicine as a branch of public health attempts to prevent diseases such as infectious 
diseases, as opposed to disease treatment. We will provide examples here from antibiotic resistance of human pathogenic 
bacteria that were transfected from life feed used in aquaculture facilities. These are posing threats to organisms raised in 
aquaculture themselves, to food and drinking water safety, and the healthy functioning of adjacent ecosystems and humans 
alike.
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The marine environment is currently and will be subject to profound changes in the future. Such climate changes provide an 
increase of temperature, ocean acidification and ocean freshening due to the melting of snow and ice. This affects also microbial 
biofilms that cover all man-made or natural surfaces in aquaculture. In the process of marine microfouling, microorganisms 
play an important role by inducing or inhibiting settlement and metamorphosis of invertebrate larvae and algal spores that are 
raised in aquaculture. At the same time both micro- and macrofouling on net cages and other installations in mariculture can 
cause substantial financial losses. Recent global climate changes caused, e.g. changes of circulation patterns of atmosphere 
and oceans, changed radiation patterns of several wave bands of the electromagnetic spectrum (UV, temperature) as well 
as acidification of FW and oceans. Warming triggered ice melting that enhanced ocean freshening and changed up- and 
downwelling cyclicity. These all affect aquaculture facilities in marine or FW net cages, ponds, or other confined water bodies. 
There is not much information about the effect of such climate changing factors on biofilms but microbes that are forced to their 
physical limits will be stressed and their fitness and survival will be affected. Elevated temperatures are expected to accelerate 
the transmittance of diseases between species, increase the competition between species, and to accelerate the transmittance 
of diseases and increase the competition between microbes. Competitive or predator-prey interactions will change like the 
abundance of species. This in turn will affect species distribution, biodiversity, productivity, and microevolution of biofilm-
forming microbes in aquaculture.
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As the human population is rising there is an ever increasing reliance on aquaculture to provide safe, healthy, and economic 
supplies of food. However, antibiotic resistance is spreading in food items from the aquaculture industry. Data on the amounts 
of antibiotics used in aquaculture are scarce, as few countries monitor the quantity of antibiotics used, but there is an urgent 
need to make legislation and regulation for aquaculture. In this study, the aquaculture pond water and debris mixed samples 
from twenty different sites belonging to four states in southern India (Tamil Nadu, Andhra Pradesh, Orissa and West Bengal - 5 
ponds chosen per state) were collected during premonsoon 2017 for an antibiotic resistance study. According to the Centre for 
Science and Environment (CSE, 2014) of India, tetracycline and certain forms of beta lactams are permitted in aquaculture 
while ciprofloxacin is prohibited. We challenged a total of 200 bacterial strains (ten strains from each sampling stations) 
against different 1st, 2nd, 3rd and 4th generation antibiotics (10 – 30 mcg) (including tetracycline, ciprofloxacin, beta lactam 
groups) on Müller Hinton agar. The results were evaluated with the recommendations of the National Committee for Clinical 
Laboratory Standards for antimicrobial susceptibility testing (NCCLS). In this study the strains showed highest frequencies 
of resistance to glycopeptides and certain beta-lactam groups of antibiotics while lowest frequencies of resistance appeared 
against quinolone which belongs to the ciprofloxacin group. The antibacterial resistance index (ARI) was calculated for each 
sampling station and indicated that the studied aquaculture ponds were highly exposed to antibiotic sources. Among the four 
states, sites in Andhra Pradesh sites were most contaminated by ABR strains.
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The spread of antibiotic resistance poses a major emerging threat to human and public  health. Antibiotic resistance is spreading 
through different pathways. Multidrug-resistant bacteria are on the rise, while novel antibiotics for clinical trials are declining. 
Despite measures to limit drug exposure to pathogens, AR has increased globally. Critical is particularly the connection of 
clinical and environmental reservoirs. Agriculture and aquaculture industries providing a growing source of food contamination 
with antibiotic resistance genes (ARGs) are of growing concern. Measurements are needed that mitigate the transfer of ARGs 
via environmental routes of human and agricultural faecal, food, marine, freshwater to clinical pathogens. Even non-pathogenic 
organisms can provide a reservoir of ARGs to pathogenic bacteria of clinical importance. Particularly wastewaters of different 
origin provide a substantial sink of nutrients, antibiotics, microbes, antibiotic-resistant microbes, and resistance genes that are 
directly connected to prospective human food organisms. Accumulating evidence indicates wastewater as a sink and reactor 
for horizontal gene transfer of ARGs. Resistant bacteria can be effectively reduced during the wastewater treatment process 
effluent water and sludge. Whereas the presence and possible elimination of resistance genes as free genetic elements and 
transfected by bacteriophages has gained limited attention so far. Here we evaluate the relevant literature concerning the 
function of bacteriophages as mediators of genetic exchange in the aquatic environment, its effects, facilitators, and prevention.
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Antibiotics (ABs) as emerging organic environmental contaminants and micropollutants are of increasing concern worldwide 
since they cause the antibiotic resistance of pathogens and non-pathogens alike through prolonged exposure of microbes to 
ABs. This holds for even low concentrations and can take place in environments outside their commonly animal or human 
hosts. Longterm exposure to ABs residues or their degradation products directly or indirectly affect the survival and fitness 
of organisms and disturb aquatic ecosystems, e.g. by affecting primary production or bacterial activities. Their removal is a 
significant challenge for environmental health management, and several processes to degrade/ remove antibiotics have been 
studied. Several microbiological, chemical and physical effects, such as ad- and absorption, are affecting the elimination of ABs 
from the water- and sediment-phase of aquatic systems. The degradation of ABs represents one promising way to eliminated 
environmental AB contamination. Some ABs are known to degrade either slowly or are stable in water and sediment, depending 
mainly on the microbiological setting, factors of the electromagnetic spectrum, and the chemical background. We focus here 
on physicochemical aspects of degradation. Photocatalytic degradation (by visible and UV light) is effective in the degradative 
elimination of antibiotic residues from the water or sediment phase. The activities of photocatalysts in water matrices frequently 
decrease because of other aqueous factors (e.g., dissolved ions and suspended solids). Salinity, pH, temperature, and oxygen 
are additional factors that affect ABs degradation acting separately or in combination. In concert with photodegradation, they 
may affect AB degradation synergistically. Here we evaluate the state of knowledge concerning the input sources, occurrence, 
and mainly the degradation and removal processes of antibiotics in natural aquatic settings. Considering physicochemical 
processes, combined factors show synergies and are most effective in the degradation of antibiotics in aquatic matrices.
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Belgium based Tomalgae is a young company which has developed its own microalgal ‘cultivar’ and manufactures’ a freeze 
dried product exceptionally rich in Omega 3 fatty acids (EPA and DHA), proteins and vitamins for feed in hatcheries for 
shrimps, mollusks and as an enrichment source for rotifers and Artemia. 

Traditionally, algae are grown on-site, where live feed is often unstable, producing unpredictable yields and using a large 
amount of space that could otherwise be utilized to grow commercial species. Tomalage offers products that can be stored on 
farm and readily prepared into a suspension on site whilst maintaining cell integrity and biochemical value, thereby mitigating 
the risk of seasonal fluctuations in quality and volume. The product is rich in Omega-3 fatty acids and is pathogen free, are  
readily digestible and of suitable cell size; live algae are the principle vector for vibrio and protozoal infections in shrimp 
production, converting to Tomalgae’s offered solution eliminates this risk. Tomalgae’s production takes place in open raceway 
ponds inside greenhouses – a proven and scalable controlled environment technology that enables year-round production.

TomAlgae is part of the Benchmark Holdings Group. Benchmark is a pioneering innovation company operating in the 
aquaculture, agriculture and animal health sectors. The company brings together knowledge of breeding and genetics, vaccines, 
health products, veterinary science, farming and husbandry to set a new benchmark for sustainable living – starting with food 
production. Find out more about the Group here  http://www.benchmarkplc.com/

This talk will describe the impact this approach will have on the hatchery operation, its performance and the additional qualitative 
benefits. Additionally, a glance of the setup an will give the audience a good impression of the activities of Tomalgae.
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The European flat oyster (Ostrea edulis) has disappeared from the Dutch North Sea primarily due to overfishing. As nearly 95% 
of the Dutch continental shelf is still trawled for flatfish, there has thus far been little probability of restoration of this species. 
However, with the planned expansion of offshore wind and the consequent exclusion of bottom trawling in significant areas 
of the North Sea, there are opportunities to try and restore this species and its associated biodiversity and ecosystem services 
within these areas.

In two scoping studies the suitability of areas for oyster restoration projects has been analysed for 12 locations in designated and 
operational wind farm areas, as well as 13 locations distributed over the Dutch continental shelf. Physical habitat characteristics 
have been considered, as well as historic distribution of oysters. Larval dispersal has been modelled for all these locations to 
assess if potential restoration sites would have a good chance of becoming self-sustaining in terms of larval supply. 

The European flat oyster is essentially a soft sediment species; however, the larvae require some hard substrate (preferably 
relatively clean shell material) to settle on. Restoration efforts in soft sediment areas therefore often involve the deployment of 
oysters, spat on shell or the shell material in the vicinity of a source population. Restoration efforts are more likely to succeed 
if carried out at a large scale. Dumping loose shell material (with or without spat on shell) is much cheaper than incorporation 
in gabions. However, in areas with high bed shear stress loose shell material will disperse and be lost. In such areas gabions 
may be a better option. 

Any restoration effort within offshore wind farms has to be in close cooperation with the wind industry. Nature-inclusive design 
has been incorporated in the terms of conditions for new tenders in the Netherlands. The offshore wind industry has a positive 
attitude towards restoration, but is also cautious regarding adaptations to e.g. scour protection surrounding monopiles or cable 
crossings. In a Joint Industry Project with the offshore wind industry (HaSPro) we are working on best practice methodology 
for restoration efforts within windfarms. In the very large wave facility at Deltares we have carried out tests on the behaviour of 
loose oyster shells and oyster shells in weighted gabions under controlled, but realistic wave conditions. These tests highlight 
which restoration techniques can be applied in which wind farm, and also if incorporation of shell material into gabions 
diminishes their functionality in protecting infrastructure.
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Working towards a sustainable aquaculture industry, it is very important to take into account the prevention of possible diseases. 
However, many of the conditions under which shrimp are being produced may result in stressful conditions for both the 
pond environment and the shrimp and thus present opportunities for infectious diseases.There are several strategies that can 
be applied to reduce the chances of diseases, while taking into account the sustainability of production. Among them are 
biosecurity and good production management, but also preventive strategies are used to improve the health of shrimp so that 
they are more resistant to possible diseases.

Interest in the use of marine algae in animal production is increasing, mainly due to the wide range of biological activities 
attributed to it, such as immunomodulatory, antioxidant and antiviral properties. Using the vast sustainable resources of marine 
algae off the coast of Brittany, France and in collaboration with several research bodies, Olmix has been able to isolate, identify 
and concentrate sulphated polysaccharides that have different activities to support the general health of animals. Some of these 
isolated polysaccharides include activities such as immunomodulation, the improvement of lipid metabolism, mucin secretion 
and the strengthening of intestinal barrier functions.

Using these resources, that come from the same environment in which the shrimp grow, Olmix has been able to demonstrate 
that polysaccharides alone or in combination can help improve the health of shrimp so that they can better cope with diseases. 
Knowing that most diseases enter orally, a combination of polysaccharides with synergistic functions was put together to 
improve the health of shrimp with the immunomodulator MSPimmunity and to improve the intestinal barrier with MSPbarrier.

The following test was carried out at the CIBNOR facilities in La Paz, Mexico. After a period of acclimatization, the shrimp 
were kept in 1000-L tanks at a density of 120 animals/m2 and randomly assigned to one of the 5 treatments in triplicate. The 
treatments included a positive and negative control, and 4 different inclusion levels of the polysaccharides MSPimmunity and 
MSPbarrier (0.1, 0.2, 0.3 and 0.5%), in a blind test. After 4 weeks of feeding with the different diets, the shrimp were subjected 
to a bath challenge with Vibrio parahaemolyticus causing AHPND. The mortalities were recorded daily.

Analyzing the results of the test, it is evident that with an inclusion of 0.5% of the MSPs in the diet, the survival rate of the 
shrimp challenged with the pathogen causing AHPND was significantly improved. In this test it is seen that the polysaccharides 
extracted from seaweed can improve the health of the shrimp naturally.
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U.S. aquaculture faces many challenges and obstacles, as the industry continues to develop. One of the factors believed to be 
limiting the growth of the industry is the U.S. regulatory environment. Previous research in the baitfish/sportfish sector has 
demonstrated that the manner in which regulations are implemented at the farm level, can result in high costs and increased 
inefficiency for producers. A similar study of on-farm compliance costs for the West Coast shellfish industry was completed 
in early 2017. Although producers acknowledged the importance of regulations, specifically with regards to food safety and 
environmental protection; many also reported high indirect costs of regulatory compliance. Results from the study indicate that 
the West Coast shellfish industry faces a complex and expensive permitting process that results in additional costs to producers, 
and may also form a barrier to entry in the industry. Across the three study states (Washington, Oregon, and California) a total 
on-farm compliance cost of $139,510,796 was measured. The West Coast shellfish industry exhibits high costs for lost sales 
(57.8%) and lost opportunities (32.8%); accounting for the majority of the regulatory costs captured. In addition to these costs, 
the industry also faces significant legal costs and costs associated with obtaining permits. The costs of licenses and permit 
fees was the smallest regulatory compliance category (0.3%), similar to what was found in the previously completed baitfish/
sportfish study. Thus, the regulatory framework for shellfish on the West Coast was found to be a major constraint to growth 
of the industry. 
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Export prices for whole fresh salmon from Norway, the world’s leading producer of salmon, have never before been as high 
as in the second half of 2018. Since the rate of inflation in Norway is close to absent, prices have increased also in real terms, 
mainly driven by growing demand for salmon in the European markets. More than 90 % of Norwegian production of salmon 
is exported. From the literature it is well known that there exist substantial differences in export performance, e.g. in terms of 
achieved unit values in different markets. 

Export of fresh whole salmon is an ongoing activity between sellers and buyers located in different parts of different countries. 
The export price for a shipment of salmon to a given destination country is determined through negotiations between the 
two trading partners. A firm that buys salmon e.g. from a Norwegian exporter located in the Northern part of Norway is not 
necessarily located in the country where the salmon is delivered. A given buyer may actually serve several different markets 
(i.e. countries) with the product he buys from the Norwegian exporter. Thus we expect export prices to vary between countries, 
but also between different trading partners within the same country. But there may also be differences due to location of the 
exporter, i.e. the county where the fish is produced 

The purpose of this paper is twofold. First we document large differences in average export prices of fresh whole salmon 
between different counties in Norway. The highest unit values are found in the western counties of the country who hold the 
largest production share, indicating that production clusters may have a positive effect on export prices. Second, we document 
the presence of heterogeneity in prices between buyers serving different cities in the largest import countries where the salmon 
is delivered. 
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The eastern oyster (Crassostrea virginica) is an ecologically and economically important marine bivalve along the east coast 
of North America. Severe declines in natural populations of C. virginica due to overfishing, habitat loss and disease have led to 
increased restoration efforts. In an effort to restore natural oyster populations along the North Carolina coast, work has included 
oyster restoration through cultch planting and oyster aquaculture, with hatchery-reared lines of oyster broodstock propagated 
for aquaculture. The UNCW Shellfish Research Hatchery is working to selectively breed oysters to develop lines that grow and 
survive well in NC waters. Loss of genetic diversity and inbreeding depression are potential negative effects of using hatchery-
reared lines as broodstock in oyster aquaculture. This study assessed the genetic effects of breeding practices over time on lines 
of hatchery-reared C. virginica derived from wild North Carolina oyster populations.

Three lines of C. virginica broodstock were initially started in 2012 using wild oysters collected from the Crab Hole oyster 
sanctuary in the Pamlico Sound, as well as reefs in Stump Sound and Hewletts Creek, NC. Oysters were strip-spawned in 
controlled single-pair matings in the hatchery, then grown on the UNCW aquaculture demonstration lease for 2 years. Gill 
tissue samples were collected and DNA extracted from oysters selected for mating in 2012, as well as for three subsequent 
generations (2014, 2016, and 2018). Utilizing 22 microsatellite loci, the genetic properties of 28 breeding populations from four 
generations of broodstock were estimated and compared. Parentage assignment was performed on each population of hatchery-
reared progeny to evaluate reproductive success of mating pairs and inbreeding between siblings. 

Analysis revealed that only a few mating pairs contributed most gametes to the next broodstock generation, resulting in 
disproportionate gametic contributions. Although not many instances of direct inbreeding occurred between siblings, a trend 
of increasing genetic relatedness was observed with decreasing allelic richness over subsequent generations within lines. 
Genetic analysis also revealed that individuals from two breeding populations from different lines were cross-mated during one 
spawning cycle.
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Alginates are structural polysaccharides present in the cell walls of brown algae and bacteria.  In recent decades the uses of 
alginates have diversified into multiple areas, including the food, cosmetics and biomedical industries. In the pharmaceutical 
and biomedical field, the most commonly used encapsulating material in the ionic gelation technique is sodium alginate, which 
in contact with calcium chloride forms a slightly water-soluble but permeable membrane. Calcium alginate microparticles 
are widely used for the encapsulation of various substances such as: oils, drugs, cells and proteins. Macromolecules that 
are unstable in water (such as proteins) are encapsulated in alginate, as they create a hydrophilic environment that makes 
denaturation difficult. 

The alginates of clinical grade for biomedical use, are characterized by ultra-high viscosity (UHV), extremely pure and 
standardized M:G composition, in addition to having low content of proteins, endotoxins and free of mitogenic substances. 
Consequently, environmental characteristics and ecological history of algae growth sites and row material processes are key 
factors to obtain clinical grade alginates. 

Alginates extracted from brown algae from Chile have excellent physical, chemical and biological characteristics for use in 
biomedicine. However, worldwide and in Chile, dry algae are sold with a low GMP level which does not make it compatible 
with clinical use in biomedicine. In this context, harvest and row material transformation generates several focus of biotic 
and abiotic contamination, which may be potentially toxic to the host. In this context, we develop a traceability model in the 
production of clinical grade alginates, focusing in those factors to control and determine factors influencing the quality of 
clinical grade alginate (Fig. 1); in addition we determine bottlenecks in the production process of alginates, improving the 
traceability of a product with great commercial potential extracted from endemic Chilean seaweeds. 
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Octopus maya is an endemic species of the Yucatán Península (YP) and has very particular adaptations determined by the 
temperature of its habitat. Recent studies have demonstrated that temperature is a key signal in the reproductive success in 
females and males of this species. Additionally, it has been know that the optic glands (OG) contains factors associated with the 
regulation of reproductive cell proliferation and gonad maturation, because the removal of that tissue in males that are already 
producing sperm is followed by a decreased in the weight of the testis and the eventual cessation of sperm and spermatophore 
production. Previous studies in our laboratory in O. maya males under mating conditions and chronic thermal stress shows that 
in organisms maintained at 30°C, the spermatophores production was increased but no paternal contribution was observed, 
additionally the histological analysis of the testis shows an increase in the presence of apoptotic bodies. In order to investigate 
the molecular mechanisms of these responses, the transcriptomic profiles of OG were obtained by sequencing paired-end cDNA 
libraries using Illumina MiSeq platform. Males were exposed to different temperatures (24°C - preferred temperature and 30°C 
- stress temperature) for 30 d. After thermal exposure, males were mated with females maintained at preferred temperature. 
A transcriptomic analysis (RNA-Seq) of OG (24°C and 30°C in PRE and POST mating) were realized. RNA-seq analysis 
generated 23,565,629 clean paired-end (PE) reads, which were assembled into 76,588 transcripts (Contig N50 = 1,008 bp and 
average contig = 671.15 bp). Using Blastx, 16,691 contigs have blast hits in the Swissprot database with an E-value cutoff of 
1e-5.  The differential expression analysis using EdgeR revealed that a total of 831 genes showed ≥2 fold up-regulation among 
different treatments. Genes like efcab6 which encodes a protein that play a role in spermatogenesis and fertilization,  and est2  a 
transcription factor which regulates genes involved in development and apoptosis; were found to be up regulated in the optic 
gland of males exposed to high temperatures. This preliminary result suggests that the OG plays a role in the reproductive 
response of males under thermal stress.
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Channel catfish virus (CCV) is the most significant virus affecting the catfish industry with mortalities approaching 100% in 
fingerling production units. The unpredictable nature of this viral disease is a serious concern resulting in catastrophic losses for 
the industry. Presence of CCV in nearly all catfish growing regions, absence of an effective vaccine and limited information on 
the viral pathogenesis necessitate detailed exploration of the virus and development of control strategies. Vertical transmission 
and latency of CCV results in complex transmission dynamics in the aquatic systems. In order to estimate the active infection 
/ latency of CCV in the hatcheries, a spatio-temporal survey was carried out. The survey covered ~70% of the catfish fry 
production. From each hatchery site, ~150 swim up fry were collected from 10 different troughs. Premature hatching of channel 
catfish eggs, high temperatures, and other stress events are thought to be the predisposing factors related to CCV activation.  
Sampling was repeated three times with an interval of 10 days between sampling to investigate the temperature associated 
incidence of CCV. Samples from each trough were divided into four replicates consisting of 25 fry. DNA was isolated and 
quantitative real-time PCR was carried out to determine the presence of CCV. In addition to this, full genome sequences of 
archived CCV samples (collected over the past ten years (Figure 1)) were analyzed for homogeneity / heterogeneity with 
respect to virulence factors, immune genes etc. Molecular characterization and bioinformatics data analysis are valuable tools 
to evaluate the transmission strategies and evolution, based on which effective CCV-specific management strategies can be 
developed to optimize fish health and minimize the impact of disease-related losses.
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Hatching of any animal egg is influenced by simultaneous interactions of multiple environmental factors that have to be 
optimized to achieve the desired hatching output. In multi-factorial experiments, randomization of treatments is often practically 
difficult and expensive. A new method, BBD-SSPD is developed by integrating Box-Behnken Design (BBD) and Split-Split 
Plot Design (SSPD) to resolve this constraint that would ensure minimum experimental runs, randomization restriction and 
the least cost. Artemia was chosen as a model organism to study the combined effect of photoperiod, temperature and salinity, 
each with three levels on the hatching percentage and hatching time. The BBD was used to select 13 treatment combinations 
out of the 27 possible combinations that were then grouped and arranged in SSPD setup. Hatching percentage and time were 
optimized simultaneously using Derringer’s desirability function (figure 1). The hatching percentage of Artemia was affected by 
photoperiod and temperature as well as temperature-salinity interaction, while the hatching time was influenced by photoperiod 
and temperature, and their interaction. The optimum conditions were 23h photoperiod, 29°C temperature and 28ppt salinity 
resulting in 96.8% hatching in 18.9h respectively. It is expected that this method would be suitable to optimize the hatching 
process of other animal eggs (birds, reptiles and aquatic organisms) and similar biological processes as well. 
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A specific strain of Vibrio parahaemolyticus (Vp) is the etiological agent of an emerging shrimp disease, the acute hepatopancreatic 
necrosis disease (AHPND). Since 2009 to date, Penaeus vannamei shrimp production has suffered significant losses in Asian 
countries and Latin America including México, due to this disease. The mechanism of infection of Vp to recognize the receptor 
or adhesion molecule in the membrane of hepatopancreas (HP) to cause the death of shrimp, is unknown. However, Vp has 
evolved multiple strategies to promote adhesion and/or colonization of host cells, including those involving both bacterial 
and host glycans. Here, we show that lectin PirBvp of Vp, a new lectin identified in this bacterium, is constitutively secreted 
together with PirAvp, binding to the receptor to promote the AHPND. Through glycosylation-dependent mechanisms involving 
recognition of bacterial glycoproteins and glycosylated host cell receptors, PirBvp enhanced Vp attachment to HP epithelial 
cells. Exposure to PirBvp/PirAvp, mainly in its tetrameric form, facilitated bacterial infection and theoretically produced the 
sloughing of tubule epithelial cells of the shrimp HP. This is the first evidence that show that the lectin PirBvp of Vp binds to 
galactosamine/glucosamine receptor, interactions that can modulate the infection. 



1139

ROLE OF PirBvp LECTIN AND PirAvp TOXIN OF Vibrio parahaemolyticus TO PROMOTE 
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A specific strain of Vibrio parahaemolyticus (Vp) is the etiological agent of an emerging shrimp disease, the acute hepatopancreatic 
necrosis disease (AHPND). Since 2009 to date, Penaeus vannamei shrimp production has suffered significant losses in Asian 
countries and Latin America including México, due to this disease. The mechanism of infection of Vp to recognize the receptor 
or adhesion molecule in the membrane of hepatopancreas (HP) to cause the death of shrimp, is unknown. However, Vp has 
evolved multiple strategies to promote adhesion and/or colonization of host cells, including those involving both bacterial and 
host glycans. 

Here, we show that lectin PirBvp of Vp, a new lectin identified in this bacterium, is constitutively secreted together with 
PirAvp, binding to the receptor to promote the AHPND. Through glycosylation-dependent mechanisms involving recognition 
of bacterial glycoproteins and glycosylated host cell receptors, PirBvp enhanced Vp attachment to HP epithelial cells. Exposure 
to PirBvp/PirAvp, mainly in its tetrameric form, facilitated bacterial infection and theoretically produced the sloughing of tubule 
epithelial cells of the shrimp HP. This is the first evidence that show that the lectin PirBvp of Vp binds to galactosamine/
glucosamine receptor, interactions that can modulate the infection.
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Small pelagic finfish species that sustain the production of fishmeal have been exploited to their maximum sustainable yield 
for a long time. Fishmeal is widely used in finfish and crustacean aquafeeds, as well as in feeds for livestock production; 
however, current high prices are limiting the cost-effectiveness of its use in aquaculture. In response, the search for alternative 
protein sources has intensified in order to promote sustainable aquaculture. Ideally, these sources should be of high nutritional 
value, inexpensive, and readily available. Protein feedstuffs of animal origin were one of the first alternatives explored for the 
replacement of fishmeal. Examples are blood meal, meat and bone meal, feather meal, and poultry by-product meal, among 
others.

An even more sustainable alternative is provided by protein feedstuffs of vegetable origin available from agriculture, such 
as meals derived from corn, barley, soybean, as well as soybean and barley protein concentrates. More recently, information 
concerning the use of microalgae for fishmeal replacement has been made available from studies conducted on a considerable 
number of marine and freshwater fishes. Microalgae species used so far include the genera Arthrospira sp., Navicula sp., 
Tetraselmis sp., Isochrysis sp., and many others. A variety of microalgal products are on-hand, such as whole microalgae 
meals, or microalgal oils and its lipid-extracted by-products. These products have been incorporated, in various proportions, 
into balanced fish feeds, with variable but generally encouraging results. In spite of this, the effectiveness of such products in 
carnivorous, marine fish feeds should be evaluated more thoroughly. 

Totoaba, Totoaba macdonaldi, is a strictly carnivorous marine fish with great potential for commercial culture in Mexico. The 
present study evaluated blends with different ratios of a microalgae meal derived from Arthrospira sp., blood meal, and soybean 
protein concentrate (SPC) to replace fishmeal in diets for T. macdonaldi.

Juvenile T. macdonaldi (8.0 ± 0.5 g, overall initial mean weight) were reared in a recirculating culture system at a stocking 
density of 25 fish/tank, randomly assigning each dietary treatment to six replicate tanks. A control diet was formulated to 
contain 50% crude protein (CP) and 12% crude fat, using fishmeal as the main protein source. Then, 0, 33, 66, and 100% of 
fishmeal was replaced by three blends of the test ingredients: 1) 70% Arthrospira sp. meal, 15% blood meal, 15% SPC; 2) 70% 
blood meal, 15% Arthrospira sp. meal, 15% SPC; and 3) 70% SPC, 15% Arthrospira sp. meal, 15% blood meal. Diets were 
fed to fish for 6 weeks. At the end of the study, fish growth performance, survival, feed efficiency, and the amino acid profile of 
the diets and fish muscle, were evaluated. In addition, gene expression of alkaline proteases in response to increasing fishmeal 
replacement was assessed.

Preliminary results indicate that fishmeal can be replaced, to some extent, by the protein blends tested, without diminishing 
growth performance of fish.
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INTENSIFICATION OF COMMERCIAL REDCLAW CRAYFISH Cherax quadricarinatus 
CULTURE IN BAJA CALIFORNIA SUR, MEXICO. PRODUCTION AND BIO ECONOMIC 
ANALYSIS
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Freshwater crustacean crayfish production has been increasing at a rate of 15%/year worldwide: New technologies are needed 
to consolidate this growth. The culture of redclaw crayfish Cherax quadricarinatus has been adopted by several countries with 
varying degrees of success. Several culture techniques are used depending on the region. Advances in the commercial culture 
of Cherax quadricarinatus in Mexico have been hindered by a number of problems, such as the lack of sufficient investment. 
This is related to the paucity of information on the economic viability of the different culture technologies to help investors 
evaluate risk.

The Northwest Biological Research Center (CIBNOR) developed an intensive culture technology for redclaw crayfish C. 
quadricarinatus. The system is based on more than 20 years of research and development. Redclaw de Mexico, a private 
company, has tested this technology commercially in Baja California Sur, with yields over 5,000 kg/ha in 7-month cycles. The 
objective of the study was to evaluate the biological and economic performance of this cultivation technology using a stochastic 
bio economic analysis.

Trials were conducted in triplicate 2500 m2 (25 x 100 m) PVC-lined ponds with zero water exchange and two 2-hp aerators 
(Aire-O2) per pond. Concrete blocks with 4 orifices and bundles of nylon mesh were used as shelters. Juveniles (3.5±1 g) were 
nursed at 25/m2 for 105 days. At harvest, males and females (20±1.4 g) were separated and reared in monosex culture at 10 
crayfish/m2 and fed daily at 08:00 and 17:00 with a 35%CP pelletized diet for 140 days. Zoo technical parameters showed that 
production was very consistent and there were no statistical differences among triplicates for juvenile, female or male culture.

With this database, we fitted a stochastic model to determine the consistency of simulations of total and commercial biomass 
over time. Of particular interest was the production of commercial-sized crayfish for two size classes (40–60 and 61–90 g). At 
harvest, mean final redclaw weight were 65 y 60 g, and yields were 4.95 y 4.20 ton/ha for males and females, respectively. Data 
of commercial biomass predicted by the model are presented. Using production costs at the commercial farm, we developed a 
bioeconomic model to estimate b/c and net gain, and determine risk factors affecting production and economic performance. 
System management, production and the use of the stochastic bio economic model to evaluate investment are discussed.
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In Northwest Mexico, shrimp farms have been using semi-intensive systems based on water exchange over the last 20 years. 
The industry faces severe challenges, such as diseases, increases in production costs and lack of environmental sustainability. 
CIBNOR has collaborated with producers in Baja California Sur to obtain 20 tons/ha in 2 cycles/year, using 30 hp/ha of 
aeration and 25% water exchange. Water exchange increases costs and biosecurity risks. In previous trials we have shown 
the feasibility of eliminating water exchange using aeration systems, maintaining feed-use efficiency, water quality and waste 
reduction in photoheterotrophic systems. The objective of this study was to determine the potential impact of different aeration 
equipment types on system efficiency. 

We used six 1,000 m2 PVC lined ponds at BioHelis®, the Innovation and Technology Park operated by CIBNOR, with 24 h 
aeration, that increased, depending on O2 demand, from 20 to 40 hp/ha. Three duplicated aeration treatments were tested: 2 
2-hp Aspirators per pond; 2 2-hp Paddle wheels/pond; and a combination of 1 2-hp Aerator and 1 2-hp Paddle wheel/pond. 
Shrimp were stocked at 120 Pl/m2 and a commercial pellet with 35% CP was fed 2 times/day. Water quality parameters (T, O2, 
pH, NH3, NO2, BOD, etc.), water current and other variables, such as chlorophyll and bacteria concentration, were recorded.
 
A stochastic model was fitted to the growth, mortality and food conversion curves for all ponds. Production costs and historic 
sale prices were incorporated to the bio economic model. System management and financial considerations for the different 
aeration systems are presented. Implications for the consolidation of shrimp culture in semiarid areas, based on innovative 
science-based technologies, are discussed. 
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ENTERIC BACTERIA EXPRESSING asRNA TARGETING ESSENTIAL GENE OF Vibrio 
parahaemolythicus SUBSTANTIALLY REDUCES MORTALITY DUE TO EARLY MORTALITY 
SYNDROM IN SHRIMP, Litopenaeus vannamei
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Email: tvinogradova@pebblelabs.com

Here we report a novel approach for control of Vibrio sp -caused Early Mortality Syndrom (EMS) in shrimp using enteric 
bacteria expressing asRNA targeting essential genes of pathogenic bacteria. Single-stranded antisense RNAs have been 
previously shown to effectively reduce the expression of targeted bacterial genes (Nguyen et al., 2016). To treat and control 
EMS we designed strains of Enterobacter Ag1 to express single stranded asRNA targeted to suppress expression of dam (DNA 
adenosyl methyltransferase) gene in Vibrio. Dam expression regulates chromosomal DNA replication and the expression of 
number of other genes including those involved in toxin production. We have demonstrated that co-cultivation of Vibrio with 
Ag1 expressing asRNA-dam leads to 50% reduction of Vibrio dam expression. The ability of Ag1 to colonize shrimp intestines 
was confirmed by detection of GFP-labeled Ag1 bacteria in shrimp intestines following delivery of the bacteria in feed. For 
Vibrio challenge experiments, shrimp were fed Ag1 bacteria expressing asRNA-dam for 5 days prior to administration of 
pathogenic bacteria. We observed up to 50% reduction in shrimp mortality in shrimp fed Ag1 expressing asRNA-dam vs shrimp 
fed Ag1 expressing asRNA targeting suppression of nonsense mRNAs. Additionally, we observed by qPCR analysis significant 
reduction in expression of the virulence genes Ap4 (pir-like protein) and mam7 an adhesion factor in Vibrio. The use of enteric 
bacteria expressing asRNA targeting essential genes in bacterial pathogens has broad application to other disease models. 
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The sea urchin, Tripneustes depressus, is a potential fishing resource off the coast of Baja California Sur. The quality of their 
gonads was determined by maturity phase to determine the best conditions for their possible exploitation.

Monthly samples were taken during an annual cycle (October 2016-September 2017). 100 individuals were collected to 
evaluate the demographic characteristics of the population, which were determined the total weight (g) and the test diameter 
(cm). Of these, 15 specimens were taken to the laboratory, where they were processed to extract the gonads and make specific 
determinations of them (weight, sex, gonadal stage, cellular composition, quality characteristics and biochemical and energetic 
composition). All the variables were tested to determine if there were differences between sexes, months and stages. 

The average diameter of the sampled population was 9.7 ± 0.03 cm, and ranged between 5 and 12.5 cm. The highest proportion 
of individuals with large gonads was found in the growth phase in both sexes. 84% of the gonads presented an adequate 
color for commercialization, of these, 53% presented excellent coloration. The best consistency of the gonads corresponds 
to the stages of growth and prematurity, as well as the proportion of nutritive phagocytes with respect to the sex cells in the 
gonadal tissue. The concentration of total proteins remained high during all reproductive stages. The best quality of the gonad 
corresponds to the growth stage, which is in greater proportion in the months of May to September. In this period the nutritive 
phagocytes are the predominant cells in the gonadic tissue and the carapace diameter of individuals ranges from 8 to 12 cm. The 
gonads are between 32 and 77 g and have yellow coloration and firm texture, which corresponds to international standards. In 
addition, in this period the sex and the size of the individual do not influence the quality of the gonad.

It is proposed for extraction between May and September, ideal period where it presents an excellent gonad quality. The 
commercial quality of the gonads of this species represents a viable alternative for the development of aquaculture of sea 
urchins in Mexico, as well as reducing the fishing pressure on other echinoid species.
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Aquaculture operations have the potential to be designed with environmental, social, and economic sustainability from the 
beginning. A point of concern is how escaped fish affect wild populations, especially conspecifics with which they might 
interbreed. Having predictive models to assess impacts greatly benefits regulators, coastal planners, and private industry in 
expanding aquaculture in U.S. waters. The Offshore Mariculture Escapes Genetics Assessment (OMEGA) model was developed 
by ICF and NOAA to evaluate relative risks and benefits of alternative aquaculture strategies to balance industry needs with 
conservation goals.

OMEGA characterizes the aquaculture program by brood source, size and growth of cultured fish, and frequency and magnitude 
of escape events. Genetic and ecological interactions are calculated from assumptions regarding survival of escapees in nature, 
their likelihood of encountering conspecifics, breeding success, and the consequence of interbreeding on the fitness and 
abundance of wild conspecifics. 

This poster describes the model concepts, model parameters, and methods to parameterize and evaluate aquaculture scenarios for 
marine species. We show how to extract from the model a number of different metrics to describe the genetic and demographic 
effects of escapees on wild populations. 

We show recent improvements to the model that have focused on making it easier to develop and document model assumptions 
through modification of OMEGA’s workflow for enhanced utility and faster processing. A scenario building spreadsheet helps 
users easily organize scenario sets and populate OMEGA by direct upload. In OMEGA, the user can now either perform 
single runs, multiple successive iterations of a parameter set, or many thousands of iterations to explore model sensitivity and 
parameter uncertainty using the add-on tool @Risk. Finally, output files for user specified metrics can now be requested from 
a model simulation. 

The model runs in Microsoft Excel and these recent enhancements make it possible to quickly setup and run preliminary 
scenarios to explore potential effects using default parameters and a brief user quick start user guide. 
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Reliance on fishmeal and fish oil is a significant constraint to the expansion of finfish aquaculture. Alternative feeds for high-
value finfish could potentially increase the economic performance and decrease the ecological footprint of their culture. This 
is critically important to sustainability, scalability and profitability of the industry, and is key to attracting capital investment. 
Commercial opportunities and sustainability concerns are probably greatest for high-value marine finfish, such as kampachi 
(Seriola rivoliana).

In partnership with both leaders and newcomers to the alternative feeds space, Kampachi Farms has tested experimental diets 
for over a decade on high-value marine finfish. This presentation will highlight the resulting trial data from these partnerships, 
as well as the value of alternative feeds in commercial culture. A status update will be presented on current fishmeal-free feed 
formulations being developed for high-value finfish.
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ARPA-E currently supports 19 projects developing new strategies and technologies to cultivate macroalgae in the open 
ocean under its MARINER program.  The focus is on designing cost-effective approaches that can ultimately be expanded to 
energy-relevant scales of deployment.  The system designs are integrating cultivation and harvesting technology and pursue 
a wide range of strategies to minimize overall capital and operating cost.  The projects cover a wide range of geographies, 
including New England, Caribbean, Gulf of Mexico, California, Pacific Northwest and Alaska, as well as Hawaii and multiple 
species of brown and red algae.  Independent of location and species grown, mechanical resilience of the cultivation structures 
and sufficient nutrient supply are some of the most critical design criteria.   These efforts are supported by four separate 
projects developing new modelling approaches to better characterize and predict the interactions of hydrodynamic forces, 
cultivations structures, nutrient fluxes and the macroalgae.  A separate set of projects is developing autonomous technologies 
for transportation as well as monitoring macroalgae growth and health as well as cultivation system integrity in situ.  The goal is 
to minimize the number of people that need to be deployed in the often hazardous, open ocean conditions. Finally, the program 
also includes two projects focused on improving agronomic characteristics of two macroalgal species via genomics assisted 
breeding strategies.  This presentation will provide an update on key developments in the various projects.
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FOCUSMAINE AQUACULTURE INDUSTRY GROWTH INITIATIVE
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The Gulf of Maine Research Institute (GMRI) and Maine Aquaculture Association (MAA) have partnered with FocusMaine 
- a group of proven, private-sector Maine business leaders – to accelerate development of Maine’s aquaculture industry for its 
economic prosperity to the state.  Based on a comprehensive review of the Maine State Economy by international Management 
consults McKinsey and Co., Aquaculture was identified as one of Maine’s most promising growth sectors. A number of key 
strategic advantages where identified by the review including market recognition of Maine seafood as premium quality, strong 
Maine brand, proximity to large markets, large coastline, a clean high-quality marine environment, a commitment to best 
practices, strong industry leadership, and robust in-state support network. 

Between January and October 2016, MAA and GMRI led an intensive strategic planning process to identify effective methods 
and key actions necessary to significantly expand Maine’s aquaculture sector.  Step one was formation of the Aquaculture 
Implementation Team (AIT) – a distinguished group with expertise in business, aquaculture, and finance.  Guided by the MAA 
report, Directing the Future of Maine’s Aquaculture Industry: An Economic Development Plan, the AIT spent the next 9 months 
identifying areas of opportunity and need and developing actionable implementation measures to bring lacking resources to 
bear and remove roadblocks.  Strategy-specific workgroups were used to inform the strategies along the way.  The process 
resulted in creation of three highly-interrelated strategies and actionable strategy-specific implementation measures.

1. Accelerate Growth of Small Aquaculture Businesses: Develop foundational support resources to assist and support start-ups 
during their formative years and established companies during scaleup; and address business inhibitors.
2. Facilitate Access to Capital and Risk Management Solutions: Develop effective methods of financing and controlling 
financial risks associated with aquaculture financing and investment. 
3. Recruit Large Aquaculture Firm Investment: Attract large firm investment by out of state aquaculture firms and/or investors. 

Our presentation will provide an overview of the strategic planning process, high-level growth strategies, and actionable 
implementation measures that GMRI and MAA will be working on over a three year period.
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Portland Harbor, at the western end of Maine’s Casco Bay, is a historic commercial hub for shipping, fishing, commerce, and 
travel; and most recently aquaculture. In the past few decades a combination of factors has led to an increase in commercial 
development and a decrease in marine industry presence on the working waterfront. As space on the waterfront becomes more 
limited, there is a need as well as an opportunity to fully utilize existing infrastructure.   The Portland Street Pier (Pier), owned 
and operated by the city of South Portland (City) has played a vital, but perhaps underutilized role in Portland Harbor’s working 
waterfront. Currently, the Pier provides seasonal berthing for roughly a dozen inshore commercial lobster or tuna fishermen, but 
the infrastructure requires attention with respect to operations and maintenance.  

In recent years, City leadership have recognized the potential for the Pier as a commercial fishing and aquaculture hub; and 
set out to develop a long-term vision, or Master Plan for the Pier as fishing and aquaculture support infrastructure, rather than 
simply repairing the existing structure as it stands.  Their goal is to understand how the Pier can be most effectively utilized to 
cover costs, while providing critical support infrastructure to Portland Harbor’s working waterfront.  A key driver of the City’s 
motivation is the precipitous increase in aquaculture operations in Casco Bay over the last decade.

In 2017, the Gulf of Maine Research Institute officially partnered with the City and GEI Consultants to develop the Pier 
Master Plan.  Our role was to conduct a needs assessment of Portland Harbor’s aquaculture and commercial fishing industries 
to understand who the most likely users are and how they might use the Pier.  Our research took the approach to: 1) identify 
specific commercial aquaculture and fishing sectors that are most likely to use the Pier and 2) provide operational details 
of these sectors to help the City understand how different pier configurations and services might or might not be useful or 
practical. Data sources included: publicly available permit and landings data sets; structured interviews with aquaculturists 
and commercial fishermen; unstructured conversations with aquaculturists and commercial fishermen (typically as follow-up 
conversations); a Casco Bay aquaculture needs assessment survey; an aquaculture industry listening meeting, and a commercial 
fishing industry listening meeting.
 
The presentation will provide an overview of the Master Plan development project, description of the scope and methodology, 
and high-level findings of the assessment.
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Though an abundance of oyster farming support resources exists in Maine and the Gulf of Maine, detailed financial information 
about the real-world costs, revenues, profits, and losses of a commercial-scale oyster farm are unavailable.  Without this critical 
business planning information, new farms must learn as they grow, repeating the mistakes of established farms.  A collaborative 
spirit exists in Maine’s aquaculture sector, but it is no surprise that successful farms have not outsourced their hard-earned and 
proprietary financials to competitors.  Two solutions exist to access the books of a commercial oyster farm: either purchase 
access at a high cost or develop them from the ground up on a commercial-scale demonstration farm.

Over the last 5 years, Maine has seen a precipitous increase in startup oyster farms and it has been estimated that 40% or more 
of the industry is pre-revenue.  The majority of these new businesses have small 400 square foot aquaculture permits and will 
need to transition to a commercial lease to be viable at a commercial scale.  Scaling up and increasing production from tens-of-
thousands to hundreds-of-thousands brings with it significant challenges that Maine’s pre-revenue farmers may not anticipate, 
and therefore are unlikely to plan for.  New business failure rates are estimated at 50 – 80% generally and are possibly higher 
for aquaculture due to the wide range of skills an entrepreneur must learn to succeed.  In other words, a significant number of 
Maine’s farms are vulnerable to failure in coming years.

The Gulf of Maine Research Institute and Quahog Bay Conservancy (QBC) have partnered on an oyster farm demonstration 
project to generate real-world financial data and equip Maine’s pre-revenue oyster farms with information they need to 
successfully scale.  Currently, QBC operates a small farm where Snow Island Oyster are grown.  The goal of this project is to 
facilitate scale-up of Snow Island Oysters to a commercial scale, document the process, and open the books to industry.  The 
team also includes Jeff Auger of Mook Sea Farms and a professional aquaculture accountant.  The outputs of this project will 
be a case study documenting our experience scaling the farm and open source financial records.     

Our presentation will give an overview of the need for and goals of the commercial demonstration farm and summarize our 
work to date.
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The Gulf of Maine Research Institute (GMRI) and Maine Aquaculture Association (MAA), through the FocusMaine 
partnership, are developing a strategy to provide a comprehensive training pipeline to meet the labor needs of Maine’s growing 
and developing aquaculture industry.  The work, anticipated to begin in fall 2018, will involve administering an in-person 
industry survey to understand current workforce needs, challenges, and hiring experiences; mapping current workforce skills 
and positional needs; forecasting the future workforce needs of Maine’s growing and evolving industry; a gap analysis of 
existing training programs (e.g., academic, vocational) for meeting skills needs of the industry; and providing short-term and 
long-term recommendations for developing a robust and cohesive aquaculture training pipeline.

Our approach is to rely heavily on a foreign consulting team from a developed aquaculture country (e.g., Norway, Scotland) to 
understand aquaculture industry development, the workforce needs of developing and mature aquaculture sectors, and education 
systems that produce business ready graduates.  Further, the consultant, having no ties to Maine, will bring objectivity to the 
process. 

Our presentation will give an overview of the approach, high-level findings of the research, and recommendations to provide a 
comprehensive training pipeline for Maine aquaculture businesses.
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AQUACULTURE

Peter J. Vonk*1, Timothy R. Brewer1, Kevin Madley2

1Synthetik Applied Technologies
701 Brazos St, Austin, TX 78701
vonk@synthetik-technologies.com 

2National Marine Fisheries Service 
Greater Atlantic Regional Fisheries Office
55 Great Republic Drive, Suite 04-446
Gloucester, MA 01930

Risk of entanglements inherent in aquaculture installations creates a critical roadblock for many interested parties seeking 
to obtain aquaculture permits in the U.S., particularly as we push further off-shore in to Federal waters.  Currently, the only 
monitoring tools available are basic sensors and cameras, but monitoring these data streams 24/7 is not feasible as the cost of 
24-hour staffing to monitor a farm site is prohibitively expensive and, in many cases, practically infeasible. And while passive 
sensing may be capable of alerting farm managers to an active crisis, there is nothing that could help them prevent a crisis 
before it occurred. For unmanned farm sites located miles offshore, early detection and mitigation of entanglement risk could 
provide deeply valuable protection.  Most of the entanglement events that could occur at aquaculture installations remain 
unknown to the operators absent a human site visit; and animals that become entangled stand very little chance of surviving or 
escaping and may cause considerable damage to equipment.

Working with the National Oceanic and Atmospheric Administration (NOAA), we are developing and deploying technology 
that can sense animals likely to become entangled and deter them, and immediately alert farmers. If an entanglement has 
occurred, the farmers can take a very rapid, specific action in response (as opposed to physically visiting the site, discovering a 
problem and having to make a return trip to the site to resolve it).  In addition to protecting marine mammals and other species 
of concern, this system can potentially prevent damage to equipment, escape events, and the tremendous time and expense to 
operators incurred while resolving entanglements.  Providing farmers with a tool to reliably and affordably avoid and cope with 
animal entanglements will significantly improve success rates of permit applications and allow for increased growth of U.S. 
aquaculture.  Potential users of this technology will be aquaculture producers who have a need for farm-side monitoring that 
can alert them to events that threaten their crops and/or equipment. Research institutions may also require such equipment to 
protect experimental farms and research installations.  

We introduce a Computer Vision and Machine Learning (CV/ML) methodology to detect and respond to entanglement risks 
specifically associated with aquaculture operations in coastal or offshore environments (e.g. entanglements of offshore marine 
aquaculture systems and gear with marine mammals and turtles, or other species of concern). The system will use a suite of 
modern sensors to observe areas in and around a marine aquaculture facility. This sensor data is processed using advanced 
computer vision and machine learning-based methods, and when an endangered marine animal is detected, a warning system is 
triggered to help guide the animal away from the area and prevent a potentially deadly entanglement event. 
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IS Crassostrea Virginica GULF OYSTER REEF A SUSTAINABLE RESOURCE SUBJECT TO 
EQUIVALENT CARBON CREDIT TRADING ON THE WORLD CAP & TRADE MARKET?

Robert Paul Waldron

Southeastern Louisiana University, Integrated Science & Technology Graduate Seminar (ISAT 600)
robert.waldron@selu.edu 

 

A healthy Crassostrea Virginica Gulf Oyster can armor itself with 15 – 20 times its own flesh weight in shell over the organism’s 
lifespan. Oyster and mussel shell composition is stated to average 95% Calcium Carbonate, which has been called the major 
longterm sink for atmospheric Carbon Dioxide. Oyster reef habitat sequesters Carbon Dioxide at rates orders of magnitude 
greater than equivalent acreage of newly planted forest. Under a ‘shell neutral’, balanced shell budget regime of oyster cultch 
planting and harvesting, sustainable reef production can be shown to bind atmospheric CO2 and to buffer coastal waters 
against the effects of regional acidification. An economic model of international ‘Cap & Trade’ mercantilism is presented, 
showing potential profitability of oyster shell and other lime-rich cultch planting versus new afforestation, biofuel production, 
and all other projects subject to carbon sink accreditation. Harvested oyster shell and other planted cultch materials should be 
considered as a direct macroeconomic variable in the calculation and trading of CO2 sequestration ‘Carbon’ Credits on the 
world market .

SEAFOOD SERVERS, KNOW THY SEAFOOD: PILOT EFFORTS TO DEVELOP A TRAINING 
PROGRAM FOR THE SEAFOOD RESTAURANT INDUSTRY

William C. Walton* and Bethany A. Walton

Auburn University Shellfish Lab
150 Agassiz St.
Dauphin Island, AL 36528 USA
billwalton@auburn.edu

Rather than focus on consumers directly to increase consumption of farm-raised oysters, we have instead focused on training 
and educating seafood servers, chefs and other culinary professionals. These highly-motivated decision-makers are the ones 
who frequently influence consumer preferences and/or make seafood purchasing decisions on a daily basis. Notably, the vast 
majority of seafood in the US is consumed in restaurants, with almost 2/3rd of the value of seafood sold and consumed in 
restaurants (Fisheries 2014). Even the best-informed seafood servers often find themselves challenged by the various marketing 
materials, certification programs, and customer questions. However, chefs and other culinary professionals are highly motivated 
to gain a better understanding of seafood, including domestic marine aquaculture choices such as oysters. 

Beginning in 2016, we initiated a regional pilot program to train seafood servers, shuckers and chefs at white tablecloth restaurants 
in the southern US. The training focused on southern farm-raised oysters. Training topics included means to differentiate the 
various brands, address questions about seafood safety, and a description of the basic methods involved in farming oysters. To 
date, the training has been provided in-house to four premium restaurants (AL, GA, TN) and at a commercial oyster farm. Each 
of these restaurants features a raw bar that offers a variety of farmed oysters at premium prices. 

To date, each restaurant has provided positive qualitative feedback about the training. We will report evaluations of the training, 
as well as any notable outcomes, from past participants. In addition, we will describe modifications to the program going 
forward. 
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THE GULF OF MEXICO SHELLFISH INITIATIVE:  USING STAKEHOLDER FEEDBACK AS 
A STEPPING STONE TO IMPLEMENT NEXT STEPS

Bethany A. Walton*, David L. Swann, and William C. Walton**

Auburn University Shellfish Lab
150 Agassiz St.
Dauphin Island, AL 36528 USA
billwalton@auburn.edu

The Gulf States Marine Fisheries Commission provided funding to the Mississippi-Alabama Sea Grant Consortium to advance 
the nation’s first regional shellfish initiative. The Gulf of Mexico Shellfish Initiative (GoMexSI) team engaged a broad range 
of stakeholders including shellfish farmers, shellfish harvesters, environmental organizations, state and local management 
agencies, foundations, and others to identify strategies to be implemented in the future to ensure sustainable shellfish populations 
for current and future generations.  In 2017, Mississippi-Alabama Sea Grant Consortium held 10 meetings across the Gulf of 
Mexico with key shellfish stakeholders and stakeholder group representatives. 

Regional and state-specific priorities and concerns were identified by stakeholders through a series of face-to-face meetings, an 
online survey, and personal communications to capture their feedback on shellfish resources in the Gulf of Mexico. Input from  
more than 400 people was obtained from the fisheries, restoration, and aquaculture sectors. The GoMexSI team worked closely 
with Sea Grant Extension agents in each of the five Gulf States to identify stakeholders to participate in GoMexSI planning. 
The Nature Conservancy was also helpful in identifying stakeholders within their network. At least one stakeholder meeting per 
state was conducted to obtain input on state and regional shellfish needs. The intent was to determine what stakeholders thought 
was going well and what was not going well. Furthermore, stakeholders were asked to envision what the shellfish industry 
could be in the region and what specific
accomplishments would constitute success. 

The diverse and often passionate stakeholder input ensures that the GoMexSI is truly representative of the region’s needs and 
will create champions who will support the implementation of the GoMexSI. In the future, a GoMexSI Implementation Plan 
will incorporate stakeholder input and include regional and state-specific actionable objectives.
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OYSTER SOUTH: GROWING THE SOUTHERN FARM-RAISED OYSTER COMMUNITY

Bethany A. Walton*, William C. Walton, and Bryan T. Rackley

Oyster South
303 E. Howard Ave.
Decatur, GA 30030  
beth@oystersouth.com

Oyster aquaculture is an opportunity in the southern United States (from North Carolina around to Texas) for a viable near-
shore domestic aquaculture industry that can provide a large economic boon to the coastal communities in the region, both 
to producers as well as local supporting industries. Oyster aquaculture may help watermen maintain traditional ways of life, 
keeping them working on the water. Oyster South, a non-profit 501(c)(3), is dedicated to supporting the sustainable development 
of oyster aquaculture in the southern US, to help the region’s economy, improve the coastal environment, and preserve the 
coastal culture and traditions. Our membership consists of both oyster consumers and industry members. Our industry members 
draw from a broad base, including growers, wholesalers, restaurateurs, chefs, media and educators, all striving to advance 
oyster aquaculture in the southern US. We encourage this through information exchange, fund-raising, and highlighting the 
region’s world-class oysters and oyster farmers in the media. 

GENE EDITING WITH CRISPR/CAS9 IN THE EASTERN OYSTER Crassostrea virginica 

Zhenwei Wang1,2* and Ximing Guo1

1Haskin Shellfish Research Laboratory, Institute of Marine and Coastal Sciences, Rutgers University, 6959 
Miller Avenue, Port Norris, NJ, 08349 USA
2Institute of Oceanology, Chinese Academy of Sciences, 7 Nanhai Road, Qingdao, Shandong 266071, 
China

Clustered Regularly Interspersed Short Palindromic Repeats-Cas9 (CRISPR/Cas9) is a powerful technology for targeted gene 
editing. It can be used to knockout or knockin genes for studying gene function and for genetic improvement of aquaculture 
species. Genetic improvement of oysters has so far relied on selective breeding, polyploidization or marker-assisted selection. 
As candidate genes underlying economically important traits are being identified through functional genomics, gene editing 
by CRISPR/Cas9 may provide an effective approach to genetic improvement. Gene editing by CRISPR/Cas9 requires efficient 
plasmid transfection, which remains a challenge in many invertebrates. We developed an effective transfection protocol for 
oysters using the transfection reagent Superfect (Sigma) and obtained successful transfection with a green fluorescence protein 
(GFP) plasmid. Green fluorescence was observed at 48h after fertilization suggesting that the plasmid was incorporated and 
expressed. The observation that dead larvae exhibited the strongest fluorescence signals indicates that over-expression of 
GFP may be toxic to oyster larvae. CRISPR/Cas9 plasmids targeting four genes, Foxl2, Sox9, GDF8 and Dynein Block 2 of 
the eastern oyster, were constructed with mCherry as the reporter protein. Red mCherry fluorescence was detected in oyster 
embryos at 40h after fertilization suggesting that transfection was successful and CRISPR/Cas9 plasmids were expressed. Cas9 
DNA sequences were detected at day 2 and 7 after fertilization, indicating that CRISPR/Cas9 plasmid can persist in oyster 
larvae for at least 7 days. Spat from the experiments have been sampled for genetic confirmation of gene editing.  
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GENETIC DIVERSITY ANALYSIS OF Scylla paramamosain IN CHINA COASTAL WATERS 
ESTIMATED BY MICROSATELLITE MARKERS

Guizhong Wang*, Xiaojun Xu, Lisheng Wu and Haihui Ye

College of Ocean & Earth Sciences
Xiamen University, Xiang An, Xiamen, Fujian, China, 361102 
gzwang@xmu.edu.cn

In the present study, a set of microsatellite markers of Scylla paramamosain were isolated and characterized, and the genetic 
diversity of Scylla paramamosain in China coastal waters were estimated by the technique. The results were as follows: 
Modified FIASCO method was used to construct the microsatellite enriched DNA library with about 1500 clones, and 502 
sequences were obtained by randomly sequencing 600 clones. After elimination of duplicated sequences by Clastal X, 383 
unique sequences were obtained, and 94.78% clones (363/383) were positive. 271 pairs of primers were designed for 257 
sequences, with 139 sets of primers giving consistent and specific PCR products. 34 sets primers were selected to amplify 
the DNA samples from 5 individuals of S. paramamosain with fluorescent-labeled forward primers and the polymorphisms 
was detected on ABI 3730 DNA Analyzer. The results showed that all of the 34 sets were polymorphic. The polymorphisms 
of 22 loci were assessed with 30 individuals of S. paramamosain, and the result showed that the number of alleles ranged 
from 6 to 25, the values of He and Ho ranged from 0.5503 to 0.9599 and 0.6000 to 0.9667, respectively. Six polymorphic 
microsatellite loci were used to estimate the genetic diversity of six wild S. paramamosain groups along the southeast China 
coast: Ninghai (NH) of Zhejiang Province, Langqi (LQ) of Fujian Province, Longhai (LH) of Fujian Province, Zhaoan (ZA) 
of Fujian Province, Zhujiang Estuary (ZJ) at Guandong Procince, and Dongzhai Mangrove area (DZ) at Hainan Province. A 
total of 167 alleles were detected in 190 individuals of the six wild groups. All the six wild groups showed high level of genetic 
diversity, the mean allele number for each wild group ranged from 17.167 to 18.833, the mean He and Ho for each wild group 
ranged from 0.8670-0.8764 and 0.7604-0.8587, respectively. Among 36 population loci, 5 of them showed significant deviation 
from the Hardy-Weinberg equilibrium. Fst analysis and cluster analysis using UPGMA based on Genetic Distance revealed 
that the six wild groups can be clustered into two branches：the Northern branch (NH, LQ, LH, and ZA) and the Southern 
branch (ZJ and DZ), confirming the hypothesis that S. paramamosain in China coastal waters has differentiated into northern 
and southern population.
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FISHERY VALUE OF LICORICE

Wenbo Wang * ,1,2,3,4，Pin Liu，Ruimin Xi，Qin Zhao，Lingling Dou，Ping Wang，Aihua Li，
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Abstract: Chinese herbal medicine is a treasure of traditional Chinese medicine. It is widely distributed, rich in species, little 
toxicity and side effects, and does not pollute the environment. It also contains a variety of immunoregulatory components, 
such as polysaccharides, glycosides, volatile oils, organic acids, alkaloids, etc. Gly cyrrhiza uralensis Fiseh is a perennial herb 
of the genus Gly cyrrhiza in Leguminosae, mainly distributed in Northeast, North China and Northwest China. Glycyrrhiza 
uralensis is a common Chinese herbal medicine, which has been gradually used in aquaculture in recent years. This opens up 
a new way for the prevention of fish diseases and the development of green fish medicine. In this paper, the fishery value of 
licorice was summarized from its active ingredients, application methods and attentions.
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Province (7th batch), The Science and Technology Achievement Conversion Project of College of Chemistry and Chemical 
Engineering of Xianyang Normal University (XFYHGKZ1706), Young and Middle-aged Top Talents Project of Xianyang 
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EXAMINING THE USE OF BIVALVE MOLLUSCS AS INDICATORS OF MICROPLASTICS IN 
THE ENVIRONMENT
 

J. Evan Ward*, Shiye Zhao, Kayla Mladinich, Tyler Griffin, Bridget Holohan, and Sandra E. Shumway

University of Connecticut
Department of Marine Sciences
Groton, CT  06340
Evan.ward@uconn.edu

Microplastics (MP; 0.1 µm–5 mm) of various shapes (e.g., spherical, angular, fibers) and compositions (e.g., polystyrene, 
polypropylene, nylon, polyethylene) have contaminated marine waters worldwide. These particles are ingested by marine 
animals, and under certain laboratory conditions have been shown to produce deleterious effects. In particular, suspension-
feeding bivalve molluscs have been the focus of much research, and recently there have been calls to use bivalves as bioindicators 
of MP loads in the environment. To serve as a robust indicator of MP pollution, however, the proposed species should ingest, 
without bias, the majority of plastic particles to which it is exposed. Although a large body of data demonstrates that bivalves 
feed selectively on natural particles, no detailed examination has been conducted to determine if bivalves also feed selectively 
on different types of microplastics.  

In this study, two species of bivalves, the blue mussel, Mytilus 
edulis and the eastern oyster, Crassostrea virginica, were 
presented with polystyrene microspheres (diameters = 20, 113, 
287, 510, 1000 µm) and nylon fibers (lengths = 75, 587, 1075 by 
20 µm), and rejection and ingestion of these particles determined. 
During exposure, bivalves were held in 750 ml, aerated containers 
filled with filtered seawater and microalgal food (5000 cells/
ml). Over a 2-h period, six doses of MP particles were delivered 
directly to the inhalant margin of each animal by means of a 
micropipette. Particles were delivered at concentrations that did 
not stimulate excessive pseudofeces production (< 875 particles/
ml), and therefore, biodeposits were identified and collected using 
a stereomicroscope. For both species, rejection of microspheres 
significantly increased with sphere size (Fig. 1), whereas rejection 
of fibers was variable and showed no trend with size. Additionally, 
for ingested MP a large proportion of spheres and fibers were 
egested in < 3 h suggesting that most passed through the animal 
as intestinal feces. Our results explain why the number of MP 
identified in bivalves is low, and demonstrate that bivalves are not 
good bioindicators of MP pollution in the environment. 
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THE STATUS OF BLACK SEA BASS Centropristis striata AS A COMMERCIALLY READY 
SPECIES FOR US MARINE AQUACULTURE

Wade O. Watanabe*, Patrick M. Carroll, Md Shah Alam, Christopher D. Bentley

Ted M. Davis, Clarke J. Morton, and John C. Graham
University North Carolina Wilmington, Center for Marine Science
601 S. College Rd., Wilmington, NC 28403-5927
Email watanabew@uncw.edu

Black sea bass (BSB) Centropristis striata inhabit continental shelf waters of the eastern US and is a member of the family 
Serranidae comprising true sea basses and groupers.  Highly sought by commercial and recreational fishermen, BSB are 
sustainably managed with 2018 commercial and recreational catch quotas of 1,600 and 1664 mt (3.52 and 3.66 million lbs), 
respectively.

Wild broodstock are easily caught and adapted to RAS.  The initiation and duration of the spawning period are controlled by 
photothermal conditioning, and eggs and larvae have been produced from Dec through Aug.  Pelleted GnRHa (5-10 µg/g bw) 
implants are effective at inducing ovulation in post-vitellogenic females (> 500 μm MOD).  Fertilized eggs (0.94 mm dia.) 
are obtained by strip-spawning, but induced volitional spawning of multiple females (“group spawning”) may yield higher 
egg quality.  As protogynous hermaphrodites, most BSB develop as females and then reverse to male after several years, but 
methods for control of sex for aquaculture have not been developed.

Yolksac larvae (YSL, d0 post-hatching = d0ph, 3.0 mm TL) are reared to the post-metamorphic (p-m) stage in RAS using 
standard protocols for marine finfish, including greenwater Nannochloropsis oculata and enriched rotifers (d2 to d22ph), 
Artemia nauplii (d16ph-d22ph) and enriched metanauplii (d23 to d36ph), co-feeding microparticulate diets (55.5-59% CP, 
10-15% CL) from d17ph, with complete weaning from live feeds by d36ph.  Environmental optima for larvae are temperature 
(19-22oC), salinity (28-36 g/L), light intensity (1,500 lx), and photoperiod (16 L: 8 D).  A 2,000-L LRT stocked at 25-30 YSL/L 
yields ~ 7,500 p-m stage (0.5 g) on d47ph (S = 12-15%).  Early p-m juveniles are raised in NTs to a transport-ready stage (1.5 
g, d58ph) at densities of up to 6.5 fish/L, with excellent resistance to crowding.  Juveniles efficiently utilize diets with high 
proportions of non-fish meal proteins.

Advanced fingerlings stocked in 16-m3 RAS tanks (103 fish/m3) at 33 g/L and 21oC and fed a commercial pelleted diet (55% 
CP, 15% CL) reached average marketable sizes of 1 lb (454 g), 1.25 lb (568 g), and 1.5 lb (682 g, range = 328-1,350 g) in 17, 
20.2, and 22.9 mos. post-hatching, respectively, with high growth variation.  FCR was 1.1-1.2, and biomass density at harvest 
was 55 kg/m3.  BSB are tolerant of high-density RAS culture.  Cataracts and Pasteurella piscicida infections are controlled by 
degassing and immersion vaccination, respectively.

Traditional wholesale pricing for ocean-caught whole BSB (0.75 lb – > 2.0 lb) is size-tiered, with higher per prices per lb for 
larger fish.  BSB growers target alternative niche markets for ultra-fresh (live or whole) product, which garner premium prices 
per lb for fish of assorted sizes.  Availability of BSB fingerlings from UNCW’s hatchery has enabled startup RAS farmers on 
the eastern seaboard to grow and to market BSB, but full commercial development will require investment in research to lower 
production costs.  Priorities include increasing growth and minimizing size variation through selective breeding and sequential 
grading, maximizing biomass densities in RAS, and lowering feed and fingerling costs.
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QUANTIFYING ECOSYSTEM SERVICES OF RESTORATIVE AQUACULTURE IN THE US, 
INDONESIA, AND BELIZE

Tiffany J. Waters,* Robert Jones
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Arlington, VA 22203
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Today, more than half of global seafood produced comes from aquaculture, and this $144 billion a year industry is booming 
– farm raised seafood now exceeds global beef production. This rapid rise has led to environmental costs, including damaged 
coastal habitats, polluted waters and disease. But, aquaculture presents a huge opportunity for sustainably feeding our planet 
if we minimize its negative impacts and maximize its positive benefits. Our goal at TNC is to harness the potential of marine 
aquaculture to help recover lost ecosystem services (Figure 1), establish how and where aquaculture can expand in ways that 
protect the environment while meeting food production needs, while also providing livelihoods for coastal communities.

Shellfish and seaweed are nature’s water purification systems — they clean and filter estuaries and bays and provide vital fish 
habitat. Yet, these species and the services they provide are fast disappearing due to a multitude of stressors. By farming shellfish 
and seaweed in the right way, we can restore coastal ecosystems while providing food and jobs. TNC is collaborating with 
industry, government and academia to develop the science of aquaculture’s ecosystem services and maximize the ecological 
benefits of shellfish and seaweed farms. Our focus on restorative aquaculture compliments the more than 200 marine restoration 
projects we’ve invested in over the last two decades. As a global leader with decades of experience working in restoration and 
with coastal communities around the world, TNC is communicating our results to the public, policy makers, and the business 
community to build support for restorative aquaculture. 
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ROLE OF CHEMICAL SIGNALING IN THE EVOLUTION AND ADAPTATION OF Vibrios

Christopher M. Waters

Department of Microbiology and Molecular Genetics

The genus Vibrio encompasses a wide variety of aquatic bacteria that span from fish to human pathogens. A hallmark of 
Vibrios is their ability to transition between multiple environments including life in aquatic reservoirs to infection of hosts. 
To accomplish this task, these bacteria use a variety of chemical signaling systems. Quorum sensing, cell-cell communication 
in bacteria, relies on self-produced autoinducer signaling molecules that allow bacteria to transition from a low- to high-cell 
density state where group behaviors can be initiated. Cyclic dinucleotides, such as cyclic di-GMP and cyclic GMP-AMP, are 
intracellular signaling molecules that are synthesized and degraded in response to changes in the local environment. Both 
signaling systems are central regulators of biofilm formation, motility, and virulence, and therefore are potential targets for 
therapeutic intervention to prevent bacterial disease. My laboratory has made significant progress uncovering the regulatory 
network of these systems, the phenotypes they control, and the evolutionary pressures that shape them in the human pathogen 
Vibrio cholerae and fish pathogen Vibrio harveyi. In this presentation, I will discuss how these chemical signaling systems 
contribute to the evolution and adaption of Vibrios. 
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DETECTING CHANGES IN ATLANTIC SALMON Salmo salar EFFECTIVE POPULATION 
SIZE DUE TO GENETIC INTERACTIONS WITH FARMED ESCAPEES

Watson, K.B.*, Bentzen P., Waples R., Duffy S., Grant C., Dempson B., Paterson I.G., Bradbury I.R.

Dalhousie University
1355 Oxford St
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Halifax, NS B3H 4R2
beth.watson@dal.ca

Direct genetic interactions, defined as genetic change due to interbreeding, between domesticated and wild Atlantic salmon 
(Salmo salar) have been identified as a significant threat to the persistence of wild populations. However, a compelling body 
of building evidence suggests indirect genetic interactions, defined as genetic change resulting from ecological change which 
alters the selective landscape and/or reduces population abundance, are also likely to negatively impact the fitness and viability 
of wild populations. The relative magnitude of direct and indirect genetic effects remains uncertain. 

In 2016, a proposal to expand open net-pen aquaculture into Placentia Bay, Newfoundland was put forth. If approved, the 
expansion would more than double production in the region. The use of largely triploid (i.e. sterile) females has been proposed to 
minimize direct genetic interactions (i.e., hybridization and introgression). As such, this provides an unprecedented opportunity 
to investigate the consequences of indirect genetic interactions between farm and wild individuals. 

Effective management and conservation of wild Atlantic salmon populations faced with the introduction of farmed fish on a 
scale orders of magnitude greater than wild salmon abundance requires a sound understanding of temporal trends in population 
size and dynamics. Effective population size (Ne), the size of an ideal population that would lose heterozygosity at a rate 
equal to that of the observed population, quantifies magnitude of genetic drift and modulates the effectiveness of selection 
making it an important determinant of long-term evolutionary processes. Using a multi-year genomic baseline, the utility of 
Ne as a monitoring tool for the evaluation of indirect genetic interactions between farm and wild individuals will be explored. 
Simulations that inform the frequency and temporal period of sampling required to accurately reconstruct population declines of 
varying magnitude will be performed. Newly developed program agestrucn

e
 will be used to investigate how marker panel size, 

population size, temporal period of monitoring, and rate of population decline influence ability to detect change in Ne over time. 
Lastly, empirical estimates of Ne will be generated using large panels of microsatellites and single nucleotide polymorphisms 
(SNPs). Use of multiple marker types and sub-sets of the large genomic dataset will enable generation of replicate estimates 
of Ne thus improving understanding of precision and bias will increasing confidence in Ne estimates. Estimates generated will 
serve as a pre-impact baseline against which future indirect genetic effects of farm-wild interactions on wild Atlantic salmon 
populations in Placentia Bay will be assessed. 
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INVESTIGATING THE FATE OF SUPPLEMENTED METABOLITES AND THEIR EFFECTS 
ON PERFORMANCE IN JUVENILE RED DRUM

Aaron M. Watson*, Fabio Casu, Justin Yost, T. Gibson Gaylord, Daniel W. Bearden, 
and Michael R. Denson

South Carolina Department of Natural Resources
Marine Resources Research Institute
Charleston, SC 29412, USA
WatsonA@dnr.sc.gov

The South Carolina DNR has utilized a natural diet of cut fish, squid, and shrimp as a positive reference diet in multiple 
feeding trials. Although this has mainly been incorporated as an “across-trial” reference treatment, growth performance on this 
treatment has always out-performed all of the >20 pelleted feeds our laboratory has evaluated. Recently, we have been able to 
incorporate nuclear magnetic resonance (NMR)-based metabolomics into our analyses. After profiling the metabolites found 
in pelleted feeds versus those observed in the natural diet feed items, we have identified multiple non-trace metabolites that are 
present in the natural feed items that are either absent in pelleted feeds, or are found in significantly lower concentrations. In an 
effort to determine if any individual or combinations of these metabolites may be contributing to the observed increased growth 
performance, we have begun evaluating the supplementation of these metabolites.

Cystathionine, dimethylglycine, and glucuronate were identified as three of the metabolites with the largest differences in 
concentrations between natural feed items and high-soy based feeds detected in our untargeted NMR profiles. A twelve-week 
feeding trial was conducted to evaluate the effects of these metabolite supplementations to a soy-based feed for juvenile red 
drum, Sciaenops ocellatus. NMR-based metabolite profiling was conducted on the feeds, as well as the liver tissue of red drum 
at the conclusion of the feeding trial to determine whether increasing the level of these compounds was observed in feeds post-
extrusion and if increased levels were detected in the liver tissue as a result of the supplementation.

An interesting finding was that that the majority of the cysteine that was supplemented as a cystathionine precursor, appears to 
have been oxidized to the disulfide derivative cystine at some point between ingredient mixing and utilization in the feeding 
trial (Figure 1). Based on this finding, we also wanted to determine the efficacy of supplementing these metabolites in extruded 
feeds, i.e. did compounds survive the extrusion process intact and in the desired form.

Un-supplemented Soy Diet
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The South Carolina DNR has utilized a natural diet of cut fish, squid, and shrimp as a positive reference diet in multiple 
feeding trials. Although this has mainly been incorporated as an “across-trial” reference treatment, growth performance on this 
treatment has always out-performed all of the >20 pelleted feeds our laboratory has evaluated. Recently, we have been able to 
incorporate nuclear magnetic resonance (NMR)-based metabolomics into our analyses. After profiling the metabolites found 
in pelleted feeds versus those observed in the natural diet feed items, we have identified multiple non-trace metabolites that are 
present in the natural feed items that are either absent in pelleted feeds, or are found in significantly lower concentrations. In an 
effort to determine if any individual or combinations of these metabolites may be contributing to the observed increased growth 
performance, we have begun evaluating the supplementation of these metabolites.

Cystathionine, dimethylglycine, and glucuronate were identified as three of the metabolites with the largest differences in 
concentrations between natural feed items and high-soy based feeds detected in our untargeted NMR profiles. A twelve-week 
feeding trial was conducted to evaluate the effects of these metabolite supplementations to a soy-based feed for juvenile red 
drum, Sciaenops ocellatus. NMR-based metabolite profiling was conducted on the feeds, as well as the liver tissue of red drum 
at the conclusion of the feeding trial to determine whether increasing the level of these compounds was observed in feeds post-
extrusion and if increased levels were detected in the liver tissue as a result of the supplementation.

An interesting finding was that that the majority of the cysteine that was supplemented as a cystathionine precursor, appears to 
have been oxidized to the disulfide derivative cystine at some point between ingredient mixing and utilization in the feeding 
trial (Figure 1). Based on this finding, we also wanted to determine the efficacy of supplementing these metabolites in extruded 
feeds, i.e. did compounds survive the extrusion process intact and in the desired form.

Un-supplemented Soy Diet
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ARE RELATED OYSTERS MORE PRONE TO GETTING DISEASES IN OYSTER CREEK, 
GEORGIA?

Jessica C. Watts*, John M. Carroll, Stephen Greiman

Department of Biology
Georgia Southern University
Statesboro, GA 30458
jw14359@georgiasouthern.edu

The eastern oyster, Crassostrea virginica, is an important bivalve species that provides a multitude of ecosystem services. 
Throughout its range from New Brunswick through the Gulf of Mexico, it has been decimated by disease, over harvest, and 
habitat degradation. In Georgia, oyster declines have led to numerous restoration efforts for both habitat and the fishery. Most 
of the current projects focus on restoring already known reefs and establishing new ones. Additionally, there are efforts to 
establish and bolster oyster aquaculture throughout their range, including in Georgia, to relieve harvest pressure on wild oyster 
populations.

Oyster management and restoration efforts occur throughout their range, but oyster diseases may hamper such efforts. 
Specifically, the protozoan infections by Perkinsus marinus and Haplosporidium nelsoni are associated with a rise in water 
temperature and can lead to mass mortality events. However, disease prevalence is variable, and may be related to fine-scale 
oyster population structure. Relatively little work has examined how genetic similarities may affect the likelihood and intensity 
of infection. Oysters have recently displayed having fine-scale population structure, which means that within any given body 
of water the oysters next to one another are more likely to be related than oysters in other locations of the same body of water. 
This high degree of relatedness is likely due to creeks and reefs exhibiting a high degree of larval retention, which was not 
previously considered since they broadcast spawn and have 2-3 week larval periods. 

The present study aims to determine if oyster relatedness affects infection prevalence at different tidal heights,  increasing our 
general understanding of oyster disease dynamics. The ultimate goal of the proposed research is to use these results to improve 
restoration and management practices. Preliminary data has shown that in Oyster Creek, Georgia up to 80% of the oysters in the 
upper intertidal are infected by one or both diseases and less than 20% of the lower intertidal were infected with both or one of 
the diseases. These first results indicate that there is a narrow spatial difference for disease prevalence and intensity. 
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TRANSCRIPTOME ANALYSIS OF EGG VIABILITY IN RAINBOW TROUT Oncorhynchus 
mykiss

Gregory M. Weber*, Hao Ma, Kyle Martin, and Doug Dixon III 

National Center for Cool and Cold Water Aquaculture 
USDA/ARS
Keaneysville, WV, 25430
* Correspondence: greg.weber@ars.usda.gov  

Maternal mRNAs accumulate in the oocyte during oogenesis to provide for protein synthesis from oocyte maturation through 
early embryonic development, when nuclear transcription is silent. The stored mRNAs have short poly(A) tails, then undergo 
cytoplasmic polyadenylation when the transcripts are to be translated.  RNA-seq was used to compare transcriptomes of 
unfertilized eggs of rainbow trout families yielding different eyeing rates, following rRNA-removal and poly(A) capture for 
construction of the libraries.  

 Most of the mortality took place by the 32-cell stage supporting the embryos were developmentally compromised before zygote 
genome activation.   RNA sequencing identified 2 differentially expressed transcripts (DETs) from total mRNA sequencing 
comparing families with low-quality (<5% eyeing), medium-quality (30%-50%), and high-quality (>80%) eggs. In contrast, 
sequencing of poly(A) captured transcripts identified 945 DETs between low- and high-quality eggs, 1012 between low- and 
medium-quality eggs, and only 2 between medium- and high-quality eggs.  Transcripts encoded by mitochondrial genes were 
enriched in the poly(A) capture sequencing and reduced in low-quality eggs. Similarly, mitochondrial DNA was reduced in 
low-quality eggs compared with medium- and high-quality eggs. 

Our results support differences in egg quality deriving from differences in mitochondrial function and maternal nuclear 
transcript activation and polyadenylation before ovulation, as opposed to accumulation and storage of maternal nuclear 
transcripts during oogenesis.  Transcriptome comparisons support low quality eggs suffered from inadequacies related to 
oxidative phosphorylation and translation. 
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USING PHYSIOLOGICAL TOOLS TO ASSESS AND OPTIMIZE AQUACULTURE OF 
CALIFORNIA YELLOWTAIL Seriola dorsalis

Nicholas C. Wegner*, Laura N. Schwebel, Kevin Stuart, Mark Drawbridge, Mary Sue Lowery, and John R. 
Hyde

Fisheries Resources Division
Southwest Fisheries Science Center
NOAA Fisheries
nick.wegner@noaa.gov

The California Yellowtail (Seriola dorsalis) is a promising candidate for offshore commercial aquaculture in Southern 
California.  However, best rearing practices for this and other Seriola species are still under development, and our work has 
shown that yellowtail spawned and reared in captivity are typically less fit than their wild-caught counterparts as measured 
through physiological metrics.  Our research thus seeks to use various physiological tools and metrics to monitor fish fitness 
and growth in an attempt to enhance rearing techniques.  Over the past few years our work has focused on 1: Examining 
fitness differences between wild-caught and aquaculture-reared individuals through measures of critical swimming speed and 
metabolic rate, 2. Determining the adverse effects of a common developmental abnormality (swim bladder inflation failure) 
in hatchery-reared yellowtail on their critical swimming speed, metabolic rate, growth rate, and feed conversion ratio, and 3. 
Investigating the potential growth and fitness benefits of forced exercise on early juvenile-stage yellowtail.  Our results suggest 
that although wild-caught fish tend to show enhanced metabolic and swimming fitness, great strides in yellowtail aquaculture 
have occurred during the duration of our research, and eliminating deformities such as uninflated gas bladders greatly increases 
growout efficiency.  While our swimming exercise studies are still underway, preliminary data suggest that a short duration of 
exercise (up to 4 weeks) can produce a growth advantage.  Such exercise regimes may thus represent not only a mechanism 
for improving fish health and fitness, but also a non-genetic and non-hormonal treatment to accelerate growth of fish for food 
or wild stock enhancement. 
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EVALUATING THE POTENTIAL FOR SUNRAY VENUS CLAM Macrocallista nimbosa 
AQUACULTURE IN NORTH CAROLINA: INITIAL PRODUCTION TRIALS

Charles R. Weirich*, Ami E. Wilbur, and David S. Cerino

North Carolina Sea Grant
NC State University Center for Marine Sciences and Technology
303 College Circle
Morehead City, NC 28557 USA
chuck_weirich@ncsu.edu

While there is a promising future for continued expansion of hard clam Mercenaria mercenaria, and Eastern oyster Crassostrea 
virginica, aquaculture in North Carolina, crop diversification should be considered as a means to stabilize development of the 
industry.  In 2017, North Carolina Sea Grant initiated work with industry and academic partners to evaluate the potential of 
sunray venus clams (SRV, Macrocallista nimbosa) as a candidate species for NC growers.  This species, native to NC, has 
recently been successfully cultured and represents a growing industry in Florida.

In July 2017, SRV seed (4-5 mm) were procured from a commercial hatchery in Florida and transported to a commercial 
shellfish hatchery/nursery facility located in Sea Level, NC.  Seed were initially placed in upweller tanks and within two weeks 
were moved to raceways.  Seed were maintained in raceways until stocking production trial sites.  

In October and November 2017 a total of 12 sites along the coast of North Carolina were stocked with SRV seed to initiate 
production trials (see map).  The majority of sites were selected after analysis of soil samples by Florida Sea Grant and the 
University of Florida/IFAS determined that bottom sediments were suitable for SRV culture.  

At each site, SRV seed (17-18 mm SL) were bottom planted onto three 8m2 rectangular grids.  After planting grids were 
covered with plastic netting (7 mm mesh) which was secured by rebar stakes or sandbags.  Low and high tide water depths at 
planting sites ranged from approximately 0.3-1.2 m and 0.9-1.5 m, respectively.  Mean annual salinity of trial sites ranged from 
approximately 24 to 34 g/L

A preliminary assessment of clam survival and growth was conducted at sites in spring 2018 by obtaining random core samples 
of each planted grid.  Findings revealed that some sites suffered considerable mortality, likely due to a severe low temperature 
and icing event which occurred in January 2018.  However, several sites were found to contain an abundance of clams with 
appreciable growth.  As of September 2018 clams at these sites were at or near harvest size (50-64 mm SL).  Results from the 
fall 2018 harvest including survival, shell morphometrics, meat yield, and condition will be presented and discussed.  
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DEVELOPMENT AND IMPLEMENTATION OF THE NORTH CAROLINA SHELLFISH 
INITIATIVE

Charles Weirich*, Erin Fleckenstein, Todd Miller, Jacob Boyd, Steven Murphey, and Kenneth Riley

North Carolina Sea Grant
NC State University Center for Marine Sciences and Technology
303 College Circle
Morehead City, NC 28557 USA
chuck_weirich@ncsu.edu

North Carolina is poised for rapid development of its shellfish mariculture industry as well as expanding efforts directed 
towards restoration of wild shellfish stocks.  In 2017 a partnership was formed between the North Carolina Coastal Federation, 
North Carolina Sea Grant, the North Carolina Department of Environmental Quality, the North Carolina Shellfish Growers 
Association, and NOAA towards development of the North Carolina Shellfish Initiative (NCSI).   On August 2, 2018 the NCSI 
was officially launched with gubernatorial as well as broad stakeholder support, becoming the sixth initiative to be established 
in the US and the first in the Southeast region.  The NCSI aligns closely with the National Shellfish Initiative, NOAA’s program 
to increase shellfish populations across the nation’s coastal waters.  

The NCSI was implemented to facilitate and leverage support of local, state, and federal leadership to advance North Carolina’s 
ongoing work towards strengthening the state’s coastal economy and environment through promotion of sustainable shellfish 
mariculture and shellfish restoration.  The NCSI will focus on the following four goals:

Goal 1: Create Jobs – The Initiative will help create new jobs in North Carolina’s coastal communities while protecting and 
restoring the coastal environment by supporting programs focused on workforce development, applied research, extension and 
outreach, technology transfer, and policy development.

Goal 2: Protect Water Quality - The Initiative will protect and restore water quality to allow natural shellfish populations to 
thrive and shellfish mariculture to grow.

Goal 3: Protect Shellfish Health - The Initiative supports the establishment of a shellfish pathology program to ensure healthy 
wild and farmed shellfish populations and supports ongoing work being conducted by the state’s shellfish research hatchery 
towards development of shellfish stocks that are resistant to disease, fast-growing, and suited to the local environment.

Goal 4: Ensure Sustainable Management - The Initiative will safeguard industry growth and ensure siting is guided by a 
thorough regulatory framework to maximize environmental and economic returns while protecting public trust rights and 
minimizing user conflict issues.

Implementation of the NCSI reflects the growing importance of shellfish conservation and highlights the benefits of the 
developing shellfish mariculture industry to North Carolina’s coastal economy.  The NCSI will serve as a vehicle to create 
and enhance partnerships and will foster funding opportunities to support continued efforts towards shellfish restoration and 
mariculture development in the state.  
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THE STATUS OF FLORIDA POMPANO, Trachinotus carolinus, AS A COMMERCIALLY READY 
SPECIES FOR MARINE US AQUACULTURE

C.R. Weirich*, M.L. Anderson, R.M. Baptiste, F.T. Bueno, J. Cardenas, F.G. Cavalin, D.S. Cerino, 
M.D. Chambers, D.A. Davis, D.P. Farkas, B.A. Garr, C.T. Gothreaux, D.R. Groat, K.L. Main, 
J.M. Milchman, D.E. Mowry, T.J. Pfeiffer, M.J. Resley, N.R. Rhody, M.A. Rhodes, M.A. Riche, K.L. Riley, 
E.S. Wagner, P.S. Wills, and P.N. Woodward

North Carolina Sea Grant
North Carolina State University Center for Marine Sciences and Technology
303 College Circle
Morehead City, North Carolina 28557 USA
chuck_weirich@ncsu.edu

Florida pompano, Trachinotus carolinus, are native to coastal waters of the Atlantic Ocean from Massachusetts to Brazil and 
throughout the Gulf of Mexico. The species is especially common along the Florida coasts to North Carolina. A high-value 
carangid, pompano has been historically prized by both recreational and commercial fishermen. In 2016, the average dockside 
price of wild-caught whole Florida pompano was over US$9 per kilogram, with farm raised whole fish currently fetching from 
up to $22-$26/kg wholesale and from $35-$44/kg retail.

Because of their superior market value, coupled with a limited supply due to small and unpredictable commercial landings, 
in the 1960s and 1970s researchers began investigating the potential of Florida pompano for aquaculture. Although a number 
of studies and trials were conducted during this era; reliable hatchery, nursery, and growout methods were not established. 
However, beginning in the late 1990s a renewed interest in pompano as a candidate for aquaculture arose which was fueled by 
advances made with respect to other marine finfish species in the areas of captive reproduction, larval rearing methods, and diet 
development for nursery and growout phases. Over the last two decades, through the efforts of a number of public and private 
entities, protocols have been developed that have allowed commercialization of pompano aquaculture to be realized. 

Florida pompano broodstock can be readily conditioned to spawn (26-28 C) and to produce large numbers of fertilized eggs 
multiple times throughout the year via hormonally-induced volitional tank spawning. Larval rearing is fairly straight forward 
using a standard feeding regime of rotifers, then Artemia, followed by co-feeding and weaning to microparticulate diets with 
metamorphosis occurring at approximately 18-25 days post hatch. Pompano readily consume formulated pelleted diets (floating, 
sinking, and slow-sinking) and growout of juveniles to produce market ready fish (0.5-0.7 kg) is fairly rapid (< 12 months) and 
has been achieved mainly via RAS and flow-through tank based systems, and ocean net pens. 

At present, pompano juveniles and marketable fish are being produced by a small number of US based commercial ventures with 
operations in Florida and Central America. To expand the success of these existing businesses as well as to ensure sustainable 
industry development, there is an ongoing need for research directed towards topics including:

l Domesticated broodstock development, selective breeding, and genetic improvement l Diet development and refinement for 
growout l Disease management strategies l Economics and business planning l Marketing strategies
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NOVEL Vibrio DETECTION METHOD FOR SPECIES AND TOXIGENICITY GENES 
IDENTIFICATION USING REAL-TIME PCR

Lukas Weise*, Dr. Florian Priller, Dr. Cordt Grönewald and Dr. Kornelia Berghof-Jäger

BIOTECON Diagnostics, Potsdam, Germany
bcd@bc-diagnostics.com

Introduction: Vibrio parahaemolyticus, Vibrio vulnificus and Vibrio cholerae are known to be potential waterborne contaminants 
of seafood and cause severe health problems worldwide. Traditional methods for the detection are time consuming and error-
prone, while real-time PCR can be done in less than 24 hours with a high specificity and sensitivity. 

Purpose: The target was to design a real-time PCR assay that can discriminate between V. parahaemolyticus, V. vulnificus and 
V. cholerae and simultaneously detects and individually identifies the pathogenicity factors ctx, tdh, trh1 and trh2 by melting 
curve analysis in just one single reaction using sequence specific 5` Nuclease-probes. For convenience, the assay must be 
lyophilized.

Methods: Specificity (inclusivity/exclusivity) was tested with DNA extracts.  Sample matrix compatibility, sensitivity and 
viability PCR were tested with genomic DNA and spiked samples. 

Results: By using novel targets, false-positive and false-negative results, known from other methods using targets like e.g. 
tlh or hlyA, are avoided. 149 strains (74 V. parahaemolyticus, 26 V. vulnificus and 49 V. cholerae) were tested for inclusivity: 
With 100 % specificity (inclusivity/exclusivity) for the detection of species and pathogenicity factors, the assay is superior to 
other methods for Vibrio detection. There were no false positive results for all 73 tested samples of 54 closely related species 
and bacteria of the same habitat. The sensitivity of the foodproof® Vibrio Detection LyoKit is 1 genomic equivalent (GE) per 
reaction for species detection and 10 – 25 GE per reaction for toxin detection. The assay is compatible with all 21 tested raw 
and processed seafood matrices like whole squid, raw oysters or smoked salmon. The sample preparation includes a live/dead 
discrimination by using Reagent D, which efficiently removes DNA of at least 103 cfu/ml dead Vibrio.

Significance: 100 % specificity and high sensitivity meets the demands of testing laboratories. As seafood often is contaminated 
with dead cells of Vibrio spp., Reagent D treatment prevents false positive results which may be encountered with other PCR 
methods. 
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EFFECT OF SUPPLEMENTAL AIR AND OXYGEN ON GROWTH AND SURVIVAL OF 
RAINBOW TROUT IN A COMMERCIAL SERIAL-PASS, FLOW-THROUGH RACEWAY 
SYSTEM

Thomas L. Welker, Ken Overturf, and Jason Abernathy

USDA-ARS
Hagerman Fish Culture Experiment Station
Hagerman, Idaho, USA 83332
thomas.welker@ars.usda.gov

Serial-pass raceway systems are characterized by reduced water quality as water passes from upper to lower raceways. In a 
previous study (Welker et al. 2018), we showed that rainbow trout reared in 1st use (source spring) and 3rd use (after 2 raceway 
passes) water exhibited significantly better growth performance and survival compared to those in 5th use water (after 4 raceway 
passes). The reduced performance appeared to be directly related to comparatively lower concentrations of dissolved oxygen 
(DO). Our objective in this study was do determine if increasing the DO in 5th use water by aeration or oxygenation to levels 
observed in 3rd use water could improve or restore growth and physiological status of rainbow trout. We stocked rainbow 
trout (126±9.3 g mean weight) into tanks receiving either 1st use, 3rd use, or 5th use water with and without supplemental air or 
oxygen (five treatments at four tanks each). Average DO concentration was highest in 1st use (7.5 mg/L) followed by 3rd use 
(6.5 mg/L) and 5th use (5.4 mg/L) water. In 5th use water, use of aeration (6.2 mg/L) or oxygenation (6.7 mg/L) raised the DO 
levels similar to that of 3rd use water. Growth performance (% gain and FCR) and survival were significantly lower for trout in 
5th use compared to 1st and 3rd use water. Aeration and oxygenation of 5th use water restored growth to that observed for trout 
in 3rd use water. However, improvements were limited for survival with 3rd use water (88.8%) showing higher values than 5th 
use with oxygenation (74.2%) or aeration (53.1%). These water source treatments were still significantly better than for trout 
in 5th use water (35.0%). Dissolved oxygen appears to be the primary water quality parameter limiting performance in this 
system. However, due to dissimilar survival in 3rd use water and 5th use water with aeration or oxygenation, the quality of other 
water parameters (e.g. total dissolved solids or turbidity), which increased in 5th use water, may also contribute to the reduced 
performance.

Welker, T.L., Overturf, K., and Abernathy, J. 2018. Effect of water source and trout strain on expression of stress-affected genes 
in a commercial setting. Journal of North American Aquaculture. 80(3): 249–262. https://doi.org/10.1002/naaq.10028
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TRANSCRIPTOME PROFILING AND EXPRESSION OF SPECIFIC STRESS-AFFECTED 
GENES IN TWO RAINBOW TROUT STRAINS UNDER COMMERCIAL HATCHERY 
CONDITIONS

Thomas L. Welker, Ken Overturf, Jason Abernathy, and Madison Powell

USDA-ARS
Hagerman Fish Culture Experiment Station
Hagerman, Idaho, USA 83332
thomas.welker@ars.usda.gov

Reduced water quality is a common problem in intensive fish culture that limits production and can affect fish survival. We 
previously reported that rainbow trout reared in 5th use water (after 4 raceway passes) exhibited significantly poorer growth 
performance and survival compared to those in 1st use (source spring) and 3rd use (after 2 raceway passes) water. The reduced 
performance appeared to be directly related to reduced water quality, particularly lower levels of dissolved oxygen. However, 
the differentially affected molecular and physiological mechanisms were not identified. In this study, two strains of juvenile 
rainbow trout (210 g initial weight) were exposed to 1st, 3rd, and 5th use water from raceways at a commercial rainbow trout farm 
for 90 days. Fish were sampled at 10 and 90 days post-stocking to examine the effect of water source on the stress response 
and stress-affected gene expression in four tissues (gill, kidney, liver, and spleen). Furthermore, global gene expression profiles 
were also evaluated using RNA sequencing of kidney and spleen tissue after 90 days rearing in each water source. Water 
quality, especially dissolved oxygen, turbidity, and total dissolved solids, was poorer in 5th use water causing significantly lower 
growth performance and an elevated stress response in rainbow trout. All six “stress-affected” genes examined - superoxide 
dismutase (SOD), regulator of G-protein signaling (REGPS), growth arrest and DNA-damage-inducible protein (GADD45a), 
glutathione peroxidase 1 (GPX1), FK506-binding protein (FKBP2), and catalase (CAT; unchanged in gill and spleen) - were 
differentially expressed as water quality deteriorated from 1st to 5th use water. The length of exposure (10 vs. 90 days) in each 
water source also affected expression of most stress-related genes. The uniformity of response of these genes to water quality 
makes them candidates as potential biomarkers for identification of stressful conditions and for further understanding effects on 
rainbow trout performance in intensive culture systems. Expression profiles across the transcriptome also varied by trout strain 
and water source and will be discussed in greater detail.
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ECONOMIC, SOCIAL, AND ENVIRONMENTAL BENEFITS OF SHELLFISH AQUACULTURE

Katharine F. Wellman, PhD*

6535 Seaview Ave. NW
Seattle, WA 98
206.618.4814
Katharine.wellman@norecon.com

Shellfish aquaculture provides both positive impacts to regional economies as well as ecosystem service values.  This talk will 
present findings from several studies conducted in New England, the Mid-Atlantic, the Gulf of Mexico and Pacific Northwest 
illustrating benefits provided by shellfish aquaculture production, technological advances and restoration efforts.  Examples 
of economic contributions in Rhode Island, Puget Sound and coastal Washington State suggest that local communities greatly 
benefit from the jobs and income provided, diversification of fisheries sector opportunities, and traditional sense of place.  In 
addition to economic impacts, shellfish aquaculture in Long Island Sound, Louisiana, Alabama, and Puget Sound provides 
ecosystem service values such as provisioning of a local food source, habitat for commercial and recreationally important 
invertebrates and juvenile finfish species, nitrogen removal through bioextration leading to enhanced water quality, recreation 
and entertainment, and cultural and traditional values.  This work is based on the Millennium Ecosystem Assessment and 
National Ecosystem Services Classification Systems frameworks with a focus on final (versus intermediate) services that are 
understood and recognized by people.  Methods used to assess these benefits include market analysis, contingent valuation 
methodology, travel cost models, benefits transfer, avoided and replacement cost analysis, focus groups, structured interviews, 
surveys, expert elicitation and input-output analysis using the IMPLAN model.  Both quantitative and qualitative results will 
be outlined and discussed.  The understanding of these benefits significantly enhances coastal management, shoreline planning, 
and marine policy decision making.  
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THE CHALLENGES AND OPPORTUNITIES FOR Vibrio parahaemolyticus MANAGEMENT AS 
GLEANED FROM POPULATION GENOMICS 

Randi Foxall, Feng Xu, Jillian Means, Meghan Hartwick, Sarah Eggert, Ashely Marcinkiewicz, 
Stephen H. Jones, and Cheryl A. Whistler*

Northeast Center for Vibrio Disease and Ecology 
University of New Hampshire
Durham, NH, 03824
cheryl.whistler@unh.edu

Following increases in illnesses associated with shellfish produced in the Northeast US, managers and growers were mobilized 
with the goal to limit disease, recognizing that they faced immediate management challenges that were unique to this region. 
For instance, although water temperatures, and abundance of total V. parahaemolyticus and hemolysin-harboring populations 
are useful predictors for risk in some regions, V. parahaemolyticus populations in the Northwest Atlantic have remained 
relatively low even during outbreaks. This suggested to us that a better understanding of pathogen population dynamics could 
provide useful insights. We employed a population genomics approache for understanding disease emergence in the region. 
Interestingly, even though the hemolysin-gene containing population has shifted and increased dramatically in recent years, 
very few of these presumed pathogenic lineages isolated from the environment have caused infections. Comparisons of clinical 
strains from local source infections and the populations from which they were derived has revealed increased disease in the 
regions coincides with invasion of strains from both Pacific and Gulf of Mexico populations, and with emergence of very few 
pathogenic strains from the endemic population. Although the environmental population of hemolysin producers is dominated 
by Gulf of Mexico lineages, these newer residents that have increased in abundance in recent years rarely cause infections. 
Rather, most regional infections are caused either by strains derived from the North Pacific, which have established distinct, 
localized populations, or by strains that acquired their virulence gene content through recombination with North Pacific 
pathogens. We reasoned that targeted detection and enumeration of the most dominant strains among local source infections, 
and the shared gene content of these strains, could improve surveillance. To this end, we have developed and applied qPCR-
MPN enumeration assays to both archived samples and in regular surveillance to map the temporal and geographic spread 
of pathogens in the region and to monitor the seasonal flux of these strains. We anticipate these tools will improve predictive 
models and when used in surveillance could help managers and growers in refining pre- and post-harvest activities to reduce 
the risk associated with shellfish consumption. 
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DEVELOPMENT OF A MARINE BIOTOXIN LAB IN SITKA ALASKA TO SUPPORT THE 
SOUTHEAST ALASKA TRIBAL OCEAN RESEARCH PARTNERSHIP

Chris Whitehead*, Esther Kennedy, Kari Lanphier

Sitka Tribe of Alaska
456 Katlian Street
Sitka AK 99835
Chris.whitehead@sitkatribe-nsn.gov

The Sitka Tribe of Alaska (STA), founder of Southeast Alaska Tribal Ocean Research (SEATOR), has a vested interest in 
protecting traditional natural resources as well as the health of the local community. SEATOR was formed in September 2013 to 
unify 16 southeast Alaska tribes in monitoring harmful algal bloom (HAB) events that pose a human health risk to subsistence 
and commercial shellfish harvesters. With “eyes on the water” actively monitoring sites within their communities, Tribes can 
establish subsistence management plans, and continue the cultural importance of shellfish harvesting.  Each Tribal partner 
collects weekly samples at key community harvest sites including phytoplankton identification and quantification, salinity, sea 
and air temperature, whole water for cellular toxin analysis, and shellfish for biotoxins.  The phytoplankton and environmental 
parameter data are uploaded to the SEATOR database and the Alaska Harmful Algal Bloom (AHAB) network site and are used 
by resource managers and subsistence harvesters. 

Shellfish and whole water samples are sent to the Sitka Tribe of Alaska Environmental Research Laboratory (STAERL) for 
toxin analysis. STAERL uses the receptor binding assay (AOAC Method 2011.27) for measuring saxitoxins and the enzyme-
linked immunosorbent assay (AOAC Method 2006.02) for determining domoic acid concentrations.  With new emerging 
toxins being detected in Alaska, STAERL is in the process of setting up a High-performance liquid chromatography mass 
spectrometer to add additional analytical capacity.

All samples are analyzed within a 48-hour period and results are posted to seator.org and are emailed out to all SEATOR 
partners, local and state health officials and managers. If detected toxin levels are above the regulatory limit of 80µg/100g a 
shellfish harvest advisory is issued by the Tribe for the community.
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IDENTIFICATION OF GENES POTENTIALLY ASSOCIATED WITH SHELL COLOR IN THE 
EASTERN OYSTER (Crassostrea virginica)

Michael Whiteside*, Ximing Guo 
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6959 Miller Avenue, Port Norris, NJ, 08349 USA. 
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Oyster bar popularity and overall demand has been growing and shell appearance may become increasingly commercially 
important.  Little is known about shell color in eastern oysters, Crassostrea virginica, or of the evolution of color in related 
species.  Here, a comparative transcriptome study was performed to identify differentially expressed genes (DEGs) between dark 
and light colored regions of mantle tissue in order to determine the molecular basis for shell pigmentation.  Six RNA libraries 
were produced and characterized to replicate this comparison three times using pools of samples from about ten individuals per 
replicate.  Pair-end reads of 150 base pairs in each direction were sequenced using Illumina RNA-Seq technology.  An average 
of 22,922,963 (55%) unique reads were mapped to the C. virginica reference genome.   Expression was quantified using htseq 
software. Only seven genes were found to be differentially expressed in common across all three replicates, and, of these 
seven, two genes which code for enzymes involved in the heme pathway (aminolevulinic acid synthase and porphobilinogen 
deaminase) were upregulated in pigmented mantle tissue.  These, as well as several other DEGs found in comparisons, suggest 
that the dark color of shells may be due to uroporphyrin, a pigment synthesized as a biproduct via the heme pathway.  
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MARKETING BIG CATFISH: SUGGESTIONS FOR THE U.S. FARM RAISED CATFISH 
INDUSTRY
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The author was provided a grant from the Alabama Catfish Producers to explore options for marketing large catfish (fish over 
4 pounds). Currently, our domestic industry processes over 300 million pounds of catfish annually and conservative estimates 
place production of over-sized catfish at 10-15% of total production. Thus, 30-45 million pounds of large catfish are currently 
sold at reduced prices to catfish processors. For some processors, fish that weigh over six pounds are actually disposed of as 
offal and the producer receives nothing for them.

The author, an extensionist with over thirty years of field experience, has explored several marketing options for oversized 
catfish and in late 2018 reported his findings to the Alabama Catfish Industry. Options for the domestic industry include 
smoking large fillets and competing with the smoked salmon industry. He has developed a smoking regime for large fillets 
and conducted numerous consumer taste trials. He has developed an in-house fillet stripping technique and demonstrated 
feasibility in restaurant and catering venues.  Also explored was incorporating large catfish into high end pet foods. In the field, 
he experimented with the electroshocking of large fish in an attempt to remove them from ponds before they got even bigger 
and more “unmarketable.”   

This study is an example of extension proactively dealing with a problematic issue in the industry. 
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FORECASTING Vibrio parahaemolyticus IN LONG ISLAND SOUND OYSTERS AND 
MANAGEMENT STRATEGIES FOR AQUACULTURE

Michael M. Whitney* and Kristin DeRosia-Banick

Department of Marine Sciences
University of Connecticut
1080 Shennecossett Rd.
Groton, CT 06340
michael.whitney@uconn.edu 

 Vibrio parahaemolyticus (Vp) is a marine bacterium that occurs naturally in brackish and saltwater environments, and tends 
to be more prevalent as water temperatures rise. Consumption of shellfish with high Vp levels can result in gastrointestinal 
human illnesses. Management response to Vp-related illness outbreaks includes closure of shellfish growing areas. Additional 
management strategies are informed by Vp forecasting systems and improved understanding of environmental conditions 
that are linked to human illnesses. Water quality observations, Vp measurements, and model forecasts are key components to 
effective management of shellfish growing areas. There remains a clear need for observational systems within the growing area 
themselves. These areas are offshore of coastal stations and typically inshore of the observing system moorings.

Field observations in Long Island Sound (LIS) shellfish growing areas are described and their agreement with high-resolution 
satellite sea surface temperature data is discussed. A dataset of Vp concentrations in shellfish tissue is used to determine the LIS-
specific Vp vs. temperature relationship following methods in the FDA pre-harvest Vp risk model. This information is combined 
with output from a high-resolution hydrodynamic model of LIS to make daily forecasts of Vp levels. Past Vp-related illnesses 
are linked to the corresponding conditions at harvest (e.g. Figure 1) to establish environmental triggers for post-harvest rapid 
cooling of oysters. Fewer Vp-related illnesses in recent years point to the success of these new management strategies.  The 
likely resilience of LIS aquaculture in warming climate scenarios is discussed.
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TECHNICAL TRAINING VIDEOS ON INTENSIVE REARING OF WALLEYE Sander vitreus 
AND SAUGEYE Sander vitreus x Sander canadensis

Emma Wiermaa*, Greg Fischer, Chris Hartleb, Kendall Holmes

University of Wisconsin-Stevens Point
Northern Aquaculture Demonstration Facility
Bayfield, WI 54814
ewiermaa@uwsp.edu 

Walleye is a species with substantial aquaculture potential because of its high market value and limited supply from traditional 
commercial sources. Walleye raised on commercial feed in land based, closed containment systems, also known as intensive 
rearing, enables optimum growth with increased biosecurity. With advances in rearing techniques, protocols and production 
scale systems for walleye, the advantages of intensive rearing are becoming increasingly evident. 

The University of Wisconsin-Stevens Point Northern Aquaculture Demonstration Facility (UWSP NADF) has experienced 
substantial success over the past ten years raising both walleye and saugeye on commercial feeds from hatch. This success is 
based on specific rearing techniques, equipment, feeds and systems utilized at UWSP NADF. Due to the increased interest in 
raising both walleye and saugeye intensively by the aquaculture industry, the UWSP NADF has created a series of technical 
training videos which is accompanied by a culture manual to successfully feed train and raise walleye and saugeye from fry to 
market size food fish. This video series and culture manual also shares details on broodstock management, out of season and 
natural spawning, fertilization and egg incubation.

This presentation highlights the UWSP NADF walleye video culture manual and how it will provide technology transfer to the 
industry to help meet the growing demand for intensively reared, feed trained walleye.
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ASSESSMENT ON THE CONDITIONS FOR INCREASING MARKET POTENTIAL OF FISH 
IN AQUAPONICS SYSTEMS

Christopher G. Williams*

Freelance Environmental Consultation
Columbus, OH, 43231
Cgw1@Hi.Is

The practice of aquaponics, a combination of aquaculture and horticulture in a partially-closed system, has grown in popularity 
amongst commercial practices as well as hobbyists. Aquaponics has been adapted into a variety of disciplines, including 
education, research, sustainability, commercial production and urban agriculture. The multidisciplinary aspect of aquaponics 
has yielded a non-standardized approach to regulations and implementations alongside the wide array of developments in the 
emerging practice. Localized nuances used to serve a multitude of end-goals within a business has yielded many opportunities; 
however, the dual propagation of aquaculture and horticulture provides some difficulty, where fish provide a novelty feature 
typically operating at a net loss. Aquaponics proprietors are continually working to optimize efficiency, production and market 
strategies with respect to their disciplinary focus. However, currently there is little research currently available for consumer 
reception and attitudes towards aquaponics products. 

An extensive study was performed in 2017 culminating an extensive literature review on consumer perceptions towards 
environmental and organic products, an agricultural and aquaculture history as well as a quantitative study measuring consumer 
perceptions towards local products to measure the viability of aquaponics systems in the region. The results and methodologies 
have since carried over into various localized markets to measure what standards could be utilized to strengthen the sales of fish 
and fish products in aquaponics systems. The initial study has found that price barriers were the largest obstacle to purchasing 
habits and despite an expressed interest in environmental efficacy, it only offered hedonistic rewards that were not sustainable 
for a long-term market venture. Quality was a large factor, although the variables were contingent on a discreet modifier of trust. 
Consumers that were unfamiliar with the source had a more difficult time justifying their purchases and accepting the premiums 
for products, alongside increased concerns for health and safety. The literature review emphasized lack of knowledge to be 
a strong discouraging factor in purchases as well.  Consumers unfamiliar with handling and cleaning fish opted to purchase 
cheaper and more readily available products. 

Research has opted new strategies for strengthening the aquaculture focus in aquaponics systems. Results included an increase 
in agritourism, allowing consumers to foster a personal connection with the fish rearing process, increase education and 
awareness, and have a stronger confidence in fish handling and preparation; increasing diversification of product selections 
with a larger focus on the environment and health benefits; reaching out to more localized groups and a wider array of subsets 
such as schools, rehabilitation centers and community supported agriculture programs; and finally increasing outlets for 
communication, research, cross-promotion and intelligences between proprietors.
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ESTIMATING ENHANCEMENT OF FAUNAL PRODUCTION RESULTING FROM OYSTER 
REEF RESTORATION

Abby E. Williams*, Terence A. Palmer, Jonathan H. Grabowski, Jennifer Beseres Pollack

Harte Research Institute for Gulf of Mexico Studies
Texas A&M University Corpus Christi
6300 Ocean Dr. 
Corpus Christi, TX 78412
awilliams40@islander.tamucc.edu

Oyster reefs, which are valued for providing essential fish habitat, were historically abundant throughout the Western Atlantic 
and U.S. Gulf of Mexico yet have been severely degraded throughout this range. Oyster reef restoration has been thought 
to provide positive benefits to fisheries, as oyster reefs are recognized for creating increases in biodiversity and food web 
complexity. Half Moon Reef in Matagorda Bay, TX, was originally 2 km2, but intensive dredging throughout the 1900s destroyed 
the infrastructure of the reef and led to the collapse of local oyster populations. In 2013, The Nature Conservancy restored 
approximately 0.23 km2 of Half Moon Reef using Missouri limestone and crushed concrete. The purpose of this study is to 
evaluate the effects of reef restoration on oysters and macrofauna and estimate the enhancement of fish and macroinvertebrate 
production resulting from this restoration. Fish and macroinvertebrate samples have been collected via suction sampling and 
modified epibenthic sled surveys on the reef quarterly from July 2014 to January 2018. These data are being used to examine 
the changing macrofaunal community on the reef and calculate the per-unit-area enhancement of faunal production expected 
from the restoration of oyster habitat. Preliminary analyses indicate that Half Moon Reef has enhanced overall faunal biomass 
compared to surrounding unrestored areas.

INFERENTIAL POWER OF SYMBIONTS IN UNDERSTANDING CRAYFISH ECOLOGY AND 
EVOLUTION

Bronwyn W. Williams*, Patricia G. Weaver

Non-molluscan Invertebrate Unit
Research Laboratory
North Carolina Museum of Natural Sciences
Raleigh, NC 27699
bronwyn.williams@naturalsciences.org

North American crayfishes are known hosts for two major groups of obligate ectosymbionts, namely branchiobdellidans 
(commonly known as crayfish worms) and ostracods (seed shrimp) of the family Entocytheridae. Both groups have been 
frequently considered crayfish pests in aquaculture and the pet trade, yet their association is rarely detrimental. Indeed, 
branchiobdellidans and entocytherids – as grazers – offer ecological benefits to their crayfish hosts. Yet the benefits of these 
symbionts go well beyond direct impacts on their hosts. Symbiont community structure can be used to track both ecological 
and evolutionary processes that allow [and have allowed] crayfishes to colonize and persist in a wide variety of habitats. 
These symbionts may also be used as markers to track host movements, both in historical (e.g., post-glacial colonization) and 
contemporary (e.g., invasion) context. A primary challenge faced when using symbionts for these types of studies is the lack of 
a baseline understanding of the taxonomy of branchiobdellidans and entocytherids. In the past, these symbionts were studied 
independently, from discreet localities, and mostly without regards to [other] co-occurring symbionts or host specificity. A 
more modern approach is needed to unleash the full inferential power of crayfish symbionts in understanding host ecology and 
evolution. 



1182

A COMPARISION OF REARING ZEBRAFISH Danio rerio IN TRAY SYSTEM AND 
TRADITIONAL TANK HOUSING

Angela M. Williamson*, Adam Petrie, Carrie Carmichael, and Diana P. Baumann

Stowers Institute for Medical Research
1000 E. 50th Street 
Kansas City, MO 64110
AWilliamson@stowers.org

This pilot study compares different feeding and housing methods for rearing zebrafish fry to maximize survival and embryo 
production. Currently, fry are placed in traditional 3-liter housing tanks on a recirculating system at 5 days post fertilization 
(dpf) with an initial slow drip water flow. Survival varies by strain but most remain between 80-100% by 25 dpf. To compare 
additional rearing methods, fish were housed in a tray recirculating system with individual housing cups supplied by irrigation 
drip emitters and multiple groups were housed to compare different feeding regimes. Results indicated survival was not affected 
between the housing and feeding methods by 25 dpf. Fish were in breeding condition by 70 dpf with no gender bias. Breeding 
fecundity varied based on housing and feeding methods. Tray system housing is a novel and efficient approach for rearing 
zebrafish fry and provides great flexibility in maintaining many groups of fish in a small amount of space.

HYDROGEN PEROXIDE TREATMENT PROMOTES CHLOROPHYTES OVER TOXIC 
CYANOBACTERIA IN A HYPER-EUTROPHIC AQUACULTURE POND

Alan E. Wilson1, Zhen Yang1,2, Riley P. Buley1, Edna G. Fernandez-Figueroa1, Mario U.G. Barros1, 
and Soorya Rajendran1

1Auburn University, School of Fisheries, Aquaculture, and Aquatic Sciences, Auburn, Alabama 36849 USA
2State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, 
Chinese Academy of Sciences, 73 East Beijing Road, Nanjing 210008, China

Controlling blooms of toxigenic phytoplankton, including cyanobacteria, is a high priority for managers of aquatic systems 
that are used for drinking water, recreation, and aquaculture production. Although a variety of treatment approaches exist, 
hydrogen peroxide (H2O2) has the potential to be an effective and ecofriendly algaecide given that this compound may select 
against cyanobacteria while not producing harmful residues. To broadly evaluate the effectiveness of H2O2 on toxigenic 
phytoplankton, we tested multiple concentrations of H2O2 on (1) four cyanobacterial cultures, including filamentous Anabaena, 
Cylindrospermopsis, and Planktothrix, and unicellular Microcystis, in a 5-day laboratory experiment and (2) a dense 
cyanobacterial bloom in a 7-day field experiment conducted in a nutrient-rich aquaculture pond. In the laboratory experiment, 
half-maximal effective concentrations (EC50) were similar for Anabaena, Cylindrospermopsis, and Planktothrix (average EC50 
= 0.41 mg L-1) but were ~10x lower than observed for Microcystis (EC50 = 5.06 mg L-1). Results from a field experiment in an 
aquaculture pond showed that ≥ 1.3 and ≥ 6.7 mg L-1 of H2O2 effectively eliminated Planktothrix and Microcystis, respectively. 
Moreover, 6.7 mg L-1 of H2O2 reduced microcystin and enhanced phytoplankton diversity, while causing relatively small 
negative effects on zooplankton abundance. In contrast, 20 mg L-1 of H2O2 showed the greatest negative effect on zooplankton. 
Our results demonstrate that H2O2 can be an effective, rapid algaecide for controlling toxigenic cyanobacteria when properly 
dosed. 
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COMPARATIVE STUDY OF DIFFERENT DIETS FOR SOUTH AMERICAN CATFISH Rhamdia 
quelen TO MINIMIZE THE USE OF FISH FLOUR

Edgardo O. Wiltchiensky*, Gustavo Wicki¹ & Luciano Olivares

*Ministerio de Producción Del Chaco. Argentina
acuanea@yahoo.com.ar
¹ Centro Nacional de Desarrollo Acuícola

The objective of this trial was to evaluate production performance in the fattening stage of randia farming in earth ponds.  
Diets with a mixture of cereal flours, in partial substitution of fishmeal, reducing the percentage of inclusion of 20 to 4 %, 
with the addition of cornmeal (28%), wheat (14%), soybean (24%), and sunflower (10%) were used. Fish with initial weight 
of 52.5±3.8g for the control diet and 48.7 g for the experimental diet were farmed during 193 days; distributed in five ponds 
excavated in grounds of 300 m² each one; the farming system used was semi intensive without permanent circulation of water, 
with occasional spare of water by loss of quality, percolation and evaporation. The fish were fed once a day based on the 
percentage of the biomass of 5 % at the start of experience to 1.6 % daily at the end.

The environmental variables registered every day and the biometric measurements were taken every 30 days, for the evaluation 
of the productive yield and samples of weight, increase of daily weight, food conversion ratio were calculated (figure 1). For 
cost evaluation of consumed used food, the prices of market of the ingredients of every diet were taken.

The yields values were, 2,493.5   for the control diet and of 2,472.6   for the experimental diet 
(p>0, 05). The increase of daily weight was of 1. 40 ±0. 31  for the Control diet and of 1.33 ±0. 04

for the test diet, without differences in final growth (figure 1). The Food Conversion Ratio turned out to be of 2. 25±0.34 
and of 1.98±0.05 for the Control diet and experimental, respectively, without statistically significant difference (p>0.05).

The productive cost of the food, for each TM of fish produced, decreased in 38 % with the use of the Test diet, in relation to 
the cost of the Control one.
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IMPACTS OF NATURAL DISASTERS ON WETLANDS AND Ostrea lurida POPULATIONS IN 
SANTA BARBARA, CALIFORNIA AND FUTURE IMPLICATIONS FOR MANAGEMENT

Erin M. Winslow

Bren School of Environmental Science and Management
University of California, Santa Barbara
Santa Barbara, California 93117
winslow@ucsb.edu 

The Olympia Oyster, Ostrea lurida, is the only oyster species native to the western coast of the United States. Populations were 
decimated in California beginning with the Gold Rush in 1848 when people began developing coastlines and harvesting oysters. 
Today, O. lurida is only found in small populations along the California coast, and they are not farmed or sold anywhere in the 
state. The Carpinteria Salt Marsh, just south of Santa Barbara, was home to small populations of O. lurida before the Thomas 
Fire in late 2017, and subsequent mudslides in January 2018. Mud and debris from the burned Santa Ynez mountains slid down 
and covered the salt marsh, smothering all immobile aquatic species.

Prior to the natural disasters in Santa Barbara County, Olympia oysters 
were surveyed in the Salt Marsh and found in various channels under 
rocks (figure 1, dots represent coordinates of sampling: green indicates 
oyster presence, red indicates absence). The mudslides inundated the 
marsh with mud, boulders, and debris from homes, resulting in zero oyster 
density (figure 2). 

Oysters provide wetlands and estuaries with substrate and food for 
recreationally and commercially important fisheries species, and in high 
densities, they also have the ability to provide shoreline stabilization by 
preventing erosion of sand and silt. Determining how quickly and if at all 
Olympia oysters recover in the Salt Marsh will indicate whether or not it 
would be a good site for restoration efforts. 

Natural disasters are only increasing, and understanding how systems 
respond to such disturbance is integral for adaptive managment to protect 
native species such as the Olympia oyster. 

***this study has not been conducted yet, but will entail recruitment and 
presence surveys beginning in November 2018
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EVALUATION OF TEMPORAL PATTERNS OF CHROMOSOMAL LOSS IN FAMILIES OF 
TETRAPLOID OYSTERS Crassostrea virginica

Brittany M. Wolfe1* and Ami E. Wilbur1

Shellfish Research Hatchery
Center for Marine Science
1University of North Carolina- Wilmington
5600 Marvin K. Moss Lane 
Wilmington, NC 28409, USA
bmw1382@uncw.edu 

The oyster aquaculture industry has grown in recent decades and production of triploid oysters is a substantial part of current 
oyster sales. Triploid oysters are appealing to farmers because they grow faster and exhibit reduced gamete production, allowing 
them to be sold year-round. Triploids are commonly produced by crossing a diploid oyster (2 sets of chromosomes) with a 
tetraploid oyster (4 sets of chromosomes) creating a triploid oyster (3 sets of chromosomes). Therefore, tetraploid oysters 
are essential to the production of triploid oysters. Polyploid oysters, like tetraploids, often exhibit chromosome instability 
which can create challenges for tetraploid breeding programs. This study investigates the temporal patterns of chromosome 
loss, also referred to as reversion, in 14 tetraploid families over an eight-month period. Oysters (n=15) from each family are 
being sublethally sampled every six weeks by extracting a small volume of hemolymph and chromosomal state (diploid, 
triploid, tetraploid, mosaic) is being determined via flow cytometry.  Growth and survival are also being assessed. Preliminary 
observations suggest that reversion was observed in early samplings, but families differ in the frequency and magnitude of 
reversion. 
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MULTI-RESOLUTION, MULTI-SCALE MODELING OF OCEAN BIOGEOCHEMISTRY FOR 
SCALABLE MACROALGAE PRODUCTION

Phillip J. Wolfram*, Mathew Maltrud, Riley Brady, Steven Brus, Zhaoqing Yang, Taiping Wang 

Los Alamos National Laboratory
P.O. Box 1663
Los Alamos, NM 87544 
pwolfram@pnnl.gov

Macroalgae is a feedstock for biofuel production.  Successful, large scale U.S. macroalgae mariculture has the potential to close 
the carbon loop for roughly 10% of the U.S. annual transportation energy demand.  However, macroalgae mariculture in the 
U.S. exclusive economic zone (EEZ) is not currently practiced.  Successful deployment of large-scale marine macroalgae farms 
for fuel production depends on understanding ambient hydrodynamic conditions and nutrient availability, which is essential 
information needed for engineering system design, optimal project siting, risk analysis, and management of macroalgae 
production systems in the ocean. However, existing biogeochemical datasets are extremely sparse in space and time, e.g., the 
World Ocean Atlas biogeochemistry dataset. This research simulates ocean hydrodynamic and biogeochemical processes to 
assess macroalgae growth and biomass yields using a multi-resolution and multi-scale approach within the U.S. Department 
of Energy’s Energy Exascale Earth System Model (E3SM).  Key processes such as mixing due to mesoscale eddies, coastal 
upwelling in the California coast, Gulf of Mexico eddy and loop current dynamics, and nutrient advection northward from 
Caribbean Sea and along the Gulf Stream are represented via multiscale, unstructured meshes.  Our model results provide 
high-resolution spatio-temporal data needed to understand and predict biogeochemical factors, such as nitrate and temperature, 
in order to simulate macroalgae growth and nutrient feedback.  Validation is performed across a range of model scales for 
meshes of sizes of approximately 1 degree globally, one ranging from 30 to 10 km, and one from 60km down to 8km to 
resolve the coastal zone in the U.S. EEZ.  A machine learning K-means analysis is used to categorize different regions of high-
nitrate productivity zones across continental US waters to provide information for assessment of fixed and free-floating farm 
suitability.  Farm siting and its local feedbacks are simulated via extremely high-resolution (<100m) farm-scale models using 
the Finite Volume Community Ocean Model (FVCOM).  Results will be used to design macroalgae mariculture farms in the 
wider the Advanced Research Projects Agency-Energy Macroalgae Research Inspiring Novel Energy Resources program as a 
path toward production of biofuels.
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DEVELOPMENT OF DIAGNOSTIC KIT TO DETECT AND DISCRIMINATE THE OSHV-1 
Ostreid herpesvirus 1 ISOLATED FROM CULTURED BIVALVES IN KOREA

Kyoung-Mi Won*, Mi-Young Cho, Na-Young Kim, Ji-Hyun Yu, Yeong-Jun Choi, and Sung-Hee Jung

Pathology research division, National institute of fisheries science, Busan, 46083, Korea
Kyoungmiwon@korea.kr

Viral infection caused by Ostreid herpesvirus 1 (OsHV-1) is one of the proximate causes of mass mortalities of cultivated 
bivalves around the world. The emergence and spread of different variants of OsHV-1 accompanied by different epidemiological 
characteristics have been reported frequently in different countries around the world. In this paper, we present the study for 
detection of the OsHV-1 μVar DNA and their variations from 11 samples over 4 species including the Pacific oyster, Crassostrea 
gigas, Bay scallop, Argopecten irradians, Ark shell, Scapharca subcrenata, Blood clam, Scapharca broughtonii during 2014-
2016 in Korea. 

All of the samples examined by PCR assay using by the C2/C6 primer set for ORF4 region and nested PCR primer set (A3/A4 
and A5/A6) for ORF82-83 region. PCR products were sequenced and analyzed by the Neighbor-joining method. 

Nine of 11 specimens are belonged to the same cluster of china 2015 and entirely homologized and two of 11 specimens are 
belonged the cluster of OsHV-1 μVar (Fig. 1). We could divided the OsHV-1 to three variant cluster which of Group 1 (China 
type), Group 2 (France type), and Group 3 (OsHV-1 μvar representatives). Moreover we developed the diagnostic kit using by 
PNA (Peptide nucleic acid) probe based real-time PCR to detect and discriminate the OsHV-1, simultaneously. 
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A NOVEL COLD-GELLED AQUACULTURE FEED MANUFACTURED FROM ENSILATED 
FISH PROCESSING BYPRODUCTS

Eugene T. Won*, Nathan A. Sibinga, Guanchen Liu, Hélène Marquis, Joe M. Regenstein

Cornell University
Dept. of Animal Science
Ithaca, NY 1485
etw36@cornell.edu

The increase in aquaculture production needed to provide seafood to the growing human population in upcoming decades will 
require farmers to identify new sources of economic, and preferably sustainable, sources of protein to feed to their fish. In an 
effort to replace expensive and controversial fishmeal, the industry is exploring a range of plant and animal-based alternatives. 
Dietary fish protein nonetheless tends to be the gold standard for growing high-value fish; however, most fish carcasses left-
over after filleting are underutilized in aquafeeds due to perishability concerns and transportation costs. In our current project, 
we bring new life to an old preservation technology, fish silage, as a way to salvage cheap, plentiful protein from fish offal for 
use in aquafeeds. Rather than mixing the silage with a high ratio of grain-based meals to make a wet feed as in the past, we 
are developing a feed system using a low rate of hydrocolloid binder to cold-gel the liquid fish protein into a water-stable feed 
pellet. 

In collaboration with a commercial seafood processing company, fresh porgy carcasses, including head, frame and guts, 
were collected after filleting and minced into a pulp with a mechanical grinder, releasing enzymes from the digestive organs. 
Phosphoric and propionic acids were added to the minced carcasses to prevent spoilage, and the mixture allowed to auto-
digest over several days into a liquid silage capable of being stored at ambient temperatures. To test converting the liquid fish 
protein into a semi-solid pellet, the silage was buffered (pH 2-5), and sodium alginate binder added (1-5%) in a 4x4 array to 
produce feed pellets with a range of stiffness when extruded into a calcium bath (C). Fish readily consumed about 2% of their 
body weight per feeding, suggesting that multiple feedings could potentially deliver sufficient daily nutrition and energy to 
farmed fish. The composition of the silage is favorable as a feed constituent, containing protein and lipid levels similar to the 
raw material, but also high water content (A). The nutritional density of the feed can be increased by either desiccation (B), 
to remove water, or by protein supplementation. We will discuss the principle behind the binding process, the feed physical 
characteristics, and its potential use in a system by which waste from fish processing facilities could be converted directly into 
aquafeed by nearby fish farms without the cost and carbon footprint of transporting offal to distant fishmeal rendering plants. 
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EFFECTS OF DIFFERENT DIETARY PROBIOTICS ON GROWTH PERFORMANCE AND 
IMMUNE RESPONSES IN JUVENILE NILE TILAPIA Oreochromis niloticus

Seonghun Won*, Wonsuk Choi, Ali Hamidoghli, Jinho Bae* and Sungchul C. Bai

Department of Marine Bio-materials and Aquaculture/ Feeds and Foods Nutrition Research Center 
Pukyong National University, Busan 48513, Republic of Korea
ks0sk@naver.com

An 8-week feeding trial was conducted to evaluate the effects of different dietary probiotics on growth performance and 
non-specific immune responses in juvenile Nile tilapia, Oreochromis niloticus. Fish averaging 2.83 ± 0.05g (mean±SD) were 
randomly distributed into seven groups of rectangular 40 L capacity tanks (20 fish/tank) with three replicates. Each group of 
fish was fed by one of the seven experimental diets: A basal diet without probiotic supplementation was used as control 
(CON), and six other diets were formulated by adding 4g/kg oxytetracycline (OTC), 107 CFU/g Bacillus subtilis (BS7), 108 

CFU/g B. subtilis (BS8), 108 CFU/g B. licheniformis (BL8), 108 CFU/g Lactococcus lactis (LL8) and 108 CFU/g Micrococus 
luteus (ML8) to the CON diet. At the end of the feeding trial, weight gain and specific growth rate of fish fed BS8, BL8, LL8, ML8 
and OTC diets were significantly higher than those of fish fed CON diet (P′0.05). Also, feed efficiency and protein efficiency 
ratio of fish fed BS7, BS8, BL8, LL8, ML8 and OTC diets were significantly higher than those of fish fed CON diet (P′0.05). 
Other parameters including non-specific immune responses, disease resistance, digestive enzyme activity and gene expression 
will be measured and discussed.
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MANAGING BIOFOULING IN SUSPENDED OYSTER CULTURES 

Anna-Lisa Wrange*, Joshua C. Doran and Åsa Strand

IVL Swedish Environmental Research Institute
Kristineberg 566
451 78 Fiskebäckskil, Sweden
Contact: anna-lisa.wrange@ivl.se

Biofouling can have significant economic impacts on shellfish aquaculture operations, including increased management costs 
and reduced product value. Biofouling often consists of many different types of organisms, some more problematic than others, 
and the timing of settlement of the organisms can vary with season and with local environmental conditions. The main method 
used today for handling biofouling involves cleaning of cages and equipment regularly, which is both time- and labor intensive. 

A strategy to reduce these issues is to prevent biofouling. This could be achieved by combining systematic monitoring of 
fouling species with a submersible culture system, where oyster cages could be lowered into deeper waters to avoid intensive 
biofouling settlement during certain times of the year (Fig.1).

In this poster we will present results from a study performed during 2018 in the Gullmarsfjord in Sweden, with the objective to 
evaluate how oyster culture (Magallana/Crassostrea gigas) at different depths can be used to avoid biofouling on cages as well 
as on oysters. We used a suspended design where cages with oysters were placed at four different depths (3, 7, 15 and 25m). 
We also attached two types of monitoring panels to investigate if they were representative for the fouling found on the cages 
and oysters (Fig.2).

Here, we will present data on variation in fouling intensity and composition at different depths during 12 months and evaluate 
how different types of monitoring panels can be used to quickly detect biofouling related to the oyster culturing in Sweden. We 
further discuss challenges and opportunities in using prevention techniques to control biofouling and benefits of submerged 
culturing to reduce biofouling. 



1191

AQUACULTURE EDUCATION, EXTENSION AND OUTREACH: MOVING FORWARD IN A 
GLOBAL INDUSTRY

Forrest Wynne

Kentucky State University
McCracken County Extension Office
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Paducah, KY 42001
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Credible aquaculture education, extension and outreach information is vital to the success of the U.S. aquaculture industry.  
Students, consumers, distributors, processors and producers need up to date, research based aquaculture information.  Subjects 
such as product form, preparation, safety, nutrition, production methods and their related environmental impacts, will 
differentiate U.S. aquaculture goods in the market place from those sourced from other countries and capture fisheries.  Informed 
aquaculture information delivered from extension, sea grant and industry personnel will expand and strengthen the demand for 
domestically grown products. Technologies such as social media and webinars, along with more traditional outreach methods, 
will further encourage markets for U.S. products.  Aquaculture education personnel are currently challenged by shrinking 
operating budgets while price competition from fisheries, imported aquaculture products and other sources of animal protein 
limit domestic aquaculture production.  This session will provide an opportunity to showcase effective aquaculture education, 
Extension and outreach methods.
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REGULATION OF GROWTH, INTESTINAL MICROBIOTA, NON-SPECIFIC IMMUNE 
RESPONSE AND DISEASE RESISTANCE OF SEA CUCUMBER Apostichopua japonicus 
(SELENKA) IN BIOFLOC SYSTEMS

Bin Xua, Jinghua Chen, Yichao Ren, Yuquan Li

frankxb@163.com

Bioflocs are not only a source of supplemental nutrition but also provide substantial probiotic bacteria and bioactive compounds, 
which play an important role in improving physiological health of aquatic organisms. A 60-day experiment was conducted to 
investigate the growth, intestinal microbiota, non-specific immune response and disease resistance of sea cucumber in biofloc 
systems with different carbon sources (glucose, sucrose and starch). Control (no biofloc) and three biofloc systems were set up, 
and each group has three replicates. The results showed that biofloc volume (BFV) and total suspended solids (TSS) increased 
in the sequences of glucose > sucrose > starch and green sea cucumber > white sea cucumber during the experiment. The 
highest specific growth rates (SGRs) were observed in biofloc system with glucose as carbon source, which also had relatively 
lower glucose, lactate and cortisol levels in coelomic fluid and higher glycogen content in muscle compared to other groups. 
There were significant increased Bacillus and Lactobacillus counts of sea cucumber intestine in biofloc systems, and the 
activities of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) also showed obvious ascending 
trends. Significant increases in total coelomocytes counts (TCC), phagocytosis, respiratory burst, complement C3 content 
and lysozyme (LSZ) and acid phosphatase (ACP) activities of sea cucumber were all found in biofloc system (glucose). The 
expression patterns of most immune-related genes (i.e. Hsp90, Hsp70, c-type lectin (CL), toll-like receptor (TLR)) were up-
regulated, suggesting the promotion of pathogen recognition ability and immune signaling pathways activation by biofloc. 
Furthermore, green and white sea cucumber had significantly higher survival rates in biofloc systems during the 14-day 
challenge test. In conclusion, biofloc technology could improve growth and physiological health of A. japonicus, by optimizing 
intestinal microbiota, strengthening antioxidant ability, enhancing non-specific immune response and disease resistance against 
pathogens, meanwhile glucose was recommended as optimal carbon source in biofloc system of sea cucumber culturing.
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DECODING THE PENAEID SHRIMP GENOME PROVIDES INSIGHTS INTO BENTHIC 
ADAPTATION, FREQUENT MOLTING AND BREEDING IMPACTS

Jianhai Xiang 

Institute of Oceanology  
Chinese Academy of Sciences
Qingdao 266071, China
xjzhang@qdio.ac.cn

Crustacea, the subphylum of Arthropoda which dominates the aquatic environment, is of major importance in ecology and 
fisheries. Here we report on the genome sequence of the Pacific white shrimp Litopenaeus vannamei, covering ~1.66 Gb 
(scaffold N50 605.56 Kb) with 25,596 protein-coding genes and the highest proportion of simple sequence repeats (>23.93%) 
among sequenced animals. The noted expansion of genes related to vision and locomotion is probably central for its benthic 
adaptation. Frequent molting of the shrimp is associated with an intensified ecdysone signal pathway through gene expansion 
and positive selection. As an important aquaculture organism, L. vannamei has been subjected to high selection pressure during 
the past 30 years of breeding, and this has had a significant impact on its genome. Decoding the L. vannamei genome not only 
provides an insight into the genetic underpinnings of specific biological processes, but also provides valuable information for 
enhancing crustacean aquaculture.
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ANALYSIS OF BACTERIAL COMMUNITY STRUCTURE OF BIO-FLOC BY PCR-DGGE AND 
NEW APPLICATION 

Xie Jun＊, Xia Yun, Yu Er-meng

Pearl River Fisheries Research Institute, CAFS, Guangzhou 510380, China 

Bio-floc not only can regulate water quality, but also can supply the food protein for fish and shrimp. For the study of bacterial 
community structure of Bio-floc in freshwater culture systems, the key technologies of Israeli Avnimelech team about Bio-floc 
in the field of aquaculture were used in this paper. Glucose was added as the carbon source which make a C:N ratio of 20:1 be 
maintained during the experiment. The bacterial communities of Bio-floc were analyzed by using the PCR-DGGE on the 5th, 
10th and 15th day, respectively. The results indicated that the similarity of bacterial communities was highest on the 15th day 
and 10th day which was 67.4%, and was lowest on the 5th day and 15th day which was 40.5%. Diversity of bacterial species in 
the Bio-floc was maximal on the 10th day and minimal on the 15th day. The acquired sequences of 24 bands in DGGE gel were 
performed by BLAST searches against NCBI database, and the sequences including the closely related sequences were aligned 
with Clustal W program in BioEdit software for phylgenetic analysis. 

The main microbes represented by 24 main bands in DGGE gel were Alphaproteobacteria, Gammaproteobacteria, 
Betaproteobacteria, Actinobacterial ,Bacilli  and Bacteroidetes. Among these bacteria, the, α-, β-, γ-, proteobacteria are the 
major bacteria groups, but Acinobacteria bacteria exist on the 10th day and 15th day. α- proteobacteria  was the dominant bacteria 
during the entire process. The specific bacteria at different stages were usually the flocculant-producing bacteria: Acidovorax, 
aeromonas, Agrobacterium only for 5th day; Bacillus, Rhodococcus for 10th day and 15th day, respectively. This study first 
found that the rich. The study of functional microbial composition of the Bio-floc may help to lay the foundation for the further 
application of Bio-floc technology in actual aquaculture production. However, it is expensive for holding the Bio-floc microbes. 
Based the Bio-floc technology, we use two the feed made up of different carbohydrates level for fish polyculture and atypical 
Bio-floc bacteria. 
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EQUIVALENCE TESTING IN AQUACULTURE

Lin Xie*

Aquaculture/Fisheries Center
University of Arkansas at Pine Bluff 
Pine Bluff, AR   71601
xiel@uapb.edu

Equivalence testing, also known as noninferiority testing, started in the drug industry where a new drug is often needed to be 
proved as effective as the gold standard drug. It is now becoming increasingly popular in many application areas including 
pharmaceutical science, process engineering, medicine, chemistry, psychology, food sensory evaluation and so on.

 Equivalence testing should be applied whenever the objective of the study is to prove equivalence instead of showing 
differences. There are many industrial applications in which proving equivalence is desired, including whether one diet can act 
as a substitute for another in aquaculture feeding study. This equivalent test has not yet found many applications in Aquaculture. 
Equivalent testing can be used in one or two sample t test and can be either in one-sided or two-sided test. The two one-sided 
test (TOST) procedure is the simplest and most widely used approach for testing equivalence. Numerical examples are provided 
to illustrate the application of equivalence testing in aquaculture. 
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APPLICATION OF BIOFLOC TECHNOLOGY IN DIFFERENT INTENSIVE MARICULTURE 
SYSTEMS FOR Litopenaeus vannamei

Wujie Xu*, Yu Xu, Xiaojuan Hu, Haochang Su, Xiaoshuai Huang, and Zhuojia Li, Guoliang Wen, 
Yucheng Cao

South China Sea Fisheries Research Institute
Chinese Academy of Fishery Sciences
Guangzhou 510300, China
xu_wujie@163.com

In the past four years, we conducted application studies of biofloc technology in different constructed and sized systems for 
intensive mariculture of Litopenaeus vannamei under zero or limited water exchange in Guangdong Province, China. Small 
square concrete pond (6 m × 6 m × 1.0 m), medium HDPE-lined raceway (35 × 3 m × 1.2 m), and large square HDPE-lined 
pond (35 m × 35 m × 2.5 m) were constructed for production trials. 

The operation essentials of biofloc technology in these three systems are as follows: (1) during the week before shrimp stocking, 
splashing fermentation products of powdered feed, powdered brown sucrose and probiotic bacillus into the system water once 
a day; (2) when suspended bioflocs appear in the system water with the color of pale yellow and the transparency of ~ 40 cm, 
stocking post-larvaes or juveniles into the system water at a density of 200 ~ 700 ind m‒3; (3) during three to six weeks after 
shrimp stocking, adding sucrose into the system water at an amount of half feed input once a day; and if NH4

+-N or NO2
‒-N 

concentration exceed 5 mg L‒1, increasing the usage of sucrose; (4) after mature biofloc-based system establish, marked by 
both NH4

+-N and NO2
‒-N concentrations dropping below 1 mg L‒1, stopping the addition of sucrose; (5) during mid- to late-

stage of the trial, routinely adding sodium carbonate into the system to maintain water pH above 7.0; and starting to run foam 
fractionator or exchange a small amount of new water for controlling biofloc level between 200 ~ 500 mg L‒1 TSS. 

The results of several trials showed that NH4
+-N and NO2

‒-N concentrations could be effectively controlled in these three 
systems for intensive culture of L. vannamei under zero or limited water exchange. In small concrete ponds, we could achieved 
good production results as follows: survival of 79% up to 84.1%, harvest size of 18.20 g to 14.66 g, yield of 7.17 kg m‒3 to 8.49 
kg m‒3, FCR of 1.29 down to 1.25, and water usage of 167 L kg‒1 down to 142 L kg‒1. In medium HDPE-lined raceways, we 
could achieved production results as follows: survival from 84.2% to 86.3%, harvest size from 12.40 g to 20.74 g, yield from 
6.29 kg m‒3 to 6.97 kg m‒3, FCR from 1.25 to 1.41, and water usage from 172 L kg‒1 to 191 L kg‒1. In large HDPE-lined ponds, 
we could achieved production results as follows: survival of 71.1%, harvest size of 16.20 g, yield of 3.07 kg m‒3, FCR of 1.22, 
and water usage of 651 L kg‒1.
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EFFECTS OF FEEDING FREQUENCY ON GROWTH AND DIGESTIVE PERFORMANCE OF 
Litopenaeus vannamei IN BIOFLOC-BASED ZERO-EXCHANGE INTENSIVE SYSTEMS

Yu Xu, Wujie Xu, Xiaojuan Hu, Haochang Su, Xiaoshuai Huang, Zhuojia Li, Guoliang Wen, 
and Yucheng Cao*

South China Sea Fisheries Research Institute
Chinese Academy of Fishery Sciences
Guangzhou 510300, China
cyc_169@163.com

The effects of daily feeding frequency on growth, feed utilization, body composition and digestive enzyme activity of 
Litopenaeus vannamei were studied in biofloc-based zero-exchange intensive systems. The experiment was carried out in twelve 
polyethylene plastic tanks, each of which was equipped with two air-stones for aeration. At the beginning of the experiment, 
800 L of biofloc-rich water from nearby shrimp pond was pumped into each tank, and then juvenile shrimps (1.52 ± 0.37 g) 
were stocked into tanks at 240 shrimp tank−1 (300 ind m−3). Three feeding frequencies of 3, 6, 12 times per day were set for 
experimental groups of F3, F6, F12 respectively. Each group had four randomly assigned tanks, and the shrimp were cultured 
for eight weeks based on the same feeding level according to F3.

The results showed that shrimp final weight, growth rate and yield increased significantly as feeding frequency increased. The 
shrimp in F12 had final weight of 16.34 g and growth rate of 1.85 g wk−1, both of which were significantly higher than those 
in F3 and F6. The survival in three groups were higher than 89.03% with no significant differences among groups. With the 
increase of feeding frequency, the feed conversion rate decreased significantly while the protein efficiency ratio and protein 
productive value increased significantly. The feed conversion rate of F12 was 1.19, which was significantly lower than that of 
F3; while the protein efficiency ratio and protein productive value of F12 were 2.06 and 37.09% respectively, both of which 
were significantly higher than those of F3. With the increase of feeding frequency, the crude protein content of shrimp increased 
significantly while the water content decreased significantly. The crude protein content of shrimp in F12 was 19.25%, which was 
significantly higher than those in F3 and F6; while the moisture content of shrimp in F12 was 73.96%, which was significantly 
lower than that in F3. With the increase of feeding frequency, specific activities of protease and amylase in stomach and specific 
activity of lipase in digestive gland of shrimp increased significantly, and specific activity of protease in digestive gland showed 
an increasing trend. These results indicate that daily feeding frequency could affect growth, feed utilization, body composition 
and digestive enzyme activity of L. vannamei reared in biofloc-based zero-exchange intensive systems. At an appropriate 
feeding level, increasing daily feeding frequency is beneficial to growth, digestion, protein deposition and production quality 
of L. vannamei.
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DEVELOPING TECHNOLOGIES TO PRODUCE REPRODUCTIVELY STERILE AQUATIC 
ANIMALS BY DISRUPTING PRIMORDIAL GERM CELL DEVELOPMENT

Lan Xu*, Kuan-Chieh Peng and Ten-Tsao Wong

Department of Marine Biotechnology & Institute of Marine and Environmental Technology
University of Maryland Baltimore County
701 E. Pratt Street, Baltimore MD 21202
xulan1@umbc.edu

It is imperative that highly effective containment methods are available to prevent farmed aquaculture animals (non-native, 
selectively bred and genetically modified) escaping from captivity and propagate and/or interbreed with wild stocks. The use of 
reproductively sterile farmed aquatic animals will an effective strategy for genetic-containment. Sterility carries environmental 
significance, preventing the farmed animals spreading and genetic mixing with natural populations. Sterilization also prevents 
sexual maturation and minimizes energy input toward gonadal growth while enhancing flesh development and promoting 
animal health. Furthermore, sterility is a means for producers to protect their valuable strains from unauthorized propagation. 
We are particularly interested in producing reproductively sterile salmon and oyster.

We have developed a technology to efficiently produce infertile fish by disrupting primordial germ cell development in fish 
embryos that doesn’t introduce any genetic modification. The technology uses a bath immersion to administer a Vivo-conjugated 
Morpholino oligomer (MO) against Deadend (Dnd), an essential protein for early germ cell development in fish. This approach 
has been successfully used in the zebrafish, trout and salmon.

For oysters, the commercial value of sterile oysters will come from prevention of sexual maturation, which results in retention 
of better flavor and texture through the spawning season and superior growth, and maybe alleviation of summer mortality. 
There is no dnd ortholog in oyster, neither in other invertebrates. For applying this technology into oysters, a gene which is 
indispensable for PGC development in oyster needs to be identified, and another MO-Vivo administration protocol needs to be 
established. RNA interference approach can be an alternative strategy.
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SASYA’S FISHMEAL ALTERNATIVE FOR RAINBOW TROUT FEED 

Amit K. Yadav*, Seunghan Lee, Beth Cleveland, Goutham N Vemuri, Ronald W. Hardy and Vikas Kumar

Aquaculture Research Institute, Department of Animal and Veterinary Science, University of Idaho, 
Moscow, ID 83844, USA
Yada2122@vandals.uidaho.edu

The rapid global growth in fish farming and limited supply of fish meal (FM) have generated reduced inclusion of FM in 
compound feed for finfish and increased substitution with alternative protein sources. Sasya, LLC is a U.S. corporation that has 
developed a proprietary method to produce single cell protein (SCP) product for use in feeds for farmed fish. The resulting SCP 
was shown to have a similar nutrient profile as wild-capture fishmeal. Aim of the present study was to evaluate the nutritional 
value of Sasya’s SCP as an alternative protein source for Rainbow trout (Oncorhynchus mykiss). Thirty rainbow trout fingerlings 
fish (4.99 ± 0.20g) were stocked into each of 9, 145-L tanks. Each tank was supplied with 8 L/min of constant temperature 
(15 °C) spring water supplied by gravity to the fish-rearing laboratory. Three iso-nitrogenous (470 g/kg crude protein) and iso-
energetic (5150 kcal/kg) diets: Diet 1: Fish meal control (30% FM); Diet 2 (L-SCPFM): Low SCP (containing 24% FM and rest 
6% FM replaced by SCP) and Diet 3 (H-SCPFM): High SCP (containing 18% FM and rest 12% FM replaced by SCP) were fed 
to rainbow trout for nine weeks. Each diet was fed by hand to three replicate tanks of fish to apparent satiation. In a completely 
randomized design, each of the three experimental diets was randomly assigned to triplicate tanks within the laboratory system 
to account for any tank position effects.

In vivo digestibility of Sasya’s SCP was determined when fed to rainbow trout as part of a complete diet. The apparent 
digestibility coefficients of SCP for dry matter, crude protein, lipid and energy were 60, 80, 93 and 74% respectively. At the end 
of feeding trial (9 weeks) growth performance (final weight: 69 – 71 g) and feed utilization parameters (FCR: 0.91 – 0.94) did 
not differ significantly among the groups. Dietary treatments have significant effects on crude fat and gross energy content of 
whole body of fish, higher value was observed in the diet 3 (highest inclusion of SCP) fed group than other groups. Whereas, 
there was no significant impacts on protein and amino acids content of fish. A similar trend (no significant difference) was 
observed for the protein metabolism enzymes (alanine transaminase and aspartate transaminase) activity in serum of fish. 
Majority of the hepatic key genes involved in fatty acid metabolism were higher in SCP fed groups (diets 2 and 3) than control 
(fish meal) group, such as Carnitine Palmitoyltransferase-1b (CPT1b), fatty acid delta 5/6 desaturase (FADS5/6) and fatty 
acid elongase 5. High expression of these genes indicates that increased in synthesis of omega-3 fatty acids in fish therefore 
fatty acids compositions of whole body of fish are being analyzed and will be presented. Overall, quality of single cell protein 
is as good as fish meal, therefore such product could enlarge the portfolio of alternative protein sources that can be used in 
fish diets and open a new market opportunity for use of a new feed resource in the feed industry.
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GROWTH AND PHYSIOLOGICAL EFFECTS OF REPLACING FISH MEAL BY DRY 
EXTRUDED SEAFOOD WASTE BLENDED WITH PLANT PROTEIN CO-PRODUCTS IN 
DIETS FOR ADVANCED RED DRUM Sciaenops ocellatus JUVENILES

Fernando Y. Yamamoto*, Kequan Chen, Sergio Castillo, Joseph Tomasso, and Delbert M. Gatlin III

Department of Wildlife and Fisheries Sciences
Texas A&M University System, College Station, TX 77843
yamamotofy@tamu.edu

Utilization of seafood waste (SFW) is an avenue to reduce aquaculture’s reliance on marine forage fish. The worldwide 
unused raw by-product material discarded by processing plants is estimated to be equivalent to the pelagic fish landed to 
produce fishmeal (FM) and fish oil. Therefore, to recycle invaluable nutrients from SFW, such as high-quality proteins and 
polyunsaturated fatty acids, a novel approach was evaluated to enrich plant-derived feedstuffs (PDFs). 

Four blends were manufactured by dry extruding a mixture of either soybean meal (SBM) or distillers dried grains with solubles 
(DDGS) with two different ratios of SFW (60:40, and 40:60 of SFW:PDFs on a dry-matter basis). Five diets were formulated 
to contain 36 % of crude protein (CP) and 12 % of lipid, and each of the four blends comprised a treatment (SBM 60:40, SBM 
40:60, DDGS 60:40, DDGS 40:60) providing 30% of the CP, SBM providing 45% and FM providing the remaining 25 %. 
The reference diet had its CP provided solely by FM. Groups of 30 fish (~98.8 g/fish) were distributed into fiberglass tanks 
(1200 L), and fed the experimental diets ad libitum twice a day for 8 weeks. At the end of the trial, four fish had their intestine 
samples collected and flash frozen to measure the digestive enzymes activities. The remaining fish were pooled per treatment, 
re-distributed into two tanks, and fed the experimental diets for an additional week. A transport-induced stress challenge was 
performed, and fish were transported in a hauling tank for 2 h. Blood hematocrit, and plasma osmolality and lactate were 
measured from four fish at five sampling points: prior to and immediately after transportation, and 24, 36 and 48 h after 
transport-induced stress challenge.

Weight gain was significantly affected by the dietary treatments, with fish fed all blends but the SBM 40:60 treatment 
outperforming those fed the reference diet (Fig. 1). The highest inclusion of SFW to the PDFs affected the weight gain positively. 
All treatments were also significantly different from the reference diet for the hepatosomatic index, and fish fed DDGS blends 
had a higher intraperitoneal fat accumulation. In addition, fish fed the SBM 60:40 treatment had a higher fillet yield when 
compared to those fed the reference diet. Dietary treatments also impacted the activity of trypsin, alkaline phosphatase, and 
amylase. A lower percentage of red blood cells were observed for fish fed SBM 60:40 when compared to the reference diet, but 
only before the transport-induced stressor. Based on the results of this study, the inclusion of SFW to the PDFs had a favorable 
influence on production performance, while reducing the FM and fish oil in the diet formulation. However, some side-effects 
were observed on hematological responses and enzymatic activities.
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EVALUATING THE NUTRITIONAL VALUE OF DRY EXTRUDED SEAFOOD WASTE 
BLENDED WITH PLANT PROTEIN CO-PRODUCTS IN DIETS FOR JUVENILE RED DRUM 
Sciaenops ocellatus 

Fernando Y. Yamamoto*, Clement R. de Cruz, Waldemar Rossi Jr., and Delbert M. Gatlin III

Department of Wildlife and Fisheries Sciences
Texas A&M University System
College Station, TX 77843
yamamotofy@tamu.edu

Seeking sustainable ingredients to replace products derived from the marine forage fish has been a challenging endeavor pursued by 
fish nutritionists for many years. Plant-derived feedstuffs (PFs) from established crop co-products have been extensively investigated 
in aquafeeds to substitute for fishmeal in diets, but imbalances in amino acid profile, the absence of  polyunsaturated fatty acids, and 
presence of  anti-nutritional factors have limited the inclusion of  these ingredients. In order to circumvent these issues, enriching 
these PFs with underutilized fish carcasses, which are usually discarded by processing plants seems to be a sustainable approach to 
lessen the pressure on forage fish stocks. 

Four blends were manufactured by dry extruding a mixture of: either soybean meal (SBM) or distillers dried grains with solubles 
(DDGS) with three different ratios of  seafood waste (SFW) consisting of  viscera and skeletal remains from fillet of  black drum 
(Pogonias cromis). The ratios were 50:50, 60:40, and 70:30 of  SFW:PFs on a dry-matter basis). A feeding trial was conducted to 
assess the effects of  inclusion of  each manufactured blend and a reference diet. Diets were formulated to contain 32 % of  digestible 
protein (DP) and 14.2 kJ g-1 digestible energy (DE), and each of  the six blends comprised a treatment (SBM 50:50, SBM 60:40, SBM 
70:30, DDGS 50:50, DDGS 60:40, DDGS 70:30) providing 40% of  the DP, Special Select menhaden fishmeal (FM) provided 30%, 
and the remaining 30% provided by SBM. The reference diet consisted of  70% of  DP provided by FM and 30% by SBM. Groups 
of  14 fish (initially averaging ~23.1 g/fish) per 110-L aquarium were stocked, and treatments were randomly distributed in triplicate 
aquaria in a recirculating system. Fish were fed the experimental diets according to the body weight that was adjusted weekly during 
8 weeks. At the end of  the trial, weight gain and feed efficiency of  fish fed SBM 50:50, DDGS 50:50 and DDGS 60:40 were 
significantly lower when compared to that of  fish fed the reference diet. Intraperitoneal fat and whole-body lipid composition were 
higher for the fish fed diets containing DDGS. The increased levels of  inclusion of  SFW to the PFs positively affected weight gain 
and feed efficiency. The results from this study indicate that the inclusion of  SBM 60:40, SBM 70:30, DDGS 70:30 blends managed 
to partially replace FM as a dietary protein source and to reduce the levels of  fish oil in the diet formulation without compromising 
growth performance. 
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SYNERGISTIC EFFECT BETWEEN β-1,3-GLUCAN AND VITAMIN C IN VITRO INCREASED 
PRODUCTION OF REACTIVE OXYGEN SPECIES BY ISOLATED PHAGOCYTES AND 
WHOLE BLOOD OF HYBRID STRIPED BASS Morone chrysops × M. saxatilis

Fernando Y. Yamamoto*, Sergio Castillo, Clement de Cruz, Kequan Chen, and Delbert M. Gatlin III

Department of Wildlife and Fisheries Sciences
Texas A&M University System
College Station, TX 77843
yamamotofy@tamu.edu

Supplementation of beta-glucans (BGs) aims to reduce the incidence of pathogenic diseases by augmenting the immunological 
responses prior to infection. The interaction of BGs with leukocyte membrane receptors triggers an intracellular signaling 
cascade, which ultimately leads to an inflammatory reaction and reactive oxygen species (ROS) production as one of their 
immunological assets. However, the respiratory burst process and ROS may present deleterious effects on the leukocyte, 
causing damage to the organelles and cell membrane through auto-oxidation. Vitamin C is a well-known immunonutrient that 
confers antioxidant protection against self-damage from ROS due to its reducing properties and by regenerating antioxidant 
properties of vitamin E. 

The objective of this study was to determine if there is a synergistic effect in vitro between the immunostimulant BG and the 
immunonutrient, vitamin C, using hybrid striped bass cells and blood samples. Whole blood and isolated hybrid striped bass 
phagocytes from the head kidney were either incubated with β-1,3-glucan paramylon (100 µg mL-1), dehydroascorbic acid 
(100 µg mL-1), or their combination, in phosphate buffer saline or cell culture media, and with no supplementation serving as a 
control. Data were analyzed in a 2×2 factorial arrangement, and a significant (P<0.001) interaction between BG and vitamin C 
was observed for all parameters for whole blood and isolated phagocytes (Figure 1). The present results suggest that production 
of ROS by phagocytes can be further enhanced by a synergistic supplementation of BG and vitamin C in vitro. In vivo studies 
are deemed necessary to further investigate the potential interaction between these additives in the diet of hybrid striped bass.
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INTRODUCTION OF ROTIFERS (Brachionus plicatilis) DURING PIKEPERCH (Sander 
lucioperca) FIRST FEEDING

C.Yanes-Roca1, J. Mráz1, A. Born-Torrijos2, A. S. Holzer2, A. Imentai1, T. Policar1

Faculty of Fisheries and Protection of Waters1 
University of South Bohemia 
Zátiší 728, 389 25 Vodňany, Czech Republic 
Czech Republic
cyanesroca1@jcu.cz

Institute of Parasitology2

Biology Centre of the Czech Academy of Sciences
Branisovska 31, 370 05 České Budéjovice
Zátiší 728, 389 25 Vodňany
Czech Republic            

One of the bottlenecks in pikeperch culture remains the low effectiveness and high costs of rearing larval pike-perch in RAS. 
Improving larval rearing methods for pikeperch is a key issue. Current first feeding protocols are based on the use of artemia. In 
order to optimize larval survival, growth and fitness of pikeperch during the first feeding, rotifers (Brachionus plicatilis) were 
used as the first live food.

Significant differences between treatments were found in length, body weight, survival, feed consumption, fatty acid composition, 
and RNA/DNA ratio. Pikeperch larvae (Sander lucioperca) were reared under three different diets (artemia nauplii (A), artemia 
nauplii /rotifers (B), and rotifers (C)), during the first 17 days post hatch (dph). Final performance parameters in total length, 
myomere height (MH), body weight, eye diameter, stomach fullness, survival, fatty acid composition, and RNA/DNA ratio 
were measured and compared among treatments. 

In terms of growth (length, body weight, and myomere height) and stomach fullness, the larvae from treatment B excelled over 
the other two treatments. Survival and key fatty acids such as docosahexaeonic acid (DHA) were higher in treatment C. 

Results suggest that the most favorable diet during larval pikeperch first feeding is a mixed diet (rotifers/artemia). This feeding 
method can significantly increase efficiency of pikeperch larval culture on a commercial scale.  Yet, more accurate weaning 
protocols of this diet during the first 12 - 17 dph need to be developed to further improve larval performance.
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EFFECT OF LIGHT SPECTRUM ON LARVAL SURVIVAL AND FITNESS IN COMMON 
SNOOK (Centropomus undecimalis) 

Carlos Yanes-Roca*, Nicole Rhody, Juliette Delabbio, Kevan L. Main

Mote Marine Laboratory 
1600 Ken Thompson Parkway
, Florida 34236, USA
cyanes@mote.org

Faculty of Fisheries and Protection of Waters
University of South Bohemia of Sciences
Zátiší 728, 389 25 Vodňany, Czech Republic

Light is a key environmental factor that synchronizes all life-stages of fish driving key biological processes that influence 
performance and ultimately affect production. Light characteristics such as spectrum, intensity and photoperiod depend on the 
absorbance properties of the water column. Species specific spectral differences in sensitivity are believed to be an adaptation 
to the species’ ecological habitat and therefore fish larvae are predisposed to perform better under specific light environments. 

This study investigated the effects of light spectrum including white (400 nM), blue (465 nM) and red (625 nM) on larval 
performance of common snook (Centropomus undecimalis) over a 14-day study period. All treatments were exposed to 
continuous (24 hr) light photoperiod.  Hatched larvae obtained from captive spawned broodstock were stocked into twelve 
130L tanks which were part of replicated closed recirculating systems. Each was equiped with solids, bio-filtration and UV 
sterilization. Water temperature was maintained at 28.0 C +/- 0.4, dissolved oxygen between 5-10 mg/L, pH between 7.9-8.4, 
and salinity at 34-35 ppt.  A total of 10 larvae per tank were taken to assess the effect of light spectrum on larval growth and 
development on days 0, 3, 7, 15 dph. At the end of the trial (14 d), 25 larvae per tank were collected for morphometric 
measurments and the remaining larvae in the system were enumerated to determine the effect of light spectrum on survival. 

Total larval survival in the red spectrum lighting treatment was significantly lower (25%) when compared to survival in the 
white (41%) and blue spectrum (33%) lighting treatments. Larvae exposed to red and white light showed enhanced growth 
(larval length) in comparison to larvae exposed to blue wavelengths, however these were not significantly different. Throughout 
the study, no significant impacts of background color were seen on growth in terms of larval weight gain. These findings 
highlight the role of lighting conditions during the early development of fish larvae and should be taken into account for the 
optimization of rearing protocols. 
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DETERMINANTS OF CHINA’S SEAFOOD TRADE PATTERNS

Bixuan Yang*, Frank Asche, James L. Anderson

Food and Resource Economics
University of Florida
Gainesville, FL 32611
yangbixuan@ufl.edu

China’s is the world´s largest seafood exporter, with rapidly increasing exports primarily based on an increasing aquaculture 
production. Hence, analyzing patterns in China’s seafood trade are of great importance. In this study, gravity models were 
estimated for various product forms to investigate the impact of economic factors such as GDP, income, distances, per capita 
seafood consumption, regional trade agreements (RTA), and continental locations on seafood trade. The results of the model 
indicate that there is substantial variation in trade patterns across product categories. Furthermore, the forms of live and fresh 
seafood are a separate group for which trade is significantly affected by distance, income, and status of “developed country,” 
while GDP and continental dummies play an essential role in the trade of products in the other forms. 
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MULTI-RESOLUTION, MULTI-SCALE MODELING FOR SCALABLE MACROALGAE 
PRODUCTION

Zhaoqing Yang*, Taiping Yang, Alicia Gorton, Jonathan Whiting, Gabriel Medina-Garcia, Molly Grear, 
Luca Castrucci, Alicia Gorton, Kevin Haas, Martin Jang, Phillip Wolfram, Mathew Maltrud, Riley Brady, 
Dan Cox, Solomon Yim, Ming Chen

Pacific Northwest National Laboratory
Seattle Research Center
Seattle, WA 98109
zhaoqing.yang@pnnl.gov

Macroalgae harvested along coastlines and in the open ocean has traditionally been used as food for human consumption, 
animal feed, and fertilizer. The United States ARPA-E1 Program estimates that the nation has suitable conditions and geography 
to produce at least 500 million dry metric tons of macroalgae per year, yielding approximately 2.7 quadrillion BTUs of energy 
in the form of liquid fuel (which is roughly 10% of the nation’s annual transportation energy demand). Adverse environmental 
effects of nutrient overload and ocean acidification may also be reduced by large-scale macroalgae cultivation in many coastal 
ocean regions. However, the successful deployment of large-scale marine macroalgae farms for fuel production depends on 
ambient hydrodynamic conditions and nutrient availability, as well as their interactions with macroalgae farm structures. Pacific 
Northwest National Laboratory is leading an ARPA-E MARINER2 project to develop a set of numerical modeling tools capable 
of simulating ocean hydrodynamic and biogeochemical processes, macroalgae trajectories for free-floating systems, macroalgae 
growth and biomass yields, and hydrodynamic load on macroalgae canopies and farm structures using a multi-resolution and 
multi-scale approach. This set of modeling tools will provide a suite of information essential for system design, optimal project 
siting, risk analysis, and management of macroalgae production systems in the ocean. Better clarity can also help macroalgae 
system developers reduce deployment cost, operational risk, and potential impacts on the local marine environment. This paper 
will present an overview of the modeling approach described above and highlight the importance of and need for such tools in 
achieving the scale, efficiency, and production costs necessary to support a seaweed-to-fuels industry.

1) Advanced Research Projects Agency-Energy
2) Macroalgae Research Inspiring Novel Energy Resources

1  Advanced Research Projects Agency-Energy
2  Macroalgae Research Inspiring Novel Energy Resources
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TRIPLOID PERFORMANCE AND FEMALE OCCURRENCE IN EASTERN OYSTERS FOR 
TETRAPLOID PRODUCTION

Huiping Yang*
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Institute of Food and Agricultural Sciences
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Gainesville, FL 32653
huipingyang@ufl.edu

Oyster farming is rapidly increasing in the Gulf region since the dramatic decline of fishery landing in 2012. In Florida, a 
total of 180 leases (about 413 acres) are now farming oysters in 2017 based on the official registration information from 
the Florida Department of Agriculture and Consumer Services. For oyster farming industry, triploids are recognized as the 
preferred products because of their fast-growth, better meat quality, and year-round harvest. Therefore, triploid seed are in great 
demand, and becoming major constraint to the industry. To address this industry priority, tetraploid breeding stocks is needed 
because tetraploids are the key for commercial all-triploid seed production. With support from the Gulf States Marine Fisheries 
Commission, one project aiming on establishing tetraploid breeding stocks for the Gulf region was initiated in 2017. In the first 
spawning season, chemically-induced triploids were produced by using wild populations from the Gulf. In the second year, 
triploid individuals (~3000) were screened and confirmed (out of about ~5000 oysters), and their gonad development were 
observed and analyzed. Female triploids (over 30) were spawned and used for induction of tetraploid founders by using an 
ever-patented technique, which is to fertilize the eggs from triploids with sperm from diploids following by inhibition the first 
polar body release. Currently, this project is ongoing, and data collected in 2017 and 2018 are in process of analysis and will 
be reported. 
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WISCONSIN CONSUMERS AND LOCAL FARM-RAISED FISH: PUBLIC OPINION, TRENDS 
AND MARKETING RECOMMENDATIONS

Shiyu Yang*, Laura Witzling, Bret R. Shaw, Kristin K. Runge, Chris F. Hartleb and Deidre M. Peroff
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Parts of the local food movement are thriving in Wisconsin. However, although the demand for local food products in Wisconsin is 
strong, many Wisconsin consumers are still unaware of the availability of local, farm-raised fish. Moreover, there is an uncertain 
climate of public opinion regarding aquaculture. Many consumers have questions about possible contaminants, antibiotics and 
effects on human and environmental health. On the one hand, research has identified media’s negative representation of fish 
farming as a potential source of negative public perceptions regarding farm-raised fish; on the other hand, perceived consumer 
benefits to farm-raised fish have also been documented. To better understand constraints of the Wisconsin aquaculture industry 
and capitalize on the trend for local food, this study examines consumer perceptions and behaviors related to consuming local 
farm-raised fish and generates marketing recommendations that could be useful for fish farmers, retailers, restaurants and other 
venues that sell fish for human food. 

A state-wide mail survey was administered to a 
random sample of 3000 households in Wisconsin 
in summer 2018. A total of 548 surveys were 
returned. However, this study is primarily 
informed by the responses of people who reported 
doing at least half of the household food shopping. 
This leads to a final N = 517. 

Our results indicate that taste, freshness, and 
appearance are the top three qualities for people 
when they think about fish (Figure 1). They also 
hold diverse but overall positive views of local 
farmed fish (Figure 2). These and other findings 
are discussed in further detail and marketing 
recommendations are drawn from these results. 
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CURRENT SITUATION AND TREND OF INTEGRATED FARMING OF RICE AND FISH 
(IFRF) MODEL IN CHINA

Feng Yang, Fangfang Shen

Email: yf1615550118@outlook.com

Rice-fish culture is a complex ecological agriculture mode which combines the culture of rice with culture of economic aquatic 
such as crabs, shrimps, fish, etc. In order to furtherly promote the development of the research on the IFRF and its application 
and dissemination,the general development situation and trend of IFRF in China was reviewed. Furthermore, the supporting 
role of IFRF for agriculture was reviewed, the application perspective of IFRF was looked into. 

From 2008 to 2018, IFRF model have made great progress in china. According to authoritative data, the production of fish 
farming in paddy fields has reached 1,947,507 tons now. There are more and more kinds of fish were bred in paddy fields, 
such as grass carp, carp, shrimp, loach ,Tilapia, silver carp, bighead, bream, catfish crab,Spotted Spottail Catfish, Cloudspotted 
Catfish, Barracuda, Barracuda barbata, Barracuda barbata, California bass, Warped-billed Red Catfish, Anguilla Anguilla, 
Osmanthus fragrans,Freshwater white pomfret, mud, wheat pomfret, wild pomfret, sunfish, freshwater sandfish, Brazilian 
pomfret, Egyptian pond lice . In China，The area of paddy farming has reached 1,682,689 Hectares. Through the engineering 
transformation of paddy field and the construction of rice-fishery co-cropping rotation system, the stable yield of rice, the 
increase of aquatic products, the increase of economic benefits and the remarkable reduction of pesticide and chemical fertilizer 
application can be realized through scale development, industrial operation, standard production and brand operation. It is an 
ecological circular agricultural development mode. So, IFRF model in China is High-efficiency ecological aquaculture model.

In the future research, aiming at the key problems in the development of rice-fish integrated breeding, we organized joint 
scientific research, accelerated the integration demonstration of leading mode and supporting key technologies, constructed 
interdisciplinary and interdisciplinary expert team and joint cooperation mechanism, and promoted the transformation, 
application and publicity of technical achievements in rice-fish integrated breeding. Speed up the construction of rice brand, 
strengthen the combination of rice and fishery comprehensive breeding and leisure fishery, extend the industrial chain, enhance 
the value chain, and promote the rapid and healthy development of rice and fishery comprehensive breeding in China.
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Catfish, Barracuda, Barracuda barbata, Barracuda barbata, California bass, Warped-billed Red Catfish, Anguilla Anguilla, 
Osmanthus fragrans,Freshwater white pomfret, mud, wheat pomfret, wild pomfret, sunfish, freshwater sandfish, Brazilian 
pomfret, Egyptian pond lice . In China，The area of paddy farming has reached 1,682,689 Hectares. Through the engineering 
transformation of paddy field and the construction of rice-fishery co-cropping rotation system, the stable yield of rice, the 
increase of aquatic products, the increase of economic benefits and the remarkable reduction of pesticide and chemical fertilizer 
application can be realized through scale development, industrial operation, standard production and brand operation. It is an 
ecological circular agricultural development mode. So, IFRF model in China is High-efficiency ecological aquaculture model.

In the future research, aiming at the key problems in the development of rice-fish integrated breeding, we organized joint 
scientific research, accelerated the integration demonstration of leading mode and supporting key technologies, constructed 
interdisciplinary and interdisciplinary expert team and joint cooperation mechanism, and promoted the transformation, 
application and publicity of technical achievements in rice-fish integrated breeding. Speed up the construction of rice brand, 
strengthen the combination of rice and fishery comprehensive breeding and leisure fishery, extend the industrial chain, enhance 
the value chain, and promote the rapid and healthy development of rice and fishery comprehensive breeding in China.
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INTESTINAL MICROBIOME INTERACTION AND FISH HEALTH

Gang Yang*, Xiangli Tian, Lifeng Liang, and Shuanglin Dong 

Department of Fisheries Science, School of Life Science, Nanchang University
Nanchang 330031, P. R. China 
gangyang@ncu.edu.cn

The intestinal microbiota plays crucial roles in nutritient uptake, metabolism, and the regulation of host immune responses. The 
homeostasis of intestinal microbiota is important to host health and can be affected by diet but is poorly understood in aquatic 
animals. Our studies in grass carp (Ctenopharyngodon idella), sea cucumber (Apostichopus japonicus Selenka), and rice field 
eel (Monopterus albus) systemically reported the variation of microbiota across intestine and the effects of diet on the intestinal 
microbiota by assessing composition, interspecific interactions, and function of the microbial community.

High throughput sequencing was employed to investigate the composition, interspecific interactions, and potential function of 
the microbial community in the fore- (FI), middle- (MI), and hind (HI) intestine of grass carp from the natural environment 
using a RMT-based approach and PICRUSt. We determined the effects of dietary supplementation with 109 cfu kg–1 B. cereus 
BC-1 (BC group) and 25.0 g kg-1 rhubarb (RH group) on the homeostasis of intestinal microbiota of sea cucumber. In addition, 
we also investigated the intestinal microbiota and serum parameters of rice field eel fed with basal diet (6.30% lipid) or high-fat 
diet (12.11% lipid) for 60 days.

In the grass carp experiment, our results suggested that the composition and 
function of the microbial community significantly varied along the intestine and 
the complex interspecific interactions within microbial community could promote 
the carbohydrate fermentation of intestinal microbiota and enhance the ability of 
the grass carp to obtain more nutrients and energy from plants (Fig 1). Dietary 
supplementation with B. cereus BC-1 and rhubarb had no significant impact on 
overall bacterial community composition of sea cucumber, but they promoted the 
homeostasis through strengthening the cooperative interaction between species, 
facilitating operational taxonomic units to form larger sub-modules, and increasing 
the number of module hubs within the ecological network (Fig 2). In contrast, a high-
fat diet could disturb the balance of intestinal microbiota through the deterioration 
of sub-modules by reducing the average connectivity and number of connectors 
and decrease competitive interactions within the ecological network, rather than 
fundamentally changing its composition. Moreover, the high-fat diet significantly 
influenced the metabolism of gut microbiota, accompanied by dyslipidemia. Our 
findings indicated that a high-fat diet disturbed intestinal microbiota and led to 
dyslipidemia, both of which were associated with the development of diet-induced 
fat deposition in the liver and other tissues of rice field eel. 
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OPPORTUNITIES, CHALLENGES AND FUTURE DIRECTIONS OF OPEN WATER KELP 
AQUACULTURE IN NORTHEAST AMERICA 

Charles Yarish*, J.K. Kim, S. Lindell, M. Stekoll, S. Augyte, D. Bailey, M. Marty-Rivera, J-L. Jannink, 
X. Mao, K.R. Robbins, B. Smith, L. Roberson, and C.A. Goudey

*Department of Ecology & Evolutionary Biology, University of Connecticut, 1 University Place, Stamford, 
CT, 06901, USA
charles.yarish@uconn.edu   

After more than 30 years of effort by scientists, industry, state and federal agencies, kelp aquaculture is now considered 
an environmentally responsible practice and offers new opportunities for expansion in US coastal waters. With the nursery 
technologies developed at the University of Connecticut, Saccharina latissima and S. angustissima have been successfully 
cultivated in open water farms in the Northeast. After out-planting juvenile kelp (< 1mm), we have found that our cultivated 
kelp grew as much as 7.0 m in length and yielded up to 24 kg FW m-1 after 6 months in Long Island Sound and the Gulf of Maine. 
The harvests from the northeast US kelp farms have been processed using a mobile kelp-processing machine developed by 
UCONN.  Kelp aquaculture provides ecosystem services by removing excess nutrients (carbon and nitrogen) from ecosystems 
and thereby improves water quality, potentially reducing ocean acidification. This practice is now called ‘nutrient bioextraction.’  
The kelp aquaculture in LIS and other regions of the Northeast America can remove up to 180 kg N ha-1 yr-1, and 1,700 kg C 
ha-1, respectively.  Kelps have significant value as foods for human consumption and agriculture as organic fertilizers, animal 
feeds, nutraceuticals, and cosmeceuticals. Kelp aquaculture now offers other new opportunities with the planned expansion into 
the Exclusive Economic Zone with the ARPA-E (US DOE) MARINER Program. With improvements in productivity, kelp and 
other seaweeds could potentially be a viable feedstock for biofuels. 
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A NOVEL CRUSTACEAN HYPERGLYCEMIC HORMONE (CHH) FROM THE MUD CRAB 
Scylla paramamosain REGULATING CARBOHYDRATES METABOLISM

Haihui Ye*, An Liu, Guizhong Wang

*Presenting author:
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College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China
haihuiye@xmu.edu.cn

Crustacean hyperglycemic hormone (CHH) plays a crucial role in regulating carbohydrate metabolism in crustaceans. In this 
study, a new cDNA encoding type I CHH peptide, termed Sp-CHH3, was isolated from the mud crab Scylla paramamosain 
and its potential functions were investigated. The full length cDNA of Sp-CHH3 was identified as encoding a 127-aa precursor 
composed of a 27-aa signal peptide, a 23-aa CHH precursor-related peptide and a 75-aa mature peptide with a typical motif of 
CHH. Phylogenic analysis suggested that Sp-CHH3 is a previously unreported CHH from S. paramamosain. Tissue distribution 
analysis showed Sp-CHH3 was mainly expressed in the eyestalk ganglia, thoracic ganglia, stomach and ovary. A RNA interference 
experiment showed that after injection of Sp-CHH3-targeted dsRNA, both the level of Sp-CHH3 expression in the eyestalk 
ganglia and hemolymph glucose level decreased significantly. A further short-term starvation experiment demonstrated that the 
level of Sp-CHH3 detected in the eyestalk ganglia was significantly up-regulated at 12 h of starvation, it then fell back at 24 
h of starvation and subsequently maintained relatively stable between 24 to 96 h of starvation. The hemolymph glucose level 
decreased significantly (P < 0.05) at each sampling time during the 96 h starvation duration when compared to that of 0 h (prior 
to starvation) and the overall trend was largely correlated with the level of Sp-CHH3 expression in the eyestalk ganglia. Taken 
together, the results suggest that Sp-CHH3 plays a functional role in regulating carbohydrate metabolism in S. paramamosain. 
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EVALUATION OF POST-SET PEDIVELIGER HARD CLAM Mercenaria mercenaria 
SURVIVAL IN VARYING SUBSTRATE CLAST SIZE IN POST-SET CULTURE SYSTEMS IN 
RECIRCULATING AQUACULTURE SYSTEMS
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Aquaculture of the hard clam, Mercenaria mercenaria makes up a $65 million industry in the U.S. and involves hundreds 
of family-based farms. This industry is reliant on commercial hatchery seed production. Therefore, access of high quality 
seed is a priority for the sustainability of this industry. As a common practice in commercial hatcheries, setting of pediveliger 
larvae (metamorphosis process) is usually performed by removing larvae into downwellers until metamorphosis is completed. 
Often, reported problems from industry hatcheries include high mortalities during this stage. To increase the survival, it is 
hypothesized that the metamorphosis of pediveliger larvae do require substrates to accommodate the changes in physiology, 
morphology, and lifestyle (from free swimming to endobenthic burrowing). The goal of this study will be to evaluate the effects 
of larval setting systems on post-set juvenile survival (to 1 mm) during the metamorphosis process. The objectives will be to 
evaluate the effects of: 1) substrates at different sizes as well as without substrates; 2) ratio of water flow to downwell surface 
area, and 3) larval density. This project will start in late September or early October during the hard clam spawning season. It 
is expected this study will identify a correlation between the factors to be tested and larval survival  during the life-changing 
metamorphosis process. The results from this study will be useful for the clam hatchery farms.
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NUTRITIONAL EVALUATION OF FRASS FROM BLACK SOLDIER FLY LARVAE AS 
POTENTIAL FEED INGREDIENT FOR PACIFIC WHITE SHRIMP, Litopenaeus vannamei 
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Frass is the by-product of the larva meal industry, is currently readily available and competitively priced relative to larva 
meal. Besides high protein and fat contents (21.6% and 6%, respectively), frass contains abundant nutrients, chitin (a naturally 
occurring biopolymer from invertebrate shells), and beneficial microbes. This study evaluates the effect of dietary levels of 
frass derived from the larvae of black solder flies fed Distillers’ dried grains with solubles on growth, feed utilization, hemocyte 
count, hemocyanin, plasma total protein, cholesterol and whole body and fillet proximate compositions of Pacific white 
shrimp, Litopenaeus vannamei. Four isocaloric diets containing frass at levels of 0, 5, 10, and 20% as partial replacements of 
a combination of soybean meal (SBM), cottonseed meal (CSM), wheat short (WS) and corn meal (CM) on an equal protein 
basis were offered four times daily to Pacific white shrimp. Four replicate groups of 15 shrimp per tank (initial weight 4.06g) 
were offered experimental diets at 4% total body weight daily for 12 weeks. Shrimp in each aquarium was group-weighed and 
counted at 2-week intervals and feed inputs were adjusted based on observed survival and weight gain. Although frass fed groups 
showed slight improvement on growth performance and hemolymph parameters, no significant differences were observed in 
final weight gain, feed utilization, survival, body composition and hemolymph parameters. Frass can be incorporated in shrimp 
diets up to 20% as a substitute for a combination of SBM, CSM, WS and CM without affecting their growth performance, body 
composition, hemolymph parameters.



1216

HISTORY AND STATUS OF THE KOOTENAI RIVER WHITE STURGEON CONSERVATION 
AQUACULTURE PROGRAM

Shawn P. Young*
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The Kootenai River White Sturgeon (Acipenser transmontanus) was once abundant in the Kootenai/ay River Basin in Idaho 
and Montana, USA, and British Columbia, Canada.  Historically, they provided important cultural fisheries throughout the 
basin.  However, this population is now listed as endangered in both countries due to cumulative effects of habitat destruction 
and of Libby Dam hydro-power operations in Montana that have resulted in persistent recruitment failure since the 1970’s.  In 
1990, the Kootenai Tribe of Idaho recognized the lack of natural recruitment and started an experimental aquaculture facility 
to determine the feasibility of using wild broodstock to artificially spawn and rear year classes to reverse population decline.  
The Kootenai Tribal Hatchery began rearing fish in 1992, and has been successfully releasing annual year classes since 1997.  

Since 1990, twenty-three year classes have been created using several different rearing and release strategies to promote post-
release survival and growth.  Post-release monitoring and evaluation studies have guided adaptive management of rearing and 
release strategies over the decades.  At present, approximately 12,000 hatchery juveniles and hatchery sub-adults survive; while 
the wild adult population has declined to around 1,000 spawning adults.  The presentation will provide a summary of current 
aquaculture practices; program specifics for annual year class production; post-release research results that guide the program; 
and a general summary of the Kootenai River White Sturgeon population status.  
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THE WESTERN REGIONAL AQUACULTURE CENTER: IMPACTS OF INVESTMENT IN 
RESEARCH AND OUTREACH PROJECTS THAT ADDRESS INDUSTRY PRIORITIES 

Graham Young

USDA NIFA Western Regional Aquaculture Center
University of Washington
Seattle, WA 98195
grahamy@uw.edu

The Western Regional Aquaculture Center (WRAC) represents twelve geographically large western states: commercial 
salmonid and shellfish culture currently predominate but sturgeon production is increasing and culture methods for several new 
species are under development. This presentation addresses key features of WRAC’s funding process, including the central role 
of industry, how information and technology is transferred to stakeholders, examples of outcomes from WRAC’s investments, 
and key elements of a successful WRAC proposal.

An industry-driven, industry-responsive process: Like all five RACs, WRAC sponsors research and outreach projects in areas 
that are determined by its twelve-member Industry Advisory Council (IAC), based on widespread solicitation of input from the 
western region’s aquaculture community. Problem Statements (up to ten) that form the basis of the request for pre-proposals 
are developed jointly with the twenty-four member Technical Committee (TC; researchers [12] and extension specialists [12]). 
The IAC is directly involved in all other aspects of pre- and full proposal review. Full proposals are evaluated for technical and 
industrial merit by internal (IAC/TC) and external peer review. The recommendations of the IAC/TC for funding are based 
on anonymous individual ranking of proposals. The IAC participates in annual review of ongoing projects, and each project 
includes at least one Industry Advisor. Members of industry frequently participate in the research and make substantial in-kind 
contribution.

Information and technology transfer: The critical role of extension/outreach specialists is reflected in the requirement that 
proposals to WRAC must include a funded team member responsible for outreach. During proposal development, this member 
coordinates production of a detailed outreach plan based on the Logic Model that describes expected inputs and outputs 
(audience and methods) and predicted/desired outcomes for each research objective.

Strategic investments and impacts: In any funding cycle, projects may be funded for up to four years. As a unique aspect of 
the RAC program, WRAC has been able to make longer-term investments, providing multi-cycle funding in critical areas 
such as finfish diseases, alternative finfish diets, genetic improvement of oysters, and commercialization of white sturgeon.  
Commercial impacts often occur years after a project has ended. Case studies of the potential or quantified impacts of short and 
long term studies will be presented.

Elements of a successful WRAC proposal: Key aspects that internal and external reviewers analyze include quality of the 
science, inclusion of an effective outreach plan that is well integrated with the research effort, industry support for the project, 
and critically, predicted impact on the particular industry in at least two of the western states. Details of review criteria and 
other aspects of proposal development, along with the biennial request for pre-proposals can be found on the WRAC website: 
http://depts.washington.edu/wracuw
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FEED INTAKE USED TO ESTIMATE ATTRACTABILITY OF FISH MEAL, FISH MEAL 
PROTEIN HYDROLYSATE, CASEIN, SQUID MEAL, AND YEAST AND BACTERIAL BASED 
SINGLE CELL PROTEINS TO SHRIMP Litopenaeus vannamei
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Successful replacement of fish meal (FM) in shrimp feeds requires an evaluation of attractability of alternative protein sources. 
Ingredients that enhance attractability of feed should increase timely feed intake in both extensive and intensive shrimp culture 
systems. Immediate feed intake leads to increased feed conversion and growth, reduced feed waste and leaching of important 
and expensive nutrients, and improved water quality. Products that enhance attractability and feed intake have important 
commercial value in the marketplace.

FM, fish protein hydrolysate (FPH), squid meal (SM), casein and two single cell protein (SCP) sources (Meridian Biotech 
LLC) derived from yeast (DY-Pro) and bacteria (MRD-Pro) were assessed for their relative effectiveness in increasing the 
feed intake rate of Litopenaeus vannamei (ca. 3.00 ± 0.15 g). Ingredients were added to a standard base mix at different levels. 
Animal protein sources were incorporated at 3% weight as fed, while SCPs sources were incorporated at 3% or 6% weight as 
fed for DY-Pro or MRD-Pro. Shrimp were stocked into 80 L glass tanks (n= 20 per tank) in a recirculating aquaculture system. 
Tanks were randomly assigned to one of eight diet treatments (3 tanks/treatment). Experiments measuring the attractibility of 
each feed were conducted twice daily at 09:00 and 13:30 over a five day period. For each experiment, 40 feed pellets (ca. 1 g) 
corresponding to the assigned treatment were provided to each tank. To calculate the rate of feed intake, pellets remaining in 
each tank were counted at six minute intervals for a 72 minute period. Differences in probability of feed intake among diets 
were evaluated with Cox Regression Analysis.

Under the conditions of this study, the attractability of diets containing 3% squid meal and MRD-Pro were comparable, but both 
had significantly greater probability of being consumed than diets containing 3% of any other animal proteins tested (Fig.1). 
The diet containing 6% MRD-Pro had significantly greater probability of being consumed than diet with 3% MRD-Pro. Diet 
containing DY-Pro had significantly lower probability of being consumed than other animal proteins and MRD-Pro. Results of 
these trials suggest the use of SCP ingredients can provide additional value based on feed intake and presumed attractability of 
that ingredient.
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Fish meal is one of the major components of the feed used in aquaculture. The increasing global demand for and decreasing 
availability of fish meal has led to sharp increases in the price of fish meal, and hence, the cost of aquaculture production has 
increased as well (Ayoola, 2010). Soya and other terrestrial plants rich in proteins and lipids have been introduced into the diet 
of aquaculture fish to replace FM (Gatlin et al., 2007). However, the presence of anti-nutritional factors in plant meals (Francis 
et al., 2001), the potential problems of the inflammation of the digestive tract and the decreased palatability of the meal are of 
concern. Insects are rich in protein and lipids, they have been considered as potential alternatives to FM. In the recent years, 
insects have received wide attention as a potential source of protein both for livestock and aquaculture. The aim of this study 
was to evaluate the optimum level of superworm in practical diet on growth performance and feed utilization efficiency in 
tilapia juvenile.

The present study was undertaken to evaluate the optimal of superworm meal level for tilapia juvenile. Fish were fed with 5 
isonitrogeneous (32% crude protein) and isoenergetic (range of 470 kcal/g) diets formulated to include 0, 5, 10, 15 and 20%. 
20 aquarium tanks contained ten juveniles each with an average weight of 10.5±0.15 g/fish. The feeding trial was conducted 
45 days. Feeding was carried out twice daily with satisfy throughout the experimental period. From the experimental data 
obtained, growth was expressed as weight gain (WG), specific growth rate (SGR), and survival rate. Feed utilization indices 
were expressed as feed conversion ratio (FCR), and protein efficiency ratio (PER).

In tilapia juveniles fed dietary inclusion of superworm meal at 10% did not affect weight gain and final weight negatively 
whether it can give similar growth performances of fish as FM based diet, without an adverse effect on the protein digestibility, 
growth performance, and feed utilization. While 15 and 20 % superworm meal in feed formulation induced growth reduction 
and less specific growth rate, feed conversion efficiency, and protein efficiency ratio.

The study showed that all treatment groups had no significant difference on survival rate and energy utilization. Intraperitoneal 
fat in fish body was no significant differences for any of the diet treatments. The whole body proximate composition was 
unchanged. 

The superworm meal has potential for use as a source of protein in the diet of fish and can be successfully included in fish diet 
as a substitute for fish meal.
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WATER THROUGH A PRE-EMERSION TREATMENT
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Live transport of shellfish from harvest to market is an ancient practice that has benefited from the development of faster modes 
of transportation and improvements in packaging technologies and handling practices. Nowadays, shellfish harvested in one 
country can be readily shipped to another country thousands of kilometres away within just a few days. Typically, shellfish are 
shipped out of water, leaving the animals exposed to a stressful environment in which their ability to cope determines the shelf 
life of the live product. In general, bivalves, particularly intertidal species, can tolerate aerial exposure for varied periods of 
time depending on the conditions. The harnessing and augmenting of this capacity for aerial tolerance could lead to significant 
improvements in post-harvest survival. 

To test whether aerial exposure survival of shellfish can be enhanced by the application of treatments prior to transportation, 
the Greehshell™ mussel (Perna canaliculus), a commercially valuable and globally traded mussel species was used. Freshly 
harvested mussels were exposed to different conditions designed to induce a physiological and/or behavioural response. 
Survival under simulated chilled transport conditions was then assessed.  

Overall, depending on the treatment used, survival out of water decreased or increased compared to a control group (Fig. 1). 
There was a wide range of individual variability among the mussels within each treatment. But overall, most of the enhanced 
survival was observed in the treatments that exposed the mussels to colder than ambient seawater temperatures prior to shipping 
simulation. The greatest survival enhancement occurred with exposure to a sub-lethal cold shock, but the mechanisms by which 
these benefits are generated are still not fully understood 

This study showcases the mussels’ plasticity, as well as the potential for manipulating survival out of the water. Moreover, 
there is potential for selective breeding of mussels to further extend emersion survival to increase shelf life for the live market. 
A similar approach could be applied in other species of bivalves to improve out of the water survival, taking into account their 
biology and how each species is affected by environmental conditions in different seasons and/or regions.
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(Panopea zelandica): THE CAWTHRON INSTITUTE EXPERIENCE 
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In New Zealand, the Cawthron Institute is leading efforts to domesticate the geoduck, Panopea zelandica, for aquaculture. 
This species is one of two endemic geoduck species found in New Zealand. Currently, a small number of wild populations are 
known throughout the country, with only one sustaining most of the fisheries landings. Due to the high commercial value that 
this species could fetch in overseas markets, there is significant interest from industry. However, very little is known about its 
biology and ecology which is important to facilitate farming at a commercial scale. Only in the last eight years, new research 
has shed some light into the development of hatchery production and grow-out practices suited for this species within the New 
Zealand legislative and economic context.

Most of the research has focused on broodstock husbandry, larval rearing and the production of juvenile seed to allow grow-
out trials to be carried out. Although improvements have been made and there is a better understanding of the requirements 
to breed and rear this species in captivity, there are many challenges ahead. For example, elucidating factors driving larval 
rearing success and the relative importance of maternal investment, water chemistry, and husbandry practices will enable more 
reliable spat production.

Several grow-out methods have been tried for the New Zealand geoduck, with varied results. They can be grown individually 
or in groups, in holding units (different shapes and sizes) in or on the sediment, and in the water column in suspended holding 
units. Most of the grow-out trials have been carried-out at existing mussel or oyster farms (i.e., Co-culture). So far, grow out 
survival has been good, but the trials have not gone long enough for the geoduck to reach the same size as individuals landed 
in the fisheries (Fig. 1). Future research aims to improve current hatchery production practices, establish a selective breeding 
program and evaluate the benefits of triploidy to reduce grow-out time. This combined with the development of practical and 
economically feasible farming technology will enable the establishment of geoduck aquaculture in New Zealand.
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IMPACTS OF HIGH TEMPERATURE AND HYPOXIA ON THE INNATE IMMUNE RESPONSE 
OF ATLANTIC SALMON Salmo salar

Fábio S. Zanuzzo*, Anne Beemelmanns, Rebeccah M. Sandrelli, Jennifer R. Hall, Matthew L. Rise, 
and A. Kurt Gamperl 
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Climate change is predicted to increase seawater temperatures by 2-4oC by 2100 and result in more frequent and severe hypoxic 
events. Given that water temperature and hypoxia may affect the susceptibility of fish to various diseases, we investigated how 
high temperature (12 to 20oC at 1oC week-1, then acclimation to 20oC for 4 weeks) alone, or in combination with moderate 
hypoxia (70% air sat.), affects head kidney constitutive immune gene expression, and the innate immune response to the 
multivalent vaccine Forte V II which contains inactivated cultures of bacteria (Vibrio and Aeromonas sp.) and a virus (Infectious 
Salmon Anemia virus; ISAv). Fish were sampled for constitutive gene expression before intraperitoneal injection, and 6, 12, 
24 and 48 h post-injection (HPI) with Forte V II or phosphate buffered saline (PBS). We measured the mRNA expression of 
12 genes: viperin-b, Mx-b, ISG-15a, IFNγ, IRF-7b, STAT-1b, IL-1β, IL-8, Cox-2, Cath-b, Hamp-a and sTLR-5a. In addition, 
respiratory burst (whole blood), lysozyme and complement (plasma) were measured at 24 HPI. 

Constitutive expression of these immune-related genes was generally upregulated (by 1.6- to 3.5-fold; e.g. see Fig. 1B, D) in 
fish held at 20oC with or without hypoxia as compared to control fish (held under normoxia at 12oC). Forte V II increased anti-
bacterial gene expression to similar levels in all experimental groups, however, the peak expression of many genes was 6-12 
h before that seen in control fish (e.g. Fig. 1B, D). In contrast, Forte V II did not trigger an anti-viral response (e.g., Fig 1A). 

These results suggest that temperatures up to 20°C, and moderate hypoxia, do not impair the capacity of the salmon’s immune 
system to respond to bacterial pathogens. This conclusion is consistent with the results for complement, lysozyme and respiratory 
burst, which were unaffected or enhanced by exposure to these two environmental conditions. 
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SYSTEMATIC EVALUATION OF DIFFERENT CALCULATIONS FOR CONDITION INDEX 
IN THE HARD CLAM Mercenaria mercenaria

Yangqing Zeng*, Zhe Zhang, Jayme Yee, Marlyn Kaulau, Huiping Yang
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The hard clam Mercenaria mercenaria is an important aquaculture species with a $65 million production along the east coast 
of the U.S., and also an economic species for recreational and cultural fishery. To evaluate the growth, meat yield, sex maturity, 
and the effects of environmental stresses, condition index is a commonly used basic tool. However, a literature search revealed 
that there are many formulas (up to 13) for calculation of condition index and most studies were on oyster with dry meat weight 
and cavity volume considering the ununiformed morphology of oysters. Compare to oysters, hard clams possess more regular 
morphology, and seldomly there are fouls on their shells due to the endobenthic burrowing lifestyle. Thus, the calculation of 
CI for hard clams could be more systematic that for oysters. The goal of the study was to generate a standardized method for 
calculation of CI for hard clams through systematically comparing possible formula. 

Adult clams at 12-14 months old from three farming locations were used for this study. One hundred clams from each location 
were randomly sampled for the following measurements: 1) body sizes – length, height and width; 2) body weights – total 
weight, wet meat weight, wet shellfish weight, dry meat weight, and dry shell weight, and 3) body volume, which was measured 
by the volume of water increase after submerging clam in water in a cylinder. The results showed that hard clams at 12-14-month 
old have body length of 47.25±3.95mm, body height of 39.28±3.17mm, body width of 25.85±2.41mm, body weight of 
32.27±8.31g, and body volume of 20.52±4.65ml. Significant correlations were found among body sizes, body weight and body 
volume (R values >0.8, P<0.0001). Condition indices were calculated using different formula and significant correlations were 
identified among these condition indices. From this study, it is concluded that condition index for hard clams can be performed 
using body size and body weight, which can be easily measured without sacrifice of the clams. The establishment of condition 
index for hard clams in this study can provide standardized criteria for evaluation hard clam growth, meat quality, and effects 
of environmental stresses.
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THE INTEGRATED CULTURE OF PACIFIC DULSE Palmaria mollis AND SABLEFISH 
Anoplopoma fimbria IN A RECIRCULATING LAND-BASED SYSTEM

Taylor Zenobia*, Frank D. Mele, and Rafael Cuevas-Uribe
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Integrated multi-trophic aquaculture (IMTA) may be the best way to produce food for the increasing human population while 
sustaining the fragile balance in our oceans. Our production of food must shift from an ideology of excess to conservation, 
recirculating water within the aquaculture system allows for excess food and nutrient-rich fish waste to be incorporated into the 
production of seaweed, therefore, conserving valuable biomass. The goal of this study was to evaluate the growth rate of Pacific 
Dulse (Palmaria mollis) when co-culture with Sablefish (Anoplopoma fimbria) in an IMTA system.

The land-based IMTA consisted of two 915L tanks stocked with 90 and 80 Sablefish (mean individual weight of 152.79 ± 29g 
SD). Fish were fed an EWOS salmon diet (46% protein) every other day at 1% of their body weight. Effluent from the fish tanks 
flowed through an AST Endurance™ bead filter and then to a 90L tank that contained 4kg of Pacific Dulse. Air was injected at 
the bottom of the seaweed tank to tumble the macroalgae. The temperature was maintained within 12.11-14.47 with the use of 
chillers. To compare the seaweed production from the nutrient-rich IMTA system, a similar seaweed control tank was installed 
but it was not connected to the IMTA, and no nutrients were added. Seaweed was harvested bi-weekly and restocked in tanks 
at 0.04kg/L. Water quality parameters (nitrates, nitrites, ammonia, phosphates,  oxygen concentration, pH, and alkalinity) were 
measured every week. Data were analyzed using MANOVA, PCA, and two-sample t test. 

Variables were significantly different between the experimental and control systems (MANOVA, Wilks’ lambda <0.01, p=0.003.) 
Further examination of the data suggested phosphates and nitrates were the main drivers behind these differences (PCA, two-
sample t-test p <0.01.) This experiment is ongoing, but it is clear that the control harvest net weight gain is decreasing over time, 
likely correlated to the deficit of nutrients (Figure). The nutrient-rich IMTA seaweed grew considerably more than the control 
and produced about the same net weight gain per harvest. 
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ANNUAL PRODUCTION VARIABILITY WITH TEMPERATURE OF SEA LETTUCE (Ulva sp) 
CULTURES IN COMMERCIAL SIZE PONDS
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The many nutritional benefits reported in seaweeds has increase its demand in the Western World for human consumption. 
In order to supply this demand of seaweeds, it is necessary to consider its cultivation either offshore and onshore. Offshore 
cultivation of seaweeds, however, is highly vulnerable to climate variation. Onshore cultures can be performed in ponds with 
air supply from the bottom in order to keep relatively high density of seaweeds growing in the water column (tumble cultures).  
These types of cultures, can be develop at large scale and have the advantage that essential variables can be controlled (such 
as nutrient supply) or partially regulated (light & temperature by managing culture density and/or water exchange) providing 
a more uniform quality and continuous production. In this study, we present the results of pond culture in a commercial pilot 
facility on the Pacific temperate coast of Baja California, Mexico, continuously performed during two and a half years. Ponds 
of 100 m3 were seeded with 3kg/m2 with a previously selected strain of Ulva sp. Pulse fertilization and full water exchange 
were practiced twice a week. Ponds were harvested every three weeks and reseeded with the initial density. Seaweed production 
(g/m2/d, fresh weight) showed a bimodal distribution with a strong peak in Spring and a minor peak in Autumn, and a lower 
production in Summer and much lower in Winter. Best culture performance occurred when the average temperature range 
remain between 17 to 23 °C. Above or below these temperatures, the biomass production decrease. Maximum productions 
occurred in the Spring (258-290 g/m2/d) and minimum in Winter (40-85 g/m2/d). A net loss of biomass (minus 36-6 g/m2/d) 
was recorded during the first week in January of 2017 and last week of December of 2017, coinciding with the minimum 
temperature and shorter photoperiods. However, the stock remained and the production resume in a week. This study provides 
a realistic baseline for annual seaweed production and its variation with temperature, at a commercial pilot scale.
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IMMUNIZED WITH EXTRACELLULAR PROTEINS OF VIRULENT Aeromonas hydrophila 
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The emergence of new virulent Aeromonas hydrophila (vAh) strains is of concern in aquaculture industries since the bacteria 
are capable of causing high mortality of warm-water fishes worldwide. Prophylactic vaccination against vAh is one of the 
strategies that has been shown to be efficacious for many infectious fish diseases. We previously demonstrated that immunization 
with extracellular proteins of vAh provided channel catfish with immunity against the establishment of pathogenesis and 
antiserum in immunized fish was able to recognize specific proteins in the vAh ECP. In this study, we aimed to analyze and 
characterize agglutinants of ECP and cells of vAh, elicited by anti-ECP serum, to reveal the versatility of vAh antigens and 
catfish immunoglobulin.

Results of this study showed that anti-ECP serum aggregated more than 68 proteins in vAh ECP with molecular weight 
(MW) ranging from 9 to 95 kDa. Five fish proteins were identified in the ECP agglutinants, including two innate immunity 
associated proteins (serotransferrin and rhamnose-binding lectin), two immunoglobulin M (IgM) molecules (IgM heavy chain 
and light chain) and a constitutively-produced protein (warm temperature acclimation protein). IgM was isolated from vAh 
cell agglutinants (Figure 1). The native IgM was shown to form a tetramer that was responsible for bacterial agglutination. 
Immunoblotting analysis indicated that the isolated native IgM was able to recognize some proteins in ECP, such as aerolysin 
and hemolysin. Gene expression analysis by quantitative PCR showed that fish immunized with vAh ECP had more transcripts 
of genes coding for IgM.                                            
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Temperature is a major factor to affect biological processes, such as growth, reproduction, and metabolic process, and to 
influence geographical distribution of marine animals. Human-related CO2 emissions lead to global warming and ocean 
acidification, and thus affect calcification and energy metabolism of molluscan shellfish. As inhabitants of marine intertidal 
environments, shellfish often suffer from heat stress, especially during hot summers and low tides, which lead to summer 
mortality syndrome. The hard clam Mercenaria mercenaria is a native species to the east coast of the U.S. and can tolerate a 
wide range of heat and salinity stress due to their wide range of geographical distribution. Aquaculture of this species started in 
1980s and has been developed into a $65 million industry since then.

In Florida, hard clam aquaculture started in 1990s as part of retraining opportunities for fisherman affected by increasing 
regulations and has been established as an industry with full infrastructure and over 300 farms along Florida east and west 
coast. During hot summers and low tides, high mortality often occurs in market-sized clams. Marker-aided selection would be 
an efficient approach for development of heat resistant lines. The goal of this study will be to develop heat-related genomic 
tools through transcriptome analysis of hard clams with heat shock challenges. The supporting objectives will be to identify 
genes associated with heat tolerance through comparing transcriptome differences between thermal challenged and the control 
groups. Currently, this study is ongoing, and experimental results will be collected and presented in the meeting. 

MICROALGAE IN AQUAFEED: HISTORICAL PERSPECTIVE, CURRENT STATUS AND 
THE FUTURE

Ross Zirkle*
 
DSM Nutritional Products 
6480 Dobbin Road
Columbia MD 21045
ross.zirkle@dsm.com

It is estimated the world will need to double food production by 2050 and aquaculture will play an important role in meeting 
this demand.  The aquaculture industry has already expanded in response to the growing demand for fish and in 2015, the 
industry reached a milestone, producing as much farmed fish as fish caught in the oceans.  Fishmeal has historically been the 
preferred protein ingredient of feed in aquaculture industry. However, the unsustainable nature of fishmeal supply threatens the 
growth and attractiveness of the aquaculture industry. Substitution of fish-derived products with alternative high-performance 
ingredients from cost-effective, sustainable sources is needed to solve the problem.  One solution, microalgae, play a critical 
role in aquatic food chain and have a long history of use in aquaculture.  This presentation will review historical aspects and the 
current status as well as cover future challenges and potential of microalgae-based ingredients in aquafeed. 
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DEVELOPMENT OF REPRODUCTIVE STERILITY TECHNOLOGY TO CONTAIN 
GENETICALLY ENGINEERED FISH
 

Yonathan Zohar* and Ten-Tsao Wong
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The use of genetically engineered fish in aquaculture is expected to enhance performance and improve economic feasibility. To 
prevent any risk of interaction of genetically engineered fish (or farmed fish, in general) with the environment, it is imperative 
that highly effective containment methods are developed to ensure such fish cannot breed, under any circumstances. The most 
effective and cost-efficient genetic-containment strategy for large-scale commercial operations is the use of infertile/sterile 
farmed fish. In addition, sterility promotes fish health and prevents fish from attaining sexual maturity before reaching market 
size. The period of intensive gonadal growth also results in deterioration of flesh quality and an increase in susceptibility to 
stress and disease. Sterilization minimizes energy input toward gonadal growth while enhancing muscle (flesh) development 
and promoting fish health. Furthermore, sterility is a means for producers to protect their valuable, genetically-engineered or 
-selected strains from unauthorized propagation. We established a bath-immersion method to execute a transient gene-silencing 
approach to produce infertile fish by disrupting the normal migration and development patterns of primordial germ cells (PGCs), 
a population of cells in the embryo that give rise to the eggs and sperm of the adults. Of particular interest, we discovered that 
a molecular transporter, Vivo, can effectively carry the Morpholino oligomer (MO) across the chorion, enter the embryos and 
reach the target cells. Vivo-conjugated MO against Deadend (dnd, an RNA-binding protein that plays a critical role in germ 
cell development) effectively disrupted PGC development and resulted in the development of reproductively sterile fish. The 
technology was first developed in zebrafish to achieve 100% sterility induction and, promisingly, also been shown to induce 
sterility in tilapia (60-70%), sablefish (20-25%), rainbow trout (80-90%) and Atlantic salmon (50-60%). Currently, we are 
optimizing the sterilization technology in these species and studying its impacts on fish performance by comparing growth rates 
and fillet yields between the sterilized diploid fish, normal fertile diploid fish, and triploid fish. 
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Hobo/Activator/Tam3 (hAT) superfamily transposons occur in plants and animals and play a role in genomic evolution. Certain 
hAT transposons are active and have been developed as incisive genetic tools. Active vertebrate elements are rarely discovered. 
Here, the hAT transposon Tgf2 was discovered in goldfish (Carassius auratus), which is 4720 bp long and contains four of 
the complete ORFs of exon like medaka Tol2. We found that the endogenous Tgf2 element can transpose in goldfish genome. 
Seven different goldfish mRNA transcripts, encoding three lengths of Tgf2 transposase, were identified. Tgf2 transposase 
mRNA was detected in goldfish embryos, mainly in epithelial cells; levels were high in ovaries and mature eggs, and in all 
adult tissues tested. Endogenous Tgf2 transposase mRNA is active in mature eggs, and can mediate high rates of transposition 
(>30%) when injected with donor plasmids harboring a Tgf2 cis-element. When donor plasmid was co-injected with capped 
Tgf2 transposase mRNA, the insertion rate reached >90% at 1 year. Non-autonomous copies of the Tgf2 transposon with large-
fragment-deletions and low levels of point mutations were also detected in Common goldfish. Phylogenetic analysis indicates 
the taxonomic distribution of Tgf2 in goldfish is not due to vertical inheritance. The goldfish Tgf2 transposon originated by 
recent horizontal transfer and maintains a highly native activity. Goldfish Tgf2 transposon systems have been established and 
higher transgenic efficacy has been confirmed in zebrafish and in several aquacultural species of silver crucian carp, blunt snout 
bream and grass carp. Furthermore, this high efficient Tgf2 transposon system could be used to perform genome-wide screens 
by gene trapping or enhancer trapping in fish species.
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The white shrimp Penaeus setiferus fishery constitutes one of the most valuable fisheries in South Carolina (SC) USA, valued 
at an average of more than $4 million annually. Recently, an increase in the prevalence of a condition known as black gill 
(Figure 1A) occurred in white shrimp throughout the South Atlantic Bight, beginning in Georgia in 1996, and then in SC in 
1999. The melanization of gill tissue termed “black gill,” which is well documented under aquaculture conditions, is the result 
of a defense response in crustaceans that is generally triggered by gill irritants (e.g., fungi, bacteria, heavy metals). Specifically, 
shrimp black gill in the South Atlantic Bight has been attributed to infection by a previously unknown apostome ciliate and 
is associated with reduced physical condition of infected shrimp. White shrimp are, however, often infected by several other 
parasites, and the relationships between the prevalences and intensities of these pathogens and their impacts on white shrimp 
health warrant further investigation.

The goal of this study is to evaluate the impacts of parasite infection on white shrimp health. Benthic trawls were used to 
collect white shrimp from estuarine tributaries of the Ashley River and Wando River, in Charleston, South Carolina, USA. 
Initial results showed that black gill prevalence from May-August 2018 was ~1%, but is expected to increase during the fall 
months in accordance with data from previous years. Trematodes and cestodes (Figures 1B, C) were found in various stages of 
development of the white shrimp collected. From May-July 2018 over 65% of shrimp were infected with at least one type of 
non-ciliate parasite. To better understand potential drivers of black gill, the intensity of gill melanization will be compared to 
intensities of both ciliate and non-ciliate parasite infections. Parasite impacts on shrimp health will be assessed by comparing 
gill melanization and parasite infections with individual shrimp body condition. Findings will provide insight into the health of 
white shrimp populations in Charleston, SC improving our understanding of how parasites affect white shrimp health and how 
parasites may influence the viability of aquaculture development for this species. 
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THE CURRENT STATUS OF AQUACULTURE IN KISANGANI REGION, DEMOCRATIC 
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Aquaculture was established in the Democratic Republic of the Congo (DRC) in colonial times because the country has climatic 
conditions suited for aquaculture. However, very little is known about the industry now and hence the objective of the study was 
to determine its current status.The study was carried out in Kisangani region, located in the north-east of the country Surveys 
were carried out where farmers were interviewed and observations made on the nature of any aquaculture operations. Only fish 
farmers with a minimum of 100m2 of ponds surface area were assessed in detail in this study. It was quite an unexpected to 
discover that many farmers have maintained the aquaculture tradition in this region. Within an 18km radius of Kisangani town, 
a total of 45 fish farmers were interviewed.

In Kisangani region, 44% of fish farmers have up to 15 years’ 
experience but only about 7% have farmed fish for 26-35 years. 
Hence, aquaculture is an established agricultural practice and is 
not a new concept. The majority of the fish farmers interviewed 
(about 90%) are not members of any fish farmers association. 
as there is none. The fish farmers in this region mainly practise 
polyculture. The most commonly cultivated fish species was 
Orechromis niloticus, followed by Clarias gariepinus and then 
Parachanna obsura. 

There are no commercially produced fish feeds on the market 
and hence the feeding of the fish remains very basic. Most of the 
farmers (64%) used rice bran; 42% use pig waste; 78% farmers 
used household wastes; and about 22% of the fish famers do not 
feed the fish. The average of production is 11.4kg per 100m2 

while the lowest and highest production was 4.0 kg/100m2 and 
29.5 kg/100m2, respectively. Fish were sold without post-harvest 
processing in lots or singles depending on fish size.
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Oysters were once a foundation species in the greater New York City area. However, in most of these coastal habitats there is 
little or no settlement of spat, making restoration and This study determines if oyster settlement occurs in some of the important 
bays, in eight locations in Long Island New York. Of the eight sites observed, only sites near Oyster Bay, NY, experienced 
spat settlement. Sites in Long Island Sound, Jamaica Bay and the South Shore Estuary had not detectable spat settlement. 
This research will help identify areas where oyster settlement occurs naturally, and where oyster restoration efforts must be 
supplemented with spat-on-shell. 
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SARDINE Sardina pilchardus AQUACULTURE PRODUCTION: ADAPTATION TO CAPTIVITY, 
NUTRITION AND SPAWNING
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The southern Atlantic stock of European sardines (Sardina pilchardus) is exploited by Portugal and Spain, where the species 
has high cultural and gastronomic demand and is also absorbed by the canning industry of both countries. Present historical 
sardine low biomass levels led to strict catching/landing restrictions to the fishing sector, which raised the question on the 
viability of the production of the species in captivity. Culturing marine species depends on many factors from adapting wild 
broodstock to captivity, regular natural or induced spawning, to the domain of larval and fattening culture techniques. Sardine 
particularly constitutes a challenge for aquaculture mainly, because it is a pelagic species of small dimensions, lives in large 
schools, is a planktonic feeder and is more sensitive to husbandry (intensive scale loss). In 2016, EPPO adapted to captivity 
two wild sardine broodstock with different ages. The broodstock A (n=80) composed by animals with an initial mean weight 
of 21.2 ± 2.8 g and the broodstock B (n=300) by individuals with an initial mean weight of 16.4 ± 2.2 g. These breeders have 
adapted well to captivity, presenting a very low mortality and good growth rate (6.7g. month-1 during the first 6 months of 
captivity), within an optimum wide thermal range (13-18 ºC). Both stocks have adapted well to artificial diet, in the case, sea 
bream commercial inert feeds 1 and 2mm, with a daily feeding rate of approximately 1.5 % of the total biomass. Currently, both 
broodstock lots are in the second year of natural spawns, last year spawning cycle began at the end of January 2018 until late 
June in a total of 563g; 14spawns (lot A) and 470g; 29 spawns (lot B) with an average viability of 84% and a hatching rate of 
83.5±16.3%. After successfully breeding in captivity, the next focus was to understand what feeding protocol could be suited 
to rear sardine larvae. Therefore, we have attempted to fed larvae with the “traditionally” rotifers and Artemia used in marine 
hatcheries and other available plankton. With this is proved that it is possible to rear S. pilchardus larvae using the live feed 
commonly available for marine fish hatcheries, but other aspects, such as different live feeds, more applied feeding schedules 
and larval nutritional requirements, must be investigated.

Also, we have compared the nutritional profile of the edible part of adult sardines in attempt to understand the impact in the 
human nutrition when consuming the reared specimens. After 1 year in captivity these sardines showed a higher content of 
lipids in the muscle when compared with specimens captured in the wild (25 vs 14%). Fatty acid profile was also significantly 
different in the sardines from wild, with higher levels of 18:1 n-9 and lower 20:5n-3 and 22:6n-3. Lipids from the liver tissues 
were not significantly different.

All these results in larvae, juveniles and breeders, lead us to consider that sardines production in aquaculture might be promising 
in a near future as a new food source, for demand of fresh fish market and mainly to assure a constant supply for the canning 
industry while allowing a reduction in the exploitation of the wild declining stocks, with clear ecological advantages.      

This study had the support of the project DIVERSIAQUA (Mar2020 16-02-01-FMP-0066)
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USE OF AUTOMATIC MARINE VESSEL TRACKING SYSTEM TO CREATE CONTACT 
NETWORKS OF AQUACULTURE FACILITIES IN NORWAY AND THE IMPLICATIONS FOR 
RISK-BASED SURVEILLANCE 
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In Norway, live fish and their products are transported over short and long distances throughout the production cycle using 
marine vessels (wellboats) as the main mode for transportation. We studied a contact network among marine aquaculture 
facilities in Norway using automatic identification system (AIS), a tracking system equipped to marine vessels for collision 
avoidance. Any encounter of marine vessels into the areas registered for aquaculture facilities have been automatically captured 
to a database and displayed in a real-time system. AIS data include current and historical records of the encounters along with 
identity of vessel, identity of aquaculture facility, vessel type, date of encounter, and area at which the encounter occurs. The 
AIS data were coupled with attributes of aquaculture facilities including rearing species, geo-referenced location, and farm 
production statistics. 

The study data covered two years from January to December 2018. Network topology, spatial and temporal patterns of the 
network, roles of vessel types and production facilities on forming such network were explored. Community detection was 
performed for the network connected by vessels carrying live fish and service vessels e.g. feed carriers, treatment vessels. This 
type of connectivity was also used to identify at-risk sites of spreading infection and sites at risk of being infected. 

The data generated from AIS system help to better understand the complexity of aquaculture network connected through marine 
vessels and its implications on disease spread. Information obtained from such network connectivity is valuable to design risk-
mitigation strategies, better prevention and control of diseases in marine aquaculture. In addition, a community structure based 
on the network could facilitate the establishment of zone for surveillance and monitoring in relation with aquaculture activities. 
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