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Welcome to AQUA18

Dear delegates and guests,

On behalf of the World Aquaculture Society WAS and the European Aquaculture Society EAS I would like to extend to
you a warm welcome to AQUA 2018, our joint global aquaculture event organized every 6 years in Europe. This time
the conference is taking place in the beautiful French city Montpellier thanks to the generous support of Montpellier
Meéditerranée Métropole, la Région Occitanie Pyrénées-Méditerranée and the University of Montpellier. A special thank
you also to IFREMER in Palavas and in Séte who have been our local partners in the organization of this event and headed
up the Local Organising Committee with representatives of research institutes, universities and other organisations in the
region.

AQUA 2018 will celebrate the fact that aquaculture is one of the most important food production industries in the world.
Aquaculture is the most efficient producer of high quality food and contributes to global health and wealth. Aquaculture
respects the environment, creates employment and offers significant investment opportunities. The Steering Committee
has therefore chosen the conference slogan #We R Aquaculture - We are the producers and investors, the scientists and
technical advisors, the legislators and educators, the students, civil society organizations and consumers of farmed
aquatic products to enshrine our activity and to show our pride in our activity and in our products.

The 2 keynote speakers Robins McIntosh (Executive Vice President of Charoen Pokphand Foods PLC Thailand) and @yvind
Oaland (Global Director R&D and Technical, Marine Harvest ASA, Norway) will review their company’s experience in the
development of the shrimp and salmon industry respectively.

Our three Programme Co-chairs, Beatrice Chatain of IFREMER, Kjell Inge Reitan of NTNU, Norway and Michael
Schwarz of Virginia Tech, USA with the help of the session chairs have organized a very attractive and diversified program
covering the latest aquaculture research and technology innovation with more than 600 oral presentations and 300 poster
contributions.

The tradeshow with close to 200 exhibitors from all over the world will highlight the continued growth of this exciting
food production sector. This is your opportunity to inspect the latest in products and services for the aquaculture industry.
I also hope that you will find the time to enjoy Montpellier, the very definition of a Mediterranean city, with its rich
historical heritage, idyllic location just a few kilometers from the sea and offering an exquisite cuisine.

Last but not least our sincere thanks to the many companies and organisations that have provided support for the organisation
of AQUA 2018: Gold Sponsor Biomar; Silver Sponsor AquaFish Innovation Lab; WAS Premier Sponsors Blue Aqua,
Zeigler, Darling/Sonac and Tyson; EAS Premium sponsor Evonik; AQUA 2018 Granting Bodies Montpellier Métropole,
La Région Occitanie and MUSE/Investissements D’ Avenir; Institutional Sponsors IFREMER, INRA, IRD and CIRAD;
Industry sponsors Faivre, Lallemand and Greensea; Session sponsors Phileo LeSaffre and INVE Aquaculture; WAS Gold
Sponsors Aquaculture Systems Technologies LLC, Empyreal 75, Pentair Aquatic Eco-Systems and Biorgin; as well as the
Media partners Fish Farming Xpert, Fish Farmer, Intrafish, International Aquafeed Magazine, FIS, Engormix, Aquafilia,
Aquafeed.com, Hatchery International, Fishing News, Aquaculture Asia Pacific Magazine, MisPeces.com, Industria
Acuicola, Panorama Acuicola, Aquaculture Magazine, Aquaculture Africa Magazine, Academic Journal and Efeedlink.
com

A warm welcome to the 2500+ participants from all corners of the world. I hope you will enjoy AQUA 2018 and will meet
with old and new friends !

Patrick S¢rgeloos, AQUA 2018 Conference Chair
on behalf of the Steering and Program Committees
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PROCESSING OF BROWN ALGAE FOR UTILISATION AS ANIMAL AND FISH FEED,
AND INTEGRATION OF THE PRODUCTION IN A SEAWEED BIOREFINERY

Inga Marie Aasen*, Ingrid Sandbakken, Michael Roleda, Jorunn Skjermo, Ashild Krogdahl

*SINTEF Industry

Dep. of Biotechnology
NO-7465 Trondheim, Norway
inga.m.aasen@sintef.no

Cultivated macroalgae, or seaweed, is a biomass resource with potential applications in food and feed, conversion to
commodity chemicals and biofuels, as well as for extraction of high value products for several markets. In Europe,
cultivation of seaweed is a new industry. The production volumes are yet low and dominated by Saccharina latissima
(sugar kelp). So far, the main market is as food. For cultivated seaweed to be significant biomass resource for non-food
applications, the production costs should be reduced, in parallel with development of processing technology for production
of a spectre of products, with high and low value, and from small to large volumes.

A potential application of seaweed is for fish and animal feed. In the current work, the aim has been to provide knowledge
about brown algae, and brown algal protein, as a nutrient source in feed, and to develop technology for production of
protein-rich products from S. latissima. However, since the protein content in brown algae is low, feed protein cannot
be a main product. An added value is required, either as positive health effects of the feed, or by co-production of other
components from the biomass in a biorefinery.

The solubility of protein from §. latissima has been investigated at different pH, temperature etc, and enzymes have been
used to increase the extraction yields. The main conclusion is that the solubility is low (20-40 %), and the extraction yields
will thus be even lower. It is therefore more feasible to enrich the protein content by removal of undesired, water-soluble
components, in particular salts, than to extract the proteins. By milling and ‘washing’ of the biomass, the content of water-
soluble components was reduced. Large scale processing of 750 kg S. latissima has been carried out for production of
raw materials for feeding experiments. The red algae Palmaria palmata (dulse), with higher protein content, was used for
comparison. The protein content was increased from 10 to 20 % of dry weight for Saccharina and from 12 to 28 % for
Palmaria. The salt content was reduced from 44 to 26 % and from 12 to 5 % of dry weight, respectively, for the two species.
The iodine content in Saccharina was reduced relatively more than the reduction in salt content. The protein-enriched and
salt-reduced biomass have been evaluated in feeding trials with monogastric animals and fish.

The process can easily be combined with isolation of water soluble, high-value compounds, and possible flowsheets
have been proposed. The acceptable biomass costs for different product combinations in a seaweed biorefinery have been
calculated.



GROWTH AND SURVIVAL OF GROWTH HORMONE cDNA TRANSGENIC CHANNEL
CATFISH Ictalurus punctatus IS INFLUENCED BY CONSTRUCT PROMOTER TYPE,
FAMILY LINE AND STRAIN

Nermeen Y. Abass**,and Rex A. Dunham®

2 Department of Agricultural Botany, Faculty of Agriculture Saba-Basha, Alexandria University,
Alexandria City, P.O. Box 2153, Egypt
®School of Fisheries, Aquaculture and Aquatic Sciences, Auburn University, AL 36849, USA

*n.y.abass@alexu.edu.eg

We will meet a huge challenge to feed the world in the near future so there is a great need for genetic
improvement of culture fishes. Gene transfer considers a potential solution to this problem. The growth
hormone (GH) gene from channel catfish, Ictalurus punctatus, driven by the ocean pout Zoarces americanus
antifreeze protein promoter (opAFP), the growth hormone (GH) gene from channel catfish driven by the
rainbow trout Oncorhynchus mykiss metallothionein promoter (rtMTP), the growth hormone (GH) gene
from channel catfish driven by the Common Carp Cyprinus carpio O-actin promoter (ccOdAP), and the growth
hormone (GH) gene from channel catfish driven by the Zebrafish Danio rerio elongation factor promoter (ZEFP),
were transferred to the channel catfish, Ictalurus punctatus via electroporation.

We compared growth and survival of GH transgenic channel catfish (Ictalurus punctatus) for three strains
and family. Significant differences in body weight were found among strains. The GH transgenic channel
catfish grew larger than their non-transgenic siblings. However, in some non-transgenic siblings in one
family had the same size of transgenic of another family, perhaps due to the family effect (P < 0.0001). So,
it is very important to develop the fastest growing we need to combine the GH transgenesis with family
selection.



EFFECTS OF DIETARY ORANGE PEELAS A GROWTH PROMOTER FOR NILE TILAPIA
(Oreochromis niloticus)

Mohamed EI-S. Salem and Heba M. Abdel Ghany

National Institute of Oceanography and Fisheries (NIOF)
Alexandria, Egypt
Salem_200080@yahoo.com

Sweet orange (Citrus sinensis) is a plant member of the Citrus family and principally cultivated in subtropical regions.
Citrus mainly used regularly for juice and jam production which bring huge amount of by-product, such as peels. The
peels contain a considerable concentration of ascorbic acid much more than the juice, and that the peel additionally contain
higher concentrations of active materials. Many studies revealed the positive role of herbs that contain different bioactive
components which may affect digestive processes in a positive way by enhancing enzyme activity, improving digestibility
of nutrients and food absorption, consequently resulting in enhancing of fish growth.

There are no studies concerning the effects of orange peels on fish particularly as feed additives to promote the growth.
Therefore, the aim of the present study was to assess the sweet Citrus peels in terms of growth induction of Nile tilapia
fingerlings.

Fish were divided into 4 groups and fed for 60 days with four experimental diets (3 supplemented diets with 1 gkg'diet
(OP1), 2 g kg''diet (OP2) or 4 g kg''diet (OP4) of orange peel and a control group). 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 OP1 and OP2 diets was significantly higher than those fed on
other diets (P<0.05) (table 1). Moreover, Feed conversion ratio (FCR) was also affected by the feed additive, where FCR in
fish fed the orange peel supplemented diets was lower than in fish fed control diet (table 2). It could be concluded that OP
can efficiently act as a growth promoter for Nile tilapia fingerlings to a certain limit.

Table (1): Effects of different levels of orange peel
on growth performance of Nile tilapia

Treatm Initial Final weight Weight Gain
ent weight
OP1 4.96+0.24"  17.11+0.16° 12.15+0.39°

OP2 5.48+0.015% 17.73£0.43* 12.25+0.43%

OP4 4.99+0.047° 15.64£0.62° 10.65+0.66°
Control 521+021*  13.90+£0.12° 8.69+0.14°

Table (2): Effects of different levels of orange peel
on feed utilization of Nile tilapia

Treatment Feed Intake FCR PER

OP1 17.99+.12°  1.48+.038° 2.47+.06
OoP2 18.38+£.42*  1.50+.02°  2.34+.03°
Op4 16.80+.608" 1.54+.08" 2.37+.12°

Control 16.95+.85°  1.95+.129" 1.85+.12°




HISTOPATHOLOGICAL IMPLICATION OF ZINC OXIDE NANO-PARTICLES ON THE
GILLS OF Heterobranchus longifilis AND AMELIORATIVE POTENTIALS OF ASCORBIC
ACID

Abdulkareem,* Saratu I. and Owolabi, Olufemi D.

Department of Zoology, Faculty of Life Sciences
University of Ilorin, Ilorin, Nigeria. PM.B.1515
iyabodesaratu@yahoo.com
abdulkareem.si@unilorin.edu.ng

Zinc Oxide nano-particles (ZnO-NPs) are more useful in the production of commercial goods than other nano-particles
because of their unique properties. The effluents of ZnO-NPs get into the aquatic ecosystems and accumulate in fish
tissues causing serious health consequences. This study was therefore designed to investigate the toxicity of ZnO-NPs on
histopathology of gills of Heterobranchus longifilis. Juveniles H. longifilis were exposed to chronic (6.00,8.00, 10.00, 12.00
mg/1) concentrations of ZnO-NPs for 60 days. ZnO-NPs-exposed fish were depurated for 30 days to evaluate recovery. Fish
were fed on diet supplemented with varying concentrations of ascorbic acid (AA) (50.00, 250.00, 500.00, 1000.00 mg AA/
kg diet) for 30 days to ameliorate the toxicity of ZnO-NPs. After each experiment, fish were sacrificed to remove gills for
histopathological assay.

Gills of exposed fish revealed different types of histopathological alterations such as epithelial hyperplasia; lamellar
fusion; lamellar disorganization; epithelial lifting; disruption of cartilaginous core; epithelial oedema; aneurysms; rupture
of epithelial cell and epithelial necrosis. However, varying degrees of tissue change (DTC) were exhibited in the ZnO-NPs-
exposed groups compared to control group, and severity of tissue alterations was concentration-and-time-dependent. The
severity of tissue damage increased from slight (13.8) to severe (57.7) as the concentration and exposure period increased
(Figure 1 & Table 2). In depurated groups, the severity of damage gradually recovered from severe (57.7) to slight (19.8)
after 30 days of depuration (Figure 2 & Table 2), while in the group ameliorated with 500 mg AA/kg diet, the tissue damage
were completely reversed (Figure 3 & Table 3) from severe (57.7) to normal (9.3) (Figure 3 & Table 3). The results implied
that ZnO-NPs are toxic to H. longifilis and recovery under depuration was slow. However, 500 mg/kg of AA was able to
ameliorate the pathological lesions induced by ZnO-NPs.
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WATER QUALITY PARAMETERS OF CATFISH (Clarias gariepinus) FED COMMERCIAL
PELLETED FEED, SUPPLEMENTED WITH LIVE TILAPIA (Oreochromis niloticus) FRY AT
1% AND 2% BODY WEIGHT IN CONCRETE TANKS

Abode O.Wilson™ Okoko, C. Atim

"Public Complaints Commission Federal Secretariat Complex Uyo,
Akwa Ibom State, Nigeria
omozoya.abode@pcc.gov.ng

The study was conducted to assess the water quality parameters of catfish (Clarias gariepinus) fingerlings fed pelleted
feed supplemented with live tilapia (Oreochromis niloticus) fry in concrete tanks. Nine hundred (900) catfish (Clarias
gariepinus) fingerlings of mean weight 9.68+0.25g were stocked in ninety (90) units of concrete tanks at the rate of ten
fingerlings/unit. The fingerlings were fed within two (2) groups of commercial pelleted feed at the rate of 0.5%, and 1%,
and were replicated three times. Within each pelleted feed group, three treatment levels were established at the rate of 0.5%,
1% and 1.5% (T, T,, and T,) were fed with live tilapia (O. niloticus). A control (T,) was also setup where no tilapia fry was
administered. Water exchange was continuous at a rate that replaced the entire volume within seven (7) days. The results
obtained showed that dissolved oxygen (DO) ranged between 7.55£1.19mg/l to 5.77+1.25mg/l (T and T,) for catfish
fed at 1% pelleted feed group and 7.13+0.17mg/l to 6.06+2.31mg/l (T, and T,) for catfish fed at 2% pelleted feed group.
Temperature values ranged from 29.52+2.17°C to 26.99+4.64°C and 29.33+4.18°C to 28.42+5.64°C (T and T,), for catfish
fed at both 1% and 2% pelleted feed group.

Hydrogen ion concentration (pH) and Ammonia ranged between 8.13+0.44 to 7.59+1.87, 8.28+2.14 to 7.59+1.87 and
between 1.011 mg/l £0.01 t0 0.13 mg/1 £0.02; 1.012 mg/l1 £0.03 t0 0.013+£0.02 (T, and T,), for pelleted feed groups of 1%
and 2% respectively.

This study however reveals that the inclusion of live tilapia fry supplemented with commercial pelleted feed in the diet of
C. gariepinus had no effect on water quality parameters during catfish culture.
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PLANNING WAVE AND CURRENT MEASUREMENTS AT AQUACULTURE SITES IN
EXPOSED AREAS

Hedin Abrahamsen

Aquaculture Research Station of the Faroes
vid Air, FO 430 Hvalvik, Faroe Islands
E-mail: fiskaaling@fiskaaing.fo

Web page: www fiskaaling.fo

The lack of sheltered aquaculture areas has motivated operators to test more exposed aquaculture areas, one of these is the
bay Sandsvdg in the Faroe Islands, where a test with Atlantic salmon is preformed. The bay is relatively open to incoming
ocean waves; the tidal currents are limited. After a series of storms a high mortality rate occurred. It turned out, that the
reason was strong currents generated by breaking waves.

The test site had two cages of the type Aqualine Midgaard System, equipped with heavy sinker rings. The measuring
program included a waverider buoy near the cages, which measured waves and current, bottom mounted ADCPs, which
measured current, pressure tags on the cage, which measured the lifting of the net and the sinker collar, and four pressure
tags in a line on the bottom, which measured the waves, and how they changes inwards the bay.

The measurements showed that the significant waveheight was limited to around 4m, regardless of the the height of
the oceanwaves. The current measurements during the planning phase was averaged over 10 minutes, and did not show
dangerous high currents.

During the test, it was observed that the bottom of cage was lifted up during storms, and that this lifting occurred very
quickly. The current measurements were then changed to average over only 2 minutes, and this revealed that the current in
short intervals reached at least 1.1 m/s. Combined with high waves this lifted up the bottom of the cage, and damaged the
skin of fish, which led to the high mortality.

The farming area is sheltered from the ocean waves by a headland and a shallow area in front of the headland. This is
limiting the waves, but in the same time the breaking of the waves in in the shallow area in front of the headland transport
water into the bay and generated the strong current.

In exposed areas shelter can often be found behind shallow areas. Moving the farming site inwards will reduce the wave,
but care has to be taken not to place the farming site in location with strong wave generated currents. Finding the best
location can be a challenge, because the phenomena only occur in severe storms, making it impossible to make on location
measurements. In planning a new exposed site, measuring tidal currents or averaging the current over several minutes is
not enough. A very detailed measurement of the current is necessary to detect the rip currents, which only occur in severe
storms. The importance of understanding the phenomena is fast growing, as the aquaculture industry is considering more
and more exposed areas.

The presentation will show the planning and results of measurements at Sandsvdg, and the planning of measurements at a
new test site Vikar, both in the Faroe Islands.
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SPECIFIC FEATURES OF LIPID METABOLISM IN YOUNG BESTER DURING THE LPO
(THE PROCESS OF LIPID PEROXIDATION) ACTIVATION

Abrosimova N.A *, Abrosimova K.S., Abrosimova E.B.

Don State Technical University, Rostov-on-Don, 344000, Russia
abrosimovana@yandex.ru

Modern methods of artificial reproduction, with all their positive technological possibilities allowing one to control and
regulate the quality of habitats and feeding of hydrobionts, as well as to carry out preventive and curative measures, do not
eliminate but in some cases even exacerbate the problems associated with fish health. It is contingent on various endogenous
and exogenous stress factors that might induce manifestation of some nonspecific symptoms of damage. One of these
is the process of free radical oxidation in the body and associated processes of lipid peroxidation (LPO), uncontrolled
amplification of which is the cause of many diseases. At the same time, against the background of the hydroperoxides’
increase in the body, the antioxidant protection of an organism decreases, however, energy expenditures become greater.

We have considered changes in the ratio of phospholipids to triacylglycerols (P/TAG), cholesterol to phospholipids (C/P
ratio), phosphotidylcholines to phosphotidylethanolcholines (PC/PEC) in young bester cultivated in flowing-water tanks.

The increased LPO activity in fish is caused by disorder in symbiotic nutrition and by ammonia toxicity of exogenous and
endogenous origin due to the disruption of normal nitrification processes under high temperature conditions. Despite the
different nature of stresses, the reaction of the organism was identical pertaining to the character of lipid metabolism (Fig.

1).

Thus, in both cases, the value of P/TAG decreased in comparison with physiologically healthy fish by 43.2% and 56.8%,
PC/PEC lowered by 36.0% and 42.2%, and C/P increased by 42.4%-70.0%.

The decrease in P/TAG is probably due to the higher synthesis of TAG requiring less energy, which compensates for the
lack of energy reserves necessary for the phospholipid synthesis. An increase in C/P may indicate reduced strength of
the cell membrane and the possible destruction of body tissues. A decrease in the value of PC/PEC gives evidence of an
increased utilization of PC and a lower rate of PEC oxidation, which inevitably entails the LPO activation.
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Fig.1. Lipid metabolism under stress



EFFICACY OF NANO-ADJUVANTED IMMERSION STREPTOCOCCUS VACCINE IN
NILE TILAPIA (Oreochromis niloticus) FINGERLINGS

Nermeen M. Abu-Elala, Ahmed Samir, Momtaz Wasfy, Magdy Elsayed

Department of Fish Diseases and Management, Faculty of Veterinary Medicine

Cairo University Giza 12211, Cairo, Egypt

nermeen_abuelala@cu.edu.eg

The objective of this study was to evaluate the
efficacy and potency of (ME-VAC Aqua Strept
1) ®; Inactivated polyvalent vaccine against
Streptococcus agalactiae, Lactococcus gravieae
and Enterococcus faecalis. The vaccine was
formulated with nano-adjuvant designed precisely
to be used for immersion vaccination of fingerlings.

A total of 1000 apparently healthy Nile tilapia
(O. niloticus) with an average body weight of 20
+ 2gm were randomly distributed in 10 tanks,
100L capacity. To formulate the vaccine, an equal
volume (50/50) of antigenic aqueous medium was
mixed with adjuvant at room temperature under
moderate agitation, as recommended by adjuvant
manufactures.

In a separate tank, one liter of the vaccine was
mixed with 9L water to vaccinate Five hundred fish
under aeration. Fish were immersed in the vaccine
bath using a knot-less hand net for 5 min then
returned to the rearing tanks. 500 fish were used
as control none vaccinated fish. Antibody titration
was determined every two weeks post vaccination
for two successive months. Relative percent of
survivability (RPS) was determined every month
by challenging fish groups against S. agalactiae,
L. gravieae and E. faecalis. SPSS version 21 was
used to analyze the data. Results were expressed as
mean + SE. Un-paired one-way ANOVA was used
to test for significant differences among groups at p
<0.05.Post hoc test (Tukey’s) was used for pairwise
comparisons. All non-vaccinated fish challenged
with Streptococcus species showed more than 60%
mortality. Protection against Streptococcus species
was associated with antibody titers (> 4 log2) that
lasted for 8 weeks post vaccination and mortality %
not exceed 35%

Figure 1: O. niloticus showing unilateral
exophthalmia and cataract after infection with S.
agalactiae
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Figure 2: RPS of vaccinated O. niloticus after
challeng with S. agalactiae, L. garvieae and E.
faecalis

Table 1: Agglutination titers (log » (x+1) of Nile
tilapia vaccinated with inactivated Streptococcus
immersion vaccine 8 weeks post vaccination.

Time Vaccinated group
S. agalactige L. gravieae E. faecalis
Log? antibody titer 2w 74203 732029 79£0.26
Log? antibody titer 4w 732029 7.00£0.22 78£029
Log? antibody titer 6w 6.00£03 63026 64£02

Log? antibody titer 8w 53203 56=03 6.0:03




GREENSHELL™MUSSELPernacanaliculusSPERM CRYOPRESERVATION: APPLICATION
IN SELECTIVE BREEDING

Serean L. Adams*, John F. Smith, Robin H. Tervit, Lindsay T. McGowan, Samantha L. Gale, J. Taylor,
Carol Peychers, Ellie Watts, and Julien Vignier

*Cawthron Institute

Private Bag 2

Nelson, 7010, New Zealand
serean.adams @cawthron.org.nz

™

With over 100,000 t of harvested product (representing a total export value of NZ$ 260 million in exports), the Greenshell
mussel (Perna canaliculus) is the main shellfish species farmed in New Zealand (Aquaculture New Zealand, 2011). Until
recently, the mussel industry relied upon wild-caught spat but research and commercialization of hatchery technologies is
enabling reliable production of selectively-bred hatchery-produced spat.

Cryopreservation of bivalve gametes can be a powerful tool in selective breeding programmes as it gives breeders more
flexibility (i.e., make parental crosses on demand or gene banking) allowing faster genetic gains. It also manages the
biological and commercial risks associated with selective breeding such as broodstock losses through disease or human
error and changes in breeding programme direction.

Here, we present the recent results obtained from a series of experiments conducted as part of our cryopreservation
method optimisation for Greenshell™ mussel (Perna canaliculus) sperm. Using fertilisation and early D-larvae assays,
different cryoprotectant (CPA) combinations and the use of antioxidants (e.g. EDTA) were investigated. In addition, post-
thaw procedures (e.g. sperm:egg ratio, egg density, contact time) were refined, and post-thaw fertility associated with
inter-individual variability was further studied. Optimal CPA combinations and fertilization conditions were determined.
Overall, these refinements yielded high post-thawing fertility. In general, between 100x to 300x more sperm were required
to achieve an equivalent level of fertilization to that of fresh sperm (Fig. 1). D-larval yields resulting from post-thawed
sperm varied considerably (0.5 to 97% of controls; Fig. 2). Nonetheless, given that tanks are generally stocked with 500
000 to 1 M D-larvae per cross, sufficient numbers were obtained for selective breeding purposes from most of the males
evaluated and the proposed cryopreservation method can therefore be implemented.
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Figure 1. Effect of different cryoprotectant solutions on Figure 2. D-larval yields produced with cryopreserved sperm
post-thaw fertility of Greenshell™ mussel sperm (n=3 from individual males (solid bars). Sperm were thawed on 4
separate pools of sperm from several males). Legend shows separate occasions. Fresh controls for each occasion are shown as
final concentrations of dimethyl sulphoxide (DMSO) and stripped bars of same colour.

trehalose (TRE) used during freezing.
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EFFICIENCY AND SELECTIVITY OF GILLNET MESH SIZES FOR ASSESSING FISH
COMPOSITION OF EGBE WATER RESERVOIR, EKITI STATE, NIGERIA

Adebola,0.T¢, Bello-Olusoji, O.A°, Fagbenro, A.O°¢ and Sabejeje, T.A¢

+d Depeartment of Biology, Adeyemi College of Education, Ondo
¢ Department of Fisheries and Aquaculture Technology, Federal University of Technology, Akure

Comparism of five (5) different gillnet mesh sizes ranging from 50.8mm, 63.5mm, 78.2mm, 88.9mm, and 101.6mm was
done at four (4) different sampling stations along the banks of the reservoir to evaluate the efficiency and selectivity of
gillnet mesh sizes for assessing fish composition in Egbe water reservoir, between April, 2014 and January, 2016, they were
designated as A (Odode), B (Church), C (Ayepe) and D (Dawodu). The nets were set at 6.00pm and hauling done in the
morning at 8.00am, fishermen were well monitored to avoid sampling bias and ensure a constant fishing effort. The fishes
were sorted into separate container based on gillnet mesh sizes and also species. The total length and weight of individual
were taken, Simpson’s index, Simpson reciprocal index and Evenness were determined. The percentage composition by
biomass fish landing was recorded. 31,905 fishes belonging to 7 species and 5 families were recorded. The most abundant
family was the Cichlids represented by 3 major species, Oreochromis niloticus, Coptodon zillii, and Tilapia guineensis.
All the net types captured all the fish species but the smallest gill net mesh size (50.8mm) captured a greater number than
others, this shows that the smaller bar mesh nets were more efficient for capturing more fishes than other graded mesh nets,
but should be discouraged for artisanal fishing activities in the study area, other gears like hook and line, cast nets and traps
should be encouraged.

INSECT PROTEIN MEAL AS ALTERNATE PROTEIN SOURCE IN THE DIETS OF
AFRICAN CATFISH Clarias gariepinus

Ayodeji A. ADEOYE *., Fawole FJ. and Simon J. DAVIES

Department of Aquaculture and Fisheries Management, Federal University of Agriculture, P.M.B. 2240, Abeokuta
— Nigeria
adeoyeaa@funaab.edu.ng

A study was carried out to evaluate the effects of black soldier fly larval protein meal (BSF) in the diets of African
catfish (Clarias gariepinus). The catfish (2.6710.0 g fish', 30 34.8L tank') were fed to apparent satiation with 0% IM
diet (containing 0% BSF), 25% IM diet (containing 25% BSF), 50% IM diet (containing 50% BSF) or 100% IM diet
(containing 100% BSF). After 42 days, there were no significant differences (P > 0.05) in the growth performance of
catfish fed 0% IM, 25%IM and 50%IM diets. However, the catfish fed 100% IM diet displayed significantly (P < 0.05)
lower performance than others. The somatic indices and survival of the fish showed no significant difference (P > 0.05).
This study indicates that BSF (up to 50% inclusion level) can be included in the diets of African catfish without any adverse
effect on the fish growth performance, survival and health.



UTILIZATION OF DIFFERENT PORTIONS OF CASSAVA ROOT AS ENERGY SOURCE IN
THE DIET OF THE NILE TILAPIA, Oreochromis niloticus

Malomo, E. O.; Adewumi A.A.;* and Adebayo, [.A. Akin-Obasola, J.

“Dept. of Zoology and Environmental Biology
Ekiti State University, Ado-Ekiti
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This investigation was done to determine the effects of substituting maize with bfc sweet cassava (Manihot palmata)
root meal portions, as energy sources, on the growth, nutrient utilization and haematological parameters of Oreochromis
niloticus fingerlings. Five iso-caloric and iso-nitrogenous diets were formulated containing the maize only as energy source,
and cassava peel, tuber, starch, and chaff meals as replacements for maize meal respectively. The dietary treatments were
tagged, control, peel, tuber, starch, and chaff respectively. The experimental fish were distributed randomly in a completely
randomized design into 15 rectangular glass tanks (60 x 35 x 30 cm?) at a density of 20 fish per tank representing five
dietary treatments. Fish were fed at 3% of their body weight per day in two equal meals at 0800-1000 and1700-1800hr. The
meals and fish carcass biochemistry, fish growth performance and haematological parameters were determined accordingly.

Results showed that the crude protein (0.42+0.07) of the
chaff meal was significantly lower (p<0.05) than the other
cassava based meals, while the peel meal had the highest
crude protein (6.84+0.01) and energy (383.64 +0.04) content.
The highest specific growth rate (0.39 +0.01%/d) and weight
gain (8.98 +0.20), comparable to the control diet, were
recorded in O. niloticus fed peel diet while the lowest (0.30
+0.01; 1.61 £0.15) was observed in fish fed tuber diet. The
least FCR, which favourably compares with the control, was
recorded for the peel diet. However, these growth indices
were not significantly different (p>0.05) from one another.
Haematological parameters indicated that the PCV, RBC and
haemoglobin of the fish fed starch diet were significantly
higher (P<0.05) than the control and the other diets. The WBC
and neutrophils of the fish fed the peel diet were significantly
higher (P<0.05) than the control and the other diets.

The positive growth response of tilapia to cassava peel diet
could be attributed to its high gross energy, crude protein
and lipid as well as ready acceptability and utilization by
the fish. Further processing of the cassava peel may reduce
or completely remove all inherent anti-nutritional factors to
improve the health of the fish.

Table 1: The biochemical composition of the carcass
of the fish fed the different diets

Parameters Experimental Diets

Control Peel Tuber Starch Chaff
Ash 18.36° 19.63*17.71* 21.78* 17.85"
Mois ture 2.80"  2.63° 2.14° 2.09° 4.97°
Crude Lipid 13.73" 14.16" 13.40" 15.91° 14.67"

Crude Protein 46.16° 40.18" 43.21° 47.79° 45.03%

NFE 18.95bc 23.41¢23.54° 12.42° 17.48%

Mean + S_E with different superscript are significantly
different from each other (p<0.05)

NFE = Nitrogen Free Extract

Table 2: Haematological parameters of the fish fed the
various diets

Parameters Experimental Diets
Control Peel Tuber Starch Chaff
PCV (%) 26.33" 22.33%24.00™ 31.00° 19.33"
Hb (g/100ml) 871° | 737 8.01" 10.31° 9.31°
WBC (x10%uL) 78" 96 54° 67° 88
RBC (x10%pL) 2.85°  2.41° 261" 3.63° 0.07"

Neutrophil (x10%pL62.00° 70.33° 68.33° 60.33" 57.00"
Means with different superscript are significantly
different from each other (p<0.05). PCV = Pack Cell
Volume; WBC = White Blood Cell; RBC = Red Blood
Cell, Hb=haemoglobin
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REDUCING FLOOD- WASHED DEBRIS INFLOW INTO INLAND AND MARINE
ECOSYSTEM FOR IMPROVED AQUATIC ENVIRONMENT
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The presence of plastics and other organic wastes from municipal wastes carried in storm flow and flood water is a growing
global concern and major threat to fish and other aquatic lives. The proliferation of Eichornia crassipes (Water hyacinth,
WH) a prominent waterway weed in aquatic bodies not only reduce available nutrients to aquatic lives but economically
reduce navigation and fishing activities. The need for engineering and scientific control of such water-borne pollutants is
the focus of this paper.

Production of particle boards and organic fibres from harvested WH was modeled and tested using engineering principles
in a recent study. The WH collected were washed, weighed and shredded and air dried. Varying concentrations (10%, 20%,
30%) of organic starch from cassava and maize were prepared and used as organic binding material for the fibres derived
from the WH and pressed in a mould. The extracted board was then properly dried and tested for its tensile strength using
tria-axial machine, and water absorption and swelling for exposure periods of one day and three days to simulate flood
situation when used internally as partition boards or ceiling materials. For the harvesting of WH and other floating materials
such as plastic wastes, hydraulic flow analysis on selected materials were modeled for the purpose of designing appropriate
process for removal of such debris from water bodies for recycling or disposal.

The results showed good quality board was made from the 20% maize starch and the board samples had negligible swell
that returned to initial shape even in 3-day soaking. This recommends it to internal use only where water exposure is
limited. The von Karman constants for both plastic wastes and WH are within the 50% and 100% suspended flow range.
These results recommend the design of a combination of groynes and sluice gates as hydraulic structures for diversion
and deposit of the debris to the river bank from where the materials could be mechanically or manually harvested for final
processing. While the harvested plastic wastes could be taken to a recycling plant, the WH would be taken for valorization
into fibres or used as substrate feed material in a biogas digester plant for producing cooking gas and organic fertilizer. The
laboratory scale results favor development of a full scale prototype for protecting the aquatic environment and improving
the sanitation levels and socio-economic lives of riverine communities.



BURBOT LARVICULTURE: TO ENRICH OR NOT?

*Jurgen Adriaen', Joachim Claeyé', Thomas Abeel', Wouter Meeus', Heidi Arnouts'
1.Aqua-ERF, University College Odisee, Sint-Niklaas (Belgium)

jurgen.adriaen@odisee.be

Introduction

The enrichment of Artemia has a lot of benefits but is also more laborious and costly, especially in larviculture where
there is a long period of Artemia feeding. This is the case for burbot, Lota lota, where almost 60 days of Artemia feeding
is performed. In a previous trial (Adriaen et al. 2013) we observed that larvae receiving only non-enriched Artemia Instar
I nauplii, but at a higher number per larvae, were larger and heavier than larvae receiving enriched Artemia instar II.
However, larvae of latter treatment showed higher survival after weaning. The hypotesis for these results was the possible
influence of the number of preys that were available for the larvae rather than the type of prey. A more elaborated trial,
including a salinity stresstest, was set up to investigates these differences.

Materials and Methods

Burbot larvae of 45 days after hatching (DAH) (0.0025 mg; 11,7 mm) were stocked at random at a density of 27.5 larvae
per liter over twelve experimental eight liter zugler-bottles connected to a recirculating aquaculture system. Four feeding
protocols (E1; E1.5; N1.5; N2.5;) were applied in triple. At the start of the trial all larvae were fed 50% Artemia Instar
I nauplii and 50% Artemia instar II enriched with Easy Dry Selco (Inve Technolgies). Three days after the start, larvae
of treatments N1.5 and N2.5 where only given Artemia Instar I nauplii and larvae of treatments E1 and E1.5 were given
enriched Artemia instar II. Treatment E1 is considered the control and the other treatments received 1.5 or 2.5 times the
number of Artemia gift of the control (E1). Larvae were fed manually three times a day. Before feeding, dead larvae were
removed and the amount of feed given adjusted to the number of larvae. All larvae were weaned after 28 days of experimental
rearing (76 DAH), without a co-feeding phase; Artemia supplementation was stopped on the same day artificial feed was
introduced. Larvae received 200-300pxm dry feed (Aglonorse) during two weeks after which the trial was ended. Water
temperature was maintained around 16°C during experimental rearing and this under constant light conditions. Mortality
was recorded every day. During the trial larvae samples were collected on four specific dates for biometric analyses: before
stocking, after 10, 20, 27 days and at the end of the trial (41 days). For each sample, fifteen larvae per tank were used to
measure length, wet and dry weight. At the end of the trial all larvae were graded per replica. One day before weaning of
the larvae a salinity stress test based on Wolnicky et al. (2011) was performed with 12 larvae/replica.

A AlS N1,5 N2,5

DW (mg) 6,38+1,02 (a) |8,42+1,61 (a,b)|9,22+0,83 (b,c)[ 11,56+2,20 (c)
WW (mg) | 44,4415 (a) | 59,1416 (a,b) | 64,5+0,8 (b,c) | 83,4+2,2 (c)
L{mm) 17,14+1,97 (a)] 19,35+2,21 (a) | 20,69+1,91 (b) | 23,52+2,18 (c)
survival (%) | 44,1+2,7 (a,b)| 63,7+8,7(a) | 29,7+2,0(b) | 41,0+4,8(a,b)

Results
Table I shows the results obtained for biometric parameters measured at the end of the trial. The average calculated
percentage of survival per treatment is also presented. Different superscript are statistically different.

Discussion and Conclusion

At the end of the trial larvae fed with only Arfemia Instar I nauplii where larger and heavier than those fed with enriched
Artemia. However survival was significantly higher for those fed with enriched Arfemia. Grading results showed a higher
percentage of big larvae in the N-treatments indicating a size shift in the larval population that could be related to prey size.
There was no significant differences to be found in the salinity stress test. These results will probably persuade farmers to
use enriched Artemia as the gain in survival will compensate for the extra costs of enrichment.
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TWO-GENERATION SELECTIVE BREEDING PROGRAM FOR PRAWN GENDER
SPECIFIC GROWTH
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Culture of monosex giant freshwater prawn (Macrobrachium rosenbergii) presents one of the most promising avenues for
increasing yield and income. Recently, sex reversal technologies, realized through androgenic gland (AG) manipulation,
were introduced as a source of all-male and all-female producing broodstocks. For both, genetic improvement via a breeding
program and prevention of inbreeding are needed to ensure the sustainability of such technologies. The current study is set
for two consecutive generations (G1 and G2) to test the potential and as a preparatory step towards a long-term breeding
program. The study is based on promising results obtained in a diallel experiment held in India showing highest growth
performance of the West Bengal and Kerala strains and pointing on their genetic potential for a selective breeding program.

The above two wild strains of prawns originating from geographically isolated locations in India Kerala (K) and West
Bengal (WB) were assessed through a comparative evaluation of growth performance and population structure. The prawns
were stocked in earthen ponds with offspring representing different families. Prawns were stocked in 4 replicates for 200
days of culture at a density of 4 prawn/m?. At the end of growout period, biometric data were recorded from each of the
harvested prawn and included: sex, weight, body length, male morphotypes and female reproductive stages. 20% of each
pond, representing the best performing males and females were selected (~185 ind.) as potential brooders for the second
generation.

In G1, significant higher weights were observed in males of both strains (K and WB) compared to females of the same
strain while in G2 WB strain showed opposite growth pattern in which females showed higher weight compared to the
males of the same strain. These preliminary results pave the way toward a tailored selective breeding program favoring
improved performances of an all-female strain suitable for intensified aquaculture practices.
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STUDIES ON THE BEHAVIOUR OF Neocaridina davidi VAR RED WHEN EXPOSED TO
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Freshwater shrimp farming has become a highly valuable business, with Asian countries being the biggest producers.
Almost all ornamental shrimp are produced from aquaculture. Guaranteeing the well-being of these animals has the direct
consequence of increasing production.

Two experiments were elaborated with the objective of studying the behaviour of Neocaridina davidi var. red when exposed
to different coloured light spectrums.

In the first experiment, adult shrimp Neocaridina davidi var. red (n=120) were distributed in four tanks. Changes in
behaviour when exposed to different colored light spectrums were studied during four weeks. Each of these tanks contained
a group of fifteen shrimp and a different coloured LED light spectrum, white, blue, red and green. Every week different
groups of fifteen shrimp were placed in each tank.

In the second experiment, adult shrimp Neocaridina davidi var. red (n=6) were distributed in four tanks. Changes in
behavior when exposed to different colored light spectrums were studied during twenty days. Each of these tanks contained
a group of fifteen shrimp and a different coloured LED light spectrum, white, blue, red and green. Every five days the LED
lights were changed in each tank and the group of shrimp remained the same.

Significant differences (p<0,05) were found between the mean number of shrimp observed in each light spectrum used

in both experiments. These results indicate that the light spectrum used influences Neocaridina davidi var. red’s behavior,
having preference for a light in the visible spectrum corresponding to the colour red.

This work was supported by Project UID/CVT/276/2013 (CIISA)
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The culture of bivalve molluscs is an activity with high expression in Portuguese aquaculture. It represents 55% of whole
production, being the main species clams, oysters and mussels. Of the total produced, about 24% corresponds to the
production of clams.

The European clam, Ruditapes decussatus, is the species with the major economic importance in Portuguese aquaculture.
However in recent years the production has been decreasing associated with several factors, namely overfishing and
diseases like the Perkinsiosis which has been associated with high mortality rates.

To face the decrease of R. decussatus, producers started to substitute this clam for another one from the same genus, the
Japanese clam, Ruditapes phillippinarum, which appears to have more resistance to diseases and greater growing rates.
Nevertheless the fast and overwhelming expansion of the Japanese clam in Portuguese waters, the native clam stills being
commercially more important and appreciated than the Japanese clam, mainly because its quality and market prices.

In order to study the impact of the Perkinsiosis in clams production we collected samples of the two species from different
estuaries and lagoons of Portuguese coast. To survey the presence of the pathogen, Perkinsus olseni, we use as main
diagnostic methods, histopathology and RFTM test (Ray’s fluid thioglycolate médium). Samples were collected in October
2017 and April 2018 from 12 different sites with an n=25 for each sampling corresponding to a total of 300 specimens
examined.

Preliminary results showed that the major prevalence of Perkinsiosis correspond to the European clam produced in
Formosa lagoon (Olhao). The Japanese clam is also affected by this parasite, although with a lighter level of infection than
the other species. Our results, also suggest that to diagnose Perkinsiosis, the RFTM test should always be complemented
by the analyses of histological slides or molecular biology tools, especially in animals with lighter or in early stages of the
infection.

Taking in account the environmental conditions in the different sites it is clear that environmental stress caused by high
salinities and water temperatures, low oxygen concentration in sediments, high densities and physiological stress due to
spawning season, contributing to increase the prevalence and the spread of the disease.

This work was supported by SNMB-MONIT,” Sistema Nacional de Monitorizacdo de Moluscos Bivalves”, 16.02.01-
FMP-0043
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The first mortality outbreak observed in Portugal, occurred in populations of Pacific oyster, Crassostrea gigas, related
with the presence of a herpes-like virus, Ostreid Herpsvirus (OsHV-1), reported during the summer of 2012 in an off shore
long line culture systems, settled near S. Vicente Cape, in south coast of Portugal. Associated with high mortality rates, was
detected for the first time in 2011, the presence of the pvar genotype of OsHV-1 in C. angulata produced from a broodstock
collected in Sado River and then transferred to the Formosa Lagoon (Batista et al., 2015).

The presence of OsHV-1 in wild and farmed populations of the Portuguese oyster in Sado estuary (n=131) and Mira River
(n=150) were surveyed from June 2017 until May2018. Following the protocol set out in Regulation (EC) No 175/20 of 10
March 2, Part B for the DNA extraction method and PCR analysis, we detected the presence of that pathogen in Portuguese
waters, since 2010. The tissue samples for histopatholgy were fixed in Davidson’s fixative for 48h, dehydration, embedding
in paraffin and cutting with a microtome in sections less than 5 ym thick, than stained with Hematoxylin and Eosin (H&E).

In wild and farmed populations of the Portuguese oyster, C. angulata, in Sado estuary the presence of the virus was
present in low prevalence (10%) and without any mortality episode associated with. However, at Mira River in wild beds
of Portuguese oyster and farmed populations the virus was detected with a high positive prevalence (60%), associated
with mortalities reported by farmers. The overall appearance of the soft tissues in most of the illness specimens shows a
poor flesh condition, a light cream and watery color and a discoloration of the digestive gland. The pathological picture,
in terms of histopathological observations, can be described highlighting the following lesions: large areas of the digestive
gland diverticula epithelia are heavily affected showing important cellular alterations; hypertrophic cells with intense
vacuolisation and, membrane disruptions are present in a large number of ducts and tubules; the nuclear alterations in shape
and size are also dramatic. All this lesions suggests an acute necrotic process, affecting also, but no so dramatically, the gills
epithelium and connective tissue. The hemocitosis has however a reduced expression. In the most affected tissues, both in
digestive gland and gills, the presence of intracytoplasmic inclusion bodies, densely coloured, is also frequent.

The identification, the characterization and the registration of pathologic processes in oysters constitutes important measures
for sanitary control. Furthermore, the high prevalence of Ostreid Herpsvirus (OsHV -1 pvar) in Crassostrea angulata from
Mira River and its low presence in Sado estuary, suggests specificity in relation to environmental factors that plays an
important role in the spread of the virus.

This work was supported by MAR2020: MAR-02.05.01-FEAMP-0010
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HOW DIETARY PHOSPHOLIPIDS EFFECT THE GROWTH PERFORMANCE, BLOOD
CHEMISTRY AND IMMUNITY IN JUVENILE STELLATE STURGEON (Acipenser stellatus)
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Lipids play an important role in the immune system. Among lipid components, phospholipids (PL) are important
components for maintaining the structure and function of cellular membranes, emulsifying lipids in the gut and improving
intestinal absorption of long chain fatty acids. Phospholipids are a source of fatty acids for the synthesis of eicosanoids, a
wide range of bioactive compounds with multiple functions.

During this research an eleven weeks feeding trial was conducted to determine the effects of different levels of dietary
soybean lecithin, as an important sources of phospholipids, on growth performance, blood chemistry and immunity in
juvenile stellate sturgeon (Acipenser stellatus). Fish were fed seven isoproteic (44% crude protein) and isolipidic (17%
crude fat) diets containing graded levels of soybean lecithin (SBL) levels: O (control), 1,2,4,6,8 and 10%.

Results showed that dietary SBL supplementation significantly improved the final body weight (BW) and weight gain
(WG). Fish fed 6% SBL showed the highest BW and WG values in comparison to fish fed the control diet (P < 0.05).
Significantly improved humoral immune system; alternative complement, serum lysozyme activity and serum total antibody
were observed in fish fed 8,7 and 6.5% SBL compared to control, whereas highest bactericidal activity and phagocytosis
rate were detected in fish fed 8% SBL (P < 0.05). Red blood cells, hemoglobin and hematocrit levels increased with
increasing dietary SBL levels, especially in those sturgeons fed the diet with 6% SBL (P < 0.05). In addition, white blood
cell counts significantly increased as dietary SBL levels increased from 4 to 8% in comparison to the control group.
Blood biochemistry was also affected by different dietary SBL levels. In particular, significantly higher levels of glucose,
cholesterol, HDL and triglycerides were detected in fish fed >6%, >4%, >2%, and 2% SBL respectively (P < 0.05). Based
on somatic growth parameters, blood chemistry and systemic immunity parameters, diets containing 4 to 6% SBL are
recommended for juvenile stellate sturgeon.
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The present study was designed to test the effects of dietary lysolecithin (sources of phospholipids) on the growth performance
of stellate fed reduced fish oil. We evaluated the growth performance of Acipenser stellatus fed diets containing 0.0, 0.5,
1 and 2% lysolecithin for 8 weeks. Juvenile fish (45 + 0.1 g, mean + SED) were stocked in 12 polyethylene tanks (300 L)
supplied with freshwater at a flow rate of 1 L min™".

Growth performance of stellate fed test diets for 56 days is shown in Table 1. According to the results fish fed diet
supplemented with 1% lysolecithin showed significantly greater final weight, weight gain rate, and specific growth rate
compared to other treatments (p<0.05). Our study showed that lysolecithin could enhance growth performance and needs
further research.

Table 1: Growth performance of stellate fed test diets for 56 days.

Lysolecithin (%)
Control 0.5 1 2

Initial weight(g) ~ 45.27+.1 4527+.1 4527+.1 45.27+.1
Final weight(g) 73.3241.8°  74.54+2.7° 8423+12° 7122+14°
WGR (%) 28.05+2.01° 31.26+1.4*  38.95+1.08" 25.95+1.3°
SGR(%/day) 0.85+ .05 0.97+0.01™ 1.1+0.02°  0.80+0.03"
K factor (%) 69.02+58 59.87+82 7529+433 71.87+55
FCR 0.97+0.07 1.03+£0.07  0.90£0.02 1.08+0.006
VSI 77+1.03  7.05£0.17  7.11£0.03  6.40+0.65
HSI 262+ 047 227024  2.05£027  2.06+0.08

Values are means £ S.E.M. from triplicate groups. Means in each row with different
letters are significantly different (P < 0.05). Absence of letters indicates no
significant difference between treatments.
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This new Guide describes the application of spatial technology to improve disaster risk management (DRM) within the
aquaculture sector. DRM requires interrelated actions and activities to ensure preparedness, response, and recovery for a
wide range of natural (weather or geological related), biological, technological, or complex (e.g. military conflict or civil
strife) disasters that can impact aquaculture operations and livelihoods. Timely disaster response activities are required
when an emergency or disaster event commences and continue throughout the event. The response phase could last from
days to months depending on the magnitude of the disaster, after which the focus is on recovery and building resilience to
future events.

Spatial technology refers to systems and tools that acquire, manage and analyse data that have geographic context. Some of the
technologies include satellite remote-sensing, aerial surveys, global positioning systems, geographic information systems,
information and communication technology, and other data gathering sensors used in meteorology. Spatial technology, like
many other information technologies, is developing rapidly. The revolution in computing and communications technology
has changed the risk paradigm through widespread usage of location-enabled and Internet-connected devices establishing
a global network of interconnectivity.

Spatial technology supports activities across all phases of the DRM cycle within the aquaculture sector. These activities
include: disaster risk reduction through preparedness, prevention, mitigation and early warning; emergency response to
assess immediate damage and needs; and recovery for rehabilitation, building back better, and monitoring and assessment
of the recovery progress and impact. Spatial technology can make a powerful contribution by communicating the outcomes
and lessons from rehabilitation and recovery efforts, and by developing and implementing a programme to build back
better, strengthen resilience, improve adaptive capacity, and further enhance preparedness, so that the socio-economic and
ecological systems can better deal with risks from future disaster events.

This Guide identifies suitable spatial technology within DRM for aquaculture, which considers factors such as accessibility,
limitations, complementary data and tools, human resources, and financial resource requirements. Selected country case
studies in Bangladesh, Gulf of Mexico and the Caribbean, Indonesia, and the Philippines illustrate the application of spatial
technology in DRM for aquaculture at the national level within local contexts. Take-home messages from each case study
include recommended steps for using spatial technology to support the DRM process, or parts of the process.

Best practices at the farm and area management levels supported by spatial technology will reduce volatility and risks to
facilitate investment. Countries that want aquaculture to grow sustainably and reliably should consider using this Guide in
order to support spatial planning approaches and protect responsible investors.



IMPLEMENTED ECOLOGICAL FOOTPRINT ANALYSIS FOR AQUACULTURE:
CONCEPTUAL MODEL DEVELOPMENT AND CASE STUDY APPLICATION

T. Agustsson*, A. Gomiero!, L. Moodley!, E. Ravagnan!, F. Provan', S. Bamber', A. Bergheim!, T. Eiriksson®,
G.V. Helgason’, R E. Strgmskag?, L.M. Aarseth? T. Petochi®, G. Marino?, M.G. Finoia®, L. Bolognini*, F. Grati*

“IRIS, Stavanger, Norway
thag@iris.no

The main goal of the co-funded COFASP / ERA-net ECOAST project is to identify, develop and test new methodologies
for spatial and temporal management of aquaculture and other activities in coastal areas. The project aims to implement
methodological criteria to assess the ecological footprint of the aquaculture industry, using a holistic approach which
combines ecological, ecotoxicological and chemical analyses to evaluate the real carrying capacity of aquaculture activities
in an increasing competition for space in marine and coastal areas.

To quantify the fluxes nutrients and chemicals as well as their impact on the ecosystem, it is necessary to integrate several
parameters such as the mass balance between supplied and uneaten food in a cage, the biotic analysis the organic and
inorganic sediments chemistry, the estimation of parasite treatments and the quantification of organic compounds and
nutrients computed from supplemented food and excretion products. In our analysis, a special focus is dedicated towards
the nutrients’ fluxes from medicated and/or supplemented feed used in the marine aquatic production, affecting the
seabed and the water column. The project will initially implement an integrated ecological-chemical and ecotoxicological
biomonitoring to assess both the short and long term environmental impact of aquaculture farm site within different stages
of the production. Obtained results will be then parametrized in the EFA framework. The implemented EFA will be applied
to a case study located in Boknafjord (South-Western Norway see figure below). The spatial distribution of chemicals
has been used to track the cumulative-long term (trace elements; fig. 3A) versus short term (polyaromatic molecules; fig.
3B) impact of the aquaculture in the surrounding environment. Results have been integrated with the biological responses
obtained by exposing collected sediments with representative organisms of the microbenthic community (fig. 3C). The flux
of energy is being monitored, parametrized in terms of characterization and quantification and linked with the recorded
mass production. Early results show that a direct measure of sediment organic matter reactivity represents a superior
discriminator of fish-farm derived organic matter. To verify these results, the sediment organic matter reactivity and the
analysis of surface sediment molecular based biodiversity, will be conducted at selected sites of the project’s partners, and
applied to sites of contrasting trophic status.
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EFFECTS OF LOCAL AND IMPORTED FEED ON GONADAL DEVELOPMENT OF
AFRICAN CATYFISH Clarias gariepinus

Akin-Obasola B. J.* and Adeyeri O. A.

Department of Fisheries and Aquaculture Management, Ekiti State University, Ado EXkiti
Ekiti State, Nigeria
Email: bolaakinobasola@hotmail.com or bola.akinobasola@eksu.edu.ng

The study was conducted to determine the effects of local and imported feeds on gonadal development of Clarias gariepinus
in plastic tanks for 80 days. CHI, imported feed; Treatment 1 (T), Afe Babalola University, Ado Ekiti (ABUAD) local
feed; Treatment 2 (T,), Durante, imported feed; Treatment 3 (T, and formulated feed; Treatment 4 (T ,) were fed to C
gariepinus in (3) three replicates using plastic tanks (55 x 35 x 40 cm) stocked with 10 (ten) fish. Each C. gariepinus
juvenile average weight was 14.20+0.02g. Fish were fed twice daily at 4% body weight. There were significant differences
(P>0.05) in female fish weight gain when T, (44.87g) was compared to T, (19.7g) and T, (11.5g). ABUAD feed had
the best Feed conversion ratio, protein efficiency ratio, ovary weight, egg size, fecundity, milt count and milt volume.
Histological analysis in male fish fed ABUAD feed when compared with other feeds, revealed advanced adult stage with
many cysts containing spermatocytes undergoing cell division while the female fish showed late peri-nucleolar stage. It
could be concluded that local feed (ABUAD) compete favorably with imported feed.

Table 1: Growth and reproduction analysis of C. gariepinus

PARAMETERS T, T, T; T4

Weight gain 2233+£0.5* 4759+35" 41.60+7.8° 11.30+3.1%
(male)

Weight gain 19.742.7°  44.87+4.7°  37.16+5.9° 11.5+1.43
(female)

FCR (male) 203+£03*  1.11£0.1* 127+ 02* 3.78+08"

FCR (female)  2.04+03*  1.1440.1° 127+02° 3.32+05"
Milt volume 020+00° 043203% 02940.0° 0.10+0.0%
Milt count 3.05+03%  396403° 3.1740.1° 255404

Egg size 1.64+03"  1.84+02°  1.74£0.6 1.40+0.6"
Fecundity 153+3.3* 20737 186+£3.3°  125+5.0°




EFFECTS OF STARVATION ON THE HUMORAL IMMUNE ACTIVITIES OF GILTHEAD
SEABREAM

Nora Albaladejo-Riad, Cristébal Espinosa-Ruiz and Marfa Angeles Esteban*

*Department of Cell Biology and Histology, Faculty of Biology, University of Murcia, 30100 Murcia, Spain
aesteban@um.es

Although different studies have been done on the immune system of teleosts and on the metabolic effect of starvation,
very little information is available on how starvation affects the fish immune system. The aim of the present work was
to verify how different periods of starvation affect several humoral immune activities of gilthead seabream (S. aurata
L.). To do this, juvenile specimens of gilthead seabream were subjected to O (control), 1, 2, 4 and 20 days of starvation.
After the respective periods of starvation, samples of mucus and serum were taken from each specimen. Immunoglobulin
M, protease, antiprotease, peroxidase activities and bactericidal activity against Vibrio anguillarum were determined.
In addition, the following blood biochemical parameters were determined: albumin (ALB), aspartato-aminotransferase
(AST), bile acids (BA), calcium (CA), creatin kinase (CK), globulin (GLOB), glucose (GLU), potassium (K+), sodium
(NA+), phosphate (PHOS), total protein (TP) and uric acid (UA).

With respect to the humoral defense parameters, statistically significant differences were observed between mucus and
serum, being the seric levels of IgM, protease, antiprotease and peroxidase higher than those obtained in skin mucus. On
the contrary, the bactericidal activity was always higher in mucus than in serum. In addition, for all the humoral defense
parameters studied we found statistically significant differences for each period of starvation, finding a general pattern
by which the activity found in control samples was always statistically similar to that found in samples from specimens
starved during 20 days. Furthermore, serum and mucus IgM and mucus protease decreased in starved fish finding their
minimum in samples from fish starved for two days. In contrast, serum peroxidase and antiprotease and bactericidal and
peroxidase activity in mucus increased, peaking at 2 days of starvation. On the other hand, a great increase was observed in
the protease activity from specimens subjected to one day of starvation. Regarding bactericidal activity in serum, it reached
its minimum and maximum levels in fish starved for one and two days, respectively. With respect to the measured blood
biochemical parameters, there were only significant differences between the different periods of starvation for CK and TP,
so that CK decreases significantly and reaches its minimum in the 2 days of starvation, as does TP.

In conclusion, we may affirm that there are important differences in the immune parameters of starved fish determined in
serum and skin mucus, being the values higher in serum than in skin mucus, except in the bactericidal activity. The most
notable influence of starvation on the analyzed parameters was detected in fish starved for two days and all the parameters
tend to recover their normal values after 20 days of starvation.

Acknowledgements: This work was supported by the MINEICO (grant no. AGL2017-83370-C3-1-R) co-funded by
the European Regional Development Funds (ERDF/FEDER) and Fundacion Seneca de la Region de Murcia (Grupo de
Excelencia grant no. 19883/GERM/15).
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FATTY ACID PROFILE OF MARINE AMPHIPODS FED TERRESTRIAL FEEDSTUFFS
AND ITS IMPLICATIONS FOR AQUACULTURE

Hilke Alberts-Hubatsch*, Jan Beermann, Matthew James Slater

Alfred-Wegener-Institut, Am Handelshafen 12, 27570 Bremerhaven, Germany
halberts@awi.de

In aquaculture, marine specimens from lower trophic levels have the potential to serve as alternative food source for farmed
fish and invertebrates, replacing traditional meal and fish oils. Marine amphipods are a natural food source for finfish and
are rich in essential fatty acids hence strong candidates as live feeds for culture.

Diets can heavily impact fatty acid profiles of both fish and invertebrates and thus marine amphipods. To estimate the
potential of marine amphipods as alternative feed source for aquaculture species, a better knowledge on the manipulation
of their fatty acid profile is needed. In this study two species of Gammaridea (Amphipoda, Crustacea) and their nutritional
value in response to three different feedstuffs were investigated.

A three-month feeding trial was conducted with the species Gammarus locusta and Echinogammarus marinus. Newly
hatched juveniles of were randomly divided into three experimental groups by species, each group feeding on different
plant diets, one marine algae (Ulva lactuca) as natural diet and two terrestrial feed sources: carrot (Daucus carota) leaves,
and lupine (Lupinus spp.) meal.

The amphipods were reared in 750 ml Kautex-containers filled with artificial seawater with a salinity of 30 ppt and water
temperature of 15°C.

Growth and mortality was recorded weekly and fatty acids analyzed at the end of the three-month trial using gas
chromatography.

We expect a nutritional profile that can be used for rearing fish in aquaculture. We expect a fatty acid content of 10 — 20 %
mg/g DW, high in polyunsaturated fatty acids (PUFAs). Former studies (Moe, unpublished) indicate a strong impact of diet
on the fatty acid profile of amphipods. Also species selection should result in differences in PUFA composition and content.

Our results (pending!) can help to adjust species and feedstuff in regards of the fatty acid demands of the target species in
aquaculture, both as life feed in rearing juvenile fish and as dry feeds for fish after weaning.

Table 1. Fatty acid composition of selected species used as feedstuff in aquaculture. PUFAs of gammarid
species initially manipulated by different diets (soybean (SB) and coconut (CN)), soldier fly manipulated by
feeding macroalgae (MA).

_ Sqrdina 1 Gam@arus Gammarus locusta? Hermeti;l

Fatty acids pilchardus oceanicus? illucens
SB SB CN MA

total lipids (% DW) 18,4 8,7 13,6 12,5 25,4

ARA (20:4n-6) 0,56 2,55 0,74 0,93 0,7

DHA (22:6n-3) 16,16 9,09 8,44 1521 0,0

EPA (20:5n-3) 4,87 6,22 33 9,52 0,4

Sum PUFA 26,60 28,61 26,84 3585 222

(‘Saglik&Imre 2001; *Moe, unpublished 2010;’Liland et al., 2017)
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ASSESSMENT OF THE REPRODUCTIVE CYCLE AND PRESENCE OF PARASITES IN
MOLLUSCS CULTURED IN OFFSHORE WATERS OF THE SOUTHEASTERN BAY OF
BISCAY

Unai Aldalur*, Leire Arantzamendi, Befiat Zaldibar, Izaskun Zorita

*paldalur@azti.es
AZTI-Tecnalia; Marine Research Division; Herrera Kaia, Portualdea z/g; 20110 Pasaia; Gipuzkoa, Spain

Efforts to develop offshore oyster and mussel aquaculture have been made in the Basque region since 2007. It is well
known that differences in the temporal pattern of gonad condition is found in molluscs from different geographical origins.
Thus, in new shellfish farming initiatives it is crucial to characterize the reproductive cycle to ascertain the optimal season
for marketability of the best meat quality as well as to predict the timing for harvesting seeds. On the other hand, another
relevant parameter that can also significantly affect bivalve production is the presence of parasites; therefore, the evaluation
of the incidence of parasites in potential shellfish farming areas is essential to take adequate management decisions.

In the present work, Pacific oysters (Crassostrea gigas), flat oysters (Ostrea edulis) and mussels (Mytilus galloprovincialis)
were collected monthly during 18 months from an experimental offshore farm of the Basque coast (SE Bay of Biscay).
Tissue was routinely processed for histological examination: cross-sections were dissected, fixed in formalin, embedded
in paraffin and stained with hematoxylin and eosin. Histological sections were examined under light microscopy for the
evaluation of the gamete developmental stage and the presence of parasites.

Results indicated that spawning started in June for Pacific oyster and continued until August while flat oyster exhibited
a shorter spawning period in early summer. Spawning occurred from spring to summer in mussels. On the other hand,
this study did not detect any pathogen of concern. Rickettsia-like prokaryotes, Ancistrocoma-like ciliates and copepods
of the genus Mytilicola were detected in oysters, but no associated tissue level damage was observed. Bonamia sp. was
found in the flat oyster, but at very low prevalence (0,6%). Overall, results indicated a possible difference in the optimal
marketability and seed harvesting in the studied species. On the other hand, pathogen prevalence was considered low, but
as higher mollusc densities are foreseen, further studies should be performed.

This work was partially supported by the Department of Agriculture, Fisheries and Aquaculture from the Basque
Government through the projects “IM16SIMMA and IM17MUSSELS”.

U. Aldalur was benefited from a PhD Scholarship granted by the Ifiaki Goenaga Technology Centres Foundation.
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MODELLING SEAWEED BIOMASS YIELDS AND COMPETITION FOR NUTRIENTS AND
LIGHT BETWEEN FARMED SEAWEED AND PHYTOPLANKTON: IMPLICATIONS FOR
MUSSEL PRODUCTION

John N. Aldridge’, Karen Mooney, Luz Garcia

Centre for Environmental Fisheries and Aquaculture Science, Pakefield Road, Lowestoft, Suffolk, NR33 OHT
john.aldridge@cefas.co.uk

Coupled macroalgal-phytoplankton and shellfish models were used to investigate the effect of macroalgal cultivation
on phytoplankton concentrations and shellfish growth. Results were compared with available nutrient and chlorophyll
observations and measurements of frond area growth for the kelp species Saccharina latissima from rope deployments at
an experimental seaweed farm in in Strangford Lough. When calibrated, the model was able to produce good agreement
with observed nutrient and chlorophyll concentrations. The model compared well with measurements of specific growth
rate, and frond area increase relative to the first observation, for the highest yielding kelp deployments. However, even
small underpredictions in growth rates can lead to marked underprediction (~50%) in predicted frond area (see figure).

Nutrient competition between phytoplankton and a hypothetical large-scale kelp farm was investigated and the effect on
phytoplankton found to be relatively modest, with < %15 decrease on phytoplankton chlorophyll concentrations. Based on
the shellfish growth model, the consequent decrease in food availability for mussel growth was predicted to lead to only a
small decrease (< 7%) in the harvested dry weight of mussels. Results will also be shown for the effect of shading at high
kelp densities on phytoplankton growth and consequent effects on the food available for shellfish.
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THE DEVELOPMENT OF THE REPRODUCTIVE SYSTEM OF AFRICAN CATFISH Clarias
gariepinus IN RAS

Alexandrova Ulyana Sergeevna, Firsova Angelina Valerievna, Yaitskaya Marina Vladimirovna

! Federal research center “SSC RAS”, Rostov-on-Don, Russia
2 Astrakhan state technical university, Astrakhan, Russia
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Due to the current economic situation in the country, there is a growing demand for domestic aquaculture products under
the import substitution program. One of the prospective objects of cultivation can be considered African catfish (Clarias
gariepinus Burchell, 1822). This is heat-loving fish, which in Russia is bred in recirculation aquaculture systems (RAS).

In the aquacomplex of the Southern scientific center of RAS researches were conducted to study the development of the
reproductive system of African catfish in artificial conditions. Fish cultivated from eggs to eggs. The basic parameters of
the environment in RAS were maintained at a constant level. During the growing period, the water temperature was in the
range of 21-28,5°C, and its average value was 24.4°C. The oxygen concentration was within the normal range of 7.31-11 .4
mg/l, the active reaction of the medium 6.5-8.2 units. The study of hydrochemical samples from the basins revealed that
they conform to the norms and slight deviations do not have a significant impact on the growing facilities.

At the first stage, we carried out the diagnosis of the reproductive system of catfish using ultrasound (ultrasound scanning).
Then caviar samples were taken for analysis. Size and weight of eggs at 2, 3, 4 stages of maturity were determined.

At the age of 3-4 months gonads of African catfish were at stage 2 of maturity. In this case, the diameter of the eggs was
0.36+0.02 mm, and the weight of 0.86+0.02 mg. At the onset of the 3rd stage of maturity gonad diameter changed to
0.68+0.06 and weight of 1.19+0.04 respectively. The age of the specimen, which reached the 3rd stage of maturity, was set
at 4-5 months. At the age of 5-6 months reproductive system is the most formed, females at this age are ready to spawn.
The size of the caviar was 0.94+0.04 mm and weight - 1.36+0.05 mg (table. 1).

In assessing the quality of oocytes of the catfish any deviations were not revealed. Oocytes’ membrane formed without any
violations at the stage of trophoblastic growth, the size of the cells corresponds to biological characteristics for this species
in the cytoplasm is not marked abnormal inclusions.

From the research findings it follows that sexual maturity of African catfish comes rather quickly. After 5 months of

cultivation it is possible to obtain the first offspring. Accelerated maturation of the reproductive system of producers can be
achieved by optimizing feeding, stabilization of temperature and oxygen regimes.

The publication was prepared with the use of the UNA MUK SSC RAS and Bioresource collections of rare and endangered
species, SSC RAS Ne73602.

Table 1 - Size indices of African catfish eggs

Age, month Stage of maturity Diameter of eggs, mm Weight of eggs, mg
3.4 2 0,360,02 0,8620,02
4.5 3 0,68+0,06 1,19+0,04
5-6 4 0,9420,04 1,36+0,05
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BEHAVIORAL AND PHYSIOLOGICAL RESPONSES TO HYPOXIA, HIGH TOTAL
AMMONIANITROGEN (TAN) CONCENTRATION IN EUROPEAN SEABASS, Dicentrarchus

labrax

Sébastien Alfonso*, Didier Leguay, Lucette Joassard, Christine Jarc, Xavier Cousin, Béatrice Chatain

and Marie-Laure Bégout

Laboratoire Adaptation et Adaptabilités des Animaux et des systemes (L3AS)

Ifremer, UMR MARBEC
Route de Maguelone, 34250 Palavas-les-flots, France
sebastien.alfonso@ifremer.fr

In modern aquaculture, production costs are the major driver.
This has resulted in culture practices and rearing environments
aimed at maximizing production capacity. Consequently, fish are
exposed to unavoidable stressors, which can be detrimental to
animal welfare. This work aims at bringing a better understanding
of behavioural and physiological fish responses to stressors such
as oxygen and TAN variations. Groups of ten fish (n=3) were
exposed either to hypoxia (20 % O,), hyperoxia (200 % O,) or
high TAN (0.9 mg.L"") during 2 hours.

Videos were recorded to assess group (social cohesion) and
individual behaviour (distance moved, swimming speed) in
comparison to control condition. After this challenge, blood
samples were taken in a subsample (n=10 fish/condition) to
analyse plasma cortisol concentration as physiological stress
indicator. Other fish exposed to the same three conditions (n=20)
were analysed individually using a novel tank challenge during
25 minutes to evaluate anxiety state post-stress situation. No
behavioural differences were observed in hyperoxia exposed
fish while hypoxia fish showed lower group cohesion and TAN
fish higher group cohesion compared to control condition.
Both in hypoxia and TAN condition, fish travelled less distance
and showed higher plasma cortisol concentration than control
condition (Fig. 1A,B). During novel tank challenge, a lower
activity was observed in all conditions compared to control
(Fig. 1C). and only fish exposed to TAN seem less anxious
than control fish. This study indicates that stressors found in
aquaculture condition may quantitatively impact behavioural
and physiological stress responses of farmed fish. ERANET
ANIHWA and French National Research Agency funded the
project WIN-FISH, ANR-14-ANWA-0008.
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Fig 1. (A) Distance moved by fish exposed to
stressors in group; (B) Plasma cortisol
concentration in fish post-stress; (C) Distance
moved in novel tank by fish post-stress.
* indicates statistical difference between group
and respective control (mean+SEM).



STRESS COPING-STYLE IN EUROPEAN SEA BASS, Dicentrarchus labrax: FROM GENES
TO PHYSIOLOGY AND BEHAVIOUR

Sébastien Alfonso*, Benjamin Geffroy, Bastien Sadoul, Lucette Joassard, Manuel Gesto, Béatrice Chatain
and Marie-Laure Bégout

Laboratoire Adaptation et Adaptabilités des Animaux et des systemes (L3AS)
Ifremer, UMR MARBEC

Route de Maguelone, 34250 Palavas-les-flots, France
sebastien.alfonso@ifremer.fr

Stress coping styles (SCS) are defined as a coherent set of individual physiological and behavioural differences in stress
responses consistent across time and context. This work aims at understanding the mechanisms underpinning SCS in
European sea bass, Dicentrarchus labrax, through the combined measures of physiological and behavioural responses.

Individually PIT tagged fish were challenged twice (four months apart) in a group risk taking test to assign an individual
boldness score (n=1000). The risk taking test consists in grouping the fish into a sheltered area and measuring the latency
to leave it towards an open area. Fish leaving the shelter during the two tests were classified as proactive, whereas fish
staying were described as reactive. One year later, 30 proactive and 30 reactive fish were challenged using an Open Field
Test (OFT). The OFT consists in placing a single fish in an observation arena (75x75 cm) with a shelter (Figure 1). After 5
min of habituation, fish are free to exit the shelter and explore the arena during 20 minutes. Behavioural variables (latency
to exit shelter, time spent in shelter or distance travelled) were recorded. Directly after the OFT, blood and brain samples
were taken to measure blood plasma cortisol concentration, brain neurotransmitter levels (serotonin, dopamine), expression
of genes involved in stress regulation (gr/, gr2, mr, crf) and neurogenesis (egrl, neurodl, pcna).

Correlations between behavioural responses, stress regulation processes, neurotransmitters and neurogenesis were evaluated
to bring a better understanding of SCS in European sea bass with the goal of contributing to fish welfare improvement
in aquaculture. ERANET ANIHWA and French National Research Agency funded the project WIN-FISH, ANR-14-
ANWA-0008.

Fig 1. Open Field Test (OFT) experimental set-up. (A)
Sheltered area; (B) Exploration area
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IMPACT OF THE METAMORPHOSIS ON ONTOGENESIS OF THE DIGESTIVE
TRACT IN A DISCOID FISH SPECIES Platax orbicularis A MORPHO-ANATOMICAL
CHARACTERIZATION

Maud Alix*, Eric Gasset, Margaux Crusot, Denis Coves, Denis Saulnier, Jehan-Hervé Lignot, Patricia Cucchi
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In teleosts, metamorphosis is one of a key developmental event. It represents a crucial transition between the larval and
juvenile periods but it is still difficult to precisely determine some of the processes occurring. This phenomenon can induce
strong morpho-anatomical, physiological, behavioral modifications depending on the species and, sometimes, ecological
challenges. Several organs can be impacted, particularly the digestive tract which is an essential crossroad between several
functions. It is a highly plastic and multifunctional organ throughout development, at the interface between internal
and external medium. It is involved in metabolism and various physiological functions such as immunity, absorption,
osmoregulation.

Several studies already described digestive tract development during larval growth in various fish species. However, until
now, no work has focused on the digestive system and its ontogenesis in a discoid fish, especially through metamorphosis.
Therefore, the main goals of this study are to understand the organization of the digestive system in this species (i) at the
cellular and organ levels and (ii) through the identification of different anatomical and functional sections, during larval
and juvenile periods.

The ontogenesis of P. orbicularis digestive tract was characterized using classic histological and immunofluorescence
techniques at 3, 9, 15, 20 and 56 days post-hatching (dph). We revealed that the digestive system is located all along the
body in the early larval fish (3 dph) but this location changes during metamorphosis to finally be in the anterior part of
the juvenile fish (56 dph). Moreover, the organization of the digestive tract in the early larvae is already complex with
different intestinal loops and becomes even more intertwined in adults with typically an elongated stomach, a pyloric zone
composed of 4 pyloric caeca, a proximal, medium and distal intestine and a rectum. We identified variations in mucus
production and mucin types related to the different developmental stages and according to the digestive areas previously
described. Before metamorphosis, mucins are mainly acidic but are mostly neutral in later stages. Finally, the analysis of
Na-K-ATPase immunostaining a key marker of osmoregulatory processes will be discussed.

Therefore, the organization of the digestive system of P. orbicularis is similar to other teleosts. Nevertheless, the
morphological development of this discoid fish leads to an anterior localization of a complex digestive system made of
numerous folds and loops that can bring some uncertainty regarding the different functional sections. The acidic mucin
composition during the early larval development could allow the fish to optimize nutrient assimilation in order to have
enough energy for metamorphosis. In conclusion, by characterizing the morpho-anatomy of P. orbicularis digestive tract,
this preliminary work allows the exploration of the different roles of this organ such as absorption, osmoregulation or
immunity. Since metamorphosis represents a drastic change in this discoid species, additional molecular analyses at this
transition time could help describing the successive steps involved during the indirect development of the digestive tract
in other fish species.



THE TENACIBACULOSIS IN THE TROPICAL ORBICULAR BATFISH Platax
orbicularis HIGHLIGHTS ON THE TRADE-OFF IN THE GUT BETWEEN IMMUNITY,
OSMOREGULATION AND DIGESTION
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MARBEC, Univ Montpellier, CNRS, Ifremer, IRD, Montpellier, France
Maud.alix@umontpellier.fr

The marine tenacibaculosis is an important disease caused by a widespread filamentous bacterium Tenacibaculosis
maritimum, inducing considerable economic losses in a large number of aquaculture species (i.e. turbot, Senegalese sole,
sea bass, Atlantic salmon). Even if this disease has a great impact in fish farms, little is known about immune responses
of fish to this pathology. One of the key organ involved in this response and in protection against pathogens is the gut. It
regulates nutrient absorption, immunity and hydromineral balance mainly through mucus secretion. The mucus quality
and quantity modulate this trade-off between assimilation and protection. The orbicular batfish (Platax orbicularis) is
an emerging and valuable species for French Polynesian aquaculture. However, its rearing is threatened because of 7.
maritimum. Indeed, high mortality occurs when 2-months old juvenile batfish reared in bio-secured hatchery tanks (7.
maritimum free) are transferred to floating net-cages in the lagoon.

Therefore, the present study aims at identifying the trade-off between the different functions of P. orbicularis gut in healthy
fish and at different time after an experimental 7. maritimum infection (T1 to T6, from beginning of experiment to 112
hours post-infection). To do so, mortality rates and morpho-anatomy of the gut in naive and contaminated 56-dph juveniles
were characterized. Moreover, mucus production, mucin types, marker of immune cells (B-lymphocyte differentiation,
dendritic cells) and osmoregulation were determined using various histological techniques.

We show that mortality rates increase from O to 55% at 40 hours post-infection. Globally, in infected fish, gut appears more
transparent and thinner than in non-infected fish. Moreover, mucus production and mucin types are significantly modified
after infection. Indeed, mucus production increases whereas mucins, which are mainly neutral in non-infected juvenile fish,
will become acidic 40 hours post-infection. Moreover, we identified a significant difference of immune cells expression
between the two conditions. In infected fish, immune cells are localized in the enterocytes whereas in non-infected fish,
no staining has been detected. Finally, the analysis of Na-K-ATPase immunostaining a key marker of osmoregulatory
processes are still in progress.

T. maritimum infection induces various changes at different levels. Firstly, digestive wall appears thinner in infected fish
which could be a direct impact of infection (such as lesions on skin) or indirect impact due to increasing mucus production.
This production could lead to reduction in nutrients assimilation and consequently, to a decrease in digestive wall thickness.
Secondly, the variations in mucin composition following primo-infection, from neutral to acidic mucin, which may indicate
(1) either an effective immune defense towards the attack or (ii) that orbicular batfish immunity is compromised. The
presence of immune markers in enterocytes support the first hypothesis. Nevertheless, further molecular studies are needed
targeting known innate and adaptive immune factors.

35



36
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For teleost, the energetic demands for maintenance of the gut is at least five- to eightfold higher than corresponding mass-
specific whole animal consumption rates. This is due to the multifunctionality of the gut involved in energy consuming
roles such as digestive, immune and osmoregulatory processes leading to energetic trade-offs. The nutritional status of
fish can directly impact this trade-off and metabolic response to an osmotic stress, for example. However, whilst some
individuals cope better with food deprivation, others recover more efficiently from prolonged fasting.

Therefore, the aim of this study was to analyse, using the European sea bass Dicentrarchus labrax L., a strictly carnivorous
teleost, the effects of fasting and re-alimentation on the postprandial osmoregulatory capacities and intestinal morphological
changes. To do so, two genetically selected populations (F2 generation) of sea bass (“West Mediterranean wild type”)
representing phenotypes from the opposite ends of the trade-off between tolerance to food deprivation and compensatory
growth rate were used. These two selected phenotypes show different degrees of body mass loss during food deprivation:
one group losing body mass rapidly during fasting (F+) and the other one limiting body mass loss during the same period
(F-). Blood osmolarity, gill and intestinal morphology and expression of the sodium pump (Na*, K*-ATPase, NKA subunit
al) were studied from these populations during fasting condition (3-week feed deprivation) and throughout the postprandial
period (at 4, 24, 48 and 72 hours).

We show that blood osmotic pressure significantly decreases due to re-alimentation in both groups, but this is compensated
in the F+ group after 72 h after re-alimentation. In this group, gill ionocytes are smaller and less numerous, but a
significantly higher NKA gene expression is observed in the gills in comparison to fasting individuals, to the F- individuals
48 and 72h after re-alimentation, and also in the posterior intestine 72h after re-alimentation. Globally, proximal anterior
intestine morphology changes between fasting and re-alimented animals with an elongation of primary and secondary
folds. Moreover, for both populations, we noted a significant elongation of enterocytes in the same part of intestine.
Nevertheless, at 48h post-re-alimentation, the F- group has significant longer cells. Furthermore, refed F- fish absorb more
lipids along the proximal anterior intestine and take longer to digest than the F+ group and show enterocyte vacuolization
in the posterior intestine.

Significant higher NKA gene expression observed in F+ group may compensate for a higher salt intake during nutrient
absorption in comparison to the F- group. Therefore, the two selected populations have different postprandial digestive
strategies: the F- group optimize feed efficiency first at the cost of optimal hydromineral adjustment, while the F+ group
invests in osmoregulatory performance at the expense of digestive physiology. These preliminary physiological data could
help in management practices of farmed fish in the future. Nevertheless, further studies such as NKA activity measurements
or body composition are necessary to fully characterize the phenotypic differences.
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In this study, we describe the development and characterization of the first high-density single nucleotide polymorphism
(SNP) genotyping array for the European sea bass (Dicentrarchus labrax). This Axiom® sea bass Genotyping Array will
become publically available in 2018 (Affymetrix - ThermoFisher), includes 56730 markers and is available in 384 format.

To design this array, SNPs were selected from ~2.6 million SNPs identified by haplotype-resolved whole-genome
resequencing of 24 fish of wild sea bass from Atlantic (N=6), western Mediterranean (N=12) and eastern Mediterranean
(N=06). After alignment to the sea bass reference genome (Tine et al. 2014), duplicate reads filtering, base quality and
variant quality score recalibration, variant calling and filtering, a total of 2,628,725 phased SNPs without missing data were
generated. From this database, only SNPs located more than 30bp away from another known variant were selected to ensure
a high probe specificity. The final set of variants were chosen to cover the whole genome (including ungrouped scaffolds),
but with a variable density of SNPs depending on the estimated local nucleotide diversity (5t) reported by Tine et al. (2014).
This strategy aimed at increasing the density of SNPs within chromosome regions displaying a higher recombination rate.

To evaluate the SNP array, 2104 fish from two selected lines of FMD (Ferme Marine du Douhet, France) and EMG
(Ecloserie Marine de Graveline, France) were genotyped at the Gentyane genotyping platform (INRA, France). Results
reported a large number of polymorphic SNPs with high clustering resolution (PolyHighResolution SNPs) respectively
51,195 (90.25%) and 51,710 (91.15%) and for passing samples, an average genotype call rate >99.7% for FMD and
>99.8% for EMG. The minor allele frequency (MAF) distribution for PolyHighResolution SNPs was similar in both
populations (figure 1) with an average at 0.30 for FMD and 0.29 for EMG. These results highlight SNP array design quality
and demonstrate the high level of genetic variability in the selected broodstock of these two French hatcheries.
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Viral Nervous Necrosis (VNN) is one of the most serious threats for European sea bass culture in the Mediterranean Sea
(Doan et al. 2017a). One possible route to obtain more resistant populations is to use marker-assisted or genomic selection.
These breeding strategies are gaining importance in Salmonid aquaculture, but are not yet practical in sea bass.

After an experimental infection of 1472 offspring derived from a full factorial mating of nine dams with 60 sires from four
different wild populations of European sea bass, we demonstrated large differences in the survival of sea bass exposed to
VNN, from 44% to 99% (Doan et al 2017b). Parents and offspring were genotyped on a custom Illumina Iselect® 3K SNP
array. 1274 informative SNPs were retained to detect QTLs of NNV resistance by a weighted (WGWAS) with BLUPF90,
based on a single trait linear mixed model. The wGWAS revealed 3 potential QTL located in LG9, LG12 and LGx,
explaining respectively 3.7%, 6.2% and 3.4% of the resistance (Fig 1).

Genomic evaluation was done with GBLUP and SNP-BLUP models fitted in BLUPF90 and GS3, respectively, in order
to assess the accuracy of genomic prediction, compared to pedigree-based (PBLUP) prediction. The accuracy of breeding
values predicted with genomic models (R, , = 0.76 for GBLUP and R, .. . = 0.74 for SNP-BLUP for survival) were
similar to those of PBLUP (R .= 0.78 for survival) even though the genomic heritability (0.14+0.05 for binary survival
and 0.08+0.03 for time to death) we estimated only equals approximately half of the polygenic heritability (0.23+0.08 and
0.14+0.05, respectively). This may suggest that our experimental setup was not optimal to account for the variation in VNN
resistance using genomic information, and that VNN resistance may be more efficiently improved with genetic evaluations

incorporating dense SNP genotype information in appropriate designs using larger families within one population.
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Recently, the innate immune response has gained importance
since evidences indicate that, after an adequate priming
protocol, it is possible to obtain some prolonged and enhanced
immune response. An inappropriate protocol can transform the
treatments into a double-edged sword for the teleost immune
system, resulting in a stressful and immunosuppressive status.

Inthis work, we analyzed the long-term effect of different stimuli
(B-glucans, lipopolysaccharide and Polyinosinic:polycytidylic
acid) in the transcriptome modulation induced by with Spring
Viraemia Carp Virus (SVCV) in adult zebrafish (Danio rerio)
(Fig.1) and in the mortalities caused by this infection. At 35
days post-immunostimulation the transcriptome was found to
be highly altered compared to the control fish, and these stimuli
also conditioned the response to SVCV challenge, especially
in the case of [-glucans. No protection against SVCV
was found with any of the stimuli and even non-significant
higher mortalities were observed, especially with B-glucans.
However, at short-term (a pre-stimulation with (3-glucan and
infection after 7 days) a slight protection was observed after
infection. The transcriptome response in zebrafish kidney at 35
days post-treatment with [3-glucans revealed interesting aspects
that could be related with stress and immunosuppression.
The identification of genes differentially expressed before
and after the infection seem to indicate a high energy cost of
the immunostimulation prolonged in time that could explain
the lack of protection against the SVCV. The differential
response to stress, alterations in the lipid metabolism, the
tryptophan-kynurenine pathway and the interferon-gamma
signaling seem to be some of the mechanisms involved in
this particular response, which means the end of the trained
immunity and the beginning of a stressful status characterized
by immunosuppression.
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Figure 1. Analysis of the gene modulation
at 35 days post-stimulation with the three
PAMPs.
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COMPARATIVE PATHOGENICITY AND VIRULENCE OF Vibrio parahaemolyticus
ISOLATES DERIVED FROM AN AHPND OUTBREAK IN THE PHILIPPINES
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Nikko Alvin R. Cabillon, Angela Denise P Bilbao, Roselyn C. Usero, Cynthia P. Saloma
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The shrimp farming industry in Southeast Asia has been
heavily impacted by acute hepatopancreatic necrosis
disease (AHPND) caused by a unique strain of Vibrio
parahaemolyticus that produces toxins responsible for
the primary pathology of the infected shrimp. In the
Philippines, the status of AHPND was uncertain until its
detection in two separate occasions in 2015.

In this paper, we describe the isolation, biochemical
characterization, PCR testing, and whole genome
sequencing (WGS) of bacteria isolated from the
hepatopancreas of shrimp collected from an outbreak in
the Philippines. Eleven isolates (1212, 1213, 1214, 1216,
1217, 1218, 1220, 1222, 1329, 1337, and 1339) were
found to contain the PirAB*? toxin gene by PCR. Also, the
isolates were identified by WGS to be mainly two strains
of Vibrio parahaemolyticus (V. parahaemolyticus S167
and V. parahaemolyticus S171). Moreover, pathogenicity
tests using a previously published laboratory infection
model, caused 100% mortality after 24 hours,
accompanied by characteristic AHPND histopathology
and presence of the bacteria in the hepatopancreas which
was confirmed by PCR analysis. Tests with three of these
isolates (1213, 1214, and 1216) revealed that mortality
rate was dose-dependent and varied per isolate (Fig 1).
Using isolate 1213 to infect shrimp of different weights,
we found that the susceptibility of shrimp to AHPND
differed accordingly (Fig 2).

These results revealed that the Vibrio parahaemolyticus
isolates from a shrimp farm outbreak in the Philippines
are pathogenic and could induce mortalities in healthy
shrimp by the secretion of PirAB" toxins. Further studies
to elucidate the regulation of virulence in AHPND-
causing V. parahaemolyticus are needed to develop
practical disease prevention and control strategies.

Fig 1. Histopathological lesions in the shrimp
hepatopancreas induced by different doses
(cfu/ml) of V. parahaemolyticus.
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VIRTUALLY THE REALITY: NEGOTIATING THE DISTANCE BETWEEN STANDARDS
AND LOCAL REALITIES WHEN CERTIFYING SALMON AQUACULTURE
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As has been the general trend for many larger industries, salmon aquaculture has seen an increased demand for standardization
to ensure a degree of global transparency and accountability. This entails both practices and protocols that are quantitative,
transferable and comparable. A proliferating approach to achieving this is the implementation of sustainability standards
through certification schemes. These standards comprise a list of requirements to which the aquaculture companies must
demonstrate compliance. Though often projected and treated as such, these standards are by no means precise representations
of reality, as they are a simplified generalization meant to cover a manifold of local realities; realities which will vary across
nations, fjords, and even neighboring sites. Consequentially, standards will necessarily provoke different local responses
and adaptations in how they are implemented.

The distance between the standard and any given local reality is often negotiated through a third-party auditor, who
periodically evaluates whether the aquaculture company is in compliance with the list of requirements, through inspections
and thorough review of documentation. Based on fieldwork conducted at audits for three different certification schemes
and numerous interviews in some of the major aquaculture companies in Norway and Chile, this paper explores the role
and capabilities of the auditor in negotiating compliance between local realities and standards.

While standards emanate from the idea of objectivity, it is important to keep in mind that they are both made and managed
by people. The auditor plays an important role in bridging the gap between global ideals and local realities, as the possibility
for negotiation occurs at their discretion, granted within a set framework. While the aquaculture companies seek to influence
the standard to better fit their reality, the auditor is managing the difficult balance between considering the local context and
upholding the standard. This reflects the embedded dilemma of standards and certifications: being sufficiently stringent to
be considered credible, while also not being so stringent as to discourage companies from attempting to become certified.

Our findings show that while auditors are obligated to operate within a set framework defined by the standard owners,
there is some flexibility in how criteria compliance is evaluated. This illustrates the significance of the particular appointed
auditor, demonstrating the subjectivity in what is intended (and viewed) as objective. We find that the auditors’ capability to
negotiate between the reality and the standard is shaped by their familiarity with the industry and company in question. More
specifically, through such aspects as experience, expertise, knowledge of the specific industry, relational trust, and language
proficiency. While the assumed intrinsic condition of a ‘neutral’ third-party proves somewhat absent in our material, this
is not necessarily unfavorable, as these standards cannot capture the many idiosyncrasies of different sites. It is, however,
important to acknowledge that this perceived objectivity is made and managed by man, and this has implications for how
we deal with standards as a route towards sustainability.
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Offshore fish farms from the North Eastern Atlantic Islands such as the Archipelagos of Madeira and Canaries are situated
near the coast lines. Steep seafloors is the major reason for it. Regarding the location there are considerable advantages for
the fish farms, including the easier logistics and operations due to the proximity to major ports.

However, the proximity to land may be detrimental to water quality and consequently, to the rearing of fish. Despite the
small size of rivers in the islands, they are mostly seasonal and may carry considerable amounts of debris and suspended
solids to the coast. Therefore a considerable distance to river mouths is taken into consideration for the site selection of the
farms and for aquaculture development plans. This might be effective to avoid sediments where historic data is available,
but little is known about plastics. This is the reason for a monitoring programme of sea plastics that was initiated in a fish
farm on the South coast Madeira Island.

A convergence of patterns are shown from the preliminary evidence of plastics in the farm:
e Plastics are more common during the Winter/rain season;
e Ocean currents from South West play a major role in the transport of plastics to the farm, evidenced by the more
exposed fish cages;
* Plastics from agriculture activities, particularly from banana plantations are among the more common found in both
the water column and fish tract;
 Ingested plastics are occasionally the cause of highest mortality of farmed fish (up to 63.3% of total).
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Freshwater fish is a major source of animal protein and essential nutrients for human diet in developing countries such as
Madagascar. Among animal proteins usually consumed by the population, freshwater fish is the only one available in both
natural environment and aquaculture farms. However, the potential health benefit of dietary freshwater fish intake is in
close relationship with water quality of aquatic environments from which fish belongs. In large cities such as Antananarivo,
capital of Madagascar, anthropogenic pollution affects aquatic ecosystems. Therefore, freshwater fish caught in these
waters may display a poor quality and a potential source of environmental contaminants including trace metals.

The aim of this study was therefore to characterize levels of freshwater fish contamination from three areas in Antananarivo.
This study will also access the potential sources of these contaminations in the environment. Fish were sampled in the three
areas, which display part of the diversity of freshwater areas in Antananarivo, including a floodplain, a swamp and a lake.
Concentration of trace metals and stables isotopes (0'°C & &'°N) was measured in white muscle of tilapia to characterize fish
quality. Also, particulate organic matter and sediments stables isotopes (§'*C & 0'°N) were analysed to trace anthropogenic
contamination from wastewaters. Afterward, a survey was carried out to identify sources of contamination according to
identified trace metals.

Trace metals in tilapia muscles from this study displayed a trend in concentration (Fe>Zn>Hg>Cu>Pb>Cr>Mn>Ni>As).
However, in the three selected areas, concentrations of trace metals were beyond allowable limits for human consumption.
For instance, the Masay Swamp was the most polluted area and stable isotopes analyses permitted to evidence the
occurrence of anthropogenic wastewater being usually enriched in 8'*N (Fig. 1). However, water contamination in Tanjona
Floodplains is rather belonging to agricultural weed and pests chemicals.
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Unlike organic labeling of plants, organic labeling of animal based products claims both environmental protection and
animal welfare issues. This article examines the effect of information on these to or their combination thereof on consumer
preferences in the setting of the EU organic aquaculture production principles. A choice experiment was used to examine
German consumers’ preferences for farmed rainbow trout, where respondents were split into groups receiving different
levels of information. The results show significant preference for organic labeled fish products among majority of consumers.
Informing consumers about animal welfare consequences associated with the label significantly increases the likelihood of
choosing a labelled product. A similar effect was not found when informed about environmental consequences. When being
informed of both environmental and animal welfare consequences, the priority for choosing organic was a little lower than
when being informed of health alone. Thus, combining both sets of information may overwhelm consumers and leads to a
lower marginal utility of organic products compared with the animal welfare effect.

MARKET INTEGRATION BETWEEN FARMED AND WILD SPECIES IN BANGLADESH

Afjal Hossain, Isaac Ankamah-Yeboah*, Max Nielsen and M. Baiuzzaman

*Institute for Food and Resource Economics, Copenhagen University, Rolighedsvej 25, 1958 Frederiksberg C,
Denmark

Tel: +4553833841
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The study examines market integration between farmed and wild species in Bangladesh. Farmed species including Tilapia
and Pangas are tested against the wild-caught species Ilish, Puti, Chotochingri, Boal and Ahire in the Bangladesh terminal
market. A time series data on wholesale prices during January 2010 to May 2017 are considered for the study. It was found
that there is market integration between farmed and wild species based on the Johansen cointegration framework. Market
leadership and follower roles are however mixed and the law of one price is rejected in all market pairs but for Pangas and
Abhire. Interaction between the wild and farmed species implies that fisheries management has implications for aquaculture
production and vice versa.
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The basic principle of bioethics demands the instant death of animals in order to minimize the stress response. Studies
addressing fish welfare at slaughter have started much later compared to land animals. In case of Mediterranean farmed
fish, asphyxia in ice water is the preferred method. The cold environment leads eventually to the loss of brain function,
however that rapid temperature changes are stressful for fish. Overdose of anaesthetic used for euthanasia is the proposed
slaughtering technique for fish used for scientific purposes, according to directive 2010/63/EU. Use of essential oils is an
alternative option for fish anesthesia, which is necessary for fish welfare. Essential oils may be safe, but display toxicity at
specific concentrations.

Essential oils Eugenia aromatica and Cinnamomum zeylanicum known for their anaesthetic properties were presently
applied for euthanasia in comparison to slaughtering by icewater. Stress response was determined by measuring fragmented
DNA in hepatocytes using the molecular technique, comet assay (parameter: Tail Moment). Seabreams (mean weight:
14.97+5 g) were acclimated for a month in 150L tanks. Throughout the experiment, the water temperature was stable at
21+1 °C. Slaughtering methods of icewater and over-dose (0.4ml, 0.5ml and 1 ml per 2L of water) of essential oils Eugenia
aromatica and Cinnamomum zeylanicum, were tested.

Results revealed a significant reduction (p<0.05) in DNA damage in case of essential oils (Fig.1). However, DNA damage
in hepatocytes after application of 0.4 ml was higher compared to doses of 0,5ml and 1ml. This is probably due to the fact
that this dose was too low for fish to lose consciousness in a short time. Fish stunning and slaughter techniques urgently
need further studies, for existing as well as for newly farmed or consumed fish species or sizes. Various stunning and
slaughter methods may be chosen, depending on context and species, for practical and physiological reasons and consumer
requirements.
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Institute of Aquaculture, College of Fisheries and Ocean Sciences, University of the Philippines Visayas, Miagao
5023, Iloilo, Philippines

janeamar09 @ gmail.com

maamar@up.edu.ph

The use of probiotics is employed as a disease management strategy in shrimp farming worlwide, including the Philippines.
In the early years of probiotics research, the application of bacteria already available in the human health, bioremedation,
and veterinary fields is a common theme of many researches on shrimp farming. However in recent years, use of bacteria
isolated from the host itself or from its rearing environment has become essential in efforts to increase efficacy. For
bacterial disease control strategies, studies indicate that green-water from saline-tolerant tilapias and their skin extracts
are capable of inhibiting pathogenic Vibrio spp. in shrimp.

In this study, probionts 1.1 and 2.1 isolated from Tilapia mucus were biochemically identified as Bacillus sp. and exhibited
inhibitory activity against Vibrio harveyi and V. parahaemolyticus in vitro. A pathogenicity test was conducted to check if
the isolates were pathogenic to the shrimp. Subequently, an 8-week feeding trial was conducted to evaluate the effects of
the probionts on growth, survival and immunity of P. monodon. A formulated shrimp feed was supplemented with either of
the probionts and fed to the shrimp. Thereafter, the shrimp were experimentally infected with Vibrio harveyi and mortality
was observed for 2 weeks.

The pathogenicity test demonstrated that both isolates were not infective to the shrimp. Although growth was not
significantly affected, survival was improved with the probiont supplementation (Figure 1). Phenoloxidase (Figure 2) and
bactericidal activity were enhanced with the dietary application of the probionts. Moreover, both isolates showed protection
to the shrimp against V. harveyi infection.

The results indicated that isolates 1.1 and 2.1 are potential probionts for P. monodon.
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Figure 1. Survival of P. monodon supplemented
with the probionts for 8 weeks.
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EFFECT OF DENSITY ON THE GROWTH AND SURVIVAL OF PACIFIC OYSTER
Crassostrea gigas REARED IN WATERS OF THE BASQUE COAST (SE BAY OF BISCAY)

L. Arantzamendi*, L. Lagos, I. Zorita

Marine Research Unit, AZTI-Tecnalia, Sukarrieta, Spain
larantzamendi@azti.es

An important question in bivalve aquaculture is how many individuals of a certain species can be grown on a lease
before growth is limited or before mortality becomes unacceptable. Thus, in the present study effects of stocking density
on changes of total weight, length and survival were evaluated monthly along the production cycle of the Pacific oyster
(Crassostrea gigas) deployed in Mutriku, a small harbor located in the Basque coast (SE Bay of Biscay). The experiment
ran for 10 months, from March to December 2017. In each cultivation phase oysters were divided into three density

groups referred as low, medium and high densities. The oceanographic variables monitored monthly were those routinely
registered in the study area.

During the first pre-fattening phase (99 days duration) oysters cultivated at low densities presented significantly higher
growth in length and weight (36.6 mm and 3.6 g) than oysters cultivated at medium (34.1 mm and 2.7 g) and high (32.6 mm
and 2.6 g) densities. However, no significant differences were detected in survival values among the oysters of different
density groups. Survival was 99% in all density groups. In the second pre-fattening phase (131 days duration), the same
trend was observed indicating that oysters cultivated at low densities showed higher size and weight (56.2 mm and 16 g)
than oysters cultivated at medium (48.4 mm and 13.1 g) and high (45.2 mm and 10.5 g) densities. Accordingly, the mortality
was low since survival values were higher than 97% in oysters from the three density groups. In the growing phase (43 days
duration), no significant differences were observed in the size of oysters cultivated at different densities (47.9-50.4 mm)
but oysters cultivated al low density presented higher weight (14.2 g) than oysters cultivated at medium (10.6 g) and high
(11.1 g) densities. Survival values were higher than 95% in all density groups, but oysters cultivated at low (98.1%) and
high (97.8%) densities presented higher survival values than oysters cultivated at medium density (95.3%).

The best oyster culture densities selected for each growth phase are shown in Figure 1.

Figure 1: The best densities selected to obtain the best growth in each

growth phase (red circle).
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Overall the effect of density on the growth was critic, but especially in the pre-fattening phase, when the best growth rates
were obtained at low densities. On the other hand, the density had no effect on survival values possibly because mortality
is associated with other variables (i.e. pathogens) not measured herein.

Acknowledgements: This work was partially supported by the Department of Agriculture, Fisheries and Aquaculture from
the Basque Government through the projects “SIMMA and MUSSELS”.
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DEVELOPMENT OF A METHOD FOR LIVE OCTOPUS TRANSPORTATION FOR LONG
DISTANCE AT HIGH DENSITIES

Jodo Aradjo*, Ana C. Matias, Pedro Pousdo-Ferreira, Florbela Soares

IPMA- Portuguese Institute for the Ocean and Atmosphere, EPPO- Aquaculture Research Station, Av. 5 de
Outubro, 8700-305 Olhdo Portugal

Fishing is one of the most important economic sectors in Portuguese social economic history, being particularly relevant
in the Algarve region. The development of new octopus based products with a growing economic value ensures the
commercial interest of this species to a national and international level. In countries like Japan and Korea the consumption
of live octopus is very traditional. These countries have shown interest on live octopus importation and the possibility of
integration of the Portuguese octopus (Octopus vulgaris) in this market has generated great enthusiasm among ship owners
and octopus fishermen.

Methods for long distances transportation of live octopus at =
high densities have been tested. The system was composed
of 220 I tanks equipped with a cooling and aeration system,
where the animals were kept isolated in pvc pipes of 14 and
16 cm in diameter covered with 20 mm mesh network. The
water temperature was maintained at 10° C, after a controlled
decreasing rate of 1° C/hour. Before the trial, animals were ——50Kg/m3
fasted for two days. Live Octopus transportation was tested -=-=--100Kg/m3
for a 48 hours period at two densities: 50 kg/m* and 100 kg/
m?. During this period water temperature, dissolved oxygen, 12 0 2 2 36 P
pH and nitrogen compounds were monitored. Animals Time (@)
behavior and mortality were also recorded. Octopus stress Fig. 1 Experimental temperature variation for both
response was evaluated through the analysis of hemolymph densities.
samples, muscle and brain tissues. For both densities (50 and 25
100 kg/m?®) a 100% survival was registered after 48 hours.
In all trials, water quality remained within the normal limits ! *od R
considering the dissolved oxygen and pH. In both densities, | | 1 [ T
there was however an increase in the levels of ammonia, far -
above the recommended by literature. Ammonia, dopamine
and Hsp70 levels were analyzed in the beginning and at end
of the experiment for both densities, however no significant '3
differences were found among them. In general, this study }rjk
° 0

Temperature (°C)

— 50Kg/m3
----- 100Kg/m3

indicates that this system is a viable solution for live Octopus
transportation during 48 h trip at a density of 100 kg/m?. 12

12 24 36 48
Time (h)

Fig. 2 Water ammonia levels variation for both
densities.

Table 1. Mean values+SEM of Dopamine (ng/ml
hemolymph), Ammonia (g/100g brain) and relative
Hsp70 protein expression in octopus muscle.

Relative
Dopamine Ammonia Hsp70
(ng/ml) (g/100g) expression
Initial 1,3540,6 0,082+0,003 0,17+0,03
50 Kg/m3 1,3£0,9 0,0850,005 0,27+0,06

100 Kg/m3 1,54+0,7 0,082+0,011 0,28+0,09




IMPACT OF PROBIOTICS ON GROWTH PERFORMANCE AND SHRIMP SURVIVAL:
A META-ANALYSIS

Amilcar Arenal” Adrian Toledo, Laureano Frizzo, Marcelo Signorini, Peter Bossier

*Department of Morphophysiology, Agricultural Science Faculty, University of Camagiiey Km 5 4, 74650, Cuba.
amilcar.arenal@reduc.edu.cu

Probiotics have emerged as promising alternatives for improving resistance to diseases and stimulating growth of farmed
shrimp. The aim of the present work was to assess the effect of probiotic addition on shrimp survival and growth performance
through meta-analysis. PubMed, SciELO and Google Scholar databases were searched in all languages from 1980 to 2017.
We only selected the experiments using penaeid shrimps without apparent disease, with the results published in peer-
reviewed journals with any dispersion measure. Survival, specific growth rate (SGR) and feed conversion ratio (FCR) were
selected as outcomes. We evaluated experimental design, shrimp species, developmental stage, probiotic strain, modes of
administration among others. A total of 100, 60 and 49 studies were included to assess probiotic effects on survival, SGR
and FCR, respectively. Probiotics increased survival compared to controls (SMD = 3.068, 95% CI 2.594 to 3.543) and
improved SGR (SMD = 3.811,95% CI 3.269 to 4.354) and FCR (SMD = -3.194, 95% CI -3.469 to -2.920) in the pooled
standardized mean difference random effect model, considering the source of heterogeneity and publication biases (i.e.
where the decision to publish or not depends on the outcome of the experiment, e.g. withhold negative outcomes). Survival,
SGR and FCR were improved in shrimps treated with probiotic. To our knowledge, this is the first report of a meta-analysis
designed to investigate the effects of probiotics on shrimp survival and growth performance.

The wide variety of experimental designs detected in this meta-analysis, is a source of heterogeneity that affects the results
and reduces the consistency of the findings. However, this meta-analysis allowed us to identify certain components of
the experimental designs that could affect the probiotic effect on shrimp farming (Figure 1). This, in turn allowed us to
define guidelines to standardize the experimental designs of future trials. Some of these guidelines are that: (1) there are
more chances of finding beneficial effects on shrimp farm indicators by including probiotics in the feed; (2) probiotic
viability should be maintained during all the trial; (3) trials should focus on the use probiotics with more than one strain
(4) increasing the numbers of animals can improve the success of probiotics use and (5) trials designed as experimental
growth models can be useful to assess the effectiveness of the probiotic to induce enzyme such as amylase, lipase, protease
and gut probiotic colonization.
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Figure 1.Subgroup analysis comparing the
effect of probiotic supplementation on
specific growth rate (SGR) of penaeid
shrimps.
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STOCKING ACCENTUATES
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INTROGRESSION

SALMON IN A WILD SALMON POPULATION

OF FARMED ESCAPED

Ingerid J. Hagen Arnesen”, Arne J. Jensen, Geir H. Bolstad, Ola H. Diserud, Kjetil Hindar and Sten O. Karlsson

Norwegian Institute for Nature Research, P.O Box 5685 Torgarden, 7485 Trondheim, Norway

ingerid.arnesen@nina.no

Supplementary stocking is an important
conservation strategy in many species, one
example being the Atlantic salmon (Salmo
salar). However, stocking can have unwanted
population genetic effects on the recipient
population, particularly in systems where
admixture between domesticated and wild
conspecifics occurs and where broodstock may
be introgressed with farmed escapees.

To investigate how stocking affects farmed
genetic introgression in a wild recipient
population, we looked at two independent
datasets from the same stocked river. These
datasets comprise 1) individual estimates of
farmed genetic introgression in the broodstock
from seven brood years and their returning
offspring, and 2) individual estimates of farmed
genetic introgression in returning spawners of
wild and hatchery origin from 20 run years over
a 30-year period.

Our results show that severely introgressed
broodstock produce more than twice the
number of adult offspring compared to wild
broodstock (Figure 1) and that spawners of
hatchery origin are more introgressed than wild
individuals (Figure 2). Stocking may therefore
accentuate genetic introgression of escaped
farmed salmon in wild salmon populations.
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MUSCLE EPA AND DHA LEVELS CORRELATE WITH DIETARY LINOLENIC ACID IN
VEGETABLE OIL FED RAINBOW TROUT

Murat Arslan*, Seyda Tacer, Saltuk Bugrahan Ceyhun, Ahmet Topal

Faculty of Fisheries, Ataturk University
Erzurum 25240, TURKIYE
muratars@atauni.edu.tr

Having long chain (20-22 carbon) omega-3 fatty acids, which are very useful for human health, fish is very important food
source. As the global fish catches reached plateau, aquaculture activities accelerated. Growing aquaculture resulted in a
remarkable need for aquafeeds globally and locally. In the current situation, finding alternative to fish meal and fish oil,
which are the base for aquafeeds, is the major issue that aquaculture sector is facing. As the natural resources for fish meal
and oil are limited, the requirement for the research on the suitable vegetable sources was urged. In general, fish producers
focus on using the cheaper aquafeeds with no detrimental effect on fish growth while consumers are concern about product
quality in the sense of long chain omega-3 fatty acids and other nutrients.

In the present work, alternative dietary lipid sources for the rainbow trout (Oncorhynchus mykiss) were investigated.
Defatted fish meal based 5 iso-nitrogenous (~%45) and iso-lipidic (~%?20) experimental diets were supplemented with fish
oil (control; FO), hazelnut oil (HO), linseed oil (LO), soybean oil (SO) and a blend of linseed oil and soybean oil (1:1)
(LO+SO0). Fish with 5g initial weight were fed experimental diets for twenty-four weeks to the market size (~250g). At the
end of the feeding trial, significant increase was observed in A6 desaturase and elongase gene expressions in fish fed diets
with vegetable oils. Accordingly, EPA (20:5n-3) and DHA (22:6n-3) in fish muscle increased with the increasing amount of
dietary LNA (18:3n-3) (Fig. 1). Our results suggested that rainbow trout has the ability to convert 18C fatty acids to 20-22C
fatty acids depending on dietary lipid resources.
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Fig. 1. Relationship between dietary LNA and muscular DHA in rainbow trout
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BLUE MINER CLOUD BASED PLATFORM FOR AQUACULTURE ANALYTICS
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tarvanitis@i2s.gr

Introduction

Aquaculture is probably the fastest growing food-producing sector and now accounts for more than 50 percent of the
world’s fish that is used for food. With the world population expected to reach nine billion by 2050, the aquaculture sector
will play a key role in ensuring food and nutrition security. However, this growth is not without challenges; in order to
satisfy the demand and minimize the impact on the environment, the sector has to use new technologies to intensify,
diversify and produce in a more efficient, sustainable and environmental friendly way.

The work to be presented is a cloud-based platform that provides state of the art technologies to transform aquaculture
production data into knowledge. Companies can then use this knowledge to boost performance, reduce costs and gain a
competitive advantage. The platform combines descriptive statistics and machine learning technologies that companies
can use to

Explore your data

Create independent models and use these models as a recommendation engine

Benchmark fish performance

Spot outliers

Predict performance (FCR, growth, harvest result, etc.)

Optimize harvest outcome to match customer’s needs

Improve monitoring of new species performance and brand planning.

Reveal how the environment, fish feeding, production management and practices affects the production

Optimize feeding strategies

It is based on cutting edge technologies to support performance and scalability. It supports data preparation, cleaning,
advanced descriptive statistics and machine learning. It speaks the language of the aquaculture industry and it is the first
time such technologies become available to the sector.

In addition to the platform features, real-life business cases and practical benefits of the application of such technologies in
European aquaculture companies will be presented.
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DIVERSITY OF THE PROTOZOAN PARASITE Marteilia refringens IN MARINE BIVALVES
IN EUROPE

Isabelle Arzul*, Delphine Serpin, Bruno Chollet, Juliette Gaillard, Christine Dubreuil, Mathilde Noyer,
Lydie Canier, Céline Garcia

IFREMER, SG2M, Laboratoire de Génétique et Pathologie des Mollusques Marins, 17390 La Tremblade- France
Isabelle. Arzul @ifremer.fr

Marteilia refringens is a protozoan parasite belonging to the Paramyxida order (Ward et al. 2016). Its impact on flat
oyster Ostrea edulis populations in Europe has contributed to include the related disease in the list of diseases notifiable
to the EU and to the Word Organisation for Animal Health (OIE). The parasite host range includes other bivalve species
among which mussels Mytilus edulis and M. galloprovincialis. M. refringens types O and M, preferentially detected in O.
edulis and mussels respectively, were identified based on a polymorphism in the Internal Transcribed Spacer-1 (ITS-1).
Recent phylogenetic analyses suggest that both types should be considered as two distinct species: M. refringens and M.
pararefringens (Kerr et al. 2018). The parasite genome is still poorly known and only sequences belonging to the ribosomal
gene cluster are currently available including 18S rRNA gene, ITS-1 and Intergenic Spacer (IGS).

Flat oysters and mussel samples collected in different European countries and confirmed to be infected with M. refringens
were selected for further characterization work in PCR and sequencing on the three previously mentioned regions of the
parasite genome. Obtained ITS-1 sequences reveal a relative but not strict host specificity of types O and M: type O was
indeed mostly detected in flat oysters and type M in mussels, however rare co detection cases could be observed. IGS
sequence analysis also supports this host type association.

The respective geographic distribution of Marteilia refringens types in Europe (Figure 1) questions the factors driving the
development and transmission of the disease.

Ward, G. M., Bennett, M., Bateman, K., Stentiford, G. D., Kerr, R., Feist, S. W., Williams, S. T., Berney, C., & Bass, D.
(2016). A new phylogeny and environmental DNA insight into paramyxids: an increasingly important but enigmatic
clade of protistan parasites of marine invertebrates. International Journal of Parasitology, 46(10), 605-619

Kerr,R., Ward, G.M. , Stentiford, G.D., Alfjorden, A., Mortensen, S., Bignell, J.P., Feist, S.W., Villalba, A., Carballal, M.J.,
Cao, A., Arzul, 1., Ryder, D., Bass. 2018. Marteilia refringens and M. pararefringens sp. nov. are distinct parasites of
bivalves and have different European distributions. Parasitology In Press

@ warteilia refringens type O (=M. refringens)
@ Marteilia refringens type M (= M. pararefringens)

Figure 1. Distribution of Marteilia refringens
types O and M in Europe (according to our
current knowledge)
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UV-INACTIVATION OF THE PROTOZOAN PARASITE Perkinsus olseni

Isabelle Arzul*, Clément Provot, Cyrielle Lecadet, Sergio Fernandez-Boo, Christophe Stavrakakis,
Mathias Papin, Bruno Chollet, Jean-Frangois Auvray

IFREMER La Tremblade, SG2M, Laboratoire de Génétique et Pathologie des Mollusques Marins, 17390 La
Tremblade- France
Isabelle.Arzul @ifremer.fr

Although the impact of the protozoan parasite Perkinsus olseni on clams Ruditapes philippinarum and R. decussatus is
under debate, infection with this parasite is a notifiable disease to the Word Organization for animal health. Additionally,
clams are listed as vector species for two endemic EU diseases, infections with Bonamia ostreae and Marteilia refringens.
In that context, efficient water treatment could be useful to ensure the absence of these protozoan parasites within clam
producing hatcheries/nurseries. No data is currently available regarding the efficiency of classical marine water treatment
against known marine mollusc parasites. Considering that P. olseni is cultivable and can multiply in artificial media we
have used this model to test the efficiency of UV to inactivate mollusc protozoan parasites in sea water.

For that purpose bench and hatchery scale approaches have been followed to test different doses of UV on suspensions of
P. olseni. The survival of exposed parasites was estimated and compared with non-exposed parasites using neutral red in P.
olseni suspension maintained in culture conditions (DMEM:HAMS’ at 20°C) up to 21 days.

Bench scale experiments demonstrated the effect of UV on P. olseni survival (Figure 1). Three weeks after a 10 minutes
UV exposure (188 mJ/cm2) less than 5% of parasite cells could be detected alive. Hatchery scale experiments confirmed
the effect of UV and showed that 4 passages (corresponding to an UV dose of 168 mJ/cm2) were necessary and efficient
enough to inactivate 100% of parasites.

The cultivable parasite P. olseni appears as an interesting model to test the efficiency of water treatment such as UV
inactivation in conditions mimicking conditions used by producers.

Perkinsus olseni mortality (%) after UV treatment
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Figure 1. Bench scale experiment: P. olseni mortality at
different times post UV exposure depending on UV doses.



ECOLABELS AND PRODUCT LONGEVITY: THE CASE OF WHITEFISH IN UK GROCERY
RETAILING

Geir Sogn-Grundvag, Frank Asche, Jimmy Young and Dengjun Zhang
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For the past twenty years the role of eco-labels and certification schemes has played an increasingly import role in food
markets (Blend & van Ravenswaay, 1999; Onozaka & McFadden, 2011; Roheim, Asche, & Insignares, 2011). For example,
the ASC label of the Aquaculture Stewardship Council provides assurance to the consumer regarding the environmental
sustainability of the fishery from which the products originate. Similarly, in some markets both retailers and brand
manufacturers emphasize the environmental credentials of the production method applied.

Recent studies based on hedonic price modeling and revealed preference data conducted in various seafood markets such
as the UK, Germany, and Sweden indicate that some eco-labels such as that of the MSC and ASC labels obtain price
premiums in most cases, but with substantial variation (Bronnmann & Asche 2017). The literature has largely focused on
increased revenues to cover the cost of the ecolabel and possibly provide additional incentives for sustainable production
processes. An unexplored question is whether ecolabels also might influence profitability in a supply chain by reducing
cost. One example of this is product longevity. Intense competition for shelf space leads to relatively short product life
cycles for many products (Asplund & Sandin, 1999). This seemingly never-ending spiral of creative destruction implies
that at least some of the substantial resources invested in product development and marketing may be expendable. An
extended product life implies lower cost and more efficient use of resources (Cooper, 2012). Eco-labels may play a part in
the marketing strategies of retailers and national brand manufacturers in reducing cost by prolonging product life cycles.
This is important because it sheds additional light on the largely unanswered question of whether price premiums for eco-
labels are sufficiently large to cover the costs of a sustainable fishery and its certification. Due to lack of cost information,
this is an important omission in the hedonic price function literature investigating ecolabel premiums (Roheim, Asche, &
Insignares, 2011).

In this paper the effect of eco-labels on product longevity for seafood products is tested using duration analysis on a data set
covering retailers in Glasgow, Scotland. Preliminary results indicate that ecolabeled seafood product have a longer product
cycle, but that it varies by retailer.
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COMBINATION OF ANTIMICROBIALS AS AN APPROACH TO REDUCE THEIR USE
IN AQUACULTURE: EXAMPLE OF USING THIAMPHENICOL WITH FLORFENICOL
AGAINST Aeromonas hydrophila

Indcio M. Assane”, Katia S. Gozi, Gustavo M. R. Valladdo, and Fabiana Pilarski

Laboratory of Parasitology and Microbiology of Aquatic Organisms
Sao Paulo State University (Unesp), Aquaculture Center of Unesp
14884-900, Jaboticabal, SP, Brazil

inaciomateusassane@gmail.com

The use of highly effective combination of antimicrobials (CA) is a promising strategy for increasing treatment efficacy,
controlling the bacterial drug resistance and reducing the use of antimicrobials in aquaculture. In the present work, we
investigated the in vitro activity and in vivo therapeutic effectiveness of thiamphenicol (TAP) combined with florfenicol
(FFC) against Aeromonas hydrophila isolated from diseased Nile tilapia Oreochromis niloticus. Individual minimum
inhibitory and bactericidal concentrations (MIC and MBC) of each antimicrobial were determined for 26 strains of
Aeromonas isolated from pacu Piaractus mesopotamicus and Nile tilapia during disease outbreaks in Brazil. MICs were
used to perform the checkerboard microdilution assay to evaluate the in vitro effect of the combination (fractional inhibitory
concentration index — FICI). Recommended doses of each antimicrobial (G1: TF — 10 mg kg~' bw, and G2: FFC — 10 mg
kg™ bw) and two doses of TAP combined with FFC (G3: TAP + FFC — 5 + 2.5 mg kg~' bw, and G4: TAP + FFC - 2.5 +
1.25 mg kg™ bw) correspondent to FICI deduction, were administered by intraperitoneal injection to Nile tilapia (70 + 12
g) challenged by gavage with A. hydrophila, to evaluate the therapeutic effectiveness of CA.

Aeromonas was sensible to the antimicrobials individually (Table 1) and combined (FICI < 0.75), although some strains
of A. caviae and A. hydrophila were somewhat less sensitive to TAP (>8 pg mL™"), indicating that resistant strains are
gradually emerging even though TAP is not approved for use in aquaculture in Brazil.

In fish aeromoniosis model, combinations of TAP and FFC (G3 and G4) were effective as the standards doses of the single
antimicrobial (G1 and G2), and all medicated groups were statistically different (p <0.05) from the unmedicated group
(GS) (Figure 1).

These findings suggests the potentiality of CA involving TAP and FFC as an effective approach to control aeromoniosis
with lower doses of antimicrobials.
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) Fish  Period of Antibacterial activity (g ) £ \ o5
Strains used (n) 3 . . TAP FFC = G
specie*  isolation RPN S h—
MIC MBC MIC MBC 5
Aeromonas caviae (1) 1 2014 8 8 - 0 T s S SR AU SN
Aeromonas hydrophila (17) 1and2 2011-2015 0.5-32 1-32 05-2 05-2 NEROEN RO SN q@@"e“\\,\y“é“?\uﬁ‘b@\@‘&@sﬁ} 9&\'»\@'»@ K\
Aeromonas jandaei (4) 2 2011-2017 1-2 1-2 05-2 05-4 Hours post-challenge
Aeromonas veronii (4) land2 2013-2015 05-1 1-2 025-1 025-1 . . . .
ATCC 239228 Escherichia coli** - 28 sz 8w Figure 1. Cumulative survival (%) of Nile
*Fish species: 1-pacu, Piaractus mesopotamicus ;, 2- Nile tilapia, Oreochromis niloticus. . . . -
#+ Quality control tilapia challenged with A. hydrophila and

medicated with thiamphenicol (TAP) or
florfenicol (FFC) alone and combined. G1:
TAP (10 mg kg'"); G2: FFC (10 mg kg™);
G3: [TAP + FFC] (5 + 2.5 mg kg"); G4:
[TAP + FFC] (2.5 + 1.25 mg kg'); G5:
unmedicated; and CG: Control group
(Phosphate Buffered Saline).



INFLUENCE OFAERIALEXPOSURE AT LOW TIDE ON CONCENTRATIONS OF HUMAN-
PATHOGENIC VIBRIOS IN OYSTERS CULTURED IN THE INTERTIDAL ZONE

Corinne Audemard*, Tal Ben-Horin, Lisa Calvo, Kimberly S. Reece, and Dave Bushek

Virginia Institute of Marine Science, College of William & Mary
P.O. Box 1346, Gloucester Point, VA 23062
audemard@vims.edu

Aerial exposure of oysters cultured within the intertidal zone can lead to increased internal oyster temperature, with potential
for increased vibrio levels and an associated human health risk. To investigate this potential, eastern oysters, Crassostrea
virginica, were grown under intertidal or subtidal conditions at low (12-15 psu), moderate (18-25 psu), and high (27-35
psu) salinity sites within the mid-Atlantic region of the US, then examined monthly to assess concentrations of total Vibrio
parahaemolyticus (tlh+ Vp), pathogenic V. parahaemolyticus (trh+ Vp and tdh+ Vp) and total V. vulnificus (Vv). Relative
effects of salinity, tidal position, and duration of aerial exposure are shown in Figure 1. Vibrio concentrations were strongly
associated with salinity. Total and pathogenic Vp demonstrated unimodal responses with the highest concentrations found
at moderate salinity. In contrast, highest concentrations of Vv were at low salinity sites, and declined from this baseline
across the moderate and high salinity sites. All sampled markers increased during exposure to aerial conditions, but the
magnitude was dependent on vibrio species, strain and duration of exposure. Vp concentrations increased from two to
four hours of aerial exposure, the maximum exposure time in the region, but Vv concentrations did not. We did not see a
strong effect of gear type (subtidal vs. intertidal) at the initial emergence of the outgoing tide, suggesting that the elevated
vibrio concentrations in intertidal oysters we observed when exposed returned to levels found in subtidal oysters by the
following tidal exposure, if not sooner. These data reinforce regulations using the time of initial aerial exposure as the time-
to-temperature starting point for oysters grown in the intertidal. Best management advice should recommend that growers
harvest intertidal oysters as close to initial aerial exposure as possible.
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Fig. 1: 95% highest posterior density intervals of modeled effects describing the relative
change in vibrio concentrations given the measured covariates (y-axis). Moderate and High
salinity effects relative to low salinity levels. Intertidal effect relative to subtidally cultivated
oysters. Time effects are relative to levels at initial emergence.
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AQUACULTURE LIVESTOCK INSURANCE

Cédric Audor

GUIAN S.A

6-8 rue Jean Jaures

92807 PUTEAUX- FRANCE
c.audor@guian.fr

With aquaculture, the fish, the crustaceans or even the molluscs you are farming represent the future income of your
business. Losing this source of income as a result of a mechanical fault, bad weather, disease or whatever will deprive
your business of its livelihood. Given these risks, aquaculture insurance is not something you can afford to ignore. It will
guarantee your future income and ensure the long-term survival of your business. The risk calculated by the insurer will
therefore be specific to each business and will naturally depend on many factors such as the type of farming, the species,
the experience of the staff and the location amongst other things.

A real case study with loss on offshore Seabream farm will show the importance of being covered for the farmers to
guarantee the future of their business. Furthermore, what is the evolution of the aquaculture insurance trade after the huge
losses in Chile in 2016 or in front of all the new technologies today developed?

Using a specialist broker and a specific policy is essential as choosing a policy working strictly on agreed value. We will
use examples on all these points based on real cases (non-specific policy proposed in some geographic area & non-agreed
value policy) will demonstrate the consequences of those two last points on the quality of the coverage for the farmer.

Consequences of a claim on the
financial results of a fishfarm

140
120

100
8
6
4
: I

-20 2008 2009 2010 2011 2012 20 2014 2015 2016

o O O O

with livestock insurance B without livestock insurance

Insurance absorbs all negative
pics of the financial accounts,
and allows you to keep your
farm

The insurance allows you to
secure your corporate social
responsibility

The result of an important claim
can be the end of the activity.

The activity is perpetuated




INPUT OF NEXT GENERATION SEQUENCING INTO THE ANALYSIS OF POORLY
STUDIED FISH VIRUSES: EXAMPLE OF CYPRINID HERPESVIRUS-3

Jean-Christophe Avarre*, Saliha Hammoumi, Ayi Santika, Zakki Zainun, Christophe Klopp, Sandro Klafack
and Sven M. Bergmann

Institute of Evolutionary Sciences of Montpellier (IRD, CNRS, EPHE, University of Montpellier), Place Eugene
Bataillon, CC 065, 34095 Montpellier cedex 5, France
jean-christophe.avarre @ird fr

Koi herpesvirus disease (KHVD) is an emerging disease that causes mass mortality in koi and common carp, Cyprinus
carpio L. Its causative agent is the Cyprinid herpesvirus 3 (CyHV-3), also known as koi herpesvirus (KHV). If data on the
pathogenesis of this deadly virus is relatively abundant in the literature, still little is known about its genomic diversity
and about the molecular mechanisms that lead to such a high virulence. In this context, we developed a new strategy for
sequencing full-length CyHV-3 genomes directly from tissues of infected fish. Total genomic DNA extracted from carp
gill tissue was specifically enriched with CyHV-3 sequences through hybridization to a set of nearly 2 million overlapping
probes designed to cover the entire length of the genome. Even though the rate of enrichment was directly correlated to
the initial viral load, results revealed that full genomes could be recovered from gill samples containing as little as 5,000
CyHV-3 copies, with a high depth (>100x) almost all along the genome. Full genome sequences of 18 CyHV-3 specimens
or isolates from all over the world as well as 9 nearly-full or partial genomes of atypical specimens were further obtained.
These latter included specimens that could not be detected by the OIE-recommended primers and/or that did not elicit the
clinical signs classically associated with KHVD. First analyses highlighted a high proportion of intra-specimen sequence
heterogeneity, suggesting the presence of mixed infections with different levels of virus variations in most specimens.
Comparison of typical specimens showed that genetic diversity at the genome scale was very low (Fig. 1) and confirmed
the existence of only two lineages, i.e. one Asian and one European. However, some atypical samples exhibited a marked
divergence (~3%), which translated into significant alterations of many predicted open reading frames. Analyses are still
ongoing, and results will undoubtedly i) help shed new light on the evolution patterns and replication strategies of this
deadly virus, and ii) contribute to the establishment of suitable measures to reduce its incidence (e.g. vaccination).
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Figure 1. Distribution of variations along CyHV-3
genomes. The curves depict the variations (SNPs,
Indels) of 3 genomes compared to KHV-J. This circular
visualization was created with CIRCOS software.
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SUSPENDED OR LOCALIZED BIOFLOC SYSTEMS:
DEFINITION, DATA AND NEED FOR FURTHER RESEARCH

Yoram Avnimelech

Technion, Israel Inst. Of Technology

Biofloc technology systems are based upon the minimal exchange of water, and a subsequent development of high microbial
biomass that can support production in those systems. The microbial biota degrade organic residues in the water, encourage
spontaneous TAN removal and control TAN concentration by the control of C/N ratio in the feed and a subsequent control
of TAN in the water. In addition, the presence of the rich biota raise feed value and utilization, increase immunity against
diseases and improve production and profit. Most existing BFT ponds are highly mixed and aerated, leading to suspension
of the bioflocs in the water. Such systems can be effective when fish (or shrimp) biomass is high (shrimp stocking rate >>
100/m?) and feeding rate above 20 g/m?, supplying ample organic substrates needed to the development of the bioflocs.
Thus, only intensive and properly equipped ponds can be properly effective as biofloc systems.

A different approach was demonstrated recently by Suryakumar and Avnimelech (2017). Vertical substrates (plastic nets)
were fixed in the pond enabling attachment of organic residues and the resultant microbiota on these nets and by this,
lowering sedimentation of organic particles on the pond bottom. The attached microbial biota was managed, similar to
management of suspended bioflocs, by locally directed water movement and aeration of the vertical substrates and through
the adjusted supply of carbohydrates to induce TAN assimilation by the attached heterotrophic biota. Such ponds are
operating as efficient biofloc system, even when stocking rates are lower than those needed for suspended BFT (e.g.
stocking with 25 PL/m?).

It is possible to properly manage fixed biofloc systems using limited aeration and mixing devices, probably without lining
all pond area, in a way enabling traditional farmers to use biofloc approach and advantages. Different formulations of fixed
supports for microbiota development are possible.
More R&D of different biofloc systems is needed.



IDENTIFICATION OF BACTERIA ISOLATED FROM CATFISH (Clarias gariepinus) FROM
SELECTED FISH FARMS IN ODOGBOLU LOCAL GOVERNMENT, OGUN STATE,
NIGERIA

Awe, F.A ; Akinyemi, A.A.; Ezeri, G.N.O.; Bankole, M.O.; Olanloye, A.O.; Hammed, A.M.; Whenu, O.O.
and Olarinmoye, O.M.

Department of Fisheries

Faculty of Science

Lagos State University, Ojo, Lagos, Nigeria
awefolalu@yahoo.com

The need for proper identification of bacterial organisms from catfish cannot be overemphasized as it provides update
information on emerging and existing organisms thereby enriching the gene bank for our catfish.

Samples of C. gariepinus were collected from Elegbeji, Sanni, Kunle, Johnson, Adewale and Awosanya fish Farms for
analysis at the Microbiology laboratory, Federal University of Agriculture, Abeokuta, Ogun State. Specimens collected
from flesh, gills and intestine were subjected to microbiological examination for colonial, morphological characteristic,
biochemical tests and molecular tests. Bio Edit was used for importing and mining nucleotides sequences into Gene Bank.
The results revealed the following bacterial organisms: Elegbeji and Sanni fish farms (1 and 2) Staphylococcus aureus,
Pseudomonas aeruginosa, Aeromonas veronii, Bacillus subtilis were identified from the skin and Gills while Enterococcus
Sfeacium was also identified from the intestines. Kunle and Johnson Farms (3 and 4) , the Major bacterial organisms identified
from skin, gills and Intestines of the fish were Staphylococcus aureus, Pseudomonas aeruginosa, Aeromonas veronii,
Bacillus subtilis, while Adewale and Awosanya Farms (5 and 6) had Enterococcus feacium and Streptococcus agalactiae.
The BLAST result is a confirmation of the bio-chemical test earlier carried out with percentage similarity ranging from
78-98% and their accession number, the bacterial organisms identified were Aeromonas veronii, Enterococcus feacium,
Pseudomonas aeruginosa, Bacteria subtilis, Staphylococcus aureus, Streptococcus agalactiae. The bacterial organisms are
present on the fish, but not invasive and only become dangerous if conditions necessary for disease initiation are present
such as susceptible host, virulent pathogen and favourable environment are present at the same time. Therefore, preventive
medicine is the solution for fish farm management, but the blast result can be build into Nigeria Gene bank data for catfish.

Table 1: BLAST Results of hacteria isolated from catfish Clarias gariepinus from selected farms

Site of Infiction ~ Narve of Bacteria Description Accessionno. % sidlarity
Skin§9 Aeromonas veromii G18 KF853564.1 81%
Gills 3G5 Bacillus subtilis M4 KF933349.1 93%
Intestine [10 Pseudomonas agruginosa strain MBL KF811604.1 0%
Skin352 Staphylococcus sp. BMP FR7197241 8%
Intestine 215 Pseudomonas agruginosa MBL KF311604.1 8%
Skin§2 Staphplococcus sp. 38MP FR7197241 90%
SkinS7 Baciltus subtihs stain TO-AJPC ~ CPO11882.1 8%
Gills G2 Staphylococeus qureus

Intestine 211 Straptococcus agalactiae 15-92MP EU075070.1 9%
Intestine 16 Enferococeus faecium strain El HG798651.1 90%
Gills 365 Baciltus subtiis isolate B-20091009  AM!10937.1 8%
Inestine 110 Pseudomonas agruginosa strain3.5.2 HM192785.1 93%
Inestine I7 Bacillus subilis gene 1631 HE612877.1 95%
Intestine [9 Pseudomonas agruginosa strain MBL KF811604.1 80%
Intestine [14 ~ Asromonas weromii strain R KF853563.1 %
Intesine [13 Enterococcus fascium

Inestine I8 Pseudomonas agruginosa strain MBL KF311604.1 81%
Intestine 213 Pseudomonassp Cfo-4 INg36274.1 9%
Gills 2G1 Aeromonas veromii strain G8 KF853564.1 81%
SkinS4 Pseudomonas agruginosa NCTC LN8310241 86%
Skin251 Aeromonas veromii strain G18 KF853564.1 %
Skin252 Aeromonas veromit strain G138 KF853564.1 W%
Skin254 Asromonas veromi strain RO KF853563.1 8%
Intestine 212 Staphplococcus aureus

Inestine 214~ Pseudomonas agruginosa NCTC 10332 LN831024.1 96%
Gills 3G2 Pseudomonas agruginosa NCTC 10332 LNg31024. 9%
Gills 3G6 Pseudomonas agruginosa NCTC 10332 LNg31024.1 94%
Gills 368 Pseudomonas agruginose NCTC 10332 LNg31024.1 95%
Gills 3G10 Pseudomonas agruginose NCTC 10332 LNg31024.1 93%
Gills 3G15 Pseudomonas asruginosa NCTC 10332 LNg31024.1 9%
Intestine 3110 Pseudomonas agruginosa NCTC 10332 LNg31024. 4%

Skin351 Pseudomonas agruginosa NCTC 10332 LNg31024. 9%6%
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ANTIMICROBIAL RESISTANCE IN BACTERIA ISOLATED FROM MEDITERRANEAN
FISH FARMING

Farah Gonul Aydin* and Emine Baydan

Dept. of Pharmacology and Toxicology
Faculty of Veterinary Medicine, Ankara University 06110, Diskapi, Ankara, Turkey
farahgonul.aydin@studio.unibo.it

Fish is an important source of food in human health, due to its rich content in polyunsaturated fatty acids. According
to data from Turkish Statistics Institute in 2016, the production rate of aquaculture products is 558.715 tonnes (TUIK,
2018), according to Federation of European Aquaculture Producers (FEAP), Turkey stands as the main producer among
Mediterranean region in the production of seabass (Dicentrarchus labrax) and gilt-head seabream (Sparus aurata); also first
in the production of rainbow trout (Oncorhynchus mykiss).

The most important loss in aquacultural production is related to the economic loss due to diseases. For the treatment of
fish diseases, 7 active compounds and several antibacterial preparations are licensed in our country and European Union.
Among these compounds, quinolone and tetracycline are the most well-known and important ones. Meanwhile, due to the
imprudent and widespread use of antibiotics, lead accumulation of antibiotics in water environment and sediment for a long
period of time leading to resistance in the target and non-target microorganisms. Resistant microorganisms are transferred
to other fish species and aquatic organisms leading to alteration of the ecological balance, causing health problems among
the consumers

In this research, samples of sea bass and gilt-head seabream as the most common cultured fishes in Aegean region and wild
fishes are collected for the isolation of Vibrio (Listonella) anguillarum and Vibrio alginoliticus to detect the oxytetracycline,
enrofloxacin and oxolonic acid resistance using conventional and moleculer methods. In this study, 240 samples (120
seabass and 120 gilt-head seabream) were collected from cage breeders and 82 samples (40 seabass and 42 gilt-head
seabream) of wild fishes were caught between 30.10.2014 to 07.09.2015.

Drug resistance were tested with disc diffusion, minimum inhibitory concentration method(MIC-microplate dilution)
according to CLSI and also molecular methods were used to determine resistance gene.

Results of this study and identification of the resistance gene in natural environment fish and cage fish in a lesser extent
confirms the research hypothesis. This situation shows the importance of the matter and makes it important to take necessary
precautions. Detection and implementation of measures should be carried out not only at the national level but also at the
international level, considering the international status of the seas.
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ASSESSMENT OF METHIONINE AND THREONINE DIETARY SUPPLEMENTATION IN
RAINBOW TROUT (Oncorhynchus mykiss) EXPOSED TO ACUTE THERMIC STRESS

R. Azeredo’, A. C. M. Rodrigues, A. P. L. Costa, M. Machado, M. Castro-Cunha, R. Rocha, L.E.C. Conceigéo,
J. Dias and B. Costas

Instituto de Ciéncias Biomédicas Abel Salazar (ICBAS-UP)
Rua Jorge de Viterbo Ferreira 228, 4050-313 Porto
mleme@ciimar.up.pt

Similar to other stress factors, seasonal temperature patterns might lead to severe biological consequences such as growth
impairment, delayed reproductive development and compromised immune performance. Nutritional strategies to enhance
health and stimulate disease resistance are currently being adopted and amino acids have been shown to have immune-
stimulating properties. Methionine (MET) metabolic pathways are also associated to key immune mechanisms such as
cell proliferation and antioxidant activity. Differently, threonine (THR) is a major component of intestinal mucin and
promotes antibody production in lymphocytes. Farmed rainbow trout (Oncorhynchus mykiss) is particularly exposed to
thermic stress due to the wide range of temperature in inland water reservoirs throughout the year. The present study aimed
at evaluating individual and synergistic effects of MET and THR dietary supplementation in rainbow trout exposed to
increasing water temperature. Four diets were formulated based on a control diet (CTRL) which formulation met the amino
acid requirement levels established for rainbow trout. To do so, MET and THR were added individually or in combination
to final concentrations of 2 x the respective requirement level and were named MET2, THR2 and MT2. Dietary treatments
were randomly assigned to triplicate tanks and fish were fed for 15 days. Water temperature was maintained at 15 °C for 6
days from which point it gradually increased to 24 over the next 9 days (1 °C per day). Fish were sampled at day 1 (TO-15
°C),day 7 (T1-16 °C),day 11 (T2-20 °C), day 13 (T3-22 °C) and day 15 (T4-24 °C). A control group fed CTRL was held at a
stable temperature of 15 °C (CTRL15) throughout the feeding trial. Blood and head-kidney samples were collected at every
time-point for cellular and humoral parameters and gene expression analysis, respectively. Preliminary results showed that
lysozyme along with neutrophils, monocytes and thrombocytes increased with temperature, regardless of dietary treatment.
When no signs of immune activation are observed, increased innate immune defenses such as lysozyme and phagocytes
are indicators of a primed immune system. Since peroxidase plasma content did not increase above levels measured at
the beginning of the feeding trial, the observed enhanced immune condition might have been the result of thermic stress-
mediated priming effect. Despite the temperature-induced increase in cell numbers, neutrophil and lymphocyte percentages
were lower in MET2-fed fish than in CTRL, which seems to suggest that MET might be involved in negative feedback
mechanisms to counteract the increasing leucocyte numbers. Despite no apparent effects of synergism or individual THR
were observed, molecular analysis is currently being carried out to evaluate possible genomic modulatory effects of these
diets not detected at the metabolic level. Nonetheless, present results expose important aspects of MET role in regulating
stress and immune responses, highlighting its potential as a functional ingredient to farmed fish.
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EVALUATION OF Moringa oleifera SEED MEAL AS REPLACEMENT FOR FISHMEAL IN
Clarias gariepinus FINGERLING DIETS

Theophilus Babalola*, John Olasunkanmi and Omoyemi Omolunnu

Department of Fisheries and Aquaculture, Federal University Oye-EKkiti, Nigeria
theophilus.babalola@fuoye.edu.ng

Adequate supply of food that is balance in energy, protein, minerals and vitamins is one of the limiting factors to fish
production. Availability of cheap and readily available ingredients for fish feed formulation is essential in any intensive
fish culture system. Scarcity and high cost of fishmeal has necessitated the research into unconventional feed resources for
aquafeed. Moringa oleifera seed meal is a potential unconventional feed resources in aquaculture. It contains high protein
(68%), high levels of essential amino acids, minerals and vitamins. The potential of this feed resources is not yet fully
harnessed in aquaculture. This study was conducted for six weeks to determine the optimum levels of Moringa oleifera
seed meal (MSM) inclusion in the diet for Clarias gariepinus fingerlings based on growth performance. Five treatments
each with three replications were used, Treatment 1 (T,) contains 25% fishmeal, Treatment 2 (T,) contains 18.75% fishmeal
and 6.00% MSM, Treatment 3 (T,) contains 12.50% fishmeal and 12.00% MSM, Treatment 4 (T,) contains 6.25% fishmeal
and 18.00% MSM, Treatment 5 (T,) contains 24.00% MSM. Fishmeal was replaced by MSM for an equal amount of
crude protein in the diets. Feed was supplied at a rate of 5% of the fish body weight. The SGR, FCR and PER in T, was
significantly (P<0.05) higher than that of other treatments. However, the SGR, final weight and weight gain of T, and T,
were not significantly (P>0.05) different, but were higher than that of the other treatment groups. The results of this trial
suggest that MSM has the potential to replace fishmeal and could be used up to 6% (25% fishmeal protein replacement)
without any negative effects on growth and feed utilization of C. gariepinus fingerlings.

Table 1. The effects of Moringa oleifera seed meal levels on growth parameters of C.
gariepinus fingerlings (mean =+ standard error of triplicate values)

Growth parameters Treatments
T T, T3 Ts Ts

Initial weight (g) 840+0.05 835+003 839+001 840+002 8.40+0.01
Final weight (g) 19.03+0.11° 18.92+0.13% 12.47+0.04° 11.50+0.02° 11.33+0.02°
Weight gain (g) 10.62+0.07° 10.57+0.16° 4.08+0.04° 3.10+0.01° 2.93+0.03"
Feed intake (g) 18.78 £0.16° 16.30+0.23* 8.02+0.33° 6.02+0.09° 4.91+0.06"
SGR (%) 1.94+002° 195+003° 094+001° 0.75+0.00° 0.71+0.01°
FCR 1.77+001° 154+004° 197+0.10° 1.94+0.02° 1.68+0.04°

PER 142+001° 1.62+0.04% 127+0.06° 129+0.02° 1.49+0.04°




MACROBENTHIC ASSEMBLAGE STRUCTURE AND DISTRIBUTION AT THE BOOJAGH
MARINE NATIONAL PARK, SOUTHERN CASPIAN SEA, IRAN

Bahrebar S. !, Negarestan H.>*, Maghsoudlo A 3, Danehkar A 4

1- Department of Marine Biology, Science and Research Branch, Islamic Azad University, Tehran, Iran

2- Department of Fisheries, Tehran North Branch, Islamic Azad University, Tehran, Iran

3- Department of Marine Science, Iranian National Institute for Oceanography and Atmospheric Science, Tehran, Iran
4- Department of Natural Resources, College of Agriculture and Natural Resources Tehran University, Tehran, Iran

Although macrobenthic assemblages are considered as major players in many ecosystems around the world, the ecology
of Caspian Sea macrobenthos is currently understudied. This study describes the species composition and quantitative
distribution of macrobenthos in the southern Caspian Sea and relates the distribution to seasonal changes at three depths
(1, 5 and 10 meter) on the Boojagh Marine National Park (BMNP) coast in southern Caspian Sea between summers 2015
and 2016. To investigate the distribution of macrobenthos in BMNP, the data of the 450 samples were analyzed. In this
study sixteen species were identified: Cerastoderma glaucum, Mytilaster lineatus, Pyrgula grimmi, Anisus kolesnikovi,
Stenogammarus carausui, Paraniphargoides motasi, Onisimus caspius, Pterocuma pectinatum, Pterocuma sowinskyi,
Pseudocuma (Stenocuma) gracile, Nais sp., Hypania invalida, Manayunkia caspica, Streblospio gynobranchiata, Hediste
diversicolor, Amphibalanus improvisus.

Among them, the non-indigenous C. glaucum was the dominant species, accounting for 27% of the total abundance and in
order P. grimmi with 14.4%, A. improvisus with 8.7%, M. lineatus with 7.9%, Nais sp. with 7.5%, N. carausui with 5.2%,
P. motasi with 5%, S. gynobranchiata with 4.5%, H. invalida with 5%, M. Caspica with 3.1%, P. sowinskyi with 2.5%, O.
caspius wWith 2.4%, A. kolesnikovi and H. diversicolor with 1.8%, S. gracilis with 1.6% and P. pectinatum with 1.5% were
in the next rank. Significant differences in abundance across the sixteen species were observed among depths and seasons.
This study highlights the potential consequences of established non-indigenous species in the southern Caspian Sea.
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LONG-RANGE PCR AND HIGH-THROUGHPUT SEQUENCING OF Ostreid herpesvirus 1

Chang-Ming Bai'", Benjamin Morga?, Jie Shi!, Chen Li!, Lu-Sheng Xin', Chong-Ming Wang'

"Yellow Sea Fisheries Research Institute

CAFS, Shandong, China

2IFREMER, Laboratoire de Génétique et Pathologie (LGP)
La Tremblade, France

Ostreid herpesvirus 1 (OsHV-1) is an important pathogen associated with mass mortalities of cultivated mollusks
worldwide. Since no cell line allows OsHV-1 replication in vitro, it is difficult to isolate enough high-purity viral DNA for
High-Throughput Sequencing (HTS). We developed an efficient approach for the enrichment of OsHV-1 DNA for HTS
with long-range PCR. Twenty-three primer pairs were designed and examined on ten OsHV-infected samples. Amplicon
mixtures from six successfully amplified samples were sequenced with Illumina platform, and one of them (ZK0118) was
also sequenced with PacBio platform. PacBio reads were assembled into 2 scaffolds compared to 9 - 68 scaffolds recovered
from the Illumina reads. Genomic comparison confirmed high genetic diversity among OsHV-1 variants. The present study
provided us a rapid method for determination of OsHV-1 genomes, which enables the study of viral population structures
and their diversity.

Ten OsHV-1 positive samples determined by qPCR and collected during mortality events in Shandong Province, China
were employed in the present study (Table 1). Primer pairs of long-range PCR (LR-PCR) were designed with the online
version of GenoFrag using the genome sequence of OsHV-1 reference. Each amplicon was set 9-11 kb in length, and
overlapped the adjacent amplicons by 500-1500 bp. All LR-PCR reactions were performed using the TaKaRa PrimeSTAR
GXL DNA polymerase, which showed high fidelity and stability in amplifying long PCR products as reported previously.

All 23 amplicons were amplified with long-range PCR for supernatants with viral DNA loads > 8.8 x 10° copies per pL .
While for specimens with viral DNA loads < 4.8 x 10° per uL, less than 13 amplicons were amplified despite optimization.

TABLE 1. Ostreid herpesvirus 1 (OsHV-1)
infected samples used for long-range PCR

Sample Date of Age* Viral

ID sampling loads
7ZK0118  August 2001 Adult 3.4 x10*

7K2002 August 2002 Adult 2.1 x 10

7ZX2003 July 2003 Adult 1.6 x 10*
7K2004 August 2004 Adult 3.2 x 10
ZK2006 July 2006 Adult 8.5 x 10

ZK2007 September 2007  Adult 4.8 x10°
ZK2008  August 2008 Juvenile 8.8 x 10°
ZK2011 August 2011 Adult 7.3 % 10°
KH201S  June 2015 Adult 4.6 x 10*
ML2015  May 2015 larva 23 x10°

TABLE 2. Summary of sequencing results.

Sample No. of Mean length Coverage
ID Scaffolds  of Scaffolds on OsHV-1
(%)

ZK0118.3 2 984,189 95.50
ZK01182 9 21,046 93.64
ZK2002 36 5,019 92.71
ZK2003 42 4,353 91.46
ZK2004 17 1,1200 95.23
ZK2008 68 2,547 88.09

KH2015 16 1,2042 91.35




THE OPTIMUM LEVELS FOR THE MIXTURE OF ANIMAL AND PLANT PROTEIN AS
THE FISH MEAL REPLACERS IN OLIVE FLOUNDER Paralichthys olivaceus

Wonsuk Choi', Seonghun Won', Kang-Woong Kim?, Bong-Joo Lee?, Hyon-Sob Han?, Sungchul C. Bai'*

'Pukyong National University, Busan 48513 Republic of Korea

2Aquafeed Research Center, National Fisheries Research & Development Institute, Pohang 791-923 Korea
3Kunsan National University, Kunsan 54150, korea

scbai@pknu.ac kr

A farm scale feeding trial was conducted to investigate the mixture of plant and animal protein, as the dietary fish meal
replacer in sub-adult olive flounder, parlichthys olivaceus. Four experimental diets with a mixture containing equal
amounts of animal and plant proteins were used to replace fish meal at 0% (control), 20 (APP20), 30 (APP30), and 40%
(APP40). Fish averaging 478+4.7g (mean+SD) were randomly distributed into 12 tanks in the farm, and fed one of the
four experiment diets in triplicate groups of 90 fish for 16 week. After the feeding trial, weight gain, specific growth rate,
protein efficiency ratio and feed efficiency were not significantly different among fish fed the experimental diets (P > 0.05).
However, feed efficiency of fish fed APP40 diet were significantly lower than those of fish fed the other diets (P < 0.05).
Survival rate, whole-body proximate composition, hematological parameters, and non-specific immune responses were
not significantly affected by the experimental diets. But intestinal villi length of fish fed APP20, APP30, and APP40 diets
were significantly lower than those of fish fed control diet (P < 0.05). Results indicated that, based on growth performance
and non-specific immune responses, the dietary animal and plant protein mixture could replace up to 30% of fish meal in
sub-adult olive flounder.

POTENTIAL USE OF THE SYNBIOTICS AS THE ANTIBIOTIC REPLACERS FOR
JAPANESE EEL Anguilla japonica AQUACULTURE IN KOREA

Haham kim, Seunghan Lee and Sungchul C. Bai*

Dept. of Marine Bio-materials and Aquaculture, Feeds and Foods Nutrition Research Center (FFNRC), Pukyong
Nat’l University, Busan 608-737, Rep. of Korea
scbai@pknu.ac kr

Three experiments were conducted to investigate the potential use of synbiotics as the antibiotic replacers for Japanese eel
(Anguilla japonica) aquaculture in Korea. For the first feeding trial, three different concentrations of Bacillus subtilis and
Lactobacillus plantarum (109,107 and 10® CFU/g diet) were tested. Results indicated that based on growth performance,
immunological parameters, gut morphology and disease resistance, B. subtilis at 10® and 10" CFU/g diets could be better
effective probiotic than L. plantarum in Japanese eel. In the second feeding trial, three different concentrations of B.
subtilis (0,0.5x107 and 1x107 CFU/g diet) with two different concentrations of MOS or B-glucan (0 and 5 g/kg diet) were
tested. Results indicated that combination of B. subtilis + MOS (0.5x107 CFU/g + 5 g/kg diet) group had better growth
performance, immunological status, gut morphology and disease resistance than did the other combinations including
control and antibiotics groups. In the third feeding trial, two probiotics, Bacillus subtilis and Bacillus licheniformis, were
tested with MOS or FOS as the prebiotics. Results showed that B. subtilis (10® CFU/g diet) with either MOS or FOS (5
g/kg diet) could have the beneficial effects on growth performance, immunological parameters and disease resistance of
Japanese eel. Therefore, the synbiotics B. subtilis (108 CFU/g diet) with either MOS or FOS (5 g/kg diet) could have the
potential as the antibiotic replacers for enhancing growth performance, immunity and disease resistance.
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IMTA ECOPATH MODEL METHODOLOGY: FOCUS ON A POND POLYCULTURE
SYSTEM

Victor Baizeau, Sarah Nahon, Sofia Gamito, Christophe Jaeger, Jo€l Aubin
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65 Rue de Saint-Brieuc, 35000 Rennes, France
baizeau.gmail.com

Fish farming is increasing worldwide and faces number of different social and environmental issues. Integrated Multitrophic
Aquaculture (IMTA) is a production system using trophic interactions in order to limit input uses and environmental
impacts. Using modelling might be an interesting way to support management and optimization of complex multitrophic
systems. The aim of this study is to provide a methodology for model building, using Ecopath software, applied on a
polyculture system based on common carp (Cyprinus carpio) culture.

In our study, Ecopath modelling methodology was supported by experimental data gathered from small pond (500m?)
polyculture system. Dataset concerned a polyculture of different species: common carp, roach (Rutilus rutilus), and Perch
(Perca fluvatilis) (140 kg/ha of introduced fish) raised for 280 days, fed with 108.5 kg of commercial pellets. Information
on chlorophyll, zooplankton and macroinvertebrates biomasses was also recorded.

A mass balance snapshot model of the system was built in Ecopath following six steps: (1) Defining trophic groups
allocated as consumers, producers or detritus; (2) Determination of biomass and production using in situ data for fish and
detritus or estimation methods for macroinvertebrates, zooplankton and phytoplankton; (3) Estimation of consumption
over biomass ratio for all consumers groups; (4) Description of the diet of each consumer group based on published data
(Fishbase mainly) and available food sources in the system; (5) the results were refined by stable isotope analysis (8'*C and
0"°N) of the different species and sources; (6) Interpretation of key outputs of Ecopath model.

IMTA are complex production systems, they require precise knowledge of trophic interactions. Ecopath software provides
an interesting tool to represent what occurs in the rearing environment. This method enlightens the use efficiency of each
trophic compartment and possible improvement solutions in terms of species stocking. Modelling can help maximising the
contribution of each trophic groups and thus fish productivity. However, running Ecopath software requires a large variety
of data, missing information can be estimated but degrade the reliability of the outputs of the model.
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Figure 1: example of trophic interactions in a polyculture pond system
under Ecopath software



PHYLOGENETICSAND EXPRESSIONANALYSIS OFTRANSCRIPTIONALREGULATION
FACTORS SOHLH IN Crassostrea gigas

Yongbo Bao*, Qian Guang, Zhihua Lin
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Zhejiang Wanli University

Ningbo, Zhejiang, 315100, PR China
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Self-renewal and differentiation of germ cells are essential for gametogenesis and reproduction. In mammals, transcriptions
factors Sohlhl and Sohlh2, two members of bHLH family, are specifically expressed in gonads, and play an important
role in spermatogonia differentiation, oocyte differentiation and primordial follicle development. Here we analyzed the
phylogenetics of Sohlh genes based on species that have completed genome sequencing. Sohlh were ancient ancestral
genes which exist in protozoan, but they had lost in many species including most of lower invertebrates, suggesting
multiple losses of SOHLH genes in species evolution. Sequence multiple alignment results also indicated that SOHLHI,
invertebrate Sohlh2 and vertebrate Sohlh2 showing very low (12-15%) similarity. These data suggest that SOHLH1 and
SOHLH?2 originated from different ancestral genes or they separated early in evolution.

Using RNA-seq, immunohistochemical and RT-PCR, we found that Cg-Sohlh1 gene specifically expressed in male gonad.
In five development stages, Cg-Sohlh1 expression increased from proliferative stage to growth stage and reached highest
in growth stage (P<0.05). The data indicated that Cg-Sohlh mainly distributes in gonad, and suggest that Cg-Sohlh1 might
be involved in the regulation of spermatogonial differentiation in spermatogenesis. Further study of Sohlh function would

be explored by RNAi and ChIP approaches.
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STIMULATION OF SUPEROXIDE DISMUTASE EXPRESSION IN THE SKIN OFATLANTIC
SALMON Salmo salar RECEIVING A SOD-RICH MELON PULP CONCENTRATE DIETARY
SUPPLEMENT AND UPON H,O, EXPOSURE

Barbé, F**, Leclercq, E ., Carillon, J., Kiron, V., Castex, M .*

* Lallemand SAS, 19 rue des Briquetiers, 31702, Blagnac, FRANCE
* fbarbe @lallemand.com

The Atlantic salmon (Salmo salar) farming industry is facing significant losses from sea lice and amoebic gill disease
(AGD), against which hydrogen peroxide (H,0,) baths are frequently applied. H,O, is a powerful oxidizer documented to
induce oxidative stress and mucosal damages. The present study investigated the effect of a melon pulp concentrate (MPC),
naturally rich in antioxidant enzyme superoxide dismutase (SOD), on skin SOD levels in Atlantic salmon exposed to a
standard H O, challenge.

Three experimental diets were prepared: a basal diet (control, C) and two MPC-containing diets, in which the MPC was top
coated at two levels (low dose: 50 mg/kg diet and high dose: 100 mg/kg diet). Atlantic salmon (~ 1.7 kg) were allocated to
these 3 dietary groups (triplicate tanks/group, 12 fish/tank) and maintained on the diets during 7 weeks prior to application
of a standard H,O, bath challenge (1500 ppm, 30 min) mimicking commercial protocols. Following the challenge, the fish
were anaesthetized and netted out for collecting the skin samples (2 cm? portion just below the dorsal fin). Endogenous
SOD (cytosolic Cu/Zn-SOD and mitochondrial Mn-SOD) levels were assessed in the skin by Western Blot immediately
before (Oh), 24h and 72h after the H,O, challenge.

The H,O, challenge induced a significant increase in skin SOD levels (Fig 1: Mn-SOD: +94% from 24h; Cu/Zn SOD: +86%
at 72h post-challenge) compared to pre-challenge levels. Supplementation with a high MPC dose significantly increased
skin SOD levels prior to and after the H,O, challenge compared to the control diet (+ 26 % to + 44 %). In comparison,
the low MPC dose induced an intermediary increase in Cu/Zn SOD and Mn-SOD at 72h only. Statistical analysis was
performed with non-parametric Mann-Whitney tests and error bars are SEM.

Exposing Atlantic salmon to H,O, increased skin SOD levels, indicating the recruitment of endogenous antioxidant defence
in response to the pro-oxidative effect of H,O,. Following 7 weeks of supplementation, the high dose of MPC further
stimulated the endogenous expression of SOD isoforms in Atlantic salmon skin, confirming previous findings in distinct
organs in rodents, laying hens and broilers. In conclusion, MPC supplementation has the potential to support the antioxidant
defence in Atlantic salmon not only under normal rearing conditions, but also when subjected to H,O, treatment. Further
studies are required to assess whether a targeted MPC feeding strategy would mitigate the adverse effects of H,O, on
Atlantic salmon skin and gill integrity. This offers a new perspective to better maintain Atlantic salmon health during the
seawater phase of its growth cycle.

Fig 2: Skin (a) Cu/Zn SOD and (b) Mn-SOD levels in
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ASSESSMENT OF MICROBIOLOGICAL PATHOGENS ON SUGAR KELP Saccharina
latissima FARMED IN COASTAL WATERS OF MAINE, U.S.A.

Olivia Barberi*, Carrie Byron, Kristin Burkholder, Adam St. Gelais, Alicia Williams, Mary Hollandbeck,
Gretchen Grebe

*Department of Marine Sciences
University of New England
Biddeford, Maine, U.S.A
obarberi@une.edu

Kelp aquaculture is a growing industry in Maine, U.S.A due to it being a low maintenance crop and a nutritious, versatile
sea vegetable. The Food and Drug Administration (F.D.A), which monitors food and crop safety in the U.S.A, currently has
no growing or harvesting restrictions on sea vegetable aquaculture. Bacterial pathogens that are potential contaminants of
kelp blades may persist in waters where kelp farms are sited. These include pathogens of human and animal origin, 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. Since kelp is often consumed raw, the possibility of these bacteria present on
algal tissue poses potential health concerns. The F.D.A regulations for shellfish aquaculture are considered for application
in sea vegetable aquaculture, but the lack of filter feeding and suggested antibacterial properties of kelp question whether
testing water is as applicable as testing kelp directly.

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. Kelp, surface water, and water at 2 m depth
were sampled from kelp farms in Saco and Casco Bays, Maine during late January-May 2018. Traditional microbiological
methods of membrane filtration and plating on selective media were used to enumerate total coliforms, Escherichia coli,
Vibrio parahaemolyticus, V. alginolyticus, and V. cholera from the kelp and water samples. qPCR analysis was utilized on
enriched kelp samples to improve detection of V. parahaemolyticus in addition to enterohemorrhagic E. coli (EHEC) and
Salmonella enterica Typhimurium, all microorganisms whose natural concentrations may be below the detection limit of
plating techniques. Variations in bacterial abundance between kelp and water samples, throughout the growing season, and
between farm locations were analyzed.

Significantly lower numbers of total coliforms and Vibrio were found in kelp compared to water sampled from Saco Bay
during May-July 2017. For kelp, total coliform plate counts ranged from 0-2 colony forming units (CFU) per 100 mL
and Vibrio ranged from 0-63 CFU/100 mL. The majority of plate counts from kelp sampled in February-March 2018
showed no coliform or Vibrio growth, with some having Vibrio presence (1-12 CFU/100 mL). Lower bacterial levels
are expected during the winter-spring (time of kelp harvest) since cold temperatures and lower tourism activity reduce
pathogen concentrations in the water. This research provides preliminary data needed for developing best management
practices regarding food safety and siting of kelp aquaculture and mitigates public health concerns with consuming sea
vegetables farmed in coastal waters.
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PRELIMINARY RESULTS ON THE ESTIMATION OF THE MINIMUM INFECTIVE DOSE
OF VIRAL NERVOUS NECROSIS VIRUS IN EUROPEAN SEA BASS Dicentrarchus labrax

Tamés Bard6cz'*, Maria E. Castellén Viaplana!, Clara P. Pérez', Simeon Deguara’

'AquaBioTech Group, ‘Central Complex’, Naggar Str., Targa Gap, Mosta MST 1761 (Malta)
*E-mail: thb@aquabt.com

The EnviGuard project was developed to provide a response to the growing need for accurate real-time monitoring of the
aquaculture industries and for a reliable and cost-effective risk management tool. It will include several detection units,
including the automatic detection of the Betanodavirus in the water. Its sensitivity will be based on the results of this study.

Viral nervous necrosis virus (VNNv) belongs to the family of Betanodavirus and is one of the most problematic diseases in
the aquaculture industry in the Mediterranean sea. European sea bass (Dicentrarchus labrax) is the most susceptible farmed
species to this pathogen. Hydrographic models can be useful in developing pathogen dispersal models and assessing
transmission risks, but robust pathogens may spread further. To understand the transmission of the disease, infectious dose
and stability of VNNv are essential parameters to be understood.

Groups of 30 fish (in duplicate) were challenged by immersion at different concentrations of VNNv consisting in 10°, 10",
10" and to 10° TCID,, mL" for 6 hours. 2 additional groups were mock infected by immersion in PBS. In order to study
the shedding rate of VNN, 2 more groups were injected intramuscularly (IM) with a dose of 10° TCID,, mL"', whilst the

stability of the virus was tested in vitro at 27°C.

Mortalities started on the 4™ day post-challenge and continued until day 13. The IM group showed a 45% average
accumulated mortality, whilst dilutions 10° TCID,, mL" and 10" TCID_, mL" had a 10 and 13% average accumulated
mortality respectively (no mortalities occurred in the other groups ). From the mortalities which occurred (41), a subsample
of 14 fish was analysed by RT-PCR and all fish were found to be positive to VNNv. The same analysis on a 10% of the
surviving fish (on the end of the experiment) showed that 100% of the IM and 10° TCID,, mL"' immersion were positive to
VNNYv, whilst only 50% of the fish from 10' TCID_ mL"' were positive, and the fish from other treatments were negative to
the pathogen. The shedding rate of the virus could not be determined because water samples of the IM tanks were negative

for VNNv. The virus could be recovered from water samples even 3 months after the challenge was performed.

From the information obtained in this study, the minimum dose of VNNV required to reliably induce infection in European
sea bass juveniles by bath immersion is approximately 10' TCID,; mL"'. The study also showed that it is a highly stable
virus. The low dose of virus required to induce infection in combination with the high resistance of the pathogen in
the environment, facilitate the onset of periodical disease outbreaks. As a consequence, the farmer might not be able to
eradicate it, but early warning by the EnviGuard system could reduce economic losses.

This study was carried out within the framework of the EnviGuard project, which has received funding from the European

Union’s Seventh Framework Programme for research, technological development and demonstration under grant agreement
no 614057.



TAPAS CASE STUDY: NUTRIENT RETENTION OF FISH FARM EFFLUENT AND
SITE ASSESSMENT FOR THE FEASIBILITY OF INTEGRATED MULTI-TROPHIC
AQUACULTURE (IMTA) IN MALTA

Tamds Bardocz*, Rachel Cox, Karl Cutajar, Alexia Massa-Gallucci

AquaBioTech Group, Central Complex, Naggar Street, Targa Gap, Mosta, MST 1761 MALTA G.C.
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Aquaculture is the fastest growing food production sector in the world, with average annual growth rates of 6-8% since
2000 (FAO, 2016). The EU self-sufficiency in terms of seafood is low, with nearly 70% of the seafood consumed being
imported. To turn this situation, EU member states prepared national strategies for an ambitious growth with 300,000
tonnes extra in 2020 (e.g, plus 25%). The EU Horizon 2020 research project ‘Tools for Assessment and Planning of
Aquaculture Sustainability’ (TAPAS) will produce scientific research data to support the sustainable expansion of coastal
aquaculture systems.

AquaBioTech Group completed a case study to quantify nutrient retention of carbon and nitrogen within a coastal
environment surrounding aquaculture pens in Malta. The samples collected include suspended sediments, Posidonia
oceanica, seafloor sediment and biofilms and were sampled using sedimentation traps and a Remote Operated Vehicle
(ROV). All samples were extracted from locations surrounding the coastal aquaculture site in order to assess the dispersion
of nutrients. The samples were analysed for *C and '*N isotopic composition to assess the dispersion of fish farm effluent
and estimate which organisms or substrate retained the most nutrients. The ROV, equipped with a video recording system
and a sediment sampler, was deployed to survey the benthic community and the presence and absence of P. oceanica,
used as bioindicator in the Mediterranean Sea. A current profiler was deployed at three distinct locations around the fish
farm to demonstrate the dominant water movement patterns. The current patterns were incorporated with the nutrient
dispersion isotopic and benthic community data to validate the nutrient waster dispersion model. This model will evaluate
the feasibility, design and optimal species for an Integrated Multi-Trophic Aquaculture (IMTA) system in Malta.

The second proposed stage of the project will be to establish an IMTA system off the coast of Malta, to utilize the fish farm
effluents for further shellfish production and evaluate the site assessment method.

This research is supported by the EU H2020 research and innovation programme within the collaborative project “TAPAS
— Tools for Assessment and Planning of Aquaculture Sustainability” (www.tapas-h2020.eu) under Grant Agreement No.
678396.
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ASSESSING BIOFOULING GROWTH ON AQUACULTURE NETS
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Biofouling is the unwanted accumulation and growth of living organisms on a submerged surface. Causing serious problems
for a wide range of marine industries and navies around the world, the impacts in the aquaculture sector cost between 5-10
% of production. Fouling restricts water exchange and causes deformation of cages and structures. As a result, nutrient
exchange and waste removal are restricted and the risk of disease increases since fouling itself can act as a pathogen vector.

To prevent and combat fouling, the use of antifouling coatings is the most widely spread approach. In the present study, the
efficacy of a commercial biocidal antifouling coating is assessed on nets and the results compared to untreated nets. Nets
were submerged at 6 m depth, in Malta, central Mediterranean Sea and monthly checked. Different endpoints were used
to assess biofouling growth on nets; The Percentage Net Occlusion (PNO) was monthly calculated using image analysis,
chlorophyll a content, biomass and species richness were evaluated in the laboratory after 268 and 369 days of exposure.

After 369 days of exposure, treated nets presented a PNO rate considerably lower than the untreated control nets. Treated
nets never exceeded 26 % of net occlusion even during the spring bloom, when untreated nets reached 94 % of occlusion.
On the same note, the organic matter accumulated in the nets until Day 369 of immersion was of 6.99 g/cm? in the control
nets, and significantly lower in the commercial nets, with 0,06 g/cm?. In terms of chlorophyll a content, on Day 268 of
immersion, the results showed 31,26 mg/m® in the treated nets and 0,91 mg/m? in the untreated nets. The total number of
species observed was also lower in the treated nets than in the untreated control nets, the latter dominated by Hydrozoa,
Bryozoa, Macroalgae and Porifera.

Overall, the application of a commercial biocidal antifouling coating with cuprous oxide successfully inhibited the
settlement of Ascidiacea, Bivalvia and Porifera species on the nets up to one year after immersion. Also, the commercial
coating reduced net occlusion by 68% during intense fouling pressure, maintaining adequate water flow through the netting
throughout the exposure period.

The use of image analysis is a reliable and non-invasive method to monitor fouling growth over time on aquaculture nets
while the assessment of species richness gives information about the spectrum of activity of antifouling coatings.

Figure 1. Nets after 211 days of immersion, at 6
m depth. A) Treated net with biocidal coating.
B) Untreated net.



OFF-SHORE CULTIVATION FOR SMALL OYSTER-FARMING COMPANIES IN FRANCE:
POTENTIAL AND CONSTRAINTS

Laurent Barillé", Pierre Gernez, Yohann Thomas, Stefan Simis, Philippe Glize, Anthony Le Bris, Frank Kane,
Lynne Falconner, Philippe Goulletquer, P. Guillotreau, B. Trouillet, Stéphanie Palmer
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In Europe, oyster production has historically taken place in intertidal zones. Shellfish farms already occupy large extents
of intertidal space, and sometimes have for more than a century. The possibility of expanding shellfish aquaculture in
intertidal areas is therefore spatially limited, and is also constrained by carrying capacity, water quality, and ecological
impacts issues. Moving offshore is considered to be a real possibility to overcome these problems. Finding new sites at
which to expand oyster aquaculture off-shore relies on the combination of different requirements, but a basic prerequisite
is to be able to obtain significant growth, survival, and quality of the product.

Bivalves are suspension-feeders that exploit the organic fraction of the suspended particulate matter (SPM), and
phytoplankton is expected to be their main food source in off-shore environment. However, this resource is characterized
by a strong temporal variability (seasonality, interannual variations) and spatial patchiness. Moreover, off-shore sites
may still be under the influence of coastal turbidity in turbid plume regions, and SPM concentrations are known to affect
the ecophysiological responses of bivalves. A combination of Earth Observation (EO) data and bivalve ecophysiological
modeling was used to obtain spatial distribution maps of growth potential from near-shore to off-shore locations. Dynamic
Energy Budget (DEB) modeling of the Pacific oyster was carried out, with satellite-retrieved Chlorophyll-a, SPM, and
temperature time-series maps used as the driving variables. Finally, many other criteria must be taken into account for site
selection and to develop spatial plans for off-shore oyster production, these related to the feasibility (e.g., spatial restrictions
due to other activities taking place) and suitability (i.e., physical, environmental, economical variables that make a possible
site more or less well-suited to production). This approach is currently being developed within the European project TAPAS
(http://tapas-h2020.eu/), from the perspective of small oyster companies run by young farmers who are interested in off-
shore bivalve aquaculture that would be compatible with their investment capacity.

This work is based in Bourgneuf Bay, south of the Loire estuary (France), where off-shore experiments have been carried
out since 2008. The biological potential of off-shore oyster cultivation is undeniable and the simple technique using bottom-
cages is not economically out of reach for small companies. Different production strategies could be envisioned, some of
them combining off-shore and intertidal cultivation. However, ten years after off-shore testing first began, this approach
remains experimental. As elsewhere in Europe, there are conflicts with fisheries and tourism, but the complexity of the
administrative processes necessary to obtain an off-shore license is perceived as a stronger barrier by farmers owning small
companies who would like to move off-shore.
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INVESTIGATION INTO THE CAUSES OF AND POSSIBLE SOLUTIONS TO FAILED
RAINBOW TROUT (Oncorhynchus mykiss) INAQUACULTURE
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In aquaculture, the term failed fish (or stunts) is a synonym for a fish with impaired growth or substantially slower growth
rate. This issue is observed throughout salmonid aquaculture, typically occurring at a rate of ~10%. However, this is
greatly increased for rainbow trout (Oncorhynchus mykiss) reared in full salinity where failure levels of >30% are often

encountered.

Although having been previously associated with
osmolarity, we hypothesis that as the fish don’t die,
this is not the route cause. Our objective is to undertake
for the first time a comprehensive assessment of
failed fish by the incorporation of information on
brood stock (strain, family), genetics, husbandry,
life cycle, anatomy, physiology and biochemistry
to isolate why these fish have impaired growth. We
also aim to develop a solution through nutrition by
testing the impact of various feeds. This holistic
approach shall allow the complete investigation
into the mechanisms involved in this phenomenon,
indicating the causes and ultimately highlighting
what preventative measures (i.e. selective breeding,
nutrition) can prevent its occurrence.

Preliminary  biochemistry results showed no
significant differences in electrolytes (Table 1)
indicating no osmoregulation imbalance in the failed
fish. Significant decreases were observed in albumin,
alkaline phosphatase, creatine kinase, creatinine,
ammonia, urea, iron, phosphate and zinc in failed
fish, with an increase in magnesium. This indicates
malnutrition and lack of protein, proving that the
fish are not eating. Further investigation on anatomy,
physiology, genetic and proteomic endpoints shall be
presented.

ALP 208.6 (20.54) U/L 27.2 (4.4) U/L*
ALT 12.9(1.78) U/L 9.3 (1.32) U/L
TBIL 1.1 (0.14) pmol/!I 4.8 (2.89) pumol/I
TP 36.2 (2.22) g/L 31.9 (2.22) g/L
ALBUM 17.8 (0.99)g/L 14.5 (0.79) g/L*
LDH 1741.8 (149.9) U/L 1723.9 (139.8) U/L
AMY 374.7 (56.67) U/L 473.1 (45.42) U/L
CK 36508.9 (6644.5) U/L  7056.4 (1626.6) U/L*
CREAT 19.6 (1.1) pmol/L  14.7 (0.87) pmol/L*
Ammonia 1406.2 (52.58) umol/L 933.2 (51.29) umol/L*
UREA 0.9 (0.05) mmol/L 0.7 (0.05) mmol/L*
SOoDIUM 130 (6.37) mmol/L 135.7 (5.64) mmol/L

POTASS 2.8 (0.24) mmol/L 3.8 (0.53) mmol/L
CHLORI 113.4 (3.87) mmol/L  124.3 (4.19) mmol/L

IRON 13 (0.97) mmol/L 10.1 (0.97) mmol/L*
CAL 2.5 (0.13) mmol/L 2.3 (0.08) mmol/L
PHOS 7.0 (0.55) umol/L 3.4(0.2) umol/L*
MAG 1.4 (0.08) umol/L 1.8 (0.76) umol/L*
COPPER 13.9 (1.04) mmol/L 13 (0.76) mmol/L
ZINC 311.5(19.63) mmol/L 155.5 (12.62) mmol/L*
Na/K 65.8 (8.73) mmol/L 56.9 (7.33) mmol/L
Globul 18.5(1.26) g/L 17.4 (1.55) g/L

Table 1. Preliminary biochemistry of
rainbow trout. n=30; * significant (<0.05).



MALE MONOSEX PRODUCTION IN TILAPIAS: A REVIEW
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Tilapia is now the second most produced group of fish in the world. With the exception of a few very specific culture
conditions, the use of monosex male populations makes it possible to optimize the profitability of tilapia production, on
the one hand by preventing reproduction, and on the other hand by taking advantage of the best growth rate of males. Two
main approaches are used to produce these monosex populations: a genetic approach based on the use of YY males (or ZZ
females in blue tilapia) or on hybridization between certain tilapia species, and a sexual inversion approach induced by
hormonal or thermal treatments. The advantages and disadvantages of each of these methods are presented. The ease of
implementation, efficiency and low cost of hormonal treatments make this approach the most widespread for the production
of male monosex populations. However, at a worldwide scale, large amounts of hormones are consequently used, which
raises debates on the sustainability of tilapia farms using such treatments, and on their consequences at least on water
quality and biodiversity. Indeed, data on the accumulation of 17a-methyltestosterone (MT) in water and sediment are few
and sometimes contradictory. In ponds, under very specific conditions, certain bacteria are capable of degrading MT. More
sustainable alternative approaches are now proposed. These include the use of genetic markers linked to sex chromosomes
or the thermosensitivity of sex differentiation.
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TRANS-NATIONAL COMPARATIVE STUDY ON PHENOTYPIC ANTIMICROBIAL
SUSCEPTIBILITY TESTING OF Vibrio vulnificus AND Vibrio anguillarum ISOLATED FROM
DISEASED FISH
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Isabelle Kempf, Emeline Larvor, Madsen Lone, Thierry Morin, Betty Van Gelderen,
Michal Voorbergen-Laarman, Eva Séker, Joop Testerink, Daniela Ceccarelli.

ANSES, Ploufragn/Plouzané Laboratory
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Antimicrobial resistance (AMR) is a major issue for both human and animal health, and requires a One Health approach.
Aquaculture is growing fast, both in Europe and at a global scale. Antimicrobials are widely used in aquaculture for
therapeutic or prophylactic purposes. However, antimicrobial usage is strictly regulated in only few countries. There is a
growing concern on good practices and other measures to support the prudent use of antimicrobials throughout the food
chain. Knowledge on AMR in aquaculture is poor compared to other animal species. AMR in aquaculture may develop in
fish and shellfish bacteria as a result of antimicrobial therapy or by contamination of the aquatic environment by human or
animal waste containing antimicrobials.

Vibriosis caused by various Vibrio species have a major economic impact in freshwater, brackish and marine fish and
shellfish culture both in Europe and worldwide. Among different species, Vibrio anguillarum and Vibrio vulnificus are
considered as severe fish pathogens. Data on AMR in Vibrio spp. from aquaculture are scarce, and, most of all, AMR testing
methods are not harmonized so far.

The aim of this collaborative study was to harmonize methods for AMR testing of these two Vibrio species among four
national veterinary public health institutes (members of CoVetLab and MedVetNet association) by sharing practices,
protocols and collections in order to test the same panel of V. anguillarum and V. vulnificus strains.

A collection of strains of V. vulnificus (n=26) and V. anguillarum (n=30) from three partners was distributed to all partners.
Susceptibility test to a panel of antimicrobial agents (oxolinic acid, florfenicol, ampicillin, sulphametoxazole-thrimethoprim
and oxytetracycline) was performed at 28°C, by two methods : the agar diffusion and the broth microdilution. Escherichia
coli ATCC 25922 and Aeromonas salmonicida ATCC 33658 were used as quality control strains. For microdilution, either
commercial (VetMic Aquatic and EUVSEC) or homemade microplates were used. All isolates were tested in each lab
using a shared protocol according to CLSI recommendations. Based on results, a provisional harmonized protocol for
AMR testing of Vibrio spp. will be drafted, allowing to compare the performances of the agar diffusion and the broth
microdilution methods. A larger trans-national study might be then required, including other pathogenic Vibrio species to
further validate these findings.

Acknowledgment to Dr. Peter Smith (NUI Galway, Ireland) for his scientific advice.
This project was supported by a grant from CoVetLab consortium.



PREVALENCE OF INTEGRONS IN Aeromonas ISOLATES FROM FISH
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Antimicrobial resistance (AMR) is increasing worldwide in humans, animals and the environment. Integrons are genetic
elements involved in the dissemination of AMR, mostly among Gram-negative bacteria. Integrons are able to capture and
express antibiotic resistance genes embedded within mobile gene cassettes Prevalence of integrons is well documented in
Enterobacteriaceae,but data are still relatively rare in Aeromonas. Due to its ecological and genetic capabilities, Aeromonas
is now proposed as an indicator of AMR dissemination in aquatic environment, and is considered, as well as integrons, as
a vehicle of dissemination of antibiotic resistance genes. The aim of this study was to evaluate the prevalence of integrons
in Aeromonas isolates from fishes: wild freshwater fishes, trout (fish farming) and diseased fishes (fish farming).

A total of 310 Aeromonas were collected in France from wild freshwater fishes (n=109, in 2014), diseased fishes (n=124,
1985-2014), and from healthy trout coming from fish farming (n= 77, in 2014/2015). Class 1, class 2 and class 3 integrons
were detected by a multiplex qPCR. Antimicrobial susceptibility of the isolates was assessed using the broth microdilution
method.

Eighty-one isolates harbored integrons. No integron was detected in isolates from wild freshwater fishes. Integrons were
present in 54.8 % of the isolates recovered from diseased fishes and in 16.9 % of those recovered from healthy trout.

Class 1 integrons were the most often detected (n=80), only one isolate recovered from trout harbored a class 2 integron.
No class 3 integron was detected.

In this study, we observed the highest prevalence of integrons in Aeromonas from diseased fishes and a higher prevalence
in trout (fish farming) compared to isolates from wild freshwater fishes. It is assumed that this trend could be linked to the
antibiotic selection pressure in fish farms, but further evaluation is necessary to investigate this point. The susceptibility
profiles of the isolates and the link with integrons are under characterization.

Table 1: Prevalence of integrons in Aeromonas

Origin Number of | Integron-
strains positive strains
(%)
Diseased fish 124 68 (54.8%)
Wild freshwater fish | 109 0 (0.0%)
Trout (Fish farming) | 77 13 (16.9%)
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CHEMICALS RELEASED BY PREDATION INCREASE THE GROWTH RATE OF YELLOW
PERCH Perca flavescens
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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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Fig. 1. Experimental design (see text for
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Fig. 2. Effects of predation odors on the
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Plants synthesize a diverse array of specialized compounds as secondary metabolites. These compounds play vital roles
in plant defense response to stress. Studies have shown that these plant-derived compounds cause a broad spectrum of
beneficial activities in animal host, providing protection against attack by various abiotic/biotic stressors. The modes
of action in mediating beneficial effects are manifold, and mostly considered to be due to their antioxidant, prooxidant,
anti-microbial, immune-modulating activities. Owing to their multi-faceted properties, there is a growing interest in using
these compounds as sources of health care products in fish and shellfish hatcheries, where significant mortality occurs due
to stress. In recent years, rapid progress has been made in understanding the bioactivities and functional mechanisms of
these compounds. This review brings this information together with contemporary advances in their practical application
in aquaculture animal health.

MECHANISMS OF PATHOGEN VIRULENCE AND HOST SUSCEPTIBILITY IN VIRULENT
Aeromonas hydrophila INFECTIONS OF CHANNEL CATFISH (Ictalurus punctatus)

Benjamin H. Beck*, Haitham Mohammed, Craig Shoemaker, Mediha Aksoy, and Eric Peatman

USDA-ARS

Aquatic Animal Health Research Unit
Auburn, Alabama 36832 USA
benjamin.beck@ars.usda.gov

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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WHAT IS EGG QUALITY IN SPOTTED WOLFFISH (Anarhichas minor)? A KEY TO
REPRODUCTIVE PERFORMANCE EVALUATION
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Spotted wolffish (Anarhichas minor) has been considered one of the most promising marine species for aquaculture
diversification in Norway and Canada. However, the long egg incubation period is very labour-intensive and space
consuming, lasts for up to five months, i.e. 800 to 1000 degree-days (dd). Furthermore, the egg survival, development and
hatching are, at present, highly unpredictable. To succeed with this new species, it is important to develop better rearing
protocols for production of high quality eggs that improve the species reproductive performance in captivity. Therefore,
early indices of fertilization and hatching rates as well as of larvae survival rates are required.

Currently three institutions in the world hold an A. minor broodstock, AMINOR/Nord University and Akvaplan-niva in
Norway and IML/DFO in Canada. In total, 38 egg batches from these three institutions were followed (14 from AMINOR/
Nord University, 11 from Akvaplan-niva and 13 from IML/DFO) between 2017 and 2018. Each egg batch was fertilized with
a pool of sperm and transferred to an incubation system. Egg batches were kept separate throughout the entire incubation
phase. We analyzed different basic egg quality parameters (size, weight, colour, ovarian fluid pH and osmolality), that can be
easily measured in the hatcheries from the time of stripping prior to fertilization (oocytes), or shortly after (fertilization rate,
initial cell cleavage) as well as the biochemical composition of the stripped eggs (fatty acids, amino acids and carotenoids).
These data were compared with egg development, hatching and larvae survival. Development rate was evaluated at 300dd
and 600dd. At hatching, larvae were weighted and measured. Yolk conversion ratio and early survival were determined
after the first week.

The comparison of the basic quality parameters and eggs development rate will help to build evaluation schemes that can
be used to select rearing protocols, breeders and gametes for in vitro fertilization. Simultaneously, the results of the stripped
eggs biochemical composition will also help to develop broodstock feeds for spotted wolffish. Presently wolffish are fed
with diets developed for general marine fishes and do not fulfill wolffish nutritional needs.

This study was supported by the WOLFEGG (project number 269726) funded by the RFF-Nord from Norway.



EFFICIENCY OF MEMBRANE STABILIZERS AND ANTIOXIDANTS IN SPOTTED
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Spotted wolffish is considered a potential candidate for aquaculture diversification in Norway and Canada. Due to the lack
of gametes synchronization it is important to have protocols for sperm storage. Cryopreservation is the preferred method
since wolffish sperm is motile at stripping, and refrigeration is not an option. Protocols in use today are suboptimal giving
a reduction in the sperm quality. Here we test the addition of membrane stabilizers and antioxidants to a cryopreservation
extender.

Sperm samples were collected from October 2017 to June 2018. Samples with more than 50% motility were pooled
together. Ten sperm pools were tested in total, five for the membrane stabilizers and five for the antioxidants. The
cryopreservation protocol followed the results by Santana et al. (2017). The following membrane stabilizers were tested:
bovine serum albumin (BSA) at 1 and 5% (w/v) and egg yolk at 5 and 10% (v/v). The following antioxidants were tested:
reduced glutathione (1 and 5mM) and taurine (10 and 50mM). The treatments were evaluated for % of motile sperm
and sperm velocity measured with a CASA system, sperm viability under a fluorescent microscope after dual stain with
propidium iodide and SYBR-14, and, additionally for antioxidant treatments, for lipid peroxidation by determining the
malondialdehyde (MDA) production. Fresh pre-cryopreservation sample, and a sample cryopreserved without addition of
membrane stabilizers or antioxidants were used as controls.

The first results (Figs 1 and 2) indicate that adding 5% BSA has a positive effect on the % of motile cells after thawing. No
improvement in the post-thawed sperm was obtained with the addition of antioxidants.
Work supported by the WOLFSTORE project (AF0078) funded by MABIT program Norway

J.Santana,B.Eggen and J. Beirdo.2017. Optimization of a sperm cryopreservation protocol for spotted wolffish (Anarhichas
minor Olafsen, 1772). AE 2017, Dubrovnick, Croatia
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This paper identifies seven key trends in the transformation of Asian aquaculture value chains. Together, these represent
an urban domestic-market-driven “quiet revolution” that is one of the defining characteristics of Asian aquaculture
development.

First, urbanisation has stimulated demand for fish as wages rise and diets diversify, during a period when capture fisheries
landings have declined. Aquaculture has emerged in response to the opportunities created. Second, the growth of fish
supply has been enabled by, and contributed to, a proliferation of non-farm enterprises providing inputs, logistics, trade, and
other services (many, though by no means all of them, small and medium scale enterprises). Third, farms and supporting
businesses have emerged in a largely ‘immanent’ or ‘unplanned’ way, supported by the provision of infrastructure (e.g.
roads, waterways, irrigation, wholesale markets). Fourth, value chains have undergone rapid technological change in all
segments as they have modernized. Fifth, structural changes have occurred throughout the chain as farms and related firms
have proliferated and become more specialized, diversified and, (occasionally) more concentrated or vertically integrated.
Sixth, product differentiation has occurred over time in line with the product cycle, as species become commoditized,
prices have fallen, and new ‘niche’ species have been introduced as alternatives. This process has resulted in farmed fish
becoming accessible to greater numbers of low income consumers. Seventh, development pathways are forged in the
context of pre-existing relations of class, power and gender that structure access to productive resources (land, capital,
technology), but have also contributed to the reworking of these relations, sometimes deepening existing inequalities,
sometimes attenuating them



INTRAPERITONEAL INJECTION OF INACTIVATED VACCINE AGAINST Streptococcus
agalactiae IMPROVES FISH IMMUNITY AND SURVIVAL OF NILE-TILAPIA (Oreochromis
niloticus) UPON INFECTION
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Streptococciosis is a fish disease caused by Streptococcus agalactiae. Because of its resistance to different antibiotics, this
bacteria causes an acute outbreak in fish farm in Brazil. A vaccine is needed to control this emergent disease and prevent
the spread of antibiotic and drug-resistant bacteria. In this study, we used inactivated vaccine to provide protection against
Streptococciosis disease in tilapia.

Three groups of tilapia (n=10) healthy and weighed 40 + 3.0 g averagely were reared in a controlled system. Vaccine prime-
injection and booster-injection were performed, in 15 days’ time interval, with 0.05 mL of inactivated S. agalactiae (10° UFC mL
1. Survival of the vaccinated fish (14 days’ post vaccination (dpv)), were evaluated after challenge with virulent S. agalactiae (10°
UFC mL™"). Blood analysis was performed weekly (1,2, 3 weeks) post challenge for hemogram.

Results showed that the relative percentage of survival (RPS) in the tilapia fish groups vaccinated was significantly high
(RPS=100) after 21 dpv. Unvaccinated fish presented several clinical signs of Streptococciosis essentially alterations in
behavior, erratic swimming, exophthalmia, skin hemorrhage. For control fish, the hemogram showed a significant decrease
in hematocrit percentage, hemoglobin and erythrocyte number of 40%, 31.5% and 35.8%, respectively, one week post-
challenge. For vaccinated fish, decreases of cited parameters ranged between 3.5% and 4.4% in the same period (Table 1).
Comparison of RPS and hemogram of control and vaccinated fish demonstrated that the developed vaccine improves the
immunity and survival of Nile-tilapia upon infection with Streptococcus agalactiae.

Acknowledgments
This research project was funded by Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP), Processes number:
2016/19816-9 and 2017/05183-7.

Table 1. Hemogram of control and
vaccinated fish, realized during the pre-
challenge period and one week post

challenge
Fish control
Ht (%) Hb Er 10°
(mm")
Pré- 26.2+3 511£0.6 1754
challenge +28.52
7 days 156+3 35405 112.5+13.5
Post
challenge
Fish vaccinated

Pré- 283+22 5.01£0.29 181.6
challenge +21.6
7 days 27429 6.09+0.4 1901+£33.5
Post
challenge

Ht (%): Hematocrit; Hb: Hemoglobin;
Er: Erythrocytes.
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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

Tibiabin Benitez-Santana®, Thomas Larsson, Aleksei Krasnov, Carlo Lazado, Bjarne Hatlen and Turid Mgrkgre
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Atlantic salmon (Salmo salar L.) were fed a commercially relevant diet with 15% fishmeal (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 (125m?®; average seawater temperature 11°C) during a 10-week period, autumn 2017. 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 (higher condition factor). The hepatosomatic and cardiosomatic
indices were similar for the dietary groups, but the livers of the krill group 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). It is concluded that dietary inclusion of krill meal in modern low
fishmeal diets has a positive effect on health and on fillet quality of Atlantic salmon.
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OMEGA-3 FATTY ACIDS AND ZINC AFFECT ROBUSTNESS AND FUNCTION OF
BARRIER TISSUES IN ATLANTIC SALMON Salmo salar
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Aleksei Krasnov, Bente Ruyter
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We have studied the effects of different levels of omega-3 fatty acids (EPA and DHA) and Zinc (Zn) on function and
robustness of skin, intestine and gills in Atlantic salmon post-smolt produced in recirculation units (RAS). These barrier
tissues are the first line of defense, providing biochemical and physical protection against environmental stressors. Five
different dietary groups were studied, through smoltification in freshwater, and 10 weeks into the seawater phase.

Results so far indicate significant effects of omega-3 and Zn on skin quality in Atlantic salmon. A high level of EPA and
DHA provided fish with a thicker connective tissue and lipid layer, compared to fish given a low level of EPA and DHA.
Fish given a high level of Zn had a smoother epidermis and higher number of mucus cells than the fish given a low level
of Zn. These differences seemed to be important for fish robustness when the fish were transferred to seawater. A number
of fish were inflicted with standardized wounds using a punch biopsy, and the wound healing process was followed for
three weeks. The quickest wound healing was seen in fish given high dietary level of Zn, while the slowest wound healing
process was seen in fish given low level of EPA and DHA. The results indicate that omega-3 and Zn strengthen the skin in
different ways, thus different levels may be used in different periods to increase robustness and barrier functions.

Intestinal structure and function was also studied. Content of EPA and DHA in proximal intestine phospholipids was
significantly increased with increasing dietary content. Intestinal barrier function was tested in an Ussing chamber, in both
proximal and distal intestine. The lower level of EPA and DHA significantly reduced the transepithelial resistance (TER),
as well as transport capacity (transepithelial potential difference, TEP), in the proximal intestine. The results indicate that
low levels of dietary EPA and DHA may impair intestinal barrier function.

Results so far indicate that nutritional factors have a significant impact on both chemical composition, structure and function
of barrier tissues in Atlantic salmon. Further studies are needed in order to find optimal nutrient levels for the different
stages during smoltification and sea transfer.
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The Australian red claw crayfish, commonly referred to as redclaw, is a relatively large freshwater crayfish, originating
in tropical Australia and Papua New Guinea. This species holds biological characteristics that make it well suited for
aquaculture. Redclaw has never been commercially farmed in Norway, although the species has recently been allowed into
the country for ornamental purposes. Redclaw is widely translocated out of its native range globally, and is considered an
invasive alien species. Hitchhiker organisms and infectious agents could potentially follow the import. In order to address
the assignments for Norwegian authorities, we assessed risks from an environmental perspective and an animal health-
specific perspective.

Being an exotic species to Norway, the redclaw was classified as a medium risk, based on the AS-ISK screening, justifying
the necessity of a full ecological risk assessment. According to the model by the Norwegian Biodiversity Information
Centre (NBIC), redclaw has a small invasion potential and minor ecological effect on local biodiversity.

However, redclaw may introduce a number of pathogenic agents that would have detrimental consequences on local fauna,
including several redlisted species. Four disease-causing agents were identified as hazards based on requirements of the
EEA agreement and guidelines from the World

Organisation for Animal Health (OIE).:

Bacilloform Virus (CqBV),

White Spot Syndrome Virus (WSSV).

the oomycete Aphanomyces astaci.

the fungus Batracochytrium dendrobaditis (BD).

B W =

Redclaw or related crayfish species can be infected or act as carriers of these pathogens. For a number of other microbial
agents and hitchhiker organisms that might follow redclaw, scientific knowledge gaps prevents conclusions regarding
hazard status.

Based on the analysis from the NBIC model, we conclude that the combination of small invasion potential and large
ecological effect (arising from introducing pathogens) puts redclaw as a “potentially high risk”, under the current climate.
The invasion potential of redclaw will increase from small to limited, if future climate changes with elevations in
temperature. In this case, redclaw will be classified as a “high risk™.

Crayfish plague is already established in Norway in a few areas, after introduction of infected signal crayfish. Since
Aphanomyces astaci (the agent that causes crayfish plague) may be transferred to areas that are plague-free, the risk
of spreading crayfish plague through import of redclaw is considered as high in the absence of specific measures. As
amphibians are very susceptible to BD, the risk of triggering disease outbreaks is considered as high.
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As a consequence of global warming, optimal farming conditions for the species common in European and Norwegian
aquaculture today will gradually move northwards in a parallel shift. Fish farms could have to be relocated and farming
technology and/or species modified in order to reduce the undesirable effects of higher temperatures. Temperatures
presently found in Southern Norwegian coastal waters will be common along the coast of Northern Norway in a 50-100y
perspective. This change in the mean temperature is not a major obstacle for farming salmon in Southern Norway. On the
contrary, culture of cold-blooded animals would in principle benefit from higher temperatures up to the point where they
exceed or compromise the biological limits of the organisms. In a biological context, increased length and occurrence of
periods with extreme temperatures may be more important, especially considering the impact of suboptimal temperatures
on the immune system and the proliferation of pathogenic agents.

Studies of the future climate show that air temperatures will rise during the 21st century. In the seas off the coast of Norway,
the temperature will raise by 1.5-2.0°.

Other major effects of the expected climatic changes along the Norwegian and North European coast the next century will
be increased intensity and frequency of storms and increased rain, plus a moderate increase of high tidal level. Such effects
will cause a need for improved technological solutions, and significant investments may be needed. However, they do not
constitute “impossible” biological or technological problems. Intense storms may, however cause damages to fish farms,
and increase the with high numbers of escaped fish, which itself is considered a major environmental problem.

Exposure to temperatures outside the ecological niche will normally affect the immune system negatively. Many diseases
may occur more frequently in warmer weather, particularly bacterial infections with bacteria or parasites adapted to
relatively high temperatures. Just as important as the temperature range of bacteria and parasites, is the temperature range
of the cultured fish. Rearing a species at too high or low temperatures inevitably may compromise the immune system,
leading to increased disease problems. For instance, important diseases such as francisellosis, vibriosis, furunculosis, as
well as several parasites are typically associated with high water temperatures. On the other hand, winter ulcers and cold
water vibriosis are typical examples of diseases occurring in cold waters. In this context, the extreme temperatures are
much more important than the middle temperatures.

Reproduction of parasites like salmon lice is temperature dependent, thus shorter generation times, and thereby increased
infestation rates may be expected with higher average temperatures.

In addition, spreading of salmon lice may be altered by increased freshwater along the coast, particularly in the fjords.
Improved modelling of water movements in fjords and coastal environment in various climatic scenarios may thus be a
useful tool for predicting changes, as is the case for predicting salmon lice spreading today.
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The project ECOAST - New methodologies for an ecosystem approach to spatial and temporal management of fisheries
and aquaculture in coastal areas — is co-funded by the COFASP — Cooperation in Fisheries, Aquaculture and Seafood
processing — ERA-net.

We aim to identify, develop and test new methodologies for spatial and temporal management of fisheries and aquaculture in
coastal areas. In this approach, we use GIS-based analysis to assess the impact of large scale industrial salmon aquaculture
on fisheries and other activities in a Norwegian fjord system.

The Hardangerfjord is Norways second largest fjord, 179 km long, located in the SW of Norway. It is a deep, steep sloped
valley both over and below the sea level. The largest depth is 893 m. Two major glaciers are present in the area (Folgefonni
and Hardangerjgkelen), both draining to the fjord. Large freshwater supplies create a hydrography typical of fjords, with a
freshwater or brackish layer at the top of the water column.

A total of 3357 MW hydroelectric power is installed in 298 power stations within the case study area. This has also been
the fundament for metallurgical industries (aluminium, ferrosilica, titanium, zinc) at several sites by the fjord. The area
surrounding the fjord is an old cultural landscape dating back to the first colonization of the country after the deglaciation.

There is a large salmon-farming industry in the fjord, with 169 sites, typically with a max. licenced biomass of ~2500
tonnes per farm. Salmon Salmo salar is the only predominant species in cage farms in the sea. In addition, there are several
hatcheries for salmon and trout Salmo trutta in the rivers adjacent to the fjords.

The main environmental impacts of the aquaculture are salmon lice, pharmaceutical compounds used against lice, escapees
and nutrient releases.

The anti-lice compounds generate ecological pressure against wild salmonids, and crustaceans, mainly shrimps whereas
excess fish feed affect the saithe and its fisheries.

GRID GeoReference Interactions Database was developed within the COEXIST project (www.coexistproject.eu), funded
by the EUs 7" Framework programme. It aims to analyse and locate conflicts as well as synergies among various coastal
activities. GRID calculates conflict scores and provides interaction matrices and maps.
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The koi herpesvirus (KHV) disease (KHVD) is induced by an aquatic herpesvirus belonging to the family Alloherpesviridae.
The disease may cause up to 100% losses inside a carp or koi (Cyprinus carpio) population. Within 10 years, the virus was
spread all over the world mainly by trade of latent or persistent healthy appearing fish. The disease have been notifiable by
OIE and EU in 2006. With this listing by EU it is forbidden to immunize carp or koi in virus free areas.

To provide an alternative to the farms and to protect the populations for losses after infection, a search for antiviral substances
were conducted. Our goal was to used algea and their products from different origins and locations for this purpose.

First investigation onto cell culture systems went very promising. Different algea products were able to reduce or to
avoid the infectivity to common carp brain cells (CCB cells) which are commonly used for KHV replication. Variable
concentration of different algea compounds avoided the replication of KHV onto CCB cells. Our hypothesis were that on
one hand the algea product damage or cover the viral envelope and the virus is not able to dock at the receptor of the cells.
On the other hand, it is also possible that the algae substrates cover the cell receptors and the virus is also not able to dock
on the cells. More investigations are necessary to clarify this phenomenon.

Based on the cell cultures experiments were planned and proceeded an experiment using SPF (specific pathogen free) carp,
free of any cyprinid herpesvirus tested by virological and serological methods.

Two compounds were found to be effective against the virus infection: i) the lyophilized algae biomass and ii) the
exopolysaccharide (EPS). The latter represents waste during the production of algae but it was most effective against the
initial infection but also as a metaphylactic measurement, when the disease had already broken out. In both scenario the
delivery of EPS was successful: i) EPS was presents for 2 to 6 weeks before the fish were exposed to the virus and ii) EPS
was add the day after the symptoms induced by KHV were visible.

In both cases, the virus induced mortality was turned down below 10%, in some cases below 5% of the population in
contrast to the not protected population.

Recently there are investigation to use EPS also against other virosis of fish like VHSV in Olive flounder (Paralichthys
olivaceus) but also for Pacific oysters (Crassostrea gigas) against the Ostreid herpesvirus (OsHV-1).
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Introduction

Both pikeperch (Sander lucioperca) and Volga pikeperch (Sander volgensis) are economically important fish species
because of the high boneless meat quality and the angling utilization as well (Bokor et al. 2007). Eurasian perch (Perca
fluviatilis) is a promising species among those that were recently introduced into European freshwater aquaculture. The
SZIU Department of Aquaculture started to investigate sperm cryopreservation in the three species since 12 years ago. The
main goals of the experiments were to develop cryopreservation protocols applicable for large amount of sperm. The aim
of our studies was also to establish sperm banks available for the hatchery practice all year long.

Materials and Methods

A freezing method was developed for pikeperch and Volga pikeperch using a simple glucose extender (350 mM glucose
and 30 mM Tris) at a ratio 1:1. Samples were freezed for 3 minutes at 3 cm of the liquid nitrogen (Bokor et al. 2007 and
2008). For the cryopreservation of Eurasian perch sperm an extender composed of 137 mM NaCl and 76.2 mM NaHCO,
(Szabo et al 2005) at ratio 1:10 was used. Freezing was carried out using a controlled-rate freezer (from 7.5°C to —160°C,
cooling rate: 56°C/min) (Berndth et al. 2016).

Results

In pikeperch, a very high hatching rate (87%) was recorded with cryopreserved sperm during in hatchery conditions (50g
of eggs). Our freezing protocol was successfully used for cryopreservation in Volga pikeperch (hatching rate: 60%). A large
amount of sperm was efficiently cryopreserved with our method in perch and was used for fertilization (72%).

Discussion

Our established cryopreservation protocols resulted successful fertilization and numerous hatched larvae in all 3 species.
However the improvement of repeatability in the methods is necessary to provide constant results. Our future aim in Percid
sperm cryopreservation also to test the optimized protocols continuously at hatchery conditions and to integrate it in the
artificial propagation.
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Fish meal are partially replaced by soybean meal, containing isoflavones: natural plant compounds that act as phytoestrogens
and may affect fish growth performance, proximate composition of muscle and fillet quality. The potential effects of
isoflavones on flesh quality and time of conservation may affect the utilization of soybean meal as an alternative protein
source in aquaculture feed.

Rainbow trout were fed three experimental diets containing different concentrations of isoflavones (0, 500, 1500 ppm) for
70 days. Then trout were slaughtered and fillets stored at 4 °C during 7 d. The dietary isoflavone levels did not affect trout
growth performance neither biometric indexes, skin and fillet colour, rheological characteristics, proximate composition,
fatty acids profile of fillet. Otherwise, the time of storage influenced some parameters such as fillet yield, skin lightness
(59.2to 51.5 from 1 to 7 d of storage, p < 0.01) and yellow index decreased (6.99 vs. 5.07, p < 0.01). Fillet pH (6.22 vs.
6.34, p < 0.01) and lightness increased (38 vs. 43.6, p < 0.01), whereas yellow index (6.20 vs. 4.52, p < 0.01) and shear
force decreased (0.94 vs. 0.80 g kg-1,p <0.01). According to storage time, trout fillet showed increased water, decreased
crude protein and increased total volatile basic nitrogen contents (19.3 vs.21.2 mg 100 g-1,p <0.01) (Table 1). As a result
of PUFAs omega-6 decrease (13.1% vs. 12.7 %; p < 0.05), omega-3/omega-6 ratio increased (1.05 vs. 1.20; p < 0.05)
during storage. Lipid peroxidation expressed as thiobarbituric acid reactive substances (TBARS) levels in fillet on day 1
of refrigeration was significantly higher than that at day 7 (p < 0.05) but no difference resulted among groups fed different
isoflavone levels, evidencing no effect of feed soy isoflavones on fillet lipid oxidation (Figure 1).

In the present study, the dietary isoflavone levels did not modify the growth performance and the quality of reared fish as
well as the biometric and physicochemical traits. Instead more substantial have been the variation on the whole fish and
fillet after 7 days of storage at 4°C. The observed variations were maintained in a range that did not compromise the product
acceptability.

Table 1. Proximate composition (%) and level of
total volatile basic nitrogen of the rainbow trout

fillets.
Diets Storage time Probability RSD
(isoflavone (T)

content, ppm)

0 500 1500 d 7d D T  DxT
Rainbow trout (No.) 18 18 18 27 27
Water (%) 768 764 765 76.0 77.1 0.55 <0.001 0.04 0.92
Crude protein (%) 190 192 192 194 189 0.38 <0.001 0.06 0.41
Ether extract (%) 231 256 252 2,65 228 0.57 006 012 0.69

(TVB-N) mgN/100g  20.0 203 205 193 212 0.73 <0.001 0.86 1.46
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Figure 1. TBARS levels in grounded rainbow trout
fillets.
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Improving feed conversion ratio (FCR) is crucial to enhance the sustainability of fish farming. Still, FCR is difficult to
improve by selective breeding as individual feed intake is difficult to measure in groups of fish.

Therefore, we tested if selection on tolerance to fasting (an easy trait to measure) over several generations could affect the
FCR of the fish.

In a first time, 764 fish were phenotyped for their tolerance to fasting calculated as the average (negative) daily growth
coefficient over two consecutive feed deprivation periods (F). F+ fish lose more weight than F- fish during fasting. The
pedigree of these fish is known back to their wild grand-parents. These fish are the 3rd generation of divergent selection
on F. F-/F- are fish with both parents F-, F+/F+ are fish with both parents F+, while F+/F- or F-/F+ are fish with one parent
of each line. In a second time, the 764 fish were arranged in 16 tanks of 1.5m? for 2 periods of 3 weeks. Fish were fed
ad libitum using automatic feeders. Uneaten pellets were counted daily to estimate the feed intake of each tank, and all
fish were weighed to obtain the weight gain of each tank. These were used to calculate the FCR of the 16 tanks for the 2
periods. 566 of these fish as well as their parents and their grand-parents were genotyped for 1,923 SNPs markers in order
to estimate the genomic heritability and the genomic estimated breeding value (GEBV) of F for all fish in all generations
using single-step GBLUP in BLUPF90.

Tolerance to fasting was heritable (h? = 0.17 £0.03) and ion 0 ion 1 ion 2 generation 3
GEBYV of F diverges in generations G2 and G3 (figure 1).
In G3, fish from the F-/F- line have the highest GEBV for

d
F. The differences between extreme lines (F-/F- and F+/ !
F+) are all significant. 94 c

In addition, the FCR of a given tank depends on the B
average GEBV of F of the fish in the tank (figure 2). This H
negative relationship is significant (P=0.01) using a one- 00 B

. X
3

wese 0

GEBV

way repeated measures ANOVA in R. Thus, the tanks
with the best FCR are the tanks with the highest GEBV
for F. Thus, selecting fish for lower weight loss during
fasting generates an improvement of FCR.

' ' ' ' ' ' ' '
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These results are important for fish farming as they show Figure 1: Boxplot of GEBV of F for the

that FCR could be improved by selecting on tolerance to different lines in the different generaﬁons_
fasting, a trait both easy to measure and heritable.
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Figure 2: Regression of the FCR of each
tank on the average GEBV of F of the fish.
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Since the mid-90s, French commercial hatcheries of rainbow trout (Oncorhynchus mykiss) initiated selective breeding to
improve growth performances, focusing on carcass traits thereafter. Now more than 800 million eggs derived from these
programs are sold worldwide. It is common practice to reproduce the same female up to 3 times. According to previous
publications, there is no result documenting the genetic parameters of successive spawning of the same individual. This
is what this work focused on through the rearing of a commercial batch originating from Viviers de Sarrance (Pisciculture
Labedan, Sarrance, France). The study is part of the BestOv project partly supported by the European Maritime and Fisheries
Fund (EMFF) and by the French Government through the FranceAgriMer national body (n°: 2016-0152).

The broodstock originated from 8 successive generations of selective breeding. 30 sires and 38 dams were crossed in a
partly full factorial mating design which created 254 full and half sib families being reared in common environment (spring
water, 14°C during pre-growing phase, 9°C afterwards). A sub-batch of 835 pit-tagged and DNA-sampled females was kept
under natural photoperiod and phenotyped at their first spawning (2-year-old, 2kg mean BW): individual length (L), body
weight after spawning (BW), drained spawn weight (SW) and size of the eggs (ES). The same females were kept under
natural photoperiod until their 2™ spawn at 3-year-old and the same measurements were recorded (only 526 individuals
due to mortality, 3.6kg mean BW). The gonado-somatic index (GSI) was calculated. Traits followed by ‘_1" and ‘_2’ were
recorded at 1% and 2" spawn. Heritabilities were estimated using VCE software, computing univariate animal mixed linear
models, where animal is a random effect, and the week of spawning being a fixed effect. Genetic correlations between two
traits were estimated with bivariate models. Accuracy of breeding values was estimated as the square root of the coefficient
of determination (CD).

All traits are heritable: e.g. from 0.32 + 0.12 for GSI_1 to 0.55 £ 0.10 for SW_1. Heritabilities tended to decrease at second
spawn: e.g.0.24 £0.10 for ES_2 or 0.38 +£0.10 for SW_2. Either at first or second spawn, the genetic correlations between ES
and SW were positive (between 0.53 +£0.14 and 0.58 + 0.18). Genetic correlations between BW or BL and GSI were negative.
The SW is tightly correlated with GSI (0.95 + 0.02 and 0.97 + 0.02). All traits at first spawn were highly correlated with the
same traits at second spawn (0.81 for ES, 0.84 for SW, 0.89 for GSI). Accuracies were rather high in this design: e.g. up to 0.72
for ES_1 and 0.63 for GSI_1. They decreased at second spawn, e.g. 0.56 for ES_2 or 0.67 for SW_2.

Spawning traits are heritable at first and second spawn. In this population, ES is not correlated with BW and BL, and is positively
correlated with other spawning traits. However, selecting for big size trout would deteriorate their GSI. The accuracies of
breeding values are higher at first spawn, and genetic correlations between traits at first and second spawn are high and
positive. This means that since the first spawn it is possible to rank correctly the best females which will outcompete their
relatives even for the next spawning events. Choosing to reproduce these females evaluated on their first spawn performances
would decrease the generation interval, and thus improve the genetic gain on these traits especially if males are evaluated on
their sib breeding values.
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Currently the Algem® PBR system has only been used for microalgae cultivation. It offers the possibility
to reproduce in a controlled situation, environmental parameters of a specific geographically region.
There are links between seaweeds biochemical properties and abiotic factors (such as temperature,
light’ s regime, photoperiod, etc.). The Algem allows this relationship to be explored in more detail.

The coordinates set in the Algem® bioreactor for the experiment were 56.4547° N, 5.4374° W (Dunstaffnage
bay). Two different conditions were simulated: one representing winter (December) and one spring-summer (May).
Temperature was kept constant at 10°C. Five grams (FW) of wild material were placed into 1 1 flasks with 500ml of
sterilized F/2. Every condition was set in triplicate. During the experiment the pH, light, growth and QY of the cultures
were monitored. Weight of samples and SGR were assessed weekly on blotted-dry sample and the medium F/2 changed
weekly. The length of the experiment was 4 weeks. Chl-a and carotenoids were estimated (Torres et al., 2014) as well as
phycobiliproteins (Pereira et al., 2012); phenol content (Folin and Ciocalteu, 1927) and FRAP (Benzie and Strain, 1996).

The Algem bioreactor proved to be an efficient method of improving the production of antioxidant compounds in O.

pinnatifida (p<0.05). These preliminary results show that cultivation conditions can be used to manipulate a species in
order to exploit it as a high-value resource in either a pharmaceutical or nutraceutical field.
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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 draft 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 and, for those populations
that are depleted, harvesting operations are conducted in a manner that demonstrably leads to their recovery; 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 other farms,
activities and communities. 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 presentation will describe some of the details of these indicators, in addition to the assessment processes that will be
required to achieve certification. The ASC-MSC standard enables producers to verify their production unit meets the
environmental sustainability and socially responsible management of their resources 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.

97



98

KEY CHALLENGES TO SALMON FARMING AT EXPOSED SITES IN NORWAY

Hans V. Bjelland*, Leif Magne Sunde, Martin Fgre

SINTEF Ocean, P.O.Box 4762 Sluppen, 7465 Trondheim, Norway
Hans.Bjelland@SINTEF.no

Several innovations and new salmon farming concepts have been presented in the past years, driven in part by constraints to
open cage farming in limited sheltered coastal areas and the persistent challenges of sea lice. In addition, the opportunity to
apply for development licences in Norway resulted in 104 submitted applications for novel concepts, a significant number of
which aim at farming in exposed locations. The on-site installation of SalMar’s Ocean Farm 1 in the autumn of 2017 marked
a paradigm shift for production of salmon at sea. There are still challenges associated with conducting fish farming and marine
operations at conventional Norwegian salmon sites using state-of-the-art technology. Both current exposed farming operations
and novel farm concepts underline these operational challenges, and the need for research and innovation in this area.

EXPOSED Aquaculture Operations is a Centre for Research based Innovation (SFI) funded by the Norwegian Research
Council’s Division for Innovation and the industry. The main objective of an SFI is to enhance the capability of the business
sector to innovate based on results from long-term research through creating close alliances between research-intensive
enterprises and prominent research groups. The EXPOSED Centre thus brings together global salmon farmers, key service
and technology providers, and leading research groups to develop knowledge and technology for robust, safe and efficient fish
farming at exposed sites. Partners in EXPOSED contribute with significant R&D to Ocean Farm 1 and several of the other
novel fish farm concepts.

With its broad and competent consortium of partners, the EXPOSED centre is well positioned to identify both challenges and
limitations to current fish farming operations, and knowledge gaps related to new farm concepts. Key challenges that increase
with increased exposure are:

1) More demanding operations — Vessels must currently berth alongside the floating collars, and thus experience large
relative motions with the structure while conducting complex handling of structures and nets during fish crowding.
Operations such as de-licing are often postponed due to unpredictable weather and sea states. Non-contact operations
need to be developed.

2) Demanding management and daily operations — Even routine operations and inspections become challenging in bad
weather. Fish farming already poses a demanding working environment. This is amplified by harsh conditions. Some
farms have prolonged periods with ocean swells and there are examples of farms that have been abandoned for this
reason. Use of robotics will be an important part of the operational tools.

3) Fish welfare under rough conditions — Treating fish in short operational weather windows and under rough environmental
conditions inflict additional stress, with a potential for higher mortality. A more holistic and knowledge-based management
system built on: observation — interpretation — decision — action, is crucial.

4) Fish escapes — 1 of 3 escaped salmon escapes under bad weather. Extreme conditions can cause structural failures and
increase the escape risk during demanding operations.

This presentation will highlight main results from R&D activities performed under the EXPOSED Centre’s six research areas
in 2017-2018.
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Copepods, thanks to their small size and high nutritional value, are critical to successful initial feeding of species of fish that
have very small larvae such as grouper, snapper, and many marine ornamentals. However, large-scale copepod production
is variable and inefficient due in part to insufficient knowledge of production trait responses to environmental parameters
such as temperature. Parvocalanus crassirostris is an attractive candidate for culture due to its small size, high fecundity,
and relative tolerance for high density culture compared to other calanoid species. In this study, we investigated the effect
of temperature on the lifespan and reproductive characteristics of P. crassirostris.

P. crassirostris cultures were reared in triplicate containers at five temperatures (20, 22.5,25,27.5,29.5°C). Sex ratio, egg
production, hatch rate, and mortality rate were monitored. Copepods were grown in three 3L containers stocked with a
cohort of eggs (1 egg mL™") laid within a 1 hour time span and fed a diet of Tisochrysis lutea at saturation density (>1000 pg
C ml") from time of hatching. Upon the first molt to the adult stage, trios of 19 and 23 were transferred into petri dishes
containing 15mL of seawater and T. lutea. There were 4 replicate dishes per replicate culture container for each of the 5
temperature treatments. New algae at 50% of the original density was fed 12 hours post stocking. At 24 hours, copepods
were pipetted to clean dishes with new water and algae. Eggs left behind were incubated for 12-16 hours (temperature
dependent) before nauplii and unhatched eggs were counted. Daily transfers were conducted until all individuals died or
the female failed to lay eggs for two consecutive days.

Sex determination was not influenced by temperature. The sex ratio was on average 1:1 at the time of maturity. Life span
for both sexes was inversely proportional to temperature. Males lived about half as long as females, with male mean
lifespan ranging from 9 (29.5°C) to 18 (20°C) days post hatch. Egg production rate was directly related to temperature,
ranging from 1.63 (20°C) to 2.33 (29.5°C) eggs™; but, the reproductive period of the females was inversely related to
temperature, ranging from 14 (29.5°C) to 35 (20C) days. Egg production and hatch rate differed among individuals but was
consistent over time within an individual during the first week of egg production. As females age, individual egg production
decreases and hatch rate variability increases, particularly toward the end of the reproductive period after the males have
died. Because of the strong effect of moderate variation in temperature on egg production and hatch rate, strict control of
temperature during culture is necessary to achieve predictable production while minimizing variability in these parameters.
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SWIM BLADDER INFLATION FAILURE IN POND-CULTURED PIKEPERCH Sander
lucioperca LARVAE

Miroslav Blecha*, Oleksandr Malinovskyi, Lukds Vesely, Tomas Policar
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When the culture conditions in recirculating systems are poorly developed, the incidence of swim bladder (SB) non-
inflation in pikeperch larvae can reach 70-100%. However, there is very limited knowledge about this phenomenon in
pikeperch populations in ponds or lakes. The aim of this survey was to assess whether non-inflation of SB occurs in
pikeperch larvae under pond conditions and to evaluate the effect of environmental factors such as surface area, pond
depth, bottom structure, and presence or absence of littoral or submerged vegetation on the rate of SB non-inflation.

This study was carried out in 19 traditional production ponds with varied physical characteristics. To estimate the percentage
of larvae without inflated SB, 300 larvae were randomly taken from each pond at 16 days post hatching. The potential
influence of the pond characteristics on swim bladder inflation (SBI) was investigated.

Of the 5700 pikeperch larvae examined for SBI, 243 (4.2%) lacked SBI. The maximum rate of non-inflated SB in an
individual pond was 17.3%. Three ponds yielded no fish with non-inflated SB. The number of larvae with inflated SB was
significantly influenced by a two-way interaction of surface area and presence of littoral vegetation. The number of larvae
with inflated SB ranged from 247 to 300 individuals in ponds without littoral vegetation compared to 279-299 individuals
in ponds with littoral vegetation. Swim bladder inflation was also significantly influenced by interaction of pond depth
and presence of littoral vegetation. Ponds without littoral vegetation and mean water depth < 0.9 m produced significantly
higher proportions of larvae without initial SB inflation (11-53 of 300 compared to 1-21 of 300 in ponds with littoral
vegetation and mean water depth over 0.9 m).

Based on the results of this study, we conclude, that: 1) ponds without littoral vegetation are likely to produce more
pikeperch with non-inflated SB; 2) the inability to inflate SB could be a source of annually unstable production of pond-
cultured pikeperch juveniles; 3) SB non-inflation might not be a problem restricted to intensive pikeperch larviculture only.
To increase the quality and quantity of pikeperch larvae and fingerlings reared in ponds, stocking of larvae in water bodies
with littoral vegetation and an average water depth > 0.9 m is recommended.

The study was supported by following projects: CENAKVA n. CZ.1.05/2.1.00/01.0024; CENAKVAII n. LO1205 under the
NPU I program, project n. CZ.02.1.01./0.0/0.0/16_025/0007370; GAJU 060/2016/Z; NAZV QK 1710310 and QK 1820354.
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Biofouling on nets and sensor equipment

Biofouling is a challenge in salmon aquaculture worldwide, and large amounts of time and money are invested in the
prevention of growth on the pen nets. One of the main strategies employed in farming regions such as Norway and Scotland
is the use of copper-based antifouling coatings. Unfortunately, these coatings are rarely able to prevent growth for extended
periods of time and, in addition, release approximately 90 % of their copper into the sea. This evokes environmental concerns
regarding the poisoning of non-target species in the area, as well as the accumulation of copper in surrounding sediments.
Finally, consumer support for more sustainable aquaculture production gives further incentive for the development of
alternative net coatings.

Similar to nets, also sensor equipment (e.g., cameras or current sensors) submerged at farm sites suffers from extensive
biofouling, which may impair the function of the device. Current strategies against biofouling rely on frequent cleaning
of equipment or the application of copper shim tape designed to prevent the attachment of organisms. The search for
alternative solutions that inhibit biofouling of sensor equipment is mainly driven by the desire for improved performance
and cost reduction, with environmental pollution playing a minor role due to the comparatively small surface area of the
devices.

Testing novel antifouling coatings for nets

The performance of six novel net coatings with either strongly reduced copper content or without copper was compared to
a commercial copper coating and uncoated nets. Two field trials were conducted to coincide with the bi-annual immersion
times of nets in Norwegian salmon farming. The results indicate that the success of a coating not only depends on the
contents of a coating, but may also differ with the biofouling species present.

Testing novel antifouling solutions for sensor equipment

The biofouling resistance of experimental stick-on films cold-sprayed with copper particles of two different loadings
was assessed in a 10-month field trial. The performance of these films taped to PVC panels was compared to commercial
copper shim tape and blank PVC surfaces. The results indicate that copper cold spray technology may present a potential
alternative to copper shim tape.
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COMPERATIVE MORPHOLOGY OF FARMED AND WILD GILTHEAD SEA BREAM
(Sparus aurata L. 1753) POPULATIONS IN AEGEAN AND LEVANTINE SEA

Tiirker Bodur
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In this study, it is aimed to understand morphological discrimination of gilthead sea bream (Sparus aurata, L, 1758) from
four wild populations (WENZ, WDGN, WKYC and WYMR) and two farmed populations (FRMA and FRMB) which
were collected along Mediterranean coast of Turkey. After photographing each specimen, 10 landmarks are determined
in order to understand morphological structure of all populations by tpsDig 232 software programme. With all landmark
measurements, PCA and DFA were used to see the discrimination of wild and farmed gilthead sea bream populations.

Canonical discriminant functions of the discriminant analysis of wild and farmed populations supported the predicted
classification correction as both farmed populations are significantly unlike to the wild populations. Loy et al (1999) found
the evidence of discrimination between S. aurata from two different hatcheries and explained this differentiation because
of different larval and post-larval rearing condition. Current study has similar results as two hatchery origin samples
are morphologically well discriminated. This might also be due to the broodstock management techniques of different
hatcheries since it has been known that they sometime mix different wild origin populations.

As a result, even though wild population separated to four different region in scatter plots of DF, it is observed that
no significant differences were found between wild populations (P<0.05), however farmed populations had significantly
different body shape than all wild populations (Fig 1). This might show that phenotype of wild gilthead sea bream
populations has not been affected by farmed fish escapees in the main aquaculture region of Turkey yet.

6.0

Function 2

~ -3
S 1.0
2 -4
g T
[ / 3
Function 1
-1,54 Figure 1. Canonical discriminant
functions of the discriminant
analysis of wild and farm
populations A (O0: WILD M:
FRMA; A: FRMB) and detailed
-4,0—

view of wild population B (I:
WENZ; O: WDGN; r: WKYC; s:
WYMR: @ : centroids)

Function 1



103

COMPARISON OF GROWTH RATES OF SOME PLANTS IN HYDROPONICS AND
AQUAPONICS

Tiirker Bodur'*, Esra Okudur?
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Aquaponics is an integrated system which combines aquaculture and hydroponics and aquaponics and hydroponics
production of plants has been becoming more popular in the markets. Therefore, in the current study, it is aimed to
understand growing performance of hydroponically and aquaponically grown of some plants. In this study, two variety of
lettuces (Lactuca sativa var. cospirina and var. caipira) and parsley (Petroselinum crispum var Italian giant) were selected
to see the leafy production performance in Mediterranean climate. The study was carried out in 250 m? plastic greenhouse
in Fisheries Faculty in Akdeniz University, Antalya, Turkey. Common (Cyprinus carpio) (average weight 155 g) and
Tilapia (Oreochromis niloticus) (average weight 127 g) were stocked in three cylindrical fish tanks (2.5 m diameter, Im
depth) in the fish unit of aquaponics (fed with 3% of their daily body weight (38% crude protein). In total 180 seedlings
(60 piece for each plants) for each cultivation type were planted in plastic pots (5 cm diameter, 5 cm depth) which have
vertical slots at the bottom and side surfaces to let the water through in and out. Seedlings were placed onto styrofoam rafts
(120cmx60cm) by 20 piece/m?*. Hoagland nutrient solution was used in hydroponic system.

As a results, hydroponically produced lettuce were showed better performance than aquaponically produced (Table 1).
However, their visual looks were very similar. Since no artificial fertilizer used in aquaponics, producer might be consider
to choose this production method in other to supply more healthy vegetables to the market. Contrary to lettuce, parsley
production was showed better growing performance in aquaponics, which the producer might be consider to produce low
cost production with healthy food. As a conclusion, it can be said aquaponics is a new and promising production method
in Mediterranean country.

Table 1. Some growing parameters of different plants in hydroponics and aquaponics

Lettuce var (cospirina) Lettuce (var caipira) Parsley (Italian giant)
Parameters Hydroponics | Aquaponics | Hydroponics | Aquaponics | Hydroponics | Aquaponics
Number of Leaf 54 45 36 33 - -
Length without 409,21 254,98 338,35 206,13 48,54 102,66
root (cm)
Leaf Length 27,72 23,12 21,37 17,29 522 3,56
(cm)
Dry weight of 0,88 0,50 0,48 0,39 18,96 30,74
leaf (g)
(Tg‘;:f‘llzg’md“mon 7546,57 4173,65 5960,02 3365,04 676,44 1784,46
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UP-SCALINGOZONETREATED SLUDGEASCARBONSOURCEFORDENITRIFICATION:
FROM THE LAB TO RAS WORKING AT COMMERCIAL SCALE

Desislava Bogner™, Frederike Schmachtl, Bjorn Mayr, Lotte Pohl, Lara Hubal, Monja Daub, Gregor Jaehne,
Mirko Bogner, Jorn Halfer, Kai Lorkowski, Matthew J. Slater
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Desislava.Boegner@awi.de

Recirculation Aquaculture Systems (RAS) have low water demands and efficient production based on the use of filtration/
sedimentation units and recycling. Denitrification filters lead to costs for acquisition, correct storage and manipulation of
commercial carbon sources. Recycling implies that sludge (feed rests and faecal debris) must be also eliminated from the
system.

In the present study we perform a batch experiment at lab scale comparing 60 min ozone-activated sludge and acetol
as carbon source for denitrification. Sources were tested at different proportions with respect to the final volume of the
reactors. Sludge was treated 24 h before use with an ozone dosage of 5 mg O, L' min"'. We used four reactors per treatment
in which 10%, 25% and 50% of the reactor volume was filled with ozone-treated sludge compared to reactors totally filled
with denitrification water and acetol as the carbon source. Over 9 days, filter bodies were mixed and reallocated to the
reactors with an adjusted initial nitrate concentration of 50 mg L' on a daily basis.

Use of ozone was then upscaled to commercial scales in RAS. We equipped a system rearing European seabass (30 kg
fish/m?) with a contactor device for the treatment of sludge with ozone. Fish were fed ad libitum with a commercial feed
(Supreme-22, 4.5 mm) Coppens International GmbH). Ozone treatment was performed until a prefixed pH level of 7.8 was
achieved with a dosage of 2 mg O, L' min™'. We assessed the denitrification performance via nitrate and carbon depletion and
characterized the process by controlling physicochemical parameters and the formation of organic and inorganic nitrogen
species in the water column of the reactors (batch experiment) and all compartments of the RAS. We analysed system
performance with and without ozone contactor and the savings in term of commercial carbon source needed. We fitted a
model to the budgeting data in order to forecast system performance and limitations under the variables used. Our results
verify that ozone-treated sludge can be used for denitrification in RAS, combined with lower concentration of commercial
carbon sources. This allows the recycling of solid wastes of the system while permitting the acclimation of the bacterial
population to the poorer carbon availability of sludge. This procedure also lowers the turbidity of the make-up water and
costs due to water discharge. Details on system performance and nutrient budgeting of the different compartments of the
system will be presented.
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AMBIENT LIGHT INTENSITY INFLUENCES GROWTH PERFORMANCE AND DIURNAL
STRESS RESPONSE OF JUVENILE STARRY FLOUNDER (Platichthys stellatus) IN
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Understanding light requirements of important commercial species is essential, particularly for species such as starry
flounder, Platichthys stellatus, held exclusively in land-based aquaculture systems where building and tank conditions
interfere with natural light. In this study we determine the influence of different ambient light intensity on growth and stress
markers of starry flounder reared in a recirculating aquaculture system.

Juvenile P. stellatus were held in triplicate at different light intensities (Low, 15 Ix, Medium, 500 Ix, High 2500 Ix) to
determine effects on growth and stress parameters.

Starry Flounder held at low ambient light intensities exhibited significantly higher weight gain after 63 days than those held
at high light intensity. Feed conversion rate and condition factor did not differ between the treatments. Fish from the high
light treatment exhibited significant decreases in daily feed intake and specific growth rate in comparison to fish reared
under low light intensities (Tab. 1). With respect to stress markers, juvenile P. stellatus held for 33 days at low, medium,
and high ambient light intensities exhibited no differences in diurnal plasma cortisol response, while blood plasma glucose
level was significantly higher in fish held at low light levels.

The present study indicates that improper high light intensity markedly reduces the growth of juvenile starry flounder
in land-based recirculating aquaculture systems without causing detectable or significant stress responses, as indicated
by concentrations and daily patterns of plasma cortisol and glucose levels. Considering growth performance, economic
constraints and pertinent animal welfare, adjustment of light conditions to maintain optimal intensities below 500 Ix is
recommended for this species in artificial rearing units.
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Cyclopterus lumpus PRODUCTION IN IRELAND
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One of the most significant threats to salmonid farming in Europe and elsewhere is sea lice. Infestations can lead to
substantial reductions in growth and survival of the salmon, additional costs to the industry for treatments and potential risk
to the environment. A reduction in the efficacy of chemical treatments (caused by growing resistance of lice to chemicals)
has resulted in a concerted effort to evaluate, develop and utilise more sustainable methods of sea lice control.

The use of cleaner fish as a biological control is a viable alternative to chemical treatments. A number of species are known
to remove the sea lice off the host, namely lumpsucker, cunner and wrasse (several species) are currently being used for this
purpose in a number countries including Ireland, Norway, Scotland, Faroe Islands and Canada.

Between 2015 and 2018, BIM (Bord lascaigh Mhara, Irish Sea Fisheries Board) funded research and production of
lumpsucker at Carna Research Station (Ryan Institute, NUIG) with >350,000 juveniles transferred from the facility
for use in an integrated pest management strategy by various salmon producers. Part of this initiative was to conduct
applied research through a number of strategic experiments. The work presented here is an overview of the production of
lumpsucker in Ireland with particular emphasis on experimental work examining feeding ration, temperature, use of hides,
feeding frequency and stocking density on lumpsucker growth and survival.
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EFFECTS OF INCREASING LEVEL OF DIETARY ORGANIC ACIDS AND NATURE-
IDENTICAL COMPOUNDS ON GROWTH, INTESTINAL IMMUNE PARAMETERS
AND GUT BACTERIAL COMMUNITIES OF EUROPEAN SEA BASS Dicentrarchus labrax
JUVENILES
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Federica D’ Amico, Marco Candela, Pier Paolo Gatta, Ester Grilli
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Despite the known beneficial effects of dietary organic acids (OA) and plant derivates in improving the performance and
health of terrestrial livestock, limited comprehensive research has been conducted to evaluate their efficacy in aquatic
animals and few data are available in European sea bass (Dicentrarchus labrax). A study was undertaken to assess the
effects of increasing dietary levels of a microencapsulated mixture of citric acid, sorbic acid and nature-identical compounds
(NIC - thymol and vanillin), on growth, intestinal immune response and gut bacterial communities of sea bass juveniles.

Four isonitrogenous and isolipidic extruded commercial diets containing the Observed species

mixture of OA and NIC (MIX) at 0.0, 0.25, 0.50 and 1.0 g kg were fed -

to triplicate fish groups of 60 individuals (initial weight 13 g) to apparent §
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satiation over 71 days. At the end of the trial fish were also exposed to sub-
optimal environmental conditions for 7 days.

Nossignificant differences (P>0.05) among diets for final body weight, specific
growth rate, feed intake and feed conversion rate were detected as well as for
viscerosomatic and hepatosomatic indexes. No significant differences among
treatments were detected in the general pattern of cytokines expression from
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In conclusion, although growth and intestinal immune-system parameters were not significantly affected at this stage,
dietary inclusion of the MIX slightly modulated the gut bacterial community indicating a possible ability to contain the
bloom of opportunistic bacterial species that can proliferate under conditions of environmental stress.

Acknowledgements: This research was funded by Vetagro S.p.A. and POR-FESR 2014-2020 Emilia Romagna grant.
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OREGANO ESSENTIAL OIL IN DIETS FOR SILVER CATFISH Rhamdia sp. LARVAE AND
JUVENILES
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Agroecology-based aquaculture emerges as a particularly interesting production alternative for rural family farmers. In such
systems, it is desirable to use means for enhancing the zootechnical performance and improving fish health from natural
products. Thus, the present study aimed to evaluate the effect of organic diet supplementation with oregano essential oil,
Origanum vulgare, on growth and resistance to the ectoparasite Ichthyophthirius multifiliis (ich) in silver catfish Rhamdia
sp larvae and juveniles. Two experiments were carried out, where a completely randomized design with five treatments
(concentrations 0,0.5, 1.0, 1.5, and 2.0 g oregano essential oil kg diet) and four replicates was adopted. In the first study,
1,200 larvae (15 days old; 20 + 5 mg and 12.97 + 1.30 mm of initial weight and length, respectively) were equally divided
into 20 polyethylene tanks (65 L) connected to a recirculation system (26 °C) with individual aeration. The diets were
prepared with certified organic ingredients and offered for 20 days, in four feeds daily. In the second experiment, groups of
20 silver catfish juveniles (initial weight 12.5 + 0.5g) were stocked in the same recirculation system previously used. The
organic diets were offered for 89 days in two meals a day. At the end of the feeding period, survival, performance, and fish
body composition were evaluated, and an experimental challenge with ich infection was performed.

Dietary concentrations of oregano essential oil had no effects on the parameters evaluated in silver catfish larvae and
juveniles (Table 1). Neither was there any influence on the accumulated mortality of the fish under challenge with ich
(Fig. 1). Oregano essential oil did not prove to be an effective dietary additive in improving the performance or increasing
resistance against ich in silver catfish.

Table 1. Zootechnical performance and body composition (wet basis) of silver catfish fed diets
containing different concentrations of oregano essential oil. 'Larvae; 2Juvenile; *Non-significant (p>0.05).

Zootechnical Oregano essential oil (g kg™)
performance 0.0 0.5 1.0 1.5 2.0
Survival (%) L' 84.58+14.2 82.50+21.1 87.50+5.2 90.83+2.2 93.33+£5.8
72 98.75+0.5  93.75£6.3  95.00+7.1 98.75+£2.5 100.0+0.0
Weight gain (g) L 0.204£0.01 0.205+0.02 0.202+0.03 0.176=0.01 0.200=+ 0.02
J 53.22+6.6 50.82+4.9  53.13+£5.2 50.21£9.9 48.87£1.6
Specific growth rate (%) L 11.60+0.29 11.66+0.63 11.58+0.64  10.98+0.33 11.58+0.37
J 1.89+0.11  1.85+0.09 1.69+0.08 1.63+0.16 1.62+0.03
Food conversion L 1.86+0.16  1.73+0.17  1.88+0.24 2.04+0.09 1.81+0.15
T 1.50+0.12  1.51+0.06 1.40+0.09 1.48+0.06 1.56+0.06
Body position of juveniles (%)
Moisture 68.35£0.69 68.31+0.66 69.73£1.16  69.31+0.23  68.98+0.73
Protein 17.22+0.51 17.53£0.36  17.91x0.66  17.61£0.96  18.03+0.47
Lipid 11.75£0.81 11.78+0.92  10.96+1.10  11.50+0.37  11.12+1.30
Ash 3.01+0.27 3.08+0.13  2.95+0.22 2.95+0.34 2.9440.17
ANOVA P ns® ns ns ns ns
Regression P ns ns ns ns ns
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Biofloc-based systems have become popular in aquaculture, both from a scientific and industrial perspective. Bioflocs in
general can serve 2 functions. They can modify environmental parameters under which the target organisms are cultured
and flocs can also serve as a source of microbial feed.

Bioflocs for these purposes should have a set of quality characteristics. In relation of environmental parameters for instance
they should have a certain nitrogen immobilisation rate and/or nitrification rate but also a desired floc volume index (in
ml/g flocs) and a minimal nitrous oxide generation rate. In relation for their nutritional value, they should have a certain,
floc size, protein content, fat content, fatty acid profile, ash content, amino acid profile, polyhydroxybutyric acid content, to
name just a few. This characteristics are often not determined, at the maximum only a few of them. Besides their putative
nutritional value, the presence of microble associated molecular patterns (so called MAMPs) must have a strong influence
on the immunological status of the target species.

These quality parameters must be determined by biofloc operational parameters. Here carbon nature, C/N/P ratio, floc
loading rate, VSS (turbidity), sheer stress (oxygenation) must all influence these floc characteristics. One can even imagine
that the aquaculture target species might have an influence on floc characteristics. In this respect, species and species
density might be important “operational parameters”.

Despite the increasing importance of biofloc systems in aquaculture unsufficient attention is given to these operational
parameters and their link with biofloc quality. The paper will present some of the limited information available on the link
between floc operational parameters and biofloc quality.

Some attentian has already been given to substrate nature and C/N ratio’s and their influence of floc quality.

Other operational parameters are much harder to control such as floc loading rate (in mg C per g biomass C per hour). Yet
it is known from for instance activated sludge plants for waste water purification that this parameters has a very important
impact on sludge characteristics such as settlement.

Finally the paper wants to discuss the desirability to report a minimal amount of operational parameters in aquaculture
reports , so that its link with biofloc quality would be revealed much faster relative to the chaotic progress that is experienced
now.
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The Erasmus+ funded BlueEDU Sector Skills Alliance for aquaculture project (Lot 1: Dec 2016 -Nov 2018) was catalysed
by anecdotal evidence of knowledge and skills gaps within the cage-based marine fish farming sector. This appeared to be
the result of a combination of:
e The deployment of increasingly technologically sophisticated equipment within an automated, industrial scale
salmon farming system,
e an influx of staff to the workforce from different backgrounds that lacked formal aquaculture training and
qualifications, and
* specialisation within the workforce, which was placing greater demands on the in-company staff development
programme.

The project is led by NTNU (Norway) and is designed to establish the current and future skills, education and training
needs of the cage farming sector in 12 countries; 6 in the north and 6 in the south of Europe. The intention is to use the
findings to inform a Lot 2 bid for a project that will develop innovative vocational education and training (VET) solutions
through a collaboration between VET providers and industry.

The partners carried out background research on current VET structures and provision across the 12 target countries and
are now engaged with more in-depth stakeholder dialogue. The 2017 Federation of European Aquaculture Producers’
(FEAP) General Assembly endorsed the importance of aquaculture VET and confirmed that there were knowledge and
skills gaps in both the north and south of Europe to address. There are many in the European aquaculture workforce, who
lack a Nationally Recognised Qualification (NRQ) and are dependent on non-formal and informal VET. Whilst mature
aquaculture VET systems are to be found in some countries, most notably in Norway, Scotland and France, they are
relatively undeveloped in others. Most Mediterranean countries appear more dependent on degree level graduates as well
as knowledge transfer from feed and veterinary supply companies. Husbandry operatives are trained on the farms as very
few pre-entry NRQs exist. European funded projects with a training element have been of some assistance, but have not led
to the development of a sustainable formal aquaculture VET system. Although there are well established VET systems for
school leavers in Norway, a mature entrant can have difficulty accessing and completing an appropriate NRQ. Conversely,
Scotland has lost its full time VET provision and is entirely reliant on work-based NQs which are available to those
individuals who wish to put themselves forward. For various reasons including the pace of technological development in
cage-based aquaculture, there is increasing reliance on in-company non-formal VET as the main mechanism for knowledge
transfer and skills development. The partners are exploring how the workforce can become professionalised through the
development of more innovative, flexible and accessible VET delivery systems and resources, and the creation of an
improved partnership between the aquaculture VET sector and industry that can be supported by relevant EU and National
agencies.
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In response to a declining supply from abalone fisheries, aquaculture production has greatly increased in recent decades.
Selective breeding has been proposed to improve growth, the main trait constraining the increase of aquaculture production.
Among abalone species, Haliotis tuberculata is in an early stage of domestication and no estimates of heritability or
genetic correlations were yet available for growth-related traits. In this context, weight, length morphology, immunity
and behaviour traits were recorded on 945 offspring from a cohort generated by the full factorial mating of 24 sires and
16 dams reared under standard conditions. SNPs were used to assign parentage of this cohort (Harney et al., Aquaculture
491 (2018): 105-113). BLUP was used to estimate additive genetic components and genetic correlations. Shell length
exhibited moderate to high heritability estimates, from 0.13 at 14 months old to 0.49 at 42 months old (figure 1). Variation
of foot colour and bled meat yield were also proven to be significantly heritable, unlike behaviour and immunity traits.
Novel phenotyping methods such as ultrasound to estimate meat yield were developed and evaluated as potential tools for
selection. A strong positive genetic correlation was observed between live weight and gonad yields, suggesting a trade-off
between reproductive effort and meat yield. Sex ratio variation was measured between paternal half-sib families. Females
were heavier at 32 months old but not at 42 months old, suggesting earlier reproductive allocation in males. As a result,
a low but significant heritability of sex ratio (0.25+0.11) was observed and moderate positive genetic correlations were
estimated between sex ratio of families and weight at 32 and 42 months old. These observations raise the questions about
sex determinism in H. tuberculata and the potential interest of selecting for high female-to-male ratios high sex ratios.
Overall, our results provide essential information to initiate selective breeding to improve growth-related traits in the
European abalone. More precise heritability estimates would however be needed to better predict the expected genetic
gains.
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Environmental issues are widely addressed in current governance through standards, certification schemes and guides of
best practices. But social issues are trickier to assess, measure and monitor. To foster improvement in social, labor and
human rights compliance within the seafood supply chain, social benchmarking should be developed to fit aquaculture
farms and boats’ needs. This means that relevant indicators must be identified and accordingly, new tools for social
monitoring would be designed.

The Social Expert Group (SMEG) is a group of experts in human rights, human-trafficking, child labor, fisheries and
aquaculture sustainability from credible organizations and companies in the Asia-Pacific region. These experts have
developed a set of metrics divided into 12 categories (see figure 1).

INTEGRATED SOCIO-ECONOMIC APPROACH

The digital social monitoring expert group aims at exploring digital social monitoring solutions to foster social and labor
improvement in the seafood supply chain. The expert group is dedicated towards doing that by (1) scoping for business
implementation and civil society relevance, (2) identify social performance indicators and matching metrics, (3) deploying
on-site digital monitoring systems as information source, (4) continuous risk assessment to debug the digital monitoring
system and (5) co-creation process involving synergy and support.

The metrics have been integrated to an online platform (Verifik8) that links environmental monitoring and social risk,
triangulating and benchmarking among different sustainability standards. The social metrics also create room for corporate
social responsibility that engenders an in-depth evaluation of issues with surrounding communities concerning resource
use.

Number of metrics

® Workers’ representation
® Grievance mechanism

® Child labour

® Fair recruitment

® Fair remuneration

17 11
15
15
® Decent working hours
® Non-discrimination and gender
" Health & safety
Fair disciplinary procedures

Community development

Freedom of movement

Forced labour

Figure 1. 12 categories of metrics and the metric
distribution.
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Sustainable aquaculture production is powered by the surge in consumer base as well as the drive for products that
deliver quality and leave little impact on the environment as a result of its production. Regulations are being tightened
hence the need to ensure that ingredient source as well as production process are truly sustainable. The need for a
seamless flow between raw material sourcing, the production process and the marketing of products while still ensuring
compliance with little effort is indeed the next level in terms of compliance monitoring. VerifiK8 helps seafood buyers
to make safer and more responsible procurements through a credible monitoring and verification software platform to de-
risk operations in their supply chain.

VerifiK8 software uses mobile devices to collect and digitalize data directly from farms and cooperatives. It triangulates
information, compares and crosschecks information with other data streams to provide solid analytics and benchmarking
of each farm against the relevant sustainability standard. The system makes all aggregated data easily accessible on a
single dashboard, from the farms to the buyers’ desktop. Our unique technology allows a cost and time effective analytics
and verification process to make certification more inclusive to medium and small-scale farms. The inclusive platform
allows data inputs from farmers, cooperatives, processors, suppliers and buyers to validate each and every transaction.
It secures aquaculture farms market outreach by proving their level of social and environmental compliance. It reduces
labor and environmental risks, while increasing food safety and productivity.

In order to do these, Verifik8 works through three channels: Data collection, Data analytics and on-Farm verification.

FARM PROFILE

ENVIRONMENT

2. Monitoring 3. Compliance

Figure 1: Verifik8 process flow

Market Access

Better
Farming o
Practices ERIFIKS
Lower Cost
Loans,
Insurances,
Premiums Responsible

De-risking the
Supply Chains

Decreasing
compliance
costs

Sourcing

Figure 2: Incentives and benefits for
farmers, processors and buyers
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The contribution of aquaculture to the world food supply has been growing steadily over the past two decades. Currently,
Asia produces almost 89% of the world aquaculture output of which shrimp farming is a major component. In 2017 the
major shrimp producers and exporters were China, India, Ecuador, Vietnam, Indonesia, and Thailand. The whiteleg shrimp
Penaeus (Litopenaeus) vannamei accounts for over 70% of Asia’s shrimp aquaculture production effectively dwarfing P.
monodon and Macrobrachium rosenbergii. There are several challenges to sustainable shrimp farming in the Asia Pacific
region with the intensive scale of operation that is the norm in most places.

Shrimp is a highly traded commodity. Quality standards and certification are currently key determinants for the sustenance of
this trade internationally. While standards designate some useful reference points for an aquaculture enterprise, certification
reinforces compliance of the production system to these standards and would help ensure the sustainability of aquaculture
systems. Food safety, social responsibility, animal welfare and environmental sustainability are the key components of
an aquaculture certification scheme. Responsible trading also involves traceability of the certified products with accurate
records of product movement. Here we review the aquaculture certification domain of Thailand.

A majority of the Thai farmers assessed, share common constraints that slow down their progress towards sustainable
practices. Over the past 40 years, new farms developed in coastal sites of Thailand have resulted in the decline of mangrove
areas by more than 50%. Farmers often lack the technical and financial capacities to fulfill the mandatory requirement
of providing environmental risk assessment reports for the farms located in sensitive habitats. Excessive abstraction of
groundwater for farming and inappropriate discharge of pond effluents are other shared issues that hinder farmers to reach
compliance. Apart from environmental issues, the social aspects related to worker conditions, particularly those of seasonal
workers such as harvesting personnel are difficult to assess because of their number and the short working periods in farm
sites. The lack of evidence to demonstrate migrant working conditions is one of the key issues for social compliance.
There are also several issues to be addressed beyond certification. The need to make improvements, assess risks, open new
markets and expand the distribution and acceptability of shrimps from Asia demand greater effort to keep product quality
and appeal to high-value international markets.
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Hybridization of escaped farmed Atlantic salmon (Salmo salar) with wild populations occurs throughout their native range,
and can threaten population stability and persistence. Nonetheless, an understanding of the consequences of single escape
events on wild salmon populations remains limited. We apply SNP-based screening following a single large aquaculture
escape in the Northwest Atlantic and report evidence of wide-spread interbreeding through the broad landscape-scale
detection in rivers of hybrid and feral salmon (i.e. 27.1% of individuals, 17/18 rivers). The proportion of hybrids varied
significantly across and within rivers. Binomial mixed models and logistic regression showed increased proportions of
hybrid or feral offspring within smaller rivers (p<0.0001). Within-river distribution of individuals of farmed descent
was strongly associated with the migration effort required to reach a given spawning site; farmed and hybrid proportion
decreased significantly (p<0.05) with increased elevation, geographic distance and the presence of obstructions. This
supports previous observations that escaped farmed Atlantic salmon are less capable than wild individuals when faced with
migratory challenges, which results in reductions of farmed and hybrid individuals in upstream spawning sites relative to
downstream locations.

Repeated annual sampling from this cohort revealed a clear temporal signal of the escape event, with decreases in the
presence of domestic alleles over time consistent with selection against domestic genotypes in the wild. Our research
demonstrates that interbreeding with escapees following a single escape event can be wide spread, and levels of hybridization
vary spatially and are associated with recipient population size and landscape features. Consideration of spatial variation
in levels of hybridization and the estimates of the strength of selection against hybrids will be essential for the evaluation
of impacts that escaped farmed salmon impose on wild Atlantic salmon populations.
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In aquaculture production, fish are exposed to stressful stimuli, including those related to industry intrinsic processes, such
as handling and vaccination. These stressful situations can affect animal welfare, having potential effects on production.
Previous studies have shown that fish present variability in behavioral responses when exposed to environmental pressure,
describing two opposing stress-coping styles: proactive (adrenaline based, active coping or ‘fight-flight’) and reactive
(cortisol based, passive coping or ’conservation-withdrawal’). Due to the differential/different characteristics of these
responses, both in the behavioral as in the physiological aspects, some authors suggest that proactive fish will fare better
in stable, plentiful, high-density environments, while reactive individuals will best thrive in environments with sparse,
unpredictable resources, and low animal densities. In recent years, there has been a growing interest in this subject, since
differences in coping styles could influence crucial aspects, such as growth performance, disease resistance and fish welfare.

The present study aims to evaluate how fish with different coping styles respond to the stress of vaccination over time. For
that purpose, fish were firstly screened for coping styles and posteriorly subjected to the stress of a bath vaccination against
vibriosis (Vibrio anguillarum). Sampling was divided in four time-related experimental groups: control (TO0), 1 day post-
vaccine (T1), 3 days post-vaccines (T3) and 7 days post-vaccine (T7). Molecular, endocrine and biochemical endpoints
were evaluated in plasma, gills and liver of the tested animals. Cortisol and glucose were measured in plasma, while
gene expression of immune, oxidative stress and lipid metabolism related genes was assessed in liver and gills. Finally,
biochemical parameters related to oxidative stress (TOS, TAC, EA) were also measured in liver and gills.

Results show that one day after bath vaccination (T1), significantly higher plasma cortisol and glucose levels were observed
in the reactive group of fish, when compared with its respective control group (TO) (Fig. 1). A significant difference
in glucose levels was observed between proactive and reactive groups at day 1 post-vaccination. Differences in gene
expression were found between groups in immune, oxidative stress and metabolism related genes.

Figure 1. Cortisol and glucose
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Introduction

Since the early 1970s it has become clear that the overfishing of the Atlantic bluefin tuna in the Mediterranean has led
to a large depletion of the biomass present for spawning. The International Commission for the Conservation of Atlantic
Tunas ICCAT came up with a recovery plan which was based on strict yearly quotas starting with 12,750 t in 2008 and
progressing with limited increases yearly until a predicted quota of 32,000 t in 2020. Whether the indicative , increasing
biomass observed in the last three years will continue is unknown. The aim of the TOR project is to provide millions of
DNA tagged larvae for release into the sea, thus thwarting egg predators before they hatch and assisting the spawning
ABFT. The use of molecular markers thus overcoming the problems of previous mark and recapture experiments in terms
of numbers and assessment of success rates.

Material and Methods

e 48 ABFT (average weight 90-150 kg) in a sea cage (@ 30 m, depth 20m) as a broodstock

* Low stocking density to support animal welfare

* Broodstock Food will be only out of MSC-certified sustainable sources

* Broodstock management and supplementary feeding will be according to proven methods during the decade of research
carried out in the EU DOTT projects.

e Egg collection after spawning (natural or induced) and incubation of eggs until hatching on a sea based platform.

e Restocking Events: Larvae release (millions of larvae each year) into natural spawning grounds (Each female can produce
up to 3 million eggs per spawning event — Multiple-Spawners)

e Traceability of the offspring - using molecular biological techniques of DNA parental markers

* No antibiotics used for the captive broodstock and no chemical treatments of the larvae

 Use of both inshore and offshore aquaculture facilities together with newly developed hatchery techniques

e Pilot program is planned over a 3 year trial period which could be extended and broodstock can be released for scientific
purposes at the end of the project.

Results and Discussion

The fertilized eggs that will be collected daily in large quantities from the offshore broodstock cage will be incubated in
special floating incubators so that they can hatch on site in a contained environment. Upon hatching, they will be released
at a site a few kilometers further out in the open sea, away from the cages so as to improve their survival opportunities. This
method will thus improve larval survival as it will remove the added threat of depletion by early predators and will most
probably lead to higher survival rates than those that occur in the natural situation if the spawned eggs are not collected
and released away from the cages site. Since all broodstock animals will be DNA “fin-printed” individual parents can be
identified and spawning success estimated for each broodstock whether under natural spawning, or induced spawning.
These DNA “fin-prints” are passed on to the millions of offspring which are produced during each spawning event and
modern Molecular Techniques allow us to tag millions of fish for release and later re-identification of their DNA in adult
tuna at the market in 3- 5 years’ time. The pilot project can be used over the next 3 years to provide evidence that Stock
Assessment and Recovery can be supported by Aquaculture based technologies within the Mediterranean.
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Introduction

Forecasted long-term trends in environmental parameters, induced by climate changes, need to be included in the ongoing
and future management of shellfish farming, in order to attempt a sound adaptation to changes that are likely to affect these
activities (Cochrane et al., 2009; FAO, 2015). The present work, carried out within the H2020 project Climefish, focuses
on the assessment of Mediterranean mussel Mytilus galloprovincialis growth potential along the Western Northern Adriatic
coast, Italy, an area in which mussel farming has traditionally been practiced on longline farms. The work was carried out
by means of individual based mathematical models of the mussel.

Materials and methods

Different individual models, based on Scope for Growth and Dynamic Energy Budget formulations, available for the
Mediterranean mussel M. galloprovincialis were used in this work. Core model forcings are water temperature and
chlorophyll-a concentration; additional forcings include Particulate Organic Carbon and Total Suspended Matter
concentrations. The growth-potential was mapped by performing model simulations under current conditions and under
future scenarios of climate change. This was carried out by considering 2 Representative Concentration Pathways
(RCP) scenarios, RCP 4.5 and 8.5. Downscaling for forcing variables were taken both from the EURO-CORDEX, and
biogeochemical model outputs (ERSEM) recently produced in the framework of the CERES H2020 project. Uncertainty
was assessed by means of a Monte-Carlo approach, which considered farming practices and environmental conditions as
input factors of the analysis. Uncertainty in mussel growth trajectories with respect to different factors was evaluated by
means of a Monte-Carlo approach. Explored factors included: 1) mussel adsorption efficiency, which changes linked to
changes in the average composition of particulate organic matter, in this coastal area highly influenced by river discharges;
2) mussel seedling and harvesting time schedule, presenting variability within the late spring-summer time window; 3)
water temperatures in the investigated scenarios RCP4.5 and RCP8.5: for each scenario 14 different downscalings were
made available within the EURO-CORDEX experiment; 4) different mussel model formulations and parameterization.

Legend
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Figure 1. Model estimations, growth performance was assessed as days required for
reaching the market size of 50 mm from seeding. Avg=average; CV= coefficient
of variation.

(Continued on next page)
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Results and discussion

The analysis performed allowed to map the expected long term changes in growth performance in the area, to estimate
their uncertainty, and to identify further research needs. An indicator of mussel growth performance, the “Time required to
Reach the Commercial Size of 5 cm” (TRCS), expressed in days, was taken into account. Statistics were estimated for each
cluster of simulation and in each decade (from 2006-2015 until 2045-2055). The average TRCS is expected to increase of
10 days under RCP4.5, while maximum TRCS is predicted to increase of almost 4 weeks (25 days) under the same scenario.
The minimum TRCS does not present any change under RCP 4.5. Overall, increase/decrease of TRCS present differences
within average and maximum values predicted for RCP4.5, and between RCP4.5 and RCPS8.5. Simulation results present
high variability, due to uncertainty in input data. Sources of this uncertainty must be further investigated. With respect to
our simulations, very relevant were: a) variability in downscaling, for water temperatures, Particulate Organic Carbon, and
Chlorophyll-a; b) future changes in farming practices.
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Introduction

Aquaponics is an integrated technique that supports aquaculture and vegetable production by combining recirculating
aquaculture systems (RAS) and hydroponics. Many fish and vegetable species are potentially suitable to be farmed in
aquaponics and in these last decades many different combinations have been proposed (Goddek et al., 2015; Forchino et
al., 2017). This contribution is aimed at presenting the key objectives and first results of BLUEGRASS, a project founded
in the framework of Interreg V-A Italia-Slovenija Programme with a duration of 30 months, which started in October 2017.
The project overall goal is to present the aquaponics technique, and sustain its development in the region. In particular,
we will focus here on the results of a market analysis and their utilization to support the designing of two pilot aquaponic
systems.

Materials and methods

Based on the experience gathered in previous analyses (Milicic, 2017). An online dynamic questionnaire was published
in the Internet from December 2017 until March 2018. The questionnaire included numerical answers, closed questions,
semi-closed and open questions and Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). Printed versions
of the questionnaires were also distributed during local events in Italy and Slovenia (e.g. traditional fests, farmers markets,
Aquafarm 2018 aquaculture fair). Consumers were invited to compile the questionnaire through different social media,
healthy food blogs, and by networking activities (i.e. involving university students, local buyer groups, etc.). Based on the
results of the market analysis, preferences of consumers interested in aquaponics products freshwater fish and vegetables
were assessed, and different combination of fish and vegetables species to be grown in aquaponics were identified and
ranked.

Aquaponic system characterization

1.

vl 1
Marketanalyﬂs‘ﬁ %

Stakeholders engagement 1]

2. (aquaponic working groups) | %
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System design ‘ %

Figure 1. Layout of the methodology used for characterizing aquaponic productions in
the Bluegrass project.
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Results and discussion

Almost 300 questionnaires were collected among consumers in Italy and Slovenia. Questionnaires allowed to assess
consumers awareness about aquaponics, and their acceptance of aquaponics products. In general, products with local
origin resulted to be appealing for consumers. Results of the market analysis were used to identify priorities in terms of
species production to be tested in the two aquaponics pilot systems, which are going to be deployed in Italy (Porcia) and in
Slovenija (Koper). Trout and perch were identified as the most interesting fish species in both areas. In terms of vegetables,
lettuce was the most interesting crop for both Italian and Slovenian consumers. Italian consumers reported high interest
also on strawberries and tomatoes, while Slovenian reported remarkable interest in rampion.

Systems are going to be used in the remaining 18 months of duration of the project as operational tools for the involvement
of local stakeholders, such as potential farmers, product customers, perspective workers. During this time frame, different
combinations of the proposed crops will be tested, in order to assess technological challenges and market opportunities in
the area.
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Gracilaria sp. (GRA) is used for agar extraction, generating solid residues (extraction waste). The use extraction wastes to
be reintroduced into the production cycle has generated great interest as a mean to improve the sustainability of industries.
Solid residues from agar industries may contain several antioxidants compounds. To confirm this assumption, we analysed
indicators of antioxidant capacity on the waste generated from GRA extraction and compared with GRA ethanolic extracts.
Synthetic antioxidants [butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), vitamin C (Vit C) and vitamin
E (Vit E)] were tested in extracts and wastes. Agar extraction was carried at 95 °C (EW) or 25 °C (AEW) for 1 hour. The
extraction wastes were reextracted with ethanol (purity: 96 %) at 60 °C for 3 h. For control group, GRA were directly
extracted with ethanol at 25 °C (SW/25) or 60 °C (SW/60), for 3 or 6 hours.

Total phenolic content (TPC) of both SW/25/3 (33.07 + 4.04) and EW (31.76 + 5.16) were significantly higher (4 fold-
change) than those in the SW/60/3 (7.52 + 3.32; P=0.00) and SW/60/6 (7.08 + 3.20; P=0.00) and significantly higher (1.5
fold-change) than those in the SW/25/6 (25.02 +7.21; P=0.00 and P=0.028, respectively) and AEW (20.53 + 1.47; P=0.00).
TPC expressed as mg phloroglucinol (PGE) equivalent g dry extract. The o, o-diphenyl-f3-picrylhydrazyl (DPPH) radical
assay was performed as indicator of free radical scavenging. Results were expressed as efficient concentration (EC, ), which
represents the concentration required to reduce 50% of free radicals. Lower EC, represents higher free radical scavenging
ability. Lower EC,  was detected on AEW (838. 49 £ 95.57) and SW/25/3 (1212. 52 + 114.42). Instead, SW/60/6 (249722
*486.57) and SW/60/3 (2920.66 + 837) had the higher EC, for the all samples tested. In addition, experimental extracts
presented higher EC, than those in the Vit C (5.08 + 0.34), Vit E (10.11 + 0.92) and BHA (13.10 + 5.73). Interestingly,
EC,, of AEW and SW/25/3 was similar with that in the BHT (822. 51 + 104.49). EC,  expressed as g ml"'. Thiobarbituric
Acid Reactive Substances (TBARS) is an indicator of lipid peroxidation. The TBARS content in homogenate of fish liver
was quantified to analyse the lipid peroxidation inhibitory potential of experimental extracts. Units were expressed as mM
TBARS g tissue. The highest inhibition of TBARS was observed on the EW (6.98 +0.22) and AEW (7,01 £0.18) at 50 mg
ml! (P<0.000). Similar results were observed for Vit E (6.99 + 0.22) at 0.75 mg ml"'. On the other hand SW/60/6 (8.03 +
0.27), SW/60/3 (8.06 £0.17), SW/25/6 (8.53 £0.11) and, SW/25/3 (8.10 £ 0.21) showed the lowest inhibition of TBARS
at 50 mg ml! which were not significantly different of that in the Vit C (8.46 £0.22) at 0.75 mg ml"' (P>0.05). Instead, BHA
(1.84 £0.22) and BHT (2.29 + 0.41) exhibited inhibition of TBARS in all experimental extracts tested.

In conclusion, at high concentrations, agar extraction waste of GRA presented similar antioxidant capacities with those
showed by synthetic antioxidants. Considering extraction conditions of GRA, our work indicated that high extraction
temperature (60 °C) and high extraction time (6h) can affect negatively the TPC as well as the free radical scavenging
ability of SW extracts. This study suggests that agar extraction waste of GRA represents a natural and sustainable source of
compounds with antioxidant capacity with potential application to supplement animal feeds.
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In order to meet the increasing global demand for food, a greater part of the human food consumption will need to be
based on mariculture at lower trophic levels, e.g. cultivation of macroalgae. Macroalgae are, by volume, the largest group
of species in aquaculture, with a global production of 2.7 x 107 t yr', of which 88.3% is produced in China, 6.6% in South
Korea and 4.4% in North Korea (FAO 2016). Interest in macroalgal aquaculture in the Western hemisphere has soared
lately, and it has been suggested that in Norway alone the value of the industry based on cultivated macroalgae may have
a turnover of 4 x 10°euro yr' by 2050.

Today, macroalgae cultivation is limited to inshore waters, in competition with natural kelp forest areas. However, space
is one of the factors limiting the expansion of the growing aquaculture industry, which is why areas outside the coastal
region is evaluated for future kelp cultivation. For spatial planning and resource management of both inshore and offshore
macroalgal cultivation, it is important to consider the temporal and spatial variability in the key environmental variables
important for kelp growth, such as light and nutrients.

In the present talk, the 3D hydrodynamic-biogeochemical model system SINMOD coupled with a kelp growth model, is
used to estimate the cultivation potential for sugar kelp (Saccharina latissima) in Norway. S. latissima is the most important
kelp species currently being cultivated in Europe. The results are spatially explicit, and allows for comparing the suitability
of different locations for kelp cultivation, both inshore and offshore (Fig. 1). Simulation results are compared with growth
data from cultivation facilities. Furthermore, relationship between the dynamic simulation model and in situ observations
on density of natural kelp communities in Southern Norway are explored. The simulation results are finally incorporated
with management-relevant GIS information (existing aquaculture, fairways, protected areas, fisheries zones etc) in order to
illustrate how dynamic kelp modelling can be applied in spatial planning.

This research was funded by the Research Council of Norway (grants no.267536 “KELPPRO” and 267536 “MACROSEA”)
and the counties of Mgre og Romsdal and Trgndelag. HPC resources were made available through NOTUR grant no.
NN2967k.

Figure 1. Model-based spatial index of the
cultivation potential for Saccharina latissima
in Norway.
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The Adriatic sturgeon, endemic of Po River basin and Northern Adriatic Sea area, is the only one still surviving of the
three species once present in Italy, thanks to a variety of conservation actions conducted in the last almost 30 years by
different public and private entities. The report traces the whole history of the conservation of the Adriatic sturgeon, trying
to combine the main actions carried out into a single collage, pointing out their successes, but also emphasizing the need
for a national coordinated activity, in which different high-level skills can be combined in a synergistic and more effective
conservation effort. The different activities carried out, in fact, have been crucial for the preservation of the species, but
managed without any global coordination led to a suboptimal management of the residual population at different levels:
1) choice of individuals to reproduce to maximize genetic diversity, ii) establishment of training and releasing protocols to
maximize the fitness for survival of the reintroduced animals, iii) organization of an effective and coordinated monitoring
activity.

STATUS UPDATE ON GLOBAL STURGEON AND CAVIAR PRODUCTIONS TO THE END
OF 2016

Bronzi Paolo
WSCS (World Sturgeon Conservation Society), Vedano al Lambro (MB), Italy
aerespe @mac.com

Rosenthal Harald,
WSCS, Neu Wulmstorf, Germany

The data presented are based on official data as well as on information obtained from other scientists, farmers and traders.
Even though not complete and sometimes integrated with indirect information, the scenario shown seems to be quite
reliable. During the last 35 years, high demand and good perspective for caviar markets together with the drastic decline of
the natural populations and the consequent protection measures, made the production of farmed caviar very profitable and
has led most of the farmers to rear sturgeons mainly for caviar production. Looking at this profitability, several new entities
entered in this business, both in the natural range of sturgeons and also in countries out of the natural range. At present
about 56 countries with more than 2150 plants are involved in sturgeon farming, both for meat production and for caviar,
with estimated global productions respectively of more than 130,000 t and 330 t in 2016. This development met almost
unprepared markets. Due to the increasing of availability of the product and the not yet analogous increasing of the market,
the prices have decreased and the profitability of this activity has becoming less interesting and the first signs of trouble
have begun to appear, even if some signs of a new market segment, alongside with the traditional rich one, seem to appear.
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PCR is one of the most commonly used diagnostic tests for pathogens of importance to the aquaculture industry. While
PCR has many benefits including sensitivity, specificity and efficiency, it provides no information regarding the viability
of the pathogen detected.

Culture is the gold standard to establish viability of any pathogens detected. However, culture can however yield false
negative results due to poor sample quality, the target pathogen being outcompeted, inappropriate use of nutrient media or
cell line or the pathogen being in a viable but non-culturable state. In addition, culture can be time consuming with delays
affecting management decisions for farming activities, responses or export consignments.

As RNA degrades more rapidly than DNA, RNA may be used as a marker for cell viability. However associating a positive
RNA signal with viability is problematic. For example, due to its instability RNA is difficult to extract in high quality and
is prone to contamination with RNA-degrading enzymes.

The use of nucleic acid intercalating dyes coupled with PCR, termed “viability PCR” (VPCR) has been proposed as
a reliable method to assess viability. These dyes work by passing through cell walls of pathogens with compromised
membranes (i.e. dead cells) and binding with the nucleic acid. This nucleic acid/dye molecule is then exposed to light of
a certain wavelength which crosslinks the nucleic acid thereby inhibiting or significantly suppressing its amplification by
PCR (Figure 1).

This technology is highly applicable in the aquaculture industry and has the potential to be used to detect live pathogens in
fallowed sites, to limit or avoid cross reactivity of PCR tested autogenously vaccinated fish, or to be used as a pre-step to
next generation sequencing, hence limiting background reads from contaminants or dead pathogens.

New Zealand’s Animal Health Laboratory is undertaking a project to apply VPCR for testing for aquatic animal pathogens.
The aim of this project is to optimise and validate vVPCR for aquatic animal pathogens and to transfer this method to a
high-throughput platform. This project uses model bacterial and viral pathogens for experimental trials. To date, vPCR is
showing promise as a tool to be incorporated into the diagnostic laboratory toolbox.
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Figure 1. Real-time PCR plot showing suppression of amplification
in sample treated with dye.
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The Omega-3 polyunsaturated fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are essential
dietary nutrients for human health. With finite supplies and a growing global population, availability is well below the
minimum recommended intake, particularly in low income countries. One option to improve access is based on the fact,
while some seaweeds can contain small amounts of EPA and occasionally DHA, the metabolic precursor alpha-linolenic
acid (ALA) can be abundant in many terrestrial plants and seaweeds. As some fish including carp and tilapia can convert
dietary ALA to EPA and DHA, and these are two of the main cultured species in India and sub-Saharan Africa respectively,
there is potential to exploit this endogenous pathway by supplementing ALA-rich non-conventional ingredients (e.g.
freshwater plants, seaweeds, some microalgae, and microbes) to enhance the EPA and DHA levels in consumed fish.
However, in addition to the nutritional properties of these ingredients, their potential acceptability by fish farmers must be
elicited to ensure utilisation and long-term adoption as part of improved feeding practices.

The Theory of Planned Behaviour (TPB) is a well-used theory in agricultural studies to establish the motives behind
farmers’ decisions about technology adoption but it has so far found few applications in aquaculture. Its relevance to
aquaculture development and the adoption of improved fish feed is examined here through a case study of Indian carp
farmers’ perceptions of the attributes of fish feed containing non-conventional ingredients, and factors influencing their
intention to use these feeds.

Results show that farmers familiar with the use of manufactured feed display a more positive attitude to the inclusion of non-
conventional ingredients in fish feed than those who aren’t. Compatibility with current farming practices, incentives, peer
pressure, perceived relative advantage of the innovative feed compared to current feed, risk minimisation and convenience
are key factors behind farmers’ intention to use fish feed containing non-conventional ingredients. By eliciting ex-ante
fish farmers’ intrinsic motivations for changing their feeding practices, we identify the behavioural factors that condition
the long-term adoption of technological innovations enhancing both animal and human welfare. This study underscores
the valuable insights that can be gained from the application of the TPB to aquaculture development, and its relevance in
designing the interventions promoting technological innovations among fish farmers.

This research was undertaken as part the SNIPH (Sustainable New Ingredients to Promote Health) project led by the
University of Stirling, UK and funded by the Newton Fund Global Research Partnership in Aquaculture of the UK’s
Biotechnology and Biological Sciences Research Council (BBSRC), the UK Department for International Development
(DFID) and the Indian Department of Biotechnology (DBT).
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Women’s participation in all sections of the aquaculture value chain is huge but their opportunities for further development
have not kept pace with the rapid growth of the sector. Good sex-disaggregated statistics are missing for aquaculture, in
all spheres — from industry, academia, producers in all corners of the world, and most aquaculture policies are gender-
blind. Women are the bulk of workers in post-harvest and product transformation activities. On small-scale farms, women
and men frequently work together, carrying out different but complementary activities. In medium and industrial scale
aquaculture enterprises, women are at the lower end of responsibilities and pay scales. As production intensifies, women’s
engagement drops. Few are found in managerial positions. This situation is mirrored in aquaculture research. Despite a
growing number of female students undertaking aquaculture courses and high-level degrees, and more women entering
highly skilled employment, the contribution of this growing pool of talents remains in the shadow.

There are signs that momentum is growing to redress this situation. Aquaculture can empower women, increase their
economic freedom and lead to better household food security and nutrition, but these benefits are not automatic. We stress
that in aquaculture — as in many other economic sectors - gender equality is in the detail and must be advocated for rather
than expected to arrive from some sense of natural justice. Examining gender issues in aquaculture requires delving into
the specificities of both the sector and women’s involvement in it. Attention needs to be paid to the species grown, the type
of equipment used, the organization of work, the predominant socio-economic and cultural contexts and their influence
on men and women’s attitudes, access to knowledge and assets, empowerment and control over production. This needs to
happen at all stages of the development cycle of aquaculture projects and enterprises.

In support of this, collection and dissemination of sex-disaggregated and other data relevant to gender equality should
be mandated in every jurisdiction and systematically used in aquaculture planning and development. Gender should be
mainstreamed in policies, toolkits and guidance on aquaculture development. More research is needed on what makes
women lose (or retain) control over their activities as the scale, intensity and profitability of aquaculture production grows.
Gender equality targets should become commonly integrated in all aquaculture certification, accreditation, labour policies
and practices. Aquaculture practitioners need good technical instruments for gender-responsive planning, indicators of
progress, training and communications.

Promoting gender equality in aquaculture requires challenging both conscious and unconscious bias against women’s
participation and progress, and this should be everyone’s responsibility in the sector.
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In 2007, the ecosystem approach to aquaculture (EAA) emerged from discussions between the Food and Agriculture
Organization of the United Nations (FAO) and international aquaculture experts on how to move aquaculture development
towards greater sustainability. Ten years since its inception, it is timely to critically examine the use and mainstreaming of
the EAA in aquaculture development to date, and consider its possible evolution in the next decade.

We systematically searched citations of key EAA publications in the academic and related literature for the period 2007 to
2016 and analysed all relevant FAO publications and project documents. We assessed the lessons learnt from the past decade
of EAA experiences, the opportunities the EAA has created, and the links between the EAA and the new development
agenda.

Our findings suggest that mainstreaming the EAA in planning processes has raised awareness of the usefulness of holistic
and participatory approaches in aquaculture and helped to steer the sector towards greater sustainability. However, the
approach has had varying degrees of resonance and uptake with different user groups. The emphasis on spatial planning
that has developed as part of the EAA implementation efforts, and close links between the EAA and initiatives such as
“Blue growth”, constitute significant opportunities for the future of the approach, although its ability to tackle increasingly
complex governance issues may be limited.

As part of the updating and reconsideration of the EAA’s raison d’étre, we recommend that climate change adaptation and
visibility of small-scale producers gain more prominence, and that ongoing developments within and outside the aquaculture
sector (e.g. SDGs, value chain developments, other planning approaches) be closely taken into account. Reinvigorating the
EAA through wide stakeholder consultations and discussions is now needed to ensure its continued relevance in the next
decade, and we call upon the FAO to lead this process.
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In the Western Indian Ocean, seaweed farming is a small-scale activity carried out mainly by women. Introduced 30 years
ago in Zanzibar, seaweed farming is very important for their livelihoods. Women producers are, however, confronted with
many challenges: inadequate technology, climatic variations, low yields, economic inefficiencies and social and cultural
constraints. Tubular nets have recently been piloted and are showing promise over the traditional ‘off-bottom’ peg and
rope technology to improve seaweed productivity and local ecosystem conditions. However, tubular nets are more suited
to deeper water, and thus, require either swimming or boat handling skills that most women do not have. Moreover, little
is known about the economic profitability of the technology, its potential cultural acceptance, as well as its impact on
livelihoods and women’s empowerment. These economic and cultural factors are pivotal in the sustained adoption of
the technology. Whilst the trials of Kappaphycus (cottonii), a higher-value seaweed, grown in tubular nets are showing
encouraging results that must be capitalised upon, it must also be shown that this innovation benefits women by acting as a
vector for their emancipation before it is scaled out to the wider region. The promotion of the use of tubular nets therefore
requires a gender-sensitive approach that gives women producers full control over all farming tasks and contributes to their
empowerment and better work conditions.

The goal of Sea PoWer, a winner of the Blue Economy Challenge award (http://theblueeconomychallenge.com), is to
achieve an adapted seaweed technology that is ready for scaling out and wide adoption among women producers in the
Western Indian Ocean. We will show how the results of the growth trials in Zanzibar are validating the effectiveness of
tubular nets for enhanced seaweed productivity, seaweed quality and coastal ecosystem services. Using insights from the
producers themselves, elicited through an enquiry embedded in the Theory of Planned Behaviour and gender analysis, we
will share how our gender-sensitive approach to the introduction of seaweed farming innovation is contributing to both the
adoption of tubular nets and women’s empowerment. We will also highlight the remaining challenges that need to be lifted
to ensure the sustained use of tubular nets and their transformative impact on the lives of women producers.

Sea PoWer and its team are grateful for the funding received from the Government of Australia’s Department of Foreign
Affairs and Trade (DFAT) and from SwedBio, a programme of the Stockholm Resilience Centre, Sweden.

Seaweed seedlings in the tubular nets.
Photo credit: C. Brugére.
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The effectiveness of sea urchin restocking activities is dependent on the locomotor behaviour of released individuals, and it
is important given that animals must quickly find food and shelter to avoid predation. In this study, we compared locomotor
performance of laboratory-raised (Reared) juvenile Paracentrotus lividus (1.2-1.8 cm) with wild-harvest conspecifics
(Wild) of similar size.

Locomotor performance was evaluated in absence (Indoor), partial (Closed) and total (Open) exposure to external cues.
Indoor was conducted under laboratory conditions using a cylindrical tank coated on the inner side with a white plastic cloth.
Closed was set up in the sea by using a white circular plastic cloth to cover the bottom and enclosing it with a white plastic
ring. Open was set up in the sea without cloth or enclosure-ring. For each exposure, sea urchins were individually placed
in the centre of a rough cylindrical stone and movement was recorded with a time-lapse camera (5 sec intervals). Video
images were analyzed to calculate latency of locomotion, average speed, straightness-of-path and locomotor direction.

In Indoor, Reared resulted in a 87% lower latency and a 45% higher speed than Wild, while similar locomotion was
obtained in Closed and Open. Closed and Open showed different results in comparison with Indoor for the latency of
locomotion (35% and 92% lower in Closed and Open, respectively), the average speed (46% and 38% higher in Closed and
Open, respectively) and the trajectory (26% and 29% more linear in Closed and Open, respectively) (Two-way ANOVA).
Locomotion was oriented to north-western direction only for Reared-Open and Wild-Open (Rayleigh’s test).

Locomotor behavior of P. lividus is influenced by the availability of external cues. The absence of cues (Indoor) resulted in
a higher latency time, lower speed, tortuous trajectory and random directionality compared with exposure to external cues
(Closed and Open). Even though Reared had never been exposed to external stimuli or wild conditions, they displayed
the same behaviour as Wild, suggesting the locomotion in sea urchins is an innate behavioral adaptation. Similar behavior
displayed by Reared and Wild gives support to the potential feasibility of sea urchin restocking, specifically in terms of
motion pattern in wild growing conditions.
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This study investigated the potential cultivation of Ulva lactuca in aquaculture wastewater systems with the aim of
decreasing ecological and environmental impacts of wastewater by decreasing dissolved inorganic nutrients.

Nutrient uptake and growth of U. lactuca were evaluated in Mugil cephalus wastewater and compared with U. lactuca
cultivated in estuarine water. Fresh thalli were cultivated in outdoor aquaria for 10 days in 5 L transparent cylindrical tanks,
three replicates. Gentle aeration was provided to the tanks. The uptake of dissolved inorganic nitrogen (DIN), dissolved
inorganic phosphorous (DIP), biomass yield (dry weight) and specific growth rate were assessed every two days.

On completion of the experiment, U. lactuca showed higher assimilation of DIN in estuarine water (95.7 + 0.3%, mean +
SE) than in wastewater (68.7 + 1.0%), while no significant difference was observed in DIP assimilation (> 80% at day 10
for both culture media) (two-way ANOVA). Regardless of the culture medium, biomass yield was higher on days 2, 4, 6
and 8 than on day 10. No differences between culture media were found in biomass yield or specific growth rate (repeated-
measures ANOVA).

Due to the high biofiltering efficiency for DIN and DIP removal, our results show U. lactuca is a promising macroalga species
for water treatment purposes in integrated aquaculture systems. Our findings have important environmental implications
for the potential use of U. lactuca to reduce the amount of dissolved inorganic nutrients released from aquaculture facilities
into the natural environment.
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With the convergence of ecological, social licence, and aesthetic concerns, aquaculture, which has already competed with
other established and accepted uses for space, has increasing difficulty expanding into coastal waters. Given the constraints
on the expansion of current production methods, it is clear that alternative approaches are needed to enable the marine
aquaculture sector to make a meaningful contribution to global seafood supply.

Farming of aquatic species in offshore marine waters has been identified as one potential option for increasing seafood
production and has been a focus of international attention for more than a decade. Although there are technical challenges
for farming in the often hostile environment of the open ocean, there are sufficient reasons to promote the development of
offshore farming. Benefits of open ocean waters include; large space for expansion, enormous carrying and assimilative
capacity, fewer conflicts with many stakeholders, lower exposure to human sources of pollution, the potential to reduce
some of the negative environmental impacts of coastal fish farming, and mostly optimal environmental conditions for a
wide range of marine species.

The drivers for open ocean aquaculture (OOA) are not only linked to food, trade, and the technology industry. Additionally,
there are powerful social and ethical concerns afloat as many Western nations import most of the seafood they eat, and
export most of what they catch or produce. This “food insanity” ensures that these nations are to date far too dependent
on imports from aquaculture from other nations. Unfortunately, in many production countries aquaculture is threatened
by coastal urbanization, industrialization, water pollution, and overall environmental degradation. Hence, aquaculture
dependent countries need to endorse, to a greater extent moral and ethical responsibility to develop large scale OOA to feed
their own people and not take these valuable foods from undernourished, food scarce nations.

While there is a great deal of global interest in the development of offshore aquaculture, for commercial scale food production,
the transition from concept to reality has yet to come to fruition. Much is known about the economics, environmental,
political and societal effects of individual production sectors. However, what still needs to be learned is that there are still
many unknowns and challenges with regard to OOA economics, engineering of adequate system design, O&M as well as
liability aspects including insurance and ownership (IMTA) and finally social views and stakeholder acceptance. Mutually
agreed upon principles, such as those articulated in the Bremerhaven Declaration on OOA, directives of the EU and others,
as well as grant funding opportunities to advance research and development indicate that progress, although measured, is
being made. The development of true commercial-scale sustainable offshore aquaculture will require investment in more
demonstration projects and multi-national cooperation and collaboration across public and private sectors.
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The tuna ranching industry 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 (~28 : 1). Seasonal availability and quality variation of locally sourced baitfish
highlight the need of a balanced feed. Objectives for the present experiment were to compare performance and quality
indicators of Pacific bluefin tuna (PBFT, Thunnus orientalis) fed sardines or a compound feed.

A seventeen-week feeding trial was conducted in two oceanic net pens moored east of Coronado Island (BC, Mexico,
32°24°48.80” N; 117°13°70.10° W). Each cage held ~440 fish, weighing approximately 50 kg (average initial individual
weight, assessed by AQ1’s AM 100 fish sizing system). Feed consumption and condition factor were recorded. A
first sampling effort was conducted at week 6. 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.

Steak samples from formula-fed fish had lower lipid contents but improved color, texture and had increased oxidative
stability and reduced histamine. Results from sensory and organoleptic evaluations (professional sashimi chefs) indicated
that sashimi slices from formula fed fish were similar in flavor but more stable on the counter and superior in color.

In addition, the formulated diet offered feed management options that were quite compatible with the present operation and
equipment available at commercial tuna farms. A preliminary economic evaluation (2017 prices) indicated that tuna feed
is more cost-effective than frozen baitfish but more expensive than fresh sardine. Given the current forecasts for the Pacific
sardine fishery in Southern California, the formulated diet may offer a viable alternative to baitfish feeding. In conclusion,
these results indicate that the balanced feed provided suitable nutrition for adult tuna, enhanced the quality and shelf life of
the final product and may enable management strategies to optimize tuna performance, thus increasing farm efficiency and
reducing the environmental impact of commercial tuna ranching.
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DEVELOPMENT OF EUROPEAN PERCH (Perca fluviatils L. BROODSTOCKS:
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Introduction:

The European perch (Perca fluviatilis L.) is a popular food fish in Europe. Due to a high sensitivity of larvae a high
mortality rate in the first weeks of larval rearing can appear. There are different ways to improve the fitness of larvae and
fingerlings. On way to boost larval fitness is to use a high quality broodstock for reproduction. In studies differences in
weight and length between wild stocks of different geographic origin were found for the European perch (Perca fluviatilis
L.) and the Yellow perch (Perca flavescens M.) (Mandiki et al.,2004; Rosauer et. al.,2011). The purpose of this experiment
was to investigate possible differences between two regional wild stocks of European perch with the aim to possibly initiate
a selective breeding program in the future.

Materials and Methods:

Two different wild perch stocks were compared with each other (Lake Hohen Sprenz (LHS) and Strelasund (S)). Mature
perch were caught and brought into 3 m?3 raceways in March 2016. These fish were reproduced in April 2016. The eggs
were incubated. The first larvae hatched on the 29.04.2016. Then the perch larvae were reared in six 300 | raceways. After
12 weeks they were transferred into six 3 m? round tanks. The fish were kept divided by their origin and were regularly
graded into three size classes. Every two weeks 50 fish of every tank were weighted and measured. The trial ended when
the most fish reached the marked size of 150 to 250 g (April 2017). All fish were reared in the same RAR-systems at all
times. Both populations were compared in survival, weight, length and fillet yield.

Results & Discussion:

The perch from the LHS grew faster and reached a significantly higher mean body weight of 246.35 + 66.80 g (N=100) than
perch originated from the S (137.05 + 44.6 g (N=100)). Nevertheless the fillet yield showed no significant differences. In
Fish from LHS a mean fillet yield of 47.35 £ 4.03 % (N=30) was detected, while perch from S showed a mean fillet yield
of 46.35 + 3.9 % (N=30).

The results show that the compared perch stocks varied significantly in some parameters. Perch from the LHS showed
higher growth than perch from the S and reached marked size earlier. Further comparison of the descendants of both stocks
will give more data for breeding purposes.
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Growing seaweed in inland saline water (ISW) can provide an additional product for the seaweed industry, with a lower
capital investment than farming in the sea. This study is the first attempt to grow two local seaweed species, a red seaweed,
Fushitsunagia catenata and a brown seaweed, Sargassum podacanthum, in ISW of Western Australia by focusing on the
effects of fortifying ISW with [K*], as past research has shown that K* deficiency in ISW can adversely affect the survival
and growth of marine species. Three fortified levels of 33%, 66% and 100% of [K*] equivalent to [K*] in ocean water (OW)
at a salinity similar to OW were evaluated. K* fortification was performed by adding KCI. The results showed that K*
fortification of 66% equivalent to [K*] in OW at 30ppt and 100% of the [K*] equivalent to OW at 35ppt provided positive
growth of F. catenata and S. podacanthum in ISW, respectively.

The study then attempted to improve the productivity of these two species by supplementing nutrients to K*-fortified ISW
(K*ISW). F. catenata culture in 66%K*ISW at 30ppt was supplemented weekly by three levels of ammonium:phosphate at
aratio of 75:7.5, 150:15 and 300:30 M, whereas S. podacanthum growth in 100%K*ISW at 35 ppt was investigated at
five weekly supplemented levels of 80:8, 120:12, 160:16,200:20 and 240:24 M of ammonium:phosphate. At the end of 25
days, the F. catenata did not show any supplementary nutrient requirement for its normal growth in 66%K*ISW, whereas,
S. podacanthum could not grow without nutrient enrichment, and the enriched level of 160:16 M ammonium:phosphate
in 100%K*ISW resulted in a highest specific growth rate of S. podacanthum in 84 days.

Finally, it can be concluded that K* fortification is necessitated for seaweed growth in ISW and the requirements for nutrient
supplementations are species-dependent.

Table 1. The SGR (% d™) of seaweeds culturing in OW and K" ISW

Time  Species oW ISWO ISW33 ISW66 ISW100
Day  SP -0.26+0.41 1-0.17+0.24
1-56 FC 0.0740.16® -0.23+024* 02340.12®  0.30+0.07°  ,0.14+0.15®

SP - S. podacanthum;, FC - F. catenata Values (mean+SE) within a row sharing a common superscript
are not significantly different (LSD test; P>0.05; n=4). Values (mean+SE) within a column sharing a common
subscript are not significantly different (t-test; P>0.05; n=4)
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This paper presents an overview of a recently published special issue in the journal Aquaculture that brought together the
largest collection of research on aquaculture value chains compiled to date, comprising 19 individual papers. In doing so
five key themes of value chain research emerge, namely: multi-polarity, diversity and scale, dynamics of transformation,
performance and equity, and technical and institutional innovation. Contrary to much research to date, this state-of-the-art
review shows how the expansion of aquaculture has resulted highly diverse configurations of production for consumption
in the global South. Two conclusions emerge. First, there is a clear need for research on neglected value chain segments and
categories of actor, modes of production, regulation, and innovation, and access to both market and non-market benefits.
Second, there is a need for more rigorous and diverse research on value chains to better understand the diversity and
impact of aquaculture in order to contribute to the sustainable expansion of the sector as a fundamental component of the
global food system. Based on these conclusions an agenda for the future of aquaculture value chain research is set out for
discussion.
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This experiment was done in the frame of a project towards the reduction of the food waste. Bakery waste is about 300,000
tons per year in France, i.e. 10% of the national consumption. Stale bread might be recycled through aquaculture feed as
source of starch especially for omnivorous species. Among them, grey mullets might be relevant thanks to none bony flesh
and high tolerance to water quality (salinity, temperature, oxygen and ammonia). Yet few quantitative data are available
hence we performed an experiment to evaluate the interest of replacing corn by stale bread in compounded pellets. The test
was done with wild juveniles of thin lip grey mullet Liza ramada; this species is the most abundant among the five grey
mullet species in the Mediterranean lagoons in France.

Four diets have been prepared with four levels of corn flour substitution by stale bread flour (0, 33, 66 and 100%); both
ingredients together made 35% of the total ingredients. The other ingredients were soybean cake and oil, sardine meal and
oil, and vitamin and mineral premix. The mixtures were processed into pellets through a small extruder at about 120°C
temperature. The mean proteins, lipids and energy contents were 32.9%, 7.3% and 3.8 kcal/g in dry diets. A fifth diet was
tested as a kind of control, a commercial tilapia feed (Le Gouessant™) with similar proximate composition.

Each diet was tested in three tanks stocked with 35 fishes per tank (70 L per tank). Tanks were set up in a recycling

aquaculture system including the sea lettuce Ulva rigida as biofilter. Initial mean body weight and fork length were 42.2 g
and 15.5 cm. The experiment lasted for 23 days at 27.2°C.
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The ARTIFEX project aims at developing robots for remote and/or autonomous inspection, maintenance and repair (IMR)
operations at fish farms. An unmanned surface vehicle (USV) is used as a platform for carrying a remotely operated
vehicle (ROV) for underwater operations and a remotely piloted aircraft systems (RPAS) for airborne inspections (Error!
Reference source not found.). The robotic platform shall execute inspection operations (e.g. nets and mooring lines), and
light intervention tasks (e.g. net repair, cleaning of mooring lines, dead fish removal).

The level of autonomy, i.e. the ability of a robot to make decisions and carry out tasks on its own, is a crucial design
specification for a complex robotic system. Interaction and coordination between the parent and peripheral vehicles as well
as operational planning in an unstructured environment and the handling of unforeseen events, like loss of communication,
are also significant challenges that complex robotic systems such as ARTIFEX must overcome. The SEATONOMY
methodology provides the tools required to tackle such problems. It was established by SINTEF for design and development
of maritime mobile autonomous systems and operations, and it provides a set of methods, guidelines, principles and
best practices for designing robotic systems. One of these is Autonomous Job Analysis (AJA) which is a structured way
of breaking down an operation into sub-operations and helps the design team reveal challenges, needs and limitations
regarding autonomous behaviour. The following table shows the IMR operations that have been investigated via the AJA
method in ARTIFEX:

This presentation will show how the AJA method has been applied when designing the ARTIFEX robotic platform. After
the main goal of each operation had been defined, the operation was broken down into sub-goals and sub-operations to
reduce the complexity of the analysis, and questions related to the AJA categories were answered for each sub-operation.
These categories include key aspects for autonomous systems such as human machine interaction, success criteria, safe
states, perception, communication, failure modes and safety barriers. Through an iterative workflow, where complexity was
added incrementally, the required tasks for each unit to achieve the overall inspection / intervention goals were identified.
Solutions for coordination between the different vehicles were obtained as well, together with the technical specifications
of the necessary equipment for sensing and communication.

Figure 1 The ARTIFEX concept
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Project AquaMMIn project aims to design, implement and validate a modular integrated multitrophic aquaculture system
(IMTA) for the production of marine and brackish water species, with emphasis on sea bass (Dicentrarchus labrax),
oyster (Crassostrea gigas), ragworms (Hediste diversicolor), sea asparagus (Salicornia ramosissima) and sea lettuce (Ulva
sp.). The different combinations of IMTA modular systems to be evaluated will be fully equipped with in situ and ex situ
real-time monitoring systems, thus allowing their survey through the cloud, as well as the correction of physico-chemical
parameters through automation solutions (which will also be implemented). The life support systems to be implemented
will also test the viability to operate on a 100% reuse water regime (zero water exchange).

Aqua@
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CAPTURE OF INFECTIOUS OSTREID HERPESVIRUS FROM Crassostrea gigas USING
ANIONIC POLYMER-COATED MAGNETIC BEADS
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Ostreid herpesvirus-1 (OsHV-1) has been involved in massive mortality outbreaks of Pacific Crassostrea gigas (Pacific
oysters) throughout the world, causing important economic losses to aquaculture. Therefore, rapid virus isolation/
purification and detection systems are highly needed to provide early warnings as well as for research activities. In this
work, magnetic beads (MBs) coated with an anionic polymer were used to efficiently capture infectious OsHV-1 through
electrostatic interactions (Fig 1). MBs were incubated with two types of matrix (oyster homogenate and seawater) prepared
using naturally infected oysters collected from Fangar Bay (NW Mediterranean Sea). MB-virus conjugates were then
thoroughly washed by the application of a magnetic field. Quantitative PCR (qPCR) of the conjugates demonstrated the
adsorption of the virus on the MBs from both oyster homogenate and seawater. Calibration curves were constructed using
virus and MB dilutions.

To study the infectivity ability of the virus captured by the MBs, MB-virus conjugates (from both oyster homogenate and
seawater) were injected into naive spat oysters, using oyster homogenate and seawater with no MBs as positive controls,
as well as MBs with no virus and only water as negative controls. Mortalities were observed when MB-virus conjugates
were injected as well as in the positive controls, and no mortalities were recorded in the negative controls. Furthermore,
subsequent OsHV-1 DNA and RNA analysis of the oysters by qPCR and RT-qPCR, respectively, confirmed the ability of
the beads to capture infectious virus, and the virus being the responsible for the mortality event. The capture of infectious
OsHV-1 using MBs is a promising tool, which can be applied as a rapid virus isolation/purification system or, combined
with qPCR, as a method for virus detection in aquaculture facilities.

Acknowledgments: The research leading to these results has received funding from the European Union’s H2020
Framework Programme under grant agreement no 678589 (VIVALDI project).
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Fig.1. Capture of OsHV-1 by MBs and subsequent detection by qPCR.
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Sobradinho Lake, in the San Francisco River-Brazil, is the second largest artificial lake in the world. In the study area, there
are approximately 16 tilapia cage farms with 10.000 m’ total area. Annual production is around 1.3 ton, but very important
for families involved. In January, the water level in the lake starts to increase due to summer rain falling in the southeast
of Brazil, where the river begins. Along with the water, organic matter comes, increasing the level of nutrients. The aim of
this study was to evaluate water nutrients during spring and summer to verify resurgence phenomenon, as well as relate it
to massive tilapia mortality during this season. The study area was a small farm managed by a woman. Production cycle
started in August/17 with 19.000 tilapia fingerling (1.5g initial weight). Monthly, samples of water were collected from
August through February/18, for ammonia nitrite, nitrate, orthophosphate and chlorophyll levels (all in mg.I'). Rainy
season in the upper river basin started in late November/17. Lake total volume value was recorded. The farmer recorded
daily mortality. To calculate financial loss, price (live fish in the farm) considered was the expectation for Easter (US$2.4/
kg), due to seasonal demand.

Results (Figure 1) shows lake volume increases and tilapia montly mortality. Concomitant, the level of nutrients in the
water increased and fish mortality started massively. Financial loss due mortality was estimated in US$24.637,00.

As a conclusion, resurgence phenomenon caused massive tilapia mortality and, consequently, financial loss for local small
farmers.

2500 25 _
> [} _— 2
= £ ob
S 2000 20 5 £ 15
c o
= > £
Z 1500 15 & a !
© © t
£ 2 o 05
9 1000 10 %= e
£ o 2 0
© X
‘o 1) c A D DA D DD W
© 500 5 X L.a ocyr Q\'\r é\'\r o“\\' Q,(’\l\ (\\\ ‘0\\'
i — = ¥ O E T
[
0 0 S
E E E E E g g Q—Nitrate o= e= Nitrite
28828583
< v O c o ~u Ammonia Orthophosphate
Tilapia mortality (n) =—@=%V eeeeee Chlorophyll
A B

Figure 1: A. Total cages tilapia mortality and lake level; B. Water nutrients levels.
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Most of the small fish farmers in the Brazilian semi-arid do
not check neighbor’s production management to observe what

TILAPIA CAGE

SMALL FARMS:

Table 1: Difference in feeding management

he is doing that should be followed. The aim of this research R Tlmels'day Feed fmde
was to monitor fish growth and management throughout one protein %
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Bonamia ostreae, Bonamia exitiosa and Marteilia refringens are protozoan parasites of the flat oysters Ostrea edulis
responsible for the bonamiosis and the marteiliosis, two diseases which have caused significant mortalities in European
population of flat oysters. Marteilia refringens also infect mussels (Mytilus edulis and Mytilus galloprovincialis) although
the induced disease is less severe than in flat oysters. Those parasites are endemic in Europe; however some countries/
zones are still free of Bonamia and/or Marteilia. Bonamiosis and marteiliosis are both listed as notifiable diseases at the
European and the International level.

A wide range of PCR assays, including conventional and real-time PCRs, are currently available for the detection of either
Marteilia refringens or Bonamia sp. parasites, with heterogeneous level of validation. In order to facilitate the diagnosis of
these two listed diseases, the EU reference laboratory for mollusc diseases has developed and validated a new multiplex
Tagman®PCR assay allowing the detection of both parasites in one step. This study describes the validation process and
analytical performances of the new multiplex assay.

Analytical specificity of the assay was determined by testing samples infected with closely related parasites. Analytical
sensitivity was established by testing serial dilutions of a known amount of plasmidic DNA (artificial DNA containing the
PCR target sequence). Diagnostic performances of the assay were assessed on a panel of more than 600 field samples
coming from several flat oyster farming areas in France, and included samples infected with M. refringens, Bonamia ostreae
and Bonamia exitiosa as well as uninfected samples. Results were compared with currently recommended conventional
PCR methods for the detection of M. refringens and for the detection of Bonamia sp. Finally, the new PCR assay was
evaluated in the context of an Inter Laboratory Comparison test (ILC). A total of 17 laboratories, all across Europe,
tested a set of 24 samples of flat oyster tissues (including negatives, Bonamia sp. and M. refringens infected samples) with
the new PCR assay and with their own routine PCR assays.

Results showed that the new PCR assay have equivalent or better diagnostic performances than currently recommended
PCR assays in term of sensitivity, specificity, repeatability and reproducibility. All the laboratories that participated in
the comparison test (ILC) obtained similar or better results with the new PCR assay than with their own routine PCR
methods, demonstrating that this new diagnostic tools is easily transferable to other laboratory settings. This is the first
assay designed to detect both Marteilia refringens and Bonamia sp. in a single step and it should allow reducing the number
of analysis to perform to demonstrate freedom from these two pathogens.
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The Dutch bottom culture of mussels is based on mussel seed fished from natural beds. For reasons of nature conservation
it was agreed this seed fishery is replaced by alternative means of seed collection in such a way that a profitable mussel
culture is maintained. This was laid down in a covenant, signed in 2008 by the involved nature organizations, the industry
and the ministry. As a result of this covenant, the production of mussel seed from seed mussel collectors (SMCs), steadily
increased since 2009 in both the Wadden Sea, Oosterschelde, and near shore on the North Sea. Statistics on SMC harvest
and efficiency are reported annually. In more than a decade of experiences and developments by the industry several
lessons have been learned. SMCs proved a suitable alternative to obtain part of the resource requirements. The introduction
of SMCs required a substantial investment of the mussel industry. It resulted in a more reliable seed supply, providing
mussel seed also in years without natural seed beds. Various SMC systems with ropes or nets are used or have been
used. However, variation in production seems to be more related to location than to system design. Locations also differ
with regards to the abundance and timing in number of mussel larvae. However, no clear relation between number of
larvae in the water column and spatfall success on settlement substrate is found. Several problems were experienced that
affected production and increased effort, primarily fouling, starfish predation and storm damage. Yield from SMC seed
after relay on the bottom is currently comparable to seed from bottom fisheries. However, production costs of MSC-seed
are substantially higher. This stresses the need for innovations that obtain a higher control on each production step in the
chain from spat to consumption mussels and not at last the need for culture area of sufficient quality for the grow-out of
SMC seed to market sized mussels.
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Integrated Multi-Trophic Aquaculture (IMTA) has been proposed as a sustainable aquaculture technology that can help
offset some of the environmental impacts of fed finfish aquaculture. It improves on conventional production by integrating
extractive components (inorganic absorbers such as seaweeds, and organic suspension- and deposit-feeders such as
invertebrates) that make use of various nutrients, not considered as wastes or by-products but as co-products, in a circular
economy approach.

Improving on previous financial analyses, our study presents a more detailed and complete assessment of the financial
performance of Atlantic salmon (Salmo salar) monoculture versus a three-component IMTA system [combination of
Atlantic salmon, blue mussels (Mytilus edulis), and kelps (Saccharina latissima)]. Using discounted cash-flow (DCF)
analysis, we assessed profitability in each case over a 10-year period in New Brunswick, Canada. The three-component
IMTA operation was more profitable than the Atlantic salmon monoculture, with and without the inclusion of a price
premium. Adding a 10% price premium on IMTA salmon and mussels resulted in a substantially higher net present value
(NPV) for the three-component IMTA operation.

Despite the positive results for IMTA in our study and other IMTA-related financial analyses, the ongoing uncertainty related
to IMTA financial and environmental performance, as well as IMTA increased technological and managerial complexity,
may act as barriers to IMTA adoption in Canada at this time. Further, our analysis suggests that the disproportionally
small revenue contribution of extractive species in our initial IMTA configuration may have a negative influence on IMTA
adoption by the Atlantic Canada salmon-dominated aquaculture industry.

However, as salmon production has declined in recent years in that region, crop diversification could provide economic
stability and incent industry development, rendering IMTA a more attractive practice in the future.
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Vibrio aestuarianus ASSOCIATED TO PACIFIC OYSTER Crassostrea gigas MORTALITY IN
THE EBRO DELTA, IN THE CATALAN MEDITERRANEAN COAST

Noglia Carrasco*, Luigi Vezzuli, Edgar Bertomeu, Diana Alvarez-Mufioz, Raquel Aranguren,
Margarita Ferndndez, Ana Roque, Karl Andree, Montse Solé, M. Dolores Furones

Institute of Agriculture and Food Research and Technology, IRTA, Spain
*noelia.carrasco@irta.cat

The presence of Vibrio aestuarianus has been associated to mortality events in pre-commercial and commercial Crassostrea
gigas Pacific Oyster in recent years in France and Ireland. However, no mortality events associated to this pathogen has
been detected in the Mediterranean. In May 2017, when temperatures were around 20 °C, C. gigas cultures in the Ebro
bays (Alfacs and Fangar) experimented for the first time a massive mortality event of commercial size oyster. Different
analyses for detecting the presence of pathogens (qQPCR Saulnier et al. 2009 V. aestuarianus/ V. splendidus; qPCR Webb
et al. 2007 herpesvirus OsHv-1), as well as presence of contaminants, were performed. Retrospective samples from 2016
were also studied.

Results regarding presence of pathogens pointed out the detection of 22+/30 V. aestuarianus positive individuals for oysters
with 50% mortality collected in April 2016 (EFCgAbr16), as well as 9+/30 positive individuals in May 2017 adult oyster
mass mortality (FmCgMal7). Furthermore, in this last sample the presence of V. splendidus clade was also observed,
however similar results were also observed in oyster with no mortality. The V. aestuarinus presence was corroborated by
the Spanish National Reference Laboratory (CSIC-Vigo) on samples with mortalities collected from the same bay one
month later. Results on contaminant analysis revealed the presence of metolachlor (organitrogen pesticide), bentazone
(insecticide), methylparaben (endocrine disruptors), with levels ranging from less than 1 ng/g dry weight (dw) to 10 ng/g
dw for both oysters experiencing mortality and with no mortality. Furthermore, esterase activities indicative of OP pesticide
exposure did not suggest neurotoxicity signs caused by these compounds. Those results do not support association of
contaminants with the studied mortality events and the cause seems of pathogenic aetiology.

Present results indicate the first detection of Vibrio aestuarianus associated to commercial Crassostrea gigas mortality
in the Ebro Delta shellfish culture site, at the Catalan Mediterranean coast, as well as for Mediterranean oyster culture in
general. First sample detected positive dates from April 2016 and had been immersed in the Ebro Delta two weeks earlier,
coming from French Atlantic waters. Those samples are now being further studied by histology to discard other potential
pathogens involved to the mortality episodes. In the case of commercial adult oyster mortality in May 2017 (FmCgMal7),
the potential influence of a pathogenic V. splendidus strain being also involved cannot be discarded.

Acknowledgments: The research leading to these results has received funding from the European Union’s H2020
Framework Programme under grant agreement no 678589 (VIVALDI project) and from the Spanish Government with
the INIA E-RTA2015-00004-00-00 project (EMERGER). As well with the project XENOMETABOLOMIC (CTM2015-
73179-JIN) (AEI/FEDER/UE) and AimCost project (CGL2016-76332-R MINECO/FEDER, UE).

TABLE 1. Results regarding recent pre-commercial and commercial C. gigas oyster mortalities in Fangar Bay in the
Ebro Delta, Catalonia. Legend: Va, Vibrio aestuarianus; Vs, Vibrio splendidus; METO, metolachlor; BEN, bentazone;
MP, methylparaben.

LOT O SIZE % MORT qPCR Va qPCR Vs qPCR OsHv1 Contaminants
EFCgAbr16 | 50 mm 50% 22+/30 1+/30 0+/30 No analyzed
FmCgMa17 107 85% 9+/30 24+/30 0+/30 METO, BEN

mm
FmCgOct17 108 30% 0+/30 0+/30 0+/30 BEN, MP
mm
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In the wild, the environment is not constant but cycles daily: water warms up after sunrise (thermophase) and cools down
after sunset (cryophase). In addition, the water column acts as a potent chromatic filter, modifying the sun’s spectral profile:
wavelengths below violet (A<390 nm) and beyond red (A>600 nm) are quickly absorbed with depth. Blue wavelengths (A~450
nm) penetrate the deepest, reaching depths of up to 150m in the clearest ocean waters. However, under artificial rearing
conditions in fish farming, the environment is kept constant and the natural fluctuations are rarely considered.

The aim of this research was to investigate the combined effect of daily thermocycles and light spectrum during early
development in fish, looking at hatching rate, larval growth, feeding activity and mortality.

The model fish species selected for the study was the zebrafish (Danio rerio). Six different groups were set combining three
different wavelengths (blue, red and white) under a 12h light-12h dark (LD) cycle; and two temperature regimes (constant
temperature 26+0.5°C vs a daily thermocycle of 28:24+0.5°C, TC, where the thermophase coincided with the light phase
and the cryophase with the night). Embryos and larvae were kept under these different conditions from 0 to 30 days post
fertilization (dpf). During the experimental period the hatching rate was calculated, as well as growth in terms of total
length (TL) every 5 days. In addition, at 10 dph the feeding activity was determined as an index of the proportion of the
digestive tube (DT) of the larvae filled with food in relation to the total length of the body.

The results revealed growth and TL were significantly affected by both the light wavelength and temperature regime. At
25 dpf, the greatest TL were found in the larvae reared in TC under blue or white light (ANOVA, p<0.05). No significant
differences were found when comparing the percentage of hatched larvae at 3 dpf, obtaining hatching rates between 85
and 95%. On the other hand, constant temperature combined with red light led to reduced feeding activity and the lowest
survival rates (81% mortality).

In summary, the best performance was observed in the combination of blue wavelength and TC, which are the most
similar to the environmental conditions present in the wild. In contrast, constant temperature and red lighting conditions
negatively affected larval development. These finding should be taken into account to optimise growth and welfare of fish
in hatcheries.
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ECOLOGICAL INTENSIFICATION OF GIANT GOURAMI PONDS IN INDONESIA:
BIOLOGICAL EFFECTS OF Azolla filiculoides IN TOTAL OR PARTIAL REPLACEMENT
OF COMMERCIAL FEED ON JUVENILES OF GIANT GOURAMI Osphronemus goramy
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The use of floating macrophytes such as Azolla filiculoides could represent an important alternative for partial replacement
of commercial fish feed in small scale aquaculture; particularly for omnivorous/vegetarian fish as the giant gourami
Osphronemus goramy. In order to evaluate biological impacts of macrophytes as feed on gourami, 480 juveniles (12.4+0.6
cm; 32.4+4.5 g) divided in four groups were placed in floating cages (three cages per group) and fed for six week using
four levels of A. filiculoides in replacing commercial feed (A=100% B=56% C=29% and D=0%). Commercial f eed
were distributed at 5% of the biomass 3 times a day whilst A. filiculoides was distributed ad libitum. At the end of the
experiment, zootechnical parameters, biochemical, somatic (HIS, SSI), and immunological indicators and histological
modifications of gut have been quantified. Additionally, effects of transportation stress and experimental infection with
Aeromonas hydrophila have been evaluated.

Results shown that A. filiculoides depressed significantly the growth of gourami and that can be estimated through a
polynomial regression (R?=0.99). Compared to the control fish (100% commercial feed group D), the reduction of biomass
gain in the others groups decreased of 18,45 and 100% respectively according the level inclusion of A. filiculoides into the
diet. Total protein, albumin and globulin in control fish were significantly lower compared to the others. Serum glutamic
pyruvic transaminase was not modified by feeding regimes (P=0.760). Significant reduction of lymphocytes was observed
in groups A and B (P <0.001). In opposite, fish from these groups had significant higher level of monocytes (P<0.001).
Neutrophils were significantly increased only in group A (P=0. 012). Plasmatic lysozyme, was significantly different (P =
<0.001) with an increase depending of the doses of A. filiculoides replacing commercial feed. Bactericidal activity of serum
was also significantly increased according the level of A. filiculoides included into the feeding diet (P<0.001, n=15 for
each treatment). Before stress, blood glycaemia was significantly lower in fish of group A fed with 100 % of A. filiculoides
(P<0.001); and after transport, the glycaemia increased significantly in all groups, excepted for group A. Fifteen days after
transportation, the log rank survival analysis was different and mortality rate was significantly reduced in group A. One
week after intramuscular injection of 0.1 ml 1x10” CFU/ml of A. hydrophila, the survival curves between groups were
different (P = <0.001) and survival times of groups A and B were significantly higher than the others two groups.

A. filiculoides showed positive effects on immunological indicators and resistance to stress and disease however, fish
may require a longer time to obtain the commercial size. Under this point of view, further economic analysis should be
undertaken; but results suggested that the replacement level of commercial fed by A. filiculoides shall probably not be over
30%.
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Aquaculture provides nowadays half of the world’s seafood consumption and it is expected to expand since wild fisheries
will remain stable at best for next decades. Diseases are a severe threat to the sustainability of aquaculture and often
jeopardize the efforts of millions of small fish farmers throughout the world. However, the spread of resistant bacteria to
antibiotics that are released in the environment pose a threat to both human and animal health, “the most urgent global
risk” that needs to be tackled at global level (UN General Assembly 2016). Considering the importance of aquaculture for
contributing to food security over the world, therefore, producers will have to meet challenging goals to make aquaculture
more sustainable and productive. In this regard, a growing interest has arisen towards herbal therapy for reducing the use
of antibiotics, enhancing fish resistance to diseases and improving growth and feed efficiency in order to strengthen the
sustainability of aquaculture.

As part of a regional project in South East Asia (BioAsia programme), an ethnobotanical study was conducted in different
districts of the northern region of Vietnam. Knowledge Attitude Practices (KAP) surveys were conducted through semi-
structured questionnaires involving 280 farmers. Fish farmers that use plants represented 66% =+ 5.5, identifying 24 plant
species. Plants are used either for the treatment (53%), or prevention (22%) of diseases, or for both (25%). The major
reasons for use expressed by the farmers are tradition > efficiency > lost cost. Plants are mainly used against bacterial
and fungal diseases (80%), and in less extent against parasites (21%). They are directly dipped into the water (83%) or
administered through the feed supplementation (14%). Farmers used them alone (80% of cases) or in combination with
drugs (20%). This research shows that ethnobotany is a relevant approach for the preservation of the traditional knowledge
related to the use of plants in aquaculture. It is essential for identifying levers and believes that might trigger the use of
plants as alternatives to chemicals (e.g.antibiotics) at more global level.
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Macrobrachium borellii is a small prawn endemic to South America inhabiting the water bodies of the La Plata basin. The
natural diet includes animal and vegetable items but the effective use of cellulose and protein requirements is still unknown.
We compare the growth performance (weight gain-WG, specific growth rate-SGR, condition factor-CF), survival, proximate
composition and amino acid profile of prawns fed foods with different levels of fish meal (60%, 45%, 30%) and cellulose
(0%, 15%, 30%) inclusion. We related the amino acid quality of foods and prawn muscle through the essential amino acid
ratio (A/E) and essential amino acid index (EAAI).

The diets were fed (10% of total biomass) per triplicated to juvenile prawns during 64 days of controlled conditions
essay at a prawn density of 0.4 prawn/liter. The growth performance in terms of weight gain were found significantly
higher (p<0.05) in prawns fed with 15% of cellulose and 45% of fishmeal while showed a greater and positive trend
(p>0.05) in the other growth parameters. Survival was not significantly different (p>0.05) between the diets at the end
of the experiment and decreased over time in all cases. Although the proximal composition of the food was significantly
different, that difference was not reflected in the proximal composition of the muscle (Table 1). We identified 16 amino
acids in the prawn’s muscle of which nine were essentials with the following importance order: Lysine > Leucine >
Arginine > Fenilalanine > Isoleucine > Valine > Threonine > Methionine > Histidine. Regarding the three diets, they all had
an EAAI greater than 1. The limiting EAA in the diets were Arginine, Methionine and Lysine. According to these results,
a food elaborated with an inclusion of 45% of fishmeal (around 12% of crude protein) and 15% of cellulose could sustain
the growth of the prawn with a performance similar of the diet with more fishmeal inclusion. This result would indicate
that the prawn could be using the cellulose for energy and that 12% of crude protein in the feed is sufficient to maintain the
growth. In addition, the diets used showed a good quality in terms of EAA. This study provides an initial approach to the
development of artificial foods specifically designed for the native prawn M. borellii. Future studies should focus the efforts
in the digestibility of nutrients and in the replacement of fishmeal by more sustainable protein sources.

TABLE 1: Production responses of juvenile
prawn Macrobrachium borellii fed diets
with different levels of protein and cellulose.

60/0 45/15 30/30
Initial length 1.01+0.11 0.98+0.11 1.03 £0.10
Final length 1.01+0.97 1.03+1.32 1.04 +1.38
Initial weight 0.14+0.04 0.13+0.04 0.15+0.04
Final weight 0.16 +0.07° 0.16+0.07° 0.16 + 0.05°
Initial CF 13.20 + 0.40 14,17 +1.48 13.79+1.25
Final CF 15,49 +1.62 1448 +1.12 1426+ 0.69
Survival 833+9 77.8+10 833+9
WG 0.03+£0.02 0.03 +£0.01 0.01 +0.01
SRG 0.11+0.11 0.12+0.05 0.04 +0.04
Protein 20.04 +4.21 21.87+4.29 21.37+2.90
Carbohydrates 0.60 +0.16 0.60 + 0.22 0.45+0.13
Lipids 5.85+1.99 6.53+£1.10 5.95+0.85
Wet 79.74 +£ 0.98 80.63 £0.34 80.45+1.39
EAAI 1.03 1.08 1.01
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Food rations for red rainbow trout incorporate from 30 to 100 mg of astaxanthin per kilogram. Consequently, astaxanthin
is one of the inputs that most influences final prices of these salmonids on the market. During food processing, astaxanthin
is unstable due to its sensitivity to various environmental factors, such as light, oxygen, acidity and temperature, which
cause the loss of its bioactivity. In this context, it is necessary to find new sources of astaxanthin or to achieve a reduction
in pigment loss during manufacturing processes. Dilocarcinus pagei is a native crab that is commonly found in fish culture
ponds and presents an attractive reddish-brown coloration.

The present research aims to study the concentration of S95 R

astaxanthin present in this crab, and the stability of this =2 T -—= _ __ 50°C
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Carotenes were extracted from different samples using acetone.
The extractions were analyzed using HPLC-spectrophotometer
and astaxanthin was quantified. Astaxanthin oil solutions
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at different temperatures between 25 and 180 °C. Samples
were taken from each tube at different intervals of time and
astaxanthin was quantified.
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In order to promote shellfish aquaculture diversification in the northwest French coast by echinoculture, finding alternative
sources of food is needed. In the present work, the objective was to test dried macroalgae in the nutrition of Paracentrotus
lividus. Adults of 18 months old were fed ad libitum with six different feeding treatments: (1) fresh Palmaria palmata, (2)
fresh Saccharina latissima, (3) dry P. palmata, (4) dry S. latissima, (5) dry Laminaria digitata and (6) dry Grateloupia
turuturu. Survival, ingestion, absorption and growth (diameter and biomass) rates were assessed during 8 weeks. Total
water-soluble proteins and carbohydrates and total lipids contents were analysed in the six diets.

Fresh P. palmata and S. latissima allowed the best growth performance but dried macroalgae induced an efficient somatic
growth (Fig. 1). Significant differences between fresh and dried diets appeared only after 4 weeks. These differences could
be explained by the loss of water-soluble compounds observed in dried diets due to the rehydration carried out. Thus,
dry macroalgae food could be used by farmers during short periods as a substitute to fresh algae without detriments to
the production. This could be done when algal biomass is less abundant in the environment. Moreover, dried macroalgae
presents a lower cost compared to the formulated diets usually used as alternative food to fresh macroalgae, allowing small

producers to diversify their activities.

35

30

[} [
(=] wn

—
W

total batch biomass (g)

0 10 20 30 40 50 60
days

Fig. 1 Mean biomass of sea urchins P. /ividus batches fed with six different fresh or dry macroalgae diets. FP = fresh P.
palmata; FS = fresh S. latissima; DL = dry L. digitata; DP = dry P. palmata; DS = dry S. latissima and DG = dry G.
turuturu. Error bars represent confidence intervals (95%).
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Nowadays aquaculture represents one of the fastest growing sources of food worldwide accounting for half of the fish
supply, and the demand of farmed fish is expected to rise. This sector plays a major role in the Blue Growth strategy both
at European and international level. However, the aquaculture of the future should be more environmental, economic
and socially sustainable and comply with the requirements of existing legislation. In 2010, FAO introduced the concept
of Ecosystem Approach to Aquaculture (EAA) to promote a more integrated and sustainable development, taking into
consideration the socio-economic systems. This approach should be applied especially in the selection of Allocated
Zones for Aquaculture (AZA) that need to be established on the basis of a participatory process which encompasses the
consultation and exchange of information between the promoter, the stakeholders, elected representatives and the citizens
to enhance social acceptability. Social acceptability is linked to local specificity related to the territorial dimension, thus
the conditions acceptable in one situation will not necessarily be acceptable in another. Nonetheless, through a literature
review, we have identified the most relevant factors that can enhance social acceptability in aquaculture. The aim of
this review is to investigate whether and how the governance mechanisms of public consultation established to meet the
obligation of international and European marine legislation are addressing those factors (Table 1).

This study shows that if properly implemented, existing legislation adequately support sustainable aquaculture development
where social, economic, governance and environmental factors enhancing social acceptability are taken into consideration.

Table 1. Some of the factors and actions enhancing social acceptability of aquaculture
development and the related pieces of legislation.

Factors Actions Legislation
Socio-economic Bring socio-economic benefits for -
benefits of local local communities (e.g.
communities employment) and good labour
conditions
More open, key communications messages and | EU level:
transparent and activities to disprove negative Common Fisheries Policy
participatory stereotypes of aquaculture industry | Environmental Impact Assessment,
consultation Maritime Spatial Planning
communities and stakeholders are International level:
kept well informed about the FAO - Code of Conduct for Responsible
industry’s environmental impacts Fisheries
Arhus Convention
Conservation of Governments should demonstrate EU level:
habitats and of their commitment and ability to Environmental Impact Assessment,
species and prevent or lessen negative Natura 2000 Directive, Marine Strategy
maintenance of environmental impacts. Framework Directive
biodiversity International level:
UN Convention on Biological Diversity
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Taurine (Tau) is a non-essential amino acid, but extremely required, as nutritional feed additive, for the carnivorous
fish species, that may exhibit low growth performances. The lacking performances are due to the vegetable meal (VM)
introduction as alternative to fishmeal (FM), and the consequent amino acid deficiencies, as well for the methionine (Met)
and the lysine (Lys). Thus, Tau could assume a nutraceutic role to mitigate poorer fish performances. Besides such Tau
role, others properties were observed as anti-oxidizing agent, promoting the cell and tissue protection from toxicity injury,
stabilizing the cell membranes, reducing the membrane permeability, and scavenging the reactive oxygen species (ROS).
Particularly, ROS are the response to oxidative stress generated by invading microorganisms such as viruses, bacteria and
fungi, but also derived by an intensive physical activity where an increase oxygen demand is required. Our research has
been undertaken to afford the Tau effects study on increase of ROS production due to and its consequences on swimming
performance of European sea bass.

28 sub-adult seabass (Dicentrarchus labrax) of an average weight 92.57+3.842 g were equally divided in two dietary
groups: a control (Ctrl) group and a 1.5% Tau-group. Three time intervals (t0, t1, t2, t3) were chosen to perform the
swimming test and the respiratory burst (RB) assay. The swimming respirometry was performed in a Loligo system swim-
tunnel, where oxygen consumption (MO,) and the critical swimming speed (U_,) were measured. The RB activity was
directly monitored from heparinised blood, calculating the luminescence signal as relative light units (RLU).

Both at t2 and t3 time intervals, the Tau feeding group reached highly significant U . respect to the Ctrl group. In figure 1A,
at t3 the Tau group recorded a higher U_, 4.60+0.12 BL ' than the U_, 4.27+0.07 BL s recorded by Ctrl group (p<0.01).
Similarly, in figure 1B the RB activity of lymphocytes, after PMA stimulation, at t, and t, was lower in Tau group than
Ctrl group (p<0.05), after the swimming test. In our experiment, the 1.5% Tau addition had the ability to mitigate the ROS
production, even in forced swimming conditions.

Figure 1 (A): Critical swimming speed (U) expressed in mean + s.d. (N=14). Stars mean the significance
(p<0.05). Figure 1 (B): The graphic shows the respiratory burst activity after PMA stimulation of lymphocytes in

control group and 1.5% taurine group. Stars mean statistically different for p<0.05.
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Aquaculture in Algeria is relatively recent, but is growing steadily under the PNDPA program (national plan for the
development of fisheries and aquaculture). Following the positive results recorded in marine aquaculture distributed along
the coastline (10 marine fish farms and 15 shellfish farms), beside inland aquaculture mainly in dams, interest has been
focused recently on Saharan aquaculture in the south, taking into account the successes recorded in other countries in this
field. Furthermore, this trend is clearly recommended by FAO in various reports.

In the case of Algeria, the promotion of aquaculture in the Desert will certainly contribute to the sedentarization of the
populations, to the creation of new jobs through the diversification of agricultural and aquacole production, thus contributing
to the guarantee of food security, which constitutes one of the goals of the first national priority. In this area, several actions
have been carried out: (1) water from extensive Nile tilapia culture is used to irrigate small-scale agriculture production, (2)
intensive Nile tilapia and North African catfish culture are practiced using Flow-Through and Recirculation Aquaculture
Systems, (3) whiteleg marine shrimp is produced using biofloc technology.

In this project, we will attempt to carry out an audit of Saharan aquaculture in Algeria, before targeting some problems
that hinder or delay the achievement of the objectives outlined by the Ministry of Agriculture, Rural Development and
Fisheries. In particular, issues relating to the diversification of farmed species, livestock feed and pathology. The impact of
integration on agricultural yields will be also considered.

A survey was conducted in 2017 in the 7 provences of southeastern Algeria, considering the characteristics of agricultural
farms, the typology of irrigation ponds (concret or earthen ponds) and especially aquaculture practices, type of fish, density
and distributed feeding. Different farming methods are practiced: (1) the intensive system wich represented by 12 farms
distinated to raise red tilapia, Nile tilapia and catfish, (2) Shrimps are produced at the high-tech Shrimp Cultivation
Research Center, a project between South Korea and Algeria, (3) the extensive system is represented by integrated fish
farming. More than 600 farmers cultivate fish in ponds or tanks destinated for irrigation, using nutrient-rich water to irrigate
agricultural crops.
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The European Union is considered as the largest market of the world for seafood, but what are the future trends of this
demand? The PrimeFish project has developed a set of market studies focused on some of the most popular aquaculture
species, i.e. salmon, trout, seabass, seabream and pangasius. The analyses focuses on the willingness to pay for some
attributes of seafood, the different seafood niches in the most relevant markets of EU and how the negative media
information impacts on consumers. These studies embraces more than 10,275 consumers from France, Germany, Italy,
Spain and United Kingdom.

On one hand, the concept of consumer segmentation for aquaculture products is analysed in-depth. Clear and distinctive
segment profiles for the single countries and for total Europe were identified which give actionable insight for the
aquaculture firms’ new product development/marketing decisions. Additionally, it also identifies segments that cut across
the different nations as well as groups of consumers that are idiosyncratic to just one or a few countries. The findings thus
may support the existence of similarities across the European fish market that would allow the fish industry to target the
so-called ’pan-European segments” with an almost standardized marketing program. In addition, the willingness to pay
(WTP) for nutritional and health claims is varied among countries. The results show higher premiums for pangasius and
salmon. In particular, price premiums above 20% were found in Spain for pangasius (68%), trout (37%) and salmon (20%),
in Germany for pangasius (44%), seabream (30%) and salmon (24 %), in Italy for seabream (27%) and salmon (21%), and
in the UK for pangasius (26%).

On the other hand, the public’s perception of aquaculture was explored through an experimental study that involved salmon
consumers. Their attitudes towards salmon consumption were assessed before and after reading a negative message issued
by an official and non-official source. Results quantify how determinant is a negative message in the attitudes related to
salmon consumption.

While already the aquaculture consumers’ profiles are highly informative, if the key attributes of the aquaculture products
are included in the equation, the communication and promotion of seafood will be most efficient, and therefore, the
competitiveness and economic sustainability of the involved stakeholders will be improved.

Acknowledgment: this project has been developed thanks to the support of the European Commission’s Horizon 2020
Research and Innovation programme. Only the authors can be held responsible for this content.
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Waste management of marine aquaculture for regulatory purpose is a main concern. In Europe, the authorization are
delivered according to an environmental impact assessment, in which solid emissions (faeces and uneaten feed) play a
significant role. Providing a decision support system to the aquaculture industry with respect to the best locations and
optimal size of finfish aquaculture sites can help the authorization process and participate to a sustainable development of
the sector.

Our project aims developing a decision support methodology which coupled (1) an integrated farm management and solid
emissions model, (2) a hydrodynamic model (ROMS) (3) a waste-particle tracking model (NewDEPOMOD), in order
to estimate the solids accumulation on seabed and associated benthic effects. This modelling framework is applied on
the context of red drum (Sciaenops ocellatus) farming development in Mayotte Island. The parametrization of the farm
management and solids depositional models required the acquisition of species-specific data (feed digestibility, feed and
feces settling velocities) and systems-specific data (cage layout, cultural practices).

Farming scenarios (production scale, cultural practices) were constructed from field surveys on existing commercial farms
and study of potential projects on the territory. Aquaculture sites scenarios (bathymetry, currents flows and distance from
the shore) in the North East Mayotte lagoon were constructed from a clustering method analysis on current velocities
simulated using ROMS model, previously computed for the studied area.

The application of the modelling framework offer a powerful method to define a priori the scale and type of culture
systems adapted to each site at regional scale, by screening the different possible farm/site combinations. This approach
is particularly adapted for poorly documented aquaculture systems, such as new production systems or species in small
islands and it is relevant for an integrated ecosystem-based management to the aquaculture sector as it considers ecosystems
functions and services and involve local stakeholders in the process.

Site
scenarios bathymetry

Solid waste flux

Farming
scenarios

Figure 1 : Modelling framework for predicting the waste
dispersal of various farming and site scenarios.
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The dietary effects of hydrogenated soybean oil (HSO) and DHA in combination on the growth performance and DHA
deposition of the grouper were studied. A lipid comparison experiment (8 weeks), followed by a washing out experiment
(4 weeks), was carried out. The lipid comparison experiment was of 3x2 factorial design, in which regular soybean oil was
replaced by HSO at 0, 50, or 100%, and DHA was supplemented at 3.8 (low) or 10.8 (high) g/kg. Juvenile groupers with an
initial mean body weight of 64.3 g were stocked in flow-through tanks at a density of 20 fish/tank. Each dietary treatment
was randomly assigned to four replicate tanks (N=4). The fish were hand-fed twice daily to apparent satiation. The results
of the lipid comparison experiment showed that weight gain of the fish fed with the high DHA diets was significantly
higher than that of the fish fed with the low DHA diets. No difference in weight gain was detected among the HSO groups.
The results of the washing-out experiment showed that feed intake, growth, and feed conversion ratio were increased
significantly with the increasing levels of HSO in the diets fed previously in the comparison experiment. The carryover
effects of HSO supplementation on growth and fatty acid profile, especially DHA deposition, will be discussed.
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Grouper aquaculture was among known high economic
profit sector in aquaculture industry, raising interests in fish
farmers. However, easily outbreak of virus diseases caused
huge losses to fish farmers. The mechanism of first line of
defense against virus diseases in teleost fish is activated
through production of antiviral protein through signaling of
secreted cytokine (type I IFN) to neighboring cells. Previous
research proved up-regulation of gene expression level of
grouper IFN and downstream Mx protein in response to virus
infection.

To investigate relationship between type 1 IFN receptor
system with virus infection in grouper, full length orange-
spotted grouper IFNR1 was firstly cloned and identified as
1444 nucleotides sequence including untranslated region
with ORF encoding 433 amino acids. Phylogenetic analysis
indicated osgIFNR1 shared high homology similarities with
other teleosts. Downstream relationship of receptor from
ligand was characterized through ligand treatment, relative
expression of osgIFNR1 was measured with real-time qPCR
after ligand treatment in immune organs. Gene expression
of osgIFNRI was up-regulated during early hours of rIFN
treatment while downstream osgMx showed increased
expression level during similar early hours post-stimulation.
The reported up-regulation of IFNR1 mRNA expression
and downstream Mx protein gene indicated transcriptional
expression response of interferon system through up-
regulation of gene expression level during 4 hours of ligand
treatment. This study reported insights of orange-spotted
grouper IFNR role in type 1 interferon system and contributed
in understanding of first line defense system against disease
infection in grouper species.
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A firm knowledge of biological processes, particularly reproduction, is needed for good management of exploited animal
resources. The histological characteristics and quantitative impact of oocyte atresia were examined in Common cockle
Cerastoderma edule, on a cultured site (Croisic Traict) and on a fished and unfished site in Bourgneuf Bay, on the French
Atlantic coast.

Oocyte atresia characteristics were documented using microscopic observations of modified Masson’s trichrome and alcian
blue stained tissues. Stereological study was done monthly on samples from fished and unfished sites of the Bourgneuf Bay
over a 26 — month period. Five volume fractions were calculated inside the acini: atresics oocytes (AO), matures oocytes
(MO), immatures oocytes (I0), intra-acinal tissue (IAT) and acid mucopolysaccharide sheath (S). Each of these categories
were present throughout the sampling period, which indicates that atresia is a phenomenon observed before and after
spawning.

Despite some species specificities, the nuclear, membrane and cytoplasmic characteristics were comparable to those found
in other bivalves. The stereological results (Table 1) indicate that 30% of all oocytes were atresic, and that atresic oocytes
outnumbered mature oocytes over the sampling period in Bourgneuf Bay. Similar quantification is underway for the
farmed Croisic Traict site. The causes of oocyte atresia in cockles are currently unknown, underscoring the importance of
studying this under-reported aspect of reproduction.

TABLE 1. Cerastoderma edule. Mean intra-
acinal cell volume fractions over the sampling
period at the two Bourgneuf Bay sites.

BourgneufBay v Mo 10 IAT s 8 v e, O
Sites . = ; ,
Fished 875 912 2218 2462 2645 £ % ,

Unfished  11.61 825 29.07 27.45 32.50 & >, ), St 2 m’ﬁ*
p - pm___

Global average 10.18 8.68 25.63 26.03 29.47

Figure 1. Oocyte showing some
characteristics of atresia:
absence of chromatin structure,
irregular cell membrane (M).
Nucleus (N), cytoplasm (C),
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Microalgae culture in outdoors ponds may be subject to two paradoxical constraints related to dissolved oxygen (DO).
From one side, during the night, DO could become too low to maintain the aerobic metabolism and cells growth. From
other side, during the day, the oxygen from photosynthesis could reach high concentrations and induces oxidative stress.
Indeed, DO at high concentrations in the cultures would pose a severe threat to microalgae as: light-energy dissipation
through photorespiration, enzyme inhibition of the photosynthetic pathways, and might cause damage to the photosynthetic
apparatus, membrane structures, and cellular components (i.e. DNA).

The objective of this study is to access the influence of the day/night cycles on the oxygen balance of a microalga from
Picochlorum genus experimentally grown in photobioreactors (PBRs) and to highlight a possible relationship between
hypoxia, normoxia and hyperoxia with the productivity and biochemical composition of microalgae.

The oxygen balance can be summarized by the following equation: B = P + R + EA; where B represents the Balance, P
oxygen production by photosynthesis, R oxygen consumption by microalgae, and EA water-air diffusions. P and R were
determined in a close respirometer respectively under illumination and in the dark. The study has been carried out by
comparing two treatments: 24h/24 and 12h/24 photoperiod (24hPP vs 12hPP)

During night, the growth stopped and the cells were characterized by a change of pigmentation and lower carbon content.
Treatment 12h PP compared to treatment 24h PP exhibited 34% lower growth rate and 36 hours delay to reach stationary
phase. These differences are the result of lower growth of the 12hPP treatment the first 72h of culture, causing an initial
shift.

The respiration and photosynthesis rates evolved with the growth rate and cell density and were different according to
the treatment: the first 3 days, the photosynthesis and respiration rate are at the same level for both treatments, then the
metabolism rate in 12hPP treatment becomes much higher compared to 24h PP treatment. Our study showed also a positive
relationship between respiration rate and O, concentration in culture. The question is therefore whether if there is a control
mechanism of the cell metabolic rate by the oxygen level in the medium. Such a mechanism would allow microalgae
to slow down their metabolic rate during the night in order to reduce the risk of hypoxia or anoxia. However, there are
situations, characterized by a high density of rapidly growing cells, which lead, during the day, to an excess of oxygen
and oxidative stress of the culture. In our study, oxidative stress leads to an exacerbated metabolic rate with excessive
consumption of oxygen of microalgae at the following night causing anoxia in culture medium.

Our study highlights the need of monitoring the oxygen in microalgae cultures in order to prevent problems from hyperoxia
and/or from hypoxia that could negatively impact the growth and the productivity.

This study has been carried out in the frame of AMICAL R&D program (Aquaculture of Mlcroalgae in New CALedonia)
conducted in partnership between IFREMER and ADECAL Technopole.
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To understand the variability of the oceanic and environmental conditions around the abalone marine aquaculture area,
seasonal hydrographic survey were carried out and time series datasets of hydrodynamic were collected in the study area
simultaneously. Marine aquaculture cage systems are used to increase productivity by concentrating energy supply much
higher than natural ecosystems. Massive culture system and intensive food supply (and excretion) disturb the oceanic and
environmental conditions around the aquaculture area. This study focused on the assessment and discussion of the seasonal
and interannual variations of oceanic conditions as well as environmental effects on the marine aquaculture area.

The observed hydrodynamic data showed that the seawater movement was dominated by tidal current with a semi-
diurnal period in the study area. Depending on the water depth, the current speeds at surface and bottom layer decreased
rapidly with range of from 80cm.s.”" to Scm.s.”. Particularly, due to the abalone aquaculture facilities(cages), the current
speeds at surface layer decreased markedly. Preliminary results from the water quality parameters (dissolved oxygen, COD,
nutrients, SPM, etc) indicated that the changes of environmental conditions are closely related to the current speed. The
weaken tidal current at the surface by the dense and massive abalone aquaculture facilities should seem the main cause of
environmental degradation in the study area due to restriction of water-mass exchange.

The seasonal and interannual variation of the sea surface temperature (SST) in the study area suggested that the increased
SST in summer is associated with the weakened cold water in the southwestern coast (JCW). The JCW is strongly correlated
with the temperature of bottom water affected by the Yellow Sea Bottom Cold Water (YSBCW). The more extended
YSBCW to the south is bound to affect the temperature of bottom water in the southwestern coast of Korea. Southern limit
of the YSBCW in summer is strongly correlated with the SST of the northern YS in previous winter. Further research is
essential to understand the mechanism of the southward movement and southern(western) limit or area(volume) of the
YSBCW.
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Fig. 1. Schematic drawing of the current
meter deployment and the vertical structure
of tidal current speed in the vicinity of
marine aquaculture cage.
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Integrated Multi-Trophic Aquaculture IMTA) is much more than looking at protein sourcing. Moreover, aquaculture should
not be only about seafood security, but also about nutritious seafood security. A nutritious diet comes from diversified
sources of food; so, we have to grow and eat more than fish, but also seaweeds and invertebrates.

Examination of landing and value data from the four Atlantic provinces of Canada between 1986 and 2016 shows that,
though salmon aquaculture in Atlantic Canada developed strongly from 1986 to 2000, annual landing numbers have
fluctuated between 2001 and 2016, and have remained relatively stagnant. The production in New Brunswick increased
steadily from 1986 to 2002; since, it has decreased. How can we, then, still talk about “aquaculture development™ in this
region when the driving sector (salmon) is showing obvious signs of decline? The development will not come from fish
aquaculture, so the only hope is diversification by growing invertebrates and seaweeds. At a time when some finfish sites
have been inoperative for several years, it would make sense to reevaluate them and determine their appropriateness for
cultivating extractive species.

IMTA fits very well within circular economy thinking. We have to stop seeing nutrients as wastes or by-products, and
consider them as co-products, useful for the cultivation of other crops in more efficient and responsible food production
systems, while bioremediation of coastal nutrification takes place. 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. This means that entire bays/regions can be units of IMTA management, within
an Integrated Coastal Area Management (ICAM) strategy, hence challenging traditional aquaculture regulations/policies.

Moving IMTA along the Research & Development & Commercialization continuum will require profound regulatory
changes. The apathy for changes can be frustrating. We are still in the infancy of western IMTA (after all, we have been
improving agriculture for centuries and it is still not perfect). Science and society need time to think and evolve. The
adoption of IMTA will not happen overnight, especially in the western world, which presently prefers monocultures, linear
processes and short-term profits. We will need patience, determination and persistence to get people to see the advantages
of growing complementary species together, creating circular economy processes and seeking sustainability in the long
term.

To calculate IMTA’s full value, extractive species need to be valued for not only their biomass and food trading values,
but also for the ecosystem services they carry out, along with the increase in consumer trust and societal/political license
to operate they provide the aquaculture industry. The value of the ecosystem services should be used as financial and
regulatory incentive tools (e.g. nutrient trading credits). Moreover, the IMTA multi-crop diversification approach (fish,
seaweeds and invertebrates) could be an economic risk mitigation and management option to address pending climate
change and coastal acidification impacts.
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Introduction

A common observation in domesticated triploid salmon populations is the larger spread of growth in fry and parr, and
increased mortality in early egg (i.e. pre-eyeing) stages compared to diploid siblings. Many of the suggestions that stem
from earlier results point to early life stage developments which have yet to be explored. Good egg quality is the fundamental
biological requirement for the adequate development of an individual. One factor that may influence egg quality is post-
ovulatory ageing i.e. the length of time between ovulation and manual stripping of the broodstock. Post-ovulatory ageing
can contribute to decreased egg quality which could be a likely factor contributing to this phenotypic difference. Ageing of
the eggs post-ovulation may alter the composition to a “sub-optimal” status.

Under routine commercial practice in Atlantic salmon aquaculture, females may be stripped up to 21 days post-ovulation
with no deleterious effects on offspring in “normal” diploid production protocols. However, egg-ageing effects need to be
explored to determine what impact this has on egg quality and development in diploid and triploid Atlantic salmon and
whether different “ageing thresholds” can / should be defined for commercial practice.

Methods

Females (n = 5) will be partially stripped over 5 day increments to generate populations of eggs with varying ages post-
ovulation (0, 5, 10, 15, and 20 days). Egg quality indicators will be investigated in all groups. To assess the maternal
influence on egg quality, all populations will be fertilization from the same male. Diploid (2N) and triploid (3N) Atlantic
salmon eggs will be incubated in parallel and grown to ~5g. At this final stage, a final assessment will be conducted to
assess the response of ageing on development in both ploidies.

Results and Discussion

A suite of ovarian fluid and egg quality indicators including; fatty acid composition, lipid class, proximate composition,
carotenoid content, vitamin and mineral content, and lipid peroxidation assessment will be presented. Differences of
compositions and quality between different ages post-ovulation will be compared.

Conclusion

Understanding the impact of post-ovulatory ageing may suggest refinements to the current stripping protocols for production
of diploid and triploid Atlantic salmon. Identification of ploidy specific egg ageing thresholds may help prevent negative
impacts on survival and growth. Investigating a range of egg quality parameters may highlight particular biomarkers that
could be used as real-time indicators to determine the potential of egg populations.



165

HIGH PERFORMANCE MICRODIETS FOR FISH LARVAE: PROGRESS & DIFFICULTIES

Luis E. C. Concei¢do™*, Sofia Engrola, Wilson Pinto, Manuel Yufera

SPAROS Lda

Area Empresarial de Marim, Lote C
8700-221 Olhao, Portugal
luisconceiicao@sparos.pt

Major efforts by academia and industry have targeting high performance microdiets for fish larvae since the 1990°s.
Progress has been considerable, with good weaning results being currently delivered by several commercial microdiets,
for major cultivated species. Over recent years, significant progress on weaning has also been achieved for some candidate
species for the expansion of the Aquaculture industry. Still, there is room for substantial improvements in microdiets for
marine fish larvae, in particular for the very early stages. Even if we know that fish larvae require diets with high levels
of protein, essential fatty acids, and micronutrients, and that these are provided by highly digestible ingredients, the exact
nutritional requirements are poorly understood. It is also clear that early nutrition has consequences during the larval,
but also later in the juveniles stage, in terms of health status, survival, skeletal deformities and growth performance. Fish
species have different nutritional requirements, and high quality ingredients that work very well in a species, may be not
suitable for other species. Very early weaning is becoming a reality in several species, and its long-term effects seem to be
very positive. Novel ingredients such as microalgae and organic forms of minerals may bring either positive or negative
effects on larval quality. Nutrition is always a matter of balance. Moreover, the success of a high-tech microdiet depends
also on the feeding techniques used, and needs to meet some specifications in addition to nutritional adequacy to the target
species (Fig. 1): it must ensure a high ingestion, allow easy digestion, prevent nutrient loss to the surrounding water by
leaching and disaggregation; and present optimal physical properties such as floatability, sinking speed, dispersion both in
tank surface and water column.

Leaching losses may compromise larval quality by nutrient loss, as well by reduction of water quality. Microencapsulation
can reduce nutrient leaching, but also microdiet digestibility, so a good balance is required. As knowledge on larval nutrition
progresses and newer technologies become available, better performing microdiets for fish will soon be available. This will
mean faster growing larvae, with higher survival rates, that will lead to better quality juveniles. Live feed replacement will
increasingly be a reality, leading to many species start feeding exclusively (or almost) on high quality inert microdiets.

Nutritional
Requirements

Technology

Digestibility & ﬂ::':fact:‘im’&

Bioavailability dispersion

Figure 1. Main factors determining success
of microdiet for fish larvae.
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During the last few decades, most natural populations of sturgeons have experienced a dramatic collapse, and their
persistence often depends on continuous restocking programs. Due to the scarcity of mature specimens in the wild,
fingerlings to be released are often generated by controlled reproduction of captive breeders maintained in aquaculture
plants. These hatcheries however are often standard facilities with a main interest in sturgeon production for commercial
purposes and their culture process does not take into account important criteria that should be considered in designing
rehabilitation programs.

Among the several technical aspects that should be taken into account for a proper establishment and management of
captive broodstocks, the preservation of the genetic diversity should rank as a very high priority in the approach to built
and maintain a broodstock. In addition, the choice and the pairing of individuals employed in controlled reproductions is
crucial because when their offsprings are released into the natural habitat, these will have a direct effect on the transmission
of genetic diversity to the following generations, and also on the genetic make up when retained in captivity as future brood
stock. Possible effects of captive breeding are a high potential of decreasing the adaptive potential of released fish and
such effects will be briefly presented and discussed. These include: (a) reduced size of the founder stock, (b) inbreeding
and outbreeding depression, (¢) initial acclimation but also long-term adaptation to captive conditions, (d) negative effects
because of the lack of a long term breeding plan, (¢) unknown relatedness among breeders will be overlooked with regard
to some sturgeon features such as the long life cycle and the different degrees of ploidy.
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Some hatcheries can produce exotic shellfish (like polyploid oysters) with the risk that gametes and larvae reach the
environment, threatening the local biodiversity. Therefore, effluents from farms must be treated but conventional processes
are efficiency limited due to the quality of the water (UV) or produce by-products (oxidation). The objective of this work
was to develop a new process to remove oyster gametes from shellfish hatchery effluents. The retention by ultrafiltration
membrane was determined and the oyster gamete viability was evaluated after treatment.

Tests were carried out with a pilot able to treat 20 m®.d !, continuously fed with seawater. This automated filtration unit
included filtration, backwash and cleaning steps. First, several tests of seawater filtration were performed for different
operating conditions. Sustainable conditions for which a modest degree of fouling occurs, providing a compromise between
capital expenditure and operating expenses, have thus been determined. Then, two types of effluents were realized by
addition of spermatozoa or oocytes from oyster Crassostrea gigas, to simulate (a) a chronic pollution: low concentrated
effluents during a long time and (b) an accidental pollution: highly concentrated effluents during a short time to reproduce
an accidental release of biological material during oyster maturation processes. Flow cytometry analyses were performed
to determine gametes concentrations and assess their integrity before and after ultrafiltration.

As expected, the retention rate was 100 % whatever the gametes treated and their concentrations: spermatozoa concentration
measured in permeate was lower than detection limit (Figure 1). More than 3 log removal is obtained whatever the inlet
concentration for the oocytes and spermatozoa, demonstrating the relevancy of ultrafiltration for the treatment of these
effluents. The hydraulic performances remained stable on the period of the tests (> 6 months) confirming that the process is
adapted for this application. An impact on integrity of both oocytes and spermatozoa was observed in the case of backwash
and more especially when membrane was first drained. In fact, in the case of spermatozoa, a drastic reduction of the number
of these species was observed, from 50545 to 10340 spz.mL", reflecting a loss of integrity (Figure 1).

This ultrafiltration process allowed the protection of the marine environment biodiversity with (i) the retention of oocytes
and spermatozoa whatever the filtration conditions and gamete concentrations and (ii) the sustainability of the process
facing this organic pollution on the duration. Finally, filtration of real effluents coming from shellfish tanks was performed
in order to determine the impact of microalgae and feces on the performances.
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Figure 1 : Cytometry analyses — Treatment of spermatozoa
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Whole yeast cells and yeast fractions are commonly used to improve the health of food animals worldwide. However, recent
research results demonstrated that feeding a Saccharomyces cerevisiae fermentation product (SCFP; Diamond V Original
XP™) results in broader and stronger benefits than commonly observed with whole yeast cells or yeast fractions. In these
studies, feeding SCFP improved the immune status of both fish and shrimp, but in addition, maintained these immunological
benefits over a prolonged period of time (>3 months). The benefits observed included: increased lymphocytes counts,
phagocytic activity, respiratory burst, enzyme secretion (Lysozyme, SOD, Phenol oxidase) and complement levels; and
substantial improvements in the survival of shrimp (average +24 % over 7 tests) and fish (average + 60 % over challenge
tests). When challenged with white spot syndrome virus, different pathogenic Vibrio species, Streptococcus agalactiae or
Edwardsiella tarda, feeding SCFP to shrimp conferred robust protection against these diseases, even after months of use.
In contrast, yeast cell wall fractions, such as $1,3-1.6 glucans, typically cause an immune overload reaction even after only
2 weeks of use.

Studies have also shown that feeding SCFP to poultry and swine reduces the load of pathogens, such as Salmonella sp.,
E. Coli. and Campylobacter by up to 96%. In fish and shrimp, SCFP reduces intestinal load of Vibrio sp., E. coli 020:H42,
Bacilli MS030A1_FO2 like, Pseudomonas fluorescens YC0357-like, and increases numbers of beneficial bacteria as has
been reported for probiotics and prebiotics.

In summary, the unique broad metabolite profile of SCFP confers enhanced protection against many diseases that reduce
the profitability of food animal operations.
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In the Mediterranean Thau lagoon, while the shellfish industry is interested to develop spat collection activity, we observed
an important fluctuation in recruitment success of pacific oysters (Crassostrea gigas) at the micro-geographical scale.
Between 2012 and 2014, metamorphosis delays have been reported, with 40% variability of the size at metamorphosis
between sites. We suggest that metamorphosis success is dependent on the sufficient amount of energy reserves accumulated
by competent larvae (pediveliger) affected by the trophic resources quality. We test the hypotheses that 1) the larvae delay
their metamorphosis when trophic condition is not optimal and 2) the sites with higher recruitment success was characterized
by settlers showing higher quality in terms of energetic reserves. During spatfall event, collectors were installed in six
experimental sites inside and outside the shellfish culture areas in the lagoon. Abundance and lipid content of young settlers
(pediveligers and post-larvae) were determined two weeks after their installation and spat abundance four weeks later.
Results showed heterogeneous recruitment rates between sites inducted by different settlement and recruitment processes
which are under environmental factors (Fig. 1). A decrease in energy reserves of young settlers linked to metamorphosis
delay may cause a failure of metamorphosis and a decrease in the recruitment success. Current lipid quantification analysis
will attempt to establish a link between C. gigas recruitment, survival at metamorphosis, energy reserves of young settlers
and lipid quality of the trophic resource. A better understanding of these interactions could allow the development of better
spat collection management in lagoon environments, and contribute to the general understanding of the ecological and
physiological mechanisms of settlement and recruitment in contrasted and changing environments.
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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, [llman (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.”
Global organizations such as FAO and The World Bank agree that population growth to 2050+ will increase demands
for aquatic foods some 40-60 MMT. However, global analyses of the status and needs for the expansion of ocean food
production systems are inadequate to inform regional policy-makers who too often use aggregated global data to validate
their perceptions that fisheries are an ancient profession of a dying generation destroying aquatic ecosystems everywhere,
or that aquaculture is either the savior of seafood or the next tragedy of the commons. This presentation introduces an
ecosystems ecology approach to regional planning for ocean food systems using a new rubric we call a “Taxonomy of
Seafood Systems” (TSS) that identifies first the structure of regional ocean food production systems to reveal the full
diversity of modern fisheries and aquaculture production systems and their local to global value chains. The TSS is then
used to structure data acquisition and establish functional connections between systems. The TSS offers insights into the
need for more comprehensive social-ecological approaches that can help identify top priorities in ocean food systems
and marine conservation research. Evolving more sustainable aquaculture systems and obtaining an accelerated social
contract for them requires these transdisciplinary, ecosystems ecology approaches, such as the use of social-ecological
systems advances pioneered by Nobel Laureate Elinor Ostrom. We present an example of the current TSS in Maine,
USA, and the development of a functional model of the current flows of finfish to/from Maine, the North Atlantic, and
globally. Our methods can be used to develop a baseline to design transdisciplinary, social-ecological processes that will
accelerate regional ocean foods production and trade that will have positive impacts on societies and environments. We
are using these concepts in partnership developments and local-regional to global training of graduate students in twinned
Master’s Programs in Ocean Food Systems in Maine, USA, and in the Nordic Master Program of Sustainable Production
and Utilization of Marine Bioresources coordinated by Gothenburg, Sweden; and we plan to extend them elsewhere in the
EU. Our goal is to develop further the use of ecosystems ecology and design thinking to deliver working models of more
sustainable aquaculture developments that are connected closely to fisheries systems and communities.



171
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A multi-indicator approach was applied to assess the potential utilization and environmental impact of commercial fish
feeds [fish meal (FM) vs plant meal (PM) based] and fish feed particulate waste by co-cultivation of mussels (Mutilus
galloprovincialis), oysters (Crasostera gigas) and cucumbers (Holothuria tubulosa) in an European sea bass IMTA system,
in the framework of a case study for the IMTA-EFFECT project (COFASP, EU program).

The experiment was performed at the installation of the Institute of Marine Biology, Biotechnology & Aquaculture located
at Agios Kosmas, Athens, and lasted for three months. Two identical concrete tanks (IMTA) (15m? water capacity each)
situated at the coast and equipped with an open flow seawater system (flow rate ~ 980 - 1000 1/h) were used for the
co-cultivation of the species from the different trophic levels. In one tank the fish were fed on a FM based diet, while
in the other tank the fish were fed with a PM based diet. Physiological [scope for growth (SFG), condition index (CI),
immunological markers (IM)], biochemical [proximate composition (PC)] and molecular [fatty acids (FA)] levels of the co-
cultured organisms were evaluated. Proximate composition, feed convention ratio (FCR) and toxicity as well as fatty acid
analysis of feeds and fish feed waste (solid sediment) including seston loads and feces were also performed. Chlorophyl-a,
total particulate matter (TPM), organic and inorganic fractions (POM & PIN) as well as particulate organic nitrogen (PON)
and carbon (POC) were measured in the water column as well. Yet, screening changes in sediment bacterial community
was evaluated. These indicators were compared to those measured at monoculture system (only fish).

Significant differences were found in most of the measured indicators included CI, IM markers, FA, FCR, toxicity, POM,
PON, POC and sediment bacterial community.

We consider that a multi—indicator approach can provide a more holistic vision of the benefits and effectiveness of an IMTA
system under different environmental conditions.
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European overseas regions and territories are in majority islands that have high biodiversity, limited resources, small
economies and a undersized domestic market, mainly relying on primary sector products and tourism. Nevertheless, they
have a huge potential for Blue Growth development considering their large marine surface which management can be
integrated in the established and planned growth strategies. From this perspective, the Canary Islands (Spain), started to
develop their aquaculture production in the early 90’s based on fish production and, at present time, are acting towards
improving public outreach about the benefits of aquaculture products as well as promoting the diversification of species
under a ecosystem approach and through sustainable production techniques.

Sustainable development of seafood production suggests increased reliance on local resources while integrating associated
development of economical activities with service and facility provision. Therefore, there is an increasing interest to
orientate aquaculture development of these territories towards local, emblematic, environmentally respectful and regionally
distinct species that offer high quality and high value products attractive to the consumers, enhancing at the same time local
food production and associated processing sectors.

The aim of this contribution is to present a sustainable model of integrated production of a low trophic, endemic species
in a multi-trophic system. This IMTA model illustrates the feasibility of such production and the benefits in terms of local
food production, valorization of aquaculture activities and promotion of associated products.
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In addition to their small size, isolation, limited arable agricultural land and dependence on high-priced imports, island
territories are also particularly vulnerable to both economic and social crisis, natural disasters and impacts of climate
change. Nevertheless, because of their maritime surrounding, marine aquaculture has frequently been identified as a high
potential sector that could bring a significant contribution to their blue economy, not only because of their large ZEE but
also because of their often strong seafood demand.

Several keys steps have been identified during the course of development of an island fish-farming sector, from emergence
to sustainable production. Importantly, the specific features of these remote areas create higher complexities for investors,
especially because of local market specificities that shape the possible volume of production, the number and size of
businesses, their economic model, as well as the value chain organisation from production to market. Moreover, each
island’s characteristics must also be considered within the global picture, among which governance schemes, regulatory
frameworks, economic conditions, biodiversity etc.

During the preliminary steps to develop marine aquaculture in a given island territory, a certain number of pre-requisite must
be filled. The first goal is to perfectly understand the market target (local and/or export) as well as the various stakeholders
involved in governance and production, and also identify potential sites and project initiators. A tight coordination between
the various components of a R&D continuum, from the research upstream to the producers downstream is mandatory.

Experience gained from several case studies in French overseas islands located in different geographic regions (red drum
Sciaenops ocellatus farming in Martinique Guadeloupe, Mayotte and La Réunion, bat fish, Platax orbicularis in French
Polynesia, Atlantic cod Gadus morhua in Saint Pierre & Miquelon) as well as outcomes obtained from a recent workshop
organized by FAO on the Blue Growth Opportunities in Small Island Developing States allowed us to identify research
priorities, especially with regards to the organization of research and prioritization of topics.

If research (stakeholders, agenda) has shown its capacity to promote and support marine fish farming development, it
cannot alone ensure a successful sustainable development over the long term. In close consultation and concertation with
the local fish farming stakeholders in priority but not exclusively, public policies have to create a supportive regulatory and
financial framework which is essential to allow the emergence and continued growth of this new economic sector.
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Seaweed production continues to grow in the global arena, with a >5% increase annually. Yet despite a clear market
demand for a broad range of seaweed products (food, alginates, bioethanol, antiviral agents, fertilizers, etc.), and a coastal
environment that supports one of the greatest diversity of species in the world, very little movement has been realized
with respect to the development of a seaweed aquaculture sector in western Canada — why? Integrated Multi-Trophic
Aquaculture (IMTA) research has delimited the spatial extent of the wastes generated from fish farm operations, revealing
that the use of extractive species such as seaweeds offers an opportunity to capitalize on these inorganic wastes and could
generate a substantial revenue stream given the high demand and market value of such products. Furthermore, the inorganic
fraction has a much broader spatial impact downstream of a fish farm, and these wastes represent a clear commercial
opportunity for co-culture while offering important ecosystem services. The use of seaweeds in adapting to climate change
offer additional ecosystem services for the coastal environment — the potential for mitigating ocean acidification impacts to
shellfish, carbon sequestering, and/or habitat rejuvenation.

This presentation describes a 5-year applied research program we have initiated to facilitate commercialization of seaweed
aquaculture in coastal British Columbia, and the unique industry and coastal community (aboriginal peoples) partnership
that has come together in support of this effort. It provides some preliminary performance results and the options for
business development.
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The installed infrastructure comprising a fish farm represents a physical habitat that provides a new and unique substrate
for colonization by marine invertebrates, kelps/seaweeds, and an associated assemblage of resident and transient demersal/
pelagic fish species. Given the relative permanency of the farm structures, these habitats can, in essence, be considered
floating “reefs”. A 2-year study in coastal British Columba has documented the structure and function of the fish farm
reef, given the nature of the physical infrastructure as well as the inputs of the farm itself that will inevitably stimulate or
depress colonization processes.

The Salmon Farm Reef Project examined the sub-surface structures that comprise a salmon farm facility. Our inventory
and sampling approach used a fixed focal length high-resolution camera system (Go-Pro) operated via relayed Wi-Fi signal
to the surface operator, a sample scraper and material capture unit, and a new artificial substrate component to document
surface recruitment related to exposure. Four farm sites were selected for seasonal monitoring of the farm’s reef community
— the farms were chosen based on differing oceanographic conditions, assuming these conditions would support different
biological reef communities.

The results of the project revealed a very clear difference in the reef community depending upon oceanographic conditions
(water quality and flow) and the exposure of each farms physical structures to the environment (orientation to flow, sunlight,
depth, etc.). There is also a very high degree of internal variability among similar structures, suggesting the patchy nature
of the community structure. “Function” of the Salmon Farm Reef assumed the average commercial farm comprises a 10-
cage array (30-metre cages) with 14 x 28 metre feed/accommodation barge, anchored in 55 metres of water. The structures
are anchored with 2” polysteel line in an average of 55 metres of water with a 3:1 scope. The entire subsurface structures
was estimated at 1,119 m? - using our biomass data would suggest the system supports 19.2 MT of biological community.

Using species-specific filtration rates derived through the literature, and actual mussel density data from our sampling
program, our functional estimate suggests that those sites where a high proportion of filter feeders exist revealed a significant
filtration capacity across the farm. With 50% mussel (smalls) coverage and an individual filtration rate of 0.6 litres/hour,
the entire farm would filter approximately 14.5 million litres of seawater daily.

The positive and negative aspects of the Salmon Farm Reef were discussed in terms of potential biosecurity, farm
management practises, organic/inorganic waste mitigation, habitat creation, and interactions with wild species.
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The purple-hinge rock scallop, Crassadoma gigantea, is a promising candidate for culture along the west coast of the
United States. The juvenile cementing behavior -- where it goes from free swimming with temporary byssal attachment to
permanently attached to hard substrates -- has proven problematic for culturists because cementation often damages both
the product and culturing gear during harvest. Our earlier work found that upon reaching cementing size rock scallops
are physiologically capable of cementing throughout life, but that they are less likely to cement at larger sizes. Further,
it suggested that growth was better when artificially cemented (attached) to a substrate in comparison to ear hanging
(unattached). Questions remained as to whether 1) other methods that inhibited attachment may result in adequate growth,
and 2) manipulation of the cementing behavior would only be needed until scallops reached a certain size.

To address these questions we conducted two field experiments. First, we tested whether periodic disturbance of scallops
in mesh bags inhibited attachment of scallops while still achieving good growth. Replicate bags of 50 scallops (~30 mm
shell height (SH)) were deployed at sites in Washington State. The bags were shaken approximately every 100 days such
that any scallops cementing to the gear were dislodged. After 25 months, survivorship and growth was high at most sites,
averaging 73% and 78.9 mm SH across sites. Less than 1% of scallops continued to exhibit cementing behavior, with the
majority of animals ceasing this behavior after reaching 50-55 mm SH. Second, we assessed the influence of continual
attachment on scallop growth in California. Scallops (~30 mm SH) were artificially attached to either short (70 mm) or
tall (140 mm) flat panels and grown in replicated shellfish culture trays. After nearly 25 months, scallop survivorship was
high (89%). Shell growth was higher for scallops that continually cemented to panels (tall treatment, 101.6 mm mean SH)
as compared to those that grew past the panels’ edge and continued to grow without cementing to a substrate (short panel,
96.4 mm mean SH). Scallop adductor muscle weight did not differ significantly between the short and tall panel treatments;
19.7 g and 21.2 g respectively.

Our results support the hypothesis that cementing may not be an obligate behavior of C. gigantea. In some environments
(e.g., high currents), attachment may be beneficial and thus exhibited, whereas in less dynamic conditions it may not
be required thereby not displayed. For culture, promoting or inhibiting (when possible) attachment may result in good
growth and survival, and it may be required for only a small window of time thereby reducing costs associated with such
manipulation. Overall, the need to and the methods for manipulating the cementing stage will depend on the system and
environmental conditions for grow-out.
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Three different production treatments with distinct combinations of trophic level species were designed: (i) a combination
of Fish+Oysters+Macroalgae (FOM), (ii) Fish-Oyster (FO) and (iii) Fish-Macroalgae (FM) to permit the evaluation of
the role of each trophic level within the IMTA system-Each treatment was carried out in replicate, in a total of 6 earthen
ponds of 500 m2 surface and depth of 1.5 m at Estacdo Piloto de Piscicultura em Olhdo (EPPO) which is located at the Ria
Formosa coastal lagoon, south Portugal.

The commercial species were a carnivore (meagre - Argyrosomus regius), an omnivore (white seabream - (Diplodus sargus)
a detritivore (grey mullet - Mugil cephalus), a filter feeder (oyster triploids - Crassotreas gigas) and a primary producer
(macroalgae — Ulva spp.). Since this was an open system that lasted for 8 months other organisms grow spontaneously such
as phytoplankton and periphyton. Fish were fed daily and water renewal in the ponds, equipped with bottom air injectors,
ranged 40 - 120% per day.

Results (Fig. 1) revealed better water quality in FOM treatment with higher mean dissolved oxygen (DO) and higher
transparence resulting in the lowest use of air injection. The highest use of air injection was observed in the FM treatment
with the highest turbidity and lowest chlorophyll, DO and transparency. Meagre grew better in ponds without macroalgae
where the water was cleaner. Seabream and mullets grew better in FOM and FM treatments where there is more surface
for periphyton and associated fauna to develop. Oysters were an additional source of dissolved nutrient in the ponds but
also acted as controllers for phytoplankton proliferation. Macroalgae exerted a high level of competition for nutrients
preventing phytoplankton to growth and consequently the oysters.
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Figure 1. — Comparative levels of water quality parameters and animal weigh in the treatments
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In many aquaculture operations, farm production is often limited by access to a steady supply of juveniles, due to the
vulnerability and often poor survival rates of larvae. For Tripneustes gratilla, this is compounded by a lengthy pelagic
larval stage and the subsequent successful metamorphoses of competent larvae into juveniles. Improving the survival and
number of larvae that successfully complete metamorphosis will significantly improve commercial production of this
species.

Successful larval settlement and metamorphosis have in many instances been linked to associations with the recognition
of specific substrates or substratum-specific biochemical signals. In many intensive aquaculture systems, the required
morphogenetic inducing substances are often absent. As a consequence, these aquaculture operations suffer from costly
and extensive early post-larval mortality, which can be linked to abnormal development during metamorphosis. This
study examined the effects of a range of inductive substrates and chemicals on larval settlement and metamorphosis as
well as post-settlement survival and growth of juvenile Tripneustes gratilla. The effect of each settlement substrate or
inducer was evaluated by quantifying the number of competent larvae that successfully completed metamorphosis within
a 48h period. We tested a range of benthic microalgal species (Amphora sp.; Cocconeis sp.; Navicula sp.; Nitzschia sp.;
and a tank diatom community (TD)), macroalgal species (Ulva sp., Ulvella sp., Porphyra sp.) and chemicals (histamine,
dibromoethane, y-aminobutyric acid (GABA), Ulva extracts). A significantly higher percentage of larvae successfully
completed metamorphosis in association with the tank diatom community (98 + 2.0%), Ulvella lens (72 + 2.6%) and fresh
seaweed Ulva (68+10.7%), when compared with the benthic microalgal species and certain chemicals. Further testing of
Ulva extracts revealed that specific fractions of Ulva, rich in glycolipids (fractions #9) were responsible for the improved
(>70%) settlement and metamorphosis of larvae. Settlement substrates also had an effect on post-settlement growth, with
the macroalgal crust, Ulvella lens, producing the best juvenile growth over a 30 day period, compared with a range of
benthic diatoms often used as industry standards. These findings will contribute towards more consistent and successful
production of T. gratilla juveniles and the development of echinoculture globally and within South Africa.
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Genomic selection can increase genetic gain in aquaculture breeding for many traits, especially for traits which are not
measured on the candidates themselves. However, its implementation in this industry has been hindered by staggering
genotyping cost due to many individuals to genotype. DNA pooling is a strategy for reducing genotyping cost for different
applications. In this study we demonstrated the potential of DNA pooling as a tool for genomic selection for a disease
resistance trait using in silico pooling technique.

Data on 4115 postsmolt from SalmoBreed population were challenged for pancreases disease (PD) and 914 individuals
with extreme phenotypes (435 alive and 479 dead) were genotyped with ~55k customized SNPchip. The data was divided
into reference dataset (589 samples) and validation dataset (325 samples). The effect of number of pools were investigated
by grouping individuals into 1, 2, 4, 10, ..., 200 pools per phenotype group (the respective number of fish per pool is
given in Table 1). Given the genotype of individuals in each pool, allele frequencies were calculated by sampling with
replacement. Effect of sequence coverage on accuracy of selection was studied by varying the sampling times to 40X
and 100X. SNP effects from the pool data were calculated based on allele frequencies estimated form the pools and
compared with SNP effects estimated from individual genotypes. Genomic breeding values (GEBVs) were calculated
for the validation individuals as sum of SNP effects. The accuracy of selection was calculated as the correlation between
predicted GEBVs and phenotypes and weighted by the square root of the heritability (h?).

The correlation between SNP effects estimated based on individual genotypes and pooled data increased from 0.3 to
0.898 and from 0.411 to 0.912 for the 40X and 100X respectively, when the number of pools increased from 1 to 200. The
correlation between GEBYV increased from 0.84, when only single pool is used per phenotype, to 0.976 when number of
pools increased to 200. Similar trend also observed for the accuracy of prediction, it increased from 0.574 to 0.691 (Table
1). The accuracy of prediction for this dataset using individual genotypes was 0.712. Limited effect of sequence coverage
on correlation of GEBVs and accuracy was observed (Table 1).

Results showed that large number of pools are required to achieve as good prediction as individual genotypes, however,
alternative effective pooling strategies should be studied to reduce the number of pools without reducing prediction power.
Nevertheless, it is demonstrated that pooling of reference population can be used as a tool to optimize between cost and
accuracy of selection.

Table 1: Accuracy of prediction

#poolsper # Accuracy

phenotype  fish/pool 40X 100X
group

1 295 0.575 0.574
2 147 0.574 0.575
4 74 0.575  0.575
10 30 0.576  0.576
20 15 0.581 0.579
40 7 0.592  0.588
100 3 0.640 0.636
150 3 0.668  0.687

200 1.5 0.676  0.691
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SYSTEMATIC MICROBIOTA PROFILING AND DEVELOPMENT OF DECISION SUPPORT
TOOLS FOR NEXT GENERATION AQUACULTURE MANAGEMENT
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Kari J K. Attramadal
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The microbial communities in aquaculture systems are composed of a large number of different species in different
abundancies, representing a major factor for biological water quality. While the majority of microbes does not affect fish
health directly, some species can have negative and others positive impact. The microbiota also affects the chemical water
quality, and is a vital part of the water treatment in recirculating aquaculture systems (RAS). The water quality is determining
for fish health and thus of high operational interest. Outbreaks of diseases cause significant loss in aquaculture systems.
While the chemical water quality is typically well documented, not much is known about the normal composition and
variation of the microbiota in closed and land-based systems, the dynamics over time during operation and the correlation
to fish health and mortality.

The intention of the MonMic project is to monitor structures and dynamics in the microbiota at various sampling locations
of five different commercial RAS for Atlantic salmon over a 15-month period. The project aims at profiling microbiota
under normal operation, but also identifying known and new pathogens. Microbiota profiling is performed using next
generation sequencing (NGS) technology (16S amplicon and shot gun sequencing). This will facilitate identification
of known pathogens and new indicator species, but also provides information about dynamics in biological processes.
Multivariate statistical analysis will be used to interlink microbiota, chemical water quality data and fish health. Novel data
integration routines are used to develop models and tools for advanced aquaculture management systems.

The first results show that microbial communities were different between the sites, and between different sampling locations
(biofilm and water). This confirms that NGS provides powerful tools for systematic and detailed microbiota profiling and
monitoring to reliably assess biological water quality in closed and land-based production systems for Atlantic salmon.
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Fig. 1. PCA analysis of two first sampling dates in three
different sites (blue, red and grey). with Atlantic salmon.
K=tank water, R=intake water, B=biofilm biofilter, S=biofilm

tank wall.
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GENOMIC ESTIMATES OF DIVERSITY BETWEEN AND WITHIN FRENCH RAINBOW
TROUT POPULATIONS

D’Ambrosio J°, Phocas F, Haffray P, Quillet E, Bestin A, Fraslin C, Dechamp N, Dupont-Nivet M.
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Recent access to the genome sequence of rainbow trout and a medium-throughput genotyping chip of 57,501 Single Nucleotide
Polymorphism (SNP) markers open up new perspectives for the design of efficient breeding programs. However, the genetic
variability of farmed fish can decrease significantly due to high selection intensity, jeopardizing the long-term genetic progress
as well as the adaptation capacities of populations at the onset of a change in the environment. The aim of the study was
therefore to evaluate the impact of selection practices through molecular estimates of genetic diversity between or within
population. The analysis of linkage disequilibrium (LD) was used to estimate effective population sizes (Ne) across the
last 5-10 generations for each strain. Average inbreeding (F.,) was derived from runs of homozygosity measured in each
individual within population. This work was funded by the European Maritime and Fisheries Fund (EMFF) and French
Gouvernment via the national public body in charge of agriculture products and seafood FranceAgrimer (n°2015-0638).

Four commercial strains of French breeding companies, hereafter SA,SB, SC and SD, as well as two INRA experimental lines,
SY and SU, were considered. The synthetic line SY was developed by intercrossing several domesticated strains during the
1980s to create a population with a large genetic variability. The line has since been managed without any selective breeding.
The SY cohort from birth year 2006 was the founder generation (SYO) for a new strain (SU) selected its ability to survive and
grow with a complete plant-based diet. The 5™ generation of SU line was analyzed, jointly with the corresponding generation
of the unselected SY line (SY5). The Axiom™ Trout Genotyping Array was used to genotype 290 females comprising 32 to
49 fish with low kinship coefficients within strain. After quality control, only 38,351 SNP were kept for the analysis of genetic
diversity between strains. For the within strain analysis, we kept subsets of 31,191 to 34,724 SNP with minor allele frequency
greater to 5% in each population.

Our results showed a moderate genetic differentiation between strains (Fig.1). F values ranged from 0.02 (SY0-SU) to 0.15
(SA-SB). Within population, LD declined rapidly over the first 100 kb (mean r? decreased from 0.34 at 10 kb to 0.23 at 100
kb), but then stayed quite high at long distance compared to other livestock species (mean 12 was still 0.16 at 1 Mb). Estimates
of Ne in the last generation were low (< 25) for all strains. Average F, ,, ranged from 7% for SYO to 8.5-12.5% for the selected
strains (Fig.2). Molecular inbreeding was high compared to values in other livestock populations. Our study gave the breeding
companies a better understanding of the genetic diversity of their strains to implement effective genomic breeding programs.
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EFFECTS OF DIETARY SPIRULINA (Spirulina maxima) PECTIN NANOPARTICLES ON
GASTROINTESTINAL METAGENOME OF ZEBRAFISH

S.H.S. Dananjaya’, Barana Jayawardana, H.P.S.U. Chandrarathna, Chamilani Nikapitiya, Gun-Hoo Park,
Su-Jin Lee, Chulhong Oh, Kyoungah Lee, Do-Hyung Kang, Mahanama De Zoysa

College of Veterinary Medicine, Chungnam National University, Yuseong-gu, Daejeon 34134, Republic of Korea

This study was conducted to investigate the effects of dietary Spirulina (Spirulina maxima) pectin (SP) and Spirulina
pectin nanoparticles (SPNPs) on the gastrointestinal microbiota of zebrafish (Danio rerio) using a metagenomics approach.
Zebrafish diet was prepared by adding 4% of SP or SPNPs to the commercial feed on a weight basis. After 2 weeks
acclimatization, zebrafish were divided into three groups (n=30), namely control, SP, and SPNPs. Fish were fed three times
per day at 4% of bodyweight. After 6 weeks feeding, zebrafish gut was collected and genomic DNA was isolated. Then 16S
rRNA gene sequence based metagenomics sequencing was conducted to understand the change of microbiome profiles.

Total of 125, 130 and 111 operational taxonomic units (OTUs) were resulted for control, SP and SPNPs fed fish,
respectively. Upon feeding of SP and SPNPs diet for 6 months, changes in the natural gut bacterial composition was
observed. The phylum Proteobacteria and Fusobacteria were found to be the most abundant in zebrafish gut. Increased
number of Fusobacteria were shown in SP (47.6%) compared to control (33.8%). Moreover, Proteobacteria was reduced
in SP (36.8%) and SPNPs (38.5%) fed group compared to control (48.3%) fish. Overall results suggest that SP and
SPNPs based feed supplementation may have beneficial modifications of gut microbiome to enhance the digestibility and
immunity in fish.
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ZEBRAFISH EMBRYOS DISPLAY EARLY HATCHING AND TRANSCRIPTIONAL UP
REGULATION OFHATCHING ENZYME UPON EXPOSURETO PECTINISOLATEDFROM
POMELO (Citrus maxima) PEEL

S.H.S Dananjaya'!, H.P.S.U Chandrarathna', L..A U Nayanaransi?, A.S. Dissanayake?, M. Edussuriya®,
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'College of Veterinary Medicine, Chungnam National University, Yuseong-gu, Daejeon 34134, Republic of Korea
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Pectin is non-toxic, biodegradable polysaccharide mainly consists of alpha (1-4)-linked D-polygalacturonic acid residues.
Pectin shows gelling properties and it has been widely used in food and pharmaceutical industries as drug delivery agent
to the gastrointestinal tract. We purified the pectin from Pomelo (Citrus maxima) using acid extraction method and then
characterized. Extraction recovery (yield), degree of esterification, methoxyl content, equivalent weight and anhydrouronic
acid % were estimated to be 14.25 %, 72.56 %, 7.82 %, 1245.56 and 68.27%, respectively. Aiming to use pomelo pectin
as a health promotion agent in aquaculture, effects of pectin on zebrafish larvae were assessed on embryo toxicity and
hatching rate. Moreover, effect of pectin on transcriptional responses of hatching related genes namely hatching enzyme 1
(HE1) and Kriippel-like factor 4 (KLLF4) were investigated by quantitative RT- PCR and in-situ hybridization techniques.
Exposure of pectin at lower concentrations (0-100 pg/mL) did not show any toxic effects in zebrafish embryos (0-120 hpf).
Interestingly, pectin exposed (100 yzg/mL) zebrafish embryos showed early hatching (96%) compared to control (3.3%) at 60
hpf. There were no any malformations in early hatched larvae under pectin exposure. Zebrafish HE1 exhibited significantly
(p<0.05) higher expression of 4.3, 55.6 and 26.8-fold at 12, 24 and 48 hpf, respectively at 100 pg/mL concentration of
pectin. In-situ hybridization results revealed remarkably strong signals of HE1 in pectin (50 and 100 pxg/mL) exposed
embryo compared to control. In addition, size of the hatching gland area was found greater in pectin exposed larvae (100
pg/mL) than that of non- exposed control larvae. KLF4 showed a slight induction (3-fold) in pectin (100 zg/mL) exposed
group compared with the respective control group. Our results indicate that pomelo pectin has ability to induce the hatching
of zebrafish embryos which may be associated with upregulation of HE1 and KLF4.
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NOVEL SHELLFISH AQUACULTURE: EUROPEAN LOBSTER - ENVIRONMENTAL
MONITORING TO INFORM REARING SUCCESS

Carly Daniels*, Charlie Ellis, Peter I. Miller
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Sea-based on-growing of hatchery-reared European lobsters (Homarus gammarus) in oyster spat baskets has shown
considerable promise as an extensive culture technique. Trials have established: 1) low energy requirements; 2) zero feed
costs; 3) fixed unit cost of production (compared to an escalating cost against time in land-based culture), and; 4) good short-
term survival and growth rates. The promise of these early trials prompted Lobster Grower, a multidisciplinary collaborative
research project (led by the National Lobster Hatchery, UK - project partners University of Exeter, Westcountry Mussels
of Fowey, Centre for Environment Fisheries and Aquaculture Science and Falmouth University) to develop a novel sea-
based rearing container designed to overcome technical limitations and impracticalities of the oyster system. A follow on
project, Lobster Grower 2, is now testing both designs on a semi-industrial scale at a UK offshore shellfish farm. Over
25,000 juveniles have been deployed to the site since 2016, while controls are reared in hatchery aquaria facilities. Data are
being collected on a combination of biological, ecological, histological, pathological, environmental and oceanographic
factors while considering practical, operational, engineering, regulatory, economic and social elements associated with
establishing and operating a mariculture site.

On site, environmental data (water quality and hydrodynamics) are being monitored to understand suitable conditions for
rearing for Homarus gammarus. Remote sensing data is being provided by collaborative links with ShellEye, a project
applying satellite ocean colour data and biotoxin modelling to advance the creation of a tool to give aquaculture operations
forewarning of potential water quality issues. Using both in sifu and remote sensing data increases the likelihood of
identifying environmental drivers affecting rearing success, monitored in this project through lobster growth, survival and
health status.

Lobster Grower research is laying the foundations for expansive culture of juvenile lobsters at sea. The use of natural
settlement to supply feed and the effects of an enriched culture environment on lobster development suggest that the method
has considerable potential for (i) cost-effective and ecologically-conditioned on-growing to improve the effectiveness of
releases to enhance capture fisheries, and (ii) the advent of sustainable aquaculture of this prized seafood species. With
global seafood consumption expected to rise by 8% during the next decade, this novel approach could facilitate growth in
the production of European lobster without threatening pressured natural stocks.

Figure 1 Satellite ocean colour observation of algal
blooms off south Cornwall close to St Austell Bay

lobster farm, produced by ShellEye project using
latest European Sentinel-3A satellite with 300m
resolution. Chlorophyll-a concentration (mg Chl m™
composite image for 27 Feb. to 05 Mar. 2018.
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DESCRIPTION OF THE PROFILE OF FATTY ACIDS OF THE PATAGONIAN TOOTHFISH
(Dissostichus eleginoides Smitt, 1898 (Perciformes: Nototheniidae): A SPECIES FOR THE
DIVERSIFICATION OF THE CHILEAN AQUACULTURE AND THE SOUTHERN
HEMISPHERE
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The Patagonian toothfish (Dissostichus eleginoides) is one of the most important resources of the industrial and artisanal
fishery of Chile and the Southern Hemisphere. It is a white meat fish widely desired in international markets, which is
why its natural populations show signs of depletion after 30 years of intense exploitation (Reyes et al., 2016). This has
encouraged the state of Chile to promote research to develop a technology of cultivation within a period of 10 years. The
objective of this work is to describe the composition of fatty acids in wild fish of this species, mainly in its contribution of
omega 9, omega 3 and omega 6 fatty acids.

Actotal of 30 wild fish of different sizes were captured between September 23 and October 19,2017 in the area of the Beagle
Channel south of the Strait of Magellan between 55° and 56° South Latitude and between 70° and 68° West Longitude.
Skinless muscle samples from three size ranges (7-10 kg, 11, 14-15 kg and 15-17kg) were taken immediately after capture
and stored at -20°C. The samples kept the cold chain from the capture zone until reaching the laboratory for analysis. The
fatty acid composition was determined by gas chromatography.

The most abundant fatty acid is oleic acid (18: 1n-9), which represents between 33 and 36% of total fatty acids. In relation
to omega 3, the concentration of EPA + DHA represents between 12 and 14%, with DHA being twice as abundant as EPA
in all cases. Of the omega 6, arachidonic acid (ARA) represents between 4 and 5% of the total. No significant differences
were found (P> 0.05) in the fatty acid profile between the different size ranges.

Samples of deep-seated muscle tissue show a fatty-acid profile of a fish with cold, deep waters and its composition does not
seem to vary with the size of the fish. The high content of oleic acid (18: 1n-9), as well as the concentration of DHA (22: 6n-
3), EPA (20: 5n-3) and arachidonic acid (20: 4n-6) in a species of white meat like this, they make it nutritionally attractive,
which allows to account for its quality as a consumer fish and candidate for the diversification of aquaculture in Chile.

Reyes A.,Kido R. & Moreno C.A. (2016) Captura y mantencion de Dissostichus eleginoides para conformar un plantel de
reproductores Latin American Journal of Aquatic Research 40(4), 1066-1071.
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GENE EXPRESSION PROFILE OF THE MAIN DIGESTIVE ENZYMES IN Arapaima gigas
EARLY JUVENILES REARED IN A RECIRCULATION SYSTEM
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Arapaima gigas, native to the Amazon basin in South America, is one of the world’s largest scaled freshwater fish species
and shows the highest growth rate among Amazonian cultured fish. Primarily cultivated in Peru and Brazil, there is still
little information about its biology during early development. The present study aimed to analyze the gene expression
profile of the main digestive enzymes of early juveniles of A. gigas. The offspring were obtained from natural spawning
of a pond-reared pair of A. gigas and transferred at 3 cm TL to 30 L tanks connected to a clear water recirculating system
(n = 6; initial density 1 ind/l; 29.0 + 0.03 °C; 12L:12D photoperiod). Fish were sampled throughout 17 days of culture
for molecular analyses and tissues were stored in RNAlater until analyzed. Results from quantitative PCR showed that
the expression of amylase and trypsin was higher in the anterior intestine, followed by the liver and to a lesser extent in
the middle intestine and the stomach. No expression of these genes was detected in the posterior intestine. Chymotrypsin
was expressed mainly in the anterior intestine, followed by the liver, the posterior intestine, the middle intestine and the
stomach. The expression of lipase was higher in the anterior intestine and the stomach, followed by the rest of the analyzed
tissues. The highest level of phospholipase expression was found in the stomach and the posterior intestine, followed
by the anterior intestine, the middle intestine and the liver. Pepsin was mostly expressed in the stomach, followed by
the anterior intestine with a 15-fold lower level of expression. The expression of neuropeptide Y was mainly located in
the posterior intestine, followed by the stomach, the middle and anterior intestine and the liver. The level of expression
of amylase, trypsin, chymotrypsin and pepsin at day 1 of culture (D1) was 67, 60, 25 and 1000 times higher than at D3.
From D3, the level of expression of these genes was stabilized, which suggests a response to the change in the diet when
juveniles were transferred from the pond to the rearing tanks. The expression of amylase fluctuated throughout the period,
being higher at D3 and D10 than at D5 and D15, while the expression of trypsin remained constant. The expression of
chymotrypsin was highest at D3, followed by D10, D15 and D5. The expression of trypsin showed a similar pattern to that
of chymotrypsin, although differences were not significant throughout development. The expression of lipase increased
from D3 to D5 and then remained constant. The expression of pepsin increased significantly from D5 onwards. Both the
expression of phospholipase and neuropeptide Y remained constant throughout the studied period. The gene expression
profile of the digestive enzymes analyzed in different tissues as well as during development followed the common pattern
of expression of carnivorous fish, characterized by a high level of expression of pepsin in the stomach, responsible for the
acidic digestion of complex proteins. Taking into account these results, it can be concluded that the digestive system of A.
gigas is functionally developed from D3 (3.3 cm TL), although the considerable increase in pepsin expression detected
between D10 and D15 indicates an improvement in the efficiency of protein digestion during this time.
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Intensification of aquaculture has emerged as a viable alternative for increasing aquaculture production due to competition
that arose from the use of natural resources such as land and water by other production and developmental sectors.
However, intensification demands increase in the inputs such as fish and feed per unit culture area and hence, increase
waste generation from the aquaculture production systems.

The impact of waste products from aquaculture has raised public concern and threatens the sustainability of aquaculture
practices. The needs for increasing production of aquaculture products cannot be overemphasized, therefore there is a need
to develop culture systems that will increase fish production with efficient waste management in order to limit environmental
degradation resulting from aquaculture waste and hence, ensure its sustainability. This paper reviewed waste production
from aquaculture, its sources, constituents and methods of management in different culture systems.
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We now know that early environmental conditions can influence an individual’s future phenotype. As a mediator between
environmental signals and phenotypic responses, epigenetics raises many hopes but also many questions in aquaculture, as
in most agricultural production sectors. We will present the main principles regarding the Maternal & Paternal transmission
of epigenetic patterns and the transgenerational epigenetic inheritance. Epigenetic mechanisms can be in the form of
DNA methylation, Histone variants, chromatin remodelling and post-translational modifications with non-coding RNA.
We will show from recent fish examples, how it should be quickly used and taken into account especially for sex control
in aquaculture.

The first potential application of epigenetics in aquaculture is by environmental manipulation of the fry or bloodstock.
It relies on studies carried out on 3 species. In sea bass, Dicentrarchus labrax, high temperatures applied at early stages
of development induce hyper-methylation in the promoter region of the aromatase gene (cyp/9ala), which inhibits the
expression of this gene and leads to fry masculinization (Navarro-Martin et al., 2011). In the half-smooth tongue sole,
Cynoglossus s emilaevis, the pseudo-male testes induced by early treatment of genetic females at high temperatures
exhibit methylation patterns comparable to those of genetic males, but different from those encountered in the ovaries of
genetic females. The pseudomale phenotype and its methylation patterns are found in F1 resulting from crosses between
pseudomales and normal females, suggesting a transgenerational effect of masculinization induced by high temperatures in
this species (Shao et al., 2014). The third species studied has been the Nile tilapia where temperature treatments can induce
masculinization of XX individuals resulting in higher levels of DNA methylation in both promoters and gene bodies (Sun
etal., 2016).

The second approach, validated on oil content in oil palm, consists in integrating the presence or absence of epigenetic
marks in epigenetic selection programmes.

Epigenetics is involved in the development and maintenance of the phenotype, including a sexual phenotype. A better
understanding of epigenetic mechanisms will allow a functional annotation of genomes, but also to anticipate and probably
to select (via epigenetic markers) the phenotypes induced by certain early environmental conditions. Epigenetics should be
rapidly integrated into aquaculture practices and selection schemes, especially for sex control purposes.
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In outdore aquaculture systems, like ponds, nearshore or offshore aquaculture, the environment has an impact on the final
yield and quality of the product. With the correct information you can monitor the environment and improve planning
and management practices of the aquaculture site. Currently, in-situ instruments provide a weath of information but lack
the spatial extent. This is where remote sensing can play a role by observing the area of interest from a distance. Remote
sensing data includes images taken by satellite, airborne, drones or fixed cameras. This study shows the potential of drone-
based camera systems for aquaculture monitoring and zooms in on a test-case of the Scheldt (Belgium) and Breskens (the
Netherlands) where sediment concentration maps were derived using a low-cost RGB frame-camera on an Octocopter.

When trying to derive water quality information from drone imagery, there are some challenges that need to be considered
regarding georeferencing, lens distortions and radiometric corrections. Algorithms and corrections valid over land are not
necessary valid over lakes or oceans since water can have a dynamic behaviour, not allowing to use for example structure
for motion techniques for georeferecing. An ideal set-up, makes use of a frame camera with an advanced GPS IMU system
to enable a proper georeferencing. The frame camera has the advantage that it can monitor the dynamics in time, if the
drone stays at the same spot, or obtain an overview of the site when stiching images taken at different locations.

After performing the aforementioned correction steps, it is possible to derive water quality information from the drone
imagery. The test-case of Breskens and the Scheldt river illustrate that a low-cost RGB camera is adequate to obtain
suspended sediment concentrations, see Figure 2. Since a lot of research has been performed on deriving water quality
products (e.g. chlorphyll-a, primary production, cyanobacteria) from satellite images, this knowledge can be used to derive
these products from drone imagery by selecting cameras with similar spectral characterics. Such specific camera systems
that can be integrated on a drone are becoming affordable. The dynamics of the sediment concentration in the Scheldt river
and the harbour of Zeebrugge monitored with a drone will be presented.

This research received funding from BELSPO Stereo III under grant agreement No SR/67/311 (DRONESED) and from
the European Union’s horizon 2020 research and innovation programme under grant agreement No 776480 (MONOCLE).

Figure 2: Georferenced Suspe e
sediment map taken on 15/07/2016 in the
harbour of Breskens (NL).
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IN VITRO SCREENING OF PROTEIN HYDROLYSIS (DH, pH-stat) USING STAGE-
SPECIFIC ENZYME EXTRACTS OF L. vannamei LARVAE AND POSTLARVAE
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Efficient feed formulation, processing and feeding practices are crucial for the timely delivery of accessible nutrients, and
this needs to be combined with suitable absorption/utilization. In shrimp physiology, the use and incorporation of dietary
dense nutrient fractions such as protein is significantly dependent on secreted digestive enzymes at simpler (larva) or “more
preconditioned” (juvenile) digestive systems, with different transit times and ingestion rates.

The pH-stat assay was used as an 140
in vitro method to evaluate protein
digestibility of a series of ingredients
used in shrimp diets, including different
marine and terrestrial plant and animal
derived protein sources. This assay
indicates that the mysis II stage of
Litopenaeus vannamei (MII) can digest
protein sources more efficiently than the

other stages (Fig. 1). Data obtained by e e ) Tkl hrkoyte mel ghen v
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Figure 1: The in vitro pH-stat degree of protein hydrolysis (DH, %) of selected ingredients
for the Z2, M2, PL3 and PL7 Pacific white shrimp (Lifopenaeus vannamei). Samples were
hydrolyzed for 60 min at 30 + 1 °C. Different superscript letters indicate significant
difference (P<0.05) between ingredients within a shrimp stage. Results shown as mean
(vertical bar) and s.d. (error bar), n=4. Freeze-dried fish (a) from Thailand; (b) from Russia.



191

ADVANTAGES AND DISADVANTAGES OF ADDING CARBON IN INTENSIVE CULTURE
OF Litopenaeus vannamei WITH BIOFLOCS

Eric De Muylder

CreveTec
Heirbaan 56A, 1740 Ternat, Belgium
eric@crevetec.be

Indoor shrimp farming has gained a lot of attention recently, because it creates the opportunity to supply high value fresh
shrimp to the local market at premium prices. The climatic conditions in some countries makes it necessary to recycle
water, even after the harvest.

CreveTec has developed a system for 100 % recycling, which is running for 3 consecutive years, using a modified biofloc
system.

Bioflocs have been shown to increase shrimp growth while maintaining water quality. However, higher biofloc densities
can create secondary problems, like accumulation of sludge resulting in anaerobic conditions and vibrio proliferation.
Therefor, most biofloc farms include a system to remover surplus bioflocs and keep biofloc densities low.

The addition of carbon promotes biofloc growth but will at the same time increase the risk of a high biofloc density.

Therefore a trial was set up to evaluate and compare 2 strategies. 8 tanks of 400 liter were filled with culture water. 4 tanks
only received feed and 4 tanks received feed + carbon in the form of sugar. The trial lasted for 4 weeks.

Results indicate that shrimp benefit from the addition of sugar, even though growth was slower. However, the biofloc
density at the end of trial was higher in the tanks receiving sugar, which could lead to more water quality problems and
lower survival eventually.

Feed Feed + sugar
Initial ABW 2,07 g 2,02 g
Final ABW 6,02 g 499 ¢
Survival 49 % 62 %
Final biomass 295 ¢ 309 g




192

MEASURING INDIVIDUAL FEED EFFICIENCY AND ITS CORRELATIONS WITH
PERFORMANCES AND AGONISTIC BEHAVIOURS IN JUVENILE NILE TILAPIA
Oreochromis niloticus REARED IN GROUPS

Hugues de Verdal*, Marc Vandeputte, Catherine M. O’Connell, Marie-Laure Bégout, Wagdy Mekkawy,
Béatrice Chatain, John A H. Benzie
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Estimating individual feed intake of fish held in groups has long been a challenge precluding precise knowledge of the
individual variation in feed efficiency (FE).

In this study, we measured individual feed conversion ratio (FCR) of 100 juvenile Nile tilapia Oreochromis niloticus held
in groups and estimated the correlations between FCR, performance and agonistic behavioural traits.

For this purpose, fish were video-recorded to estimate the occurrence of agonistic behaviour during a fasting and a refeeding
period, occurring just before the individual feed intake (FI) measurement. To measure FI, we counted the number of feed
pellets eaten by each individual tilapia using video recordings made over a period of 10 days where fish were fed twice

daily.

Accumulated measures of FI over 11 meals were found to achieve 95% repeatability and a highly accurate FI estimate.
Thus, with this approach, we can accurately investigate FI and FCR in fish.

During the FI measurement period, average fish growth was 12.0 + 3.6 g and FCR was 0.86 + 0.20. FCR was negatively
correlated with body weight gain (BWG, r = -0.62 + 0.06) but not with FI (r = -0.02 + 0.10). Conversely, residual feed
intake (RFI) was positively correlated with FI (r = 0.60 + 0.06) but not with BWG (r = -0.03 + 0.10). These findings
highlight the complex relationships between the main feed efficiency traits, FCR and RFI.

Fish were 58% less aggressive during the fasting period compared to the refeeding period, but generally, an aggressive fish
during the fasting period was also aggressive during the refeeding period.

The correlations between agonistic behaviour and growth and feed conversion ratio were low, and in most cases not
significant. We conclude that the hierarchical rank and agonistic behaviour should not affect Nile tilapia growth and feed
conversion ratio. Consequently, a dominant fish should not necessarily be more efficient than a subordinate fish.
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RESISTANCE TO Yersinia ruckeri IN RAINBOW TROUT: QTL DETECTION AND GENETIC
LINKS WITH STRESS RESPONSE

N. Dechamp*, C. Hervet, F. Krieg, T.G. Pottinger, T. Wang, C.J. Secombes, E. Quillet
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Enteric red mouth disease (ERM), caused by the bacterium Yersinia ruckeri, is a major fish disease. In rainbow trout
(Oncorhynchus mykiss), efficient vaccines have been developed but emerging resistant bacterial variants have been
described. A few studies have investigated the genetic bases of resistance to ERM. Moderate values of heritability have
been recorded (Henryon et al, 2005), and selection for resistance could be a promising alternative to manage the disease. In
this study we detected quantitative trait loci (QTL) for resistance. The QTL families were previously used in the Aquafirst
EU project to detect QTL for cortisol response to confinement (Quillet er al. 2014). Comparison of the QTL found in
the two experiments offered insights into the possible genetic relationships between immune capacities and response to
environmental stressors.

The experimental work was carried out under the UK Animals (Scientific procedures) Act 1986, Project Licences no.
40/2600 and 60/3333 FO grand-parents belonged to two O. mykiss lines selected for divergent plasma cortisol responsiveness
to confinement (high vs low responsive, Pottinger et al., 1999). Five F2 full sib QTL families were produced by single-pair
mating of F1 parents. At 11 months, 215 fish per family were individually tagged and fin sampled for further DNA analysis.
Individual plasma cortisol levels after a standardized confinement stress were measured in two successive trials four and
five months later (see Quillet ef al, 2014). When animals were 21 months old, 781 fish were injected with a pathogenic
strain (MT3072) of Y. ruckeri (0.5x106 cfu per fish in phosphate buffer saline; 0.5ml per fish). Response to infection was
assessed 48 h post injection using the relative spleen weight (SW) and the spleen bacterial burden (BB) measured by qPCR.
All fish were genotyped for 268 genetic markers (mostly microsatellites). QTL detection was performed using QTLMap
software after adjustment for fixed effects. Unitrait and multitraits analyses were performed, in a first step for resistance
traits only (SW, BB) and then combining resistance traits and cortisol response.

Eight unitraits QTLs were identified on distinct chromosomes for resistance traits. There was no common QTL for BB and
SW. One more QTL was found on another chromosome after a joint analysis (SW and BB). Several genes that may play a
role in the antibacterial response and inflammatory response were found in QTL confidence intervals and could be further
tested.

Thirteen QTL had been identified previously for response to confinement. Only four were common with resistance QTL.
Multitrait analyses combining resistance traits and cortisol response were carried out to refine the comparison. Overall,
twelve QTLs were found, with only three being common to cortisol response and resistance traits. Altogether, these results
suggest that antibacterial response and response to confinement share limited genetic control.

Henryon, M., P. Berg, N. J. Olesen, T. E. Kjaer, W. J. Slierendrecht,A. Jokumsen, and I. Lund. 2005. Selective breeding
provides an approach to increase resistance of rainbow trout (Onchorhynchus mykiss) to the diseases, enteric redmouth
disease, rainbow trout fry syndrome, and viral haemorrhagic septicaemia. Aquaculture 250: 621- 636.

Quillet E, Krieg F, Dechamp N, Hervet C, Bérard A, Le Roy P, Guyomard R, Prunet P, Pottinger TG., 2014. Quantitative
trait loci for magnitude of the plasma cortisol response to confinement in rainbow trout. Anim Genet. 2014.

Pottinger TG, Carrick TR, 1999. Modification of the plasma cortisol response to stress in rainbow trout by selective
breeding. Gen Comp Endocrinol 116: 122-132.
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European flat oyster Ostrea edulis beds used to be highly abundant in the Southern North Sea, ranging from Norway to
Germany, France and the UK, including Belgian waters. Due to overexploitation, most oyster beds were destroyed and
O. edulis populations were brought to near extinction, by the end of the 19" century. Nowadays, only a small number
of relict populations are known in France, the Netherlands and the UK. Because of the major autogenic and allogenic
bioengineering capacities and hence the important ecological value of oyster beds, interest in their restoration is ever
growing. This project aimed at investigating the feasibility of oyster bed restoration in the Belgian part of the North Sea
and developing possible restoration scenarios.

After collating a wide knowledge base on oyster ecology and restoration we analysed the environmental constraints for O.
edulis as to be able to identify areas suitable for oyster bed restoration in Belgian waters. We also assessed the connectivity
between relict and restored beds to evaluate the long-term viability of possible restoration measures. All information was
integrated to develop restoration scenarios that were scored for feasibility and sustainability.

Full-coverage data on the distribution of substrate, currents and suspended particulate matter allowed delineating areas
suitable for oyster settlement and growth. Connectivity modelling identified areas that possibly still receive substantial larval
influxes from the oyster relict populations in the English Channel. Two dimensions were identified along which restoration
scenarios could be adjusted, introduction of oysters and modulating habitat condition. We deducted 20 scenarios, which
were eventually weighted based on five criteria: time to successful restoration, respecting existing biodiversity, active
promotion of biodiversity, restoration cost and maintenance cost.

We conclude that oyster bed restoration is still feasible in Belgian waters. We identified the gravels in the Belgian
fisheries management zones (inside a Special Area of Conservation) and in the planned offshore wind farm zones to offer
opportunities for oyster bed restoration.
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MR.GOODFISH, A SUSTAINABLE SEAFOOD CONSUMPTION PROGRAMME
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The Mr.Goodfish programme has been launched in France, Italy, and Spain in 2010. It aims to better manage seafood
resources and to secure the sustainability of seafood stocks, by helping consumers to choose their seafood smartly. It
conveys a positive message based on “choose the right fish”.

The Mr.Goodfish criteria for wild seafood products are: right season, right size, from healthy stock. The programme
addresses the chain of custody as a whole, from fishermen, fishmongers, restaurants to school canteens and consumers.
All of them are considered as possible vectors to disseminate the message to a larger audience through their own local
networks. Every three months, a committee of experts meet to establish sustainable seafood lists that are widely published.

Since 2016, Mr.Goodfish has been working on aquaculture recommendations. It endorses an exclusively positive approach
and promotes the aquaculture and all sustainable fish production process to encourage new consumption patterns. A
committee of fish farmers, scientists, representatives of the seafood distribution sector, restaurant owners and association of
consumers meet annually to establish a list of aquaculture species recommendations through easily understandable criteria
for the public. By reassuring consumers, this list will help fish farmers to develop sustainable aquaculture in Europe.

Mr.Goodfish has received strong media attention including 770,000 web pages read on www.mrgoodfish.com, 531
newspaper articles, 136 TV/radio shows and Seafood Summit Nomination. The programme is expanding rapidly in Europe
with new partnerships and members: aquariums, scientific institutions, professional organizations, etc.
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DISCOVERY OF GENES PROMOTING GROWTH OF Aeromonas salmonicida INATLANTIC
SALMON MUCUS
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Aeromonas salmonicida is the pathogen responsible for furunculosis in salmonid and non-salmonid species, including
Atlantic salmon (Salmo salar). Disease can manifest at any stage of the S. salar life cycle, with outbreaks compromising
fish welfare and reducing farm productivity. Therefore, deciphering the molecular mechanisms underlying bacterial
pathogenicity and virulence is of great interest. Infection by A. salmonicida occurs by various means, including via direct
contact with the fish skin. Thus, to initiate infection A. salmonicida must be capable of surviving and growing in fish skin
mucus, which is the first line of the host immune defences. Therefore, the objective of this present study was to identify
genes facilitating survival and growth of A. salmonicida in S. salar skin mucus.

A mariner-based transposon mutant library was generated for the pathogenic A. salmonicida Hooke isolate. This library
contained mutants where the transposon had inserted at random at a single site in the bacterial genome to knock out the
function of just a single gene. Each transposon mutant was screened for growth in the presence of mucus that had been
collected from the surface of S. salar skin. As the A. salmonicida Hooke parent isolate shows enhanced growth in this
mucus, transposon mutants lacking this phenotype would be expected to contain a transposon insertion in a gene with a
role in this growth enhancement in this milieu.

In total, 5% of transposon mutants screened for enhanced growth in mucus were confirmed to lack this phenotype.
Subsequently, the transposon insertion site (and thus the gene disrupted) was determined for each of eight mutants by arbitrary
polymerase chain reaction (PCR), sequencing of the PCR products and mapping back to the reference genome. Transposon
insertion sites identified included an unnamed gene producing a hydrolase that functions in nutrient assimilation from lipid-
rich environments. In another mutant, the transposon had inserted into the gene encoding the ABC-type transporter protein
abcA, which is involved in the correct functioning of the well-characterised A-layer protein virulence factor.

This present study furthers our understanding of A. salmonicida virulence and may assist with the development of new
approaches to reduce the burden of furunculosis outbreaks in aquaculture.
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Blue biotechnology and aquaculture are global growth industries in the blue economy with an increasing requirement for a
highly skilled workforce. In recognition of this, and as an outcome of the Blue Growth Strategy launched by the European
Commission, the Executive Agency for Small and Medium-sized Enterprises (EASME) launched the Blue Careers in
Europe call as part of the European Maritime and Fisheries Fund Work Programme 2016 to develop educational programmes
that address the skills needs of people already employed in or aiming to embark on a career in the blue economy. Prior
to the development and introduction of a new Applied Blue Biotechnology Masters Il programme at the University of La
Rochelle, a survey of skills gaps perceived by blue biotechnology and aquaculture employers was performed by the Blue
Biotechnology Master for a Blue Career consortium to inform programme structure and content.

An online Google survey form was designed and distributed to blue biotechnology and aquaculture enterprises across
Europe (available at https://bit.ly/2HvqOn0). Data collected included the name, location, number of employees and the main
focus of each company (e.g., food, energy, human health and wellbeing, environment, life science products, aquaculture).
Participants were asked to complete the form as if they were intending to recruit a newly qualified technical member of
staff with masters-level training. In the first section of the form, participants were asked to rank each of five broad skills
and attributes for relative importance (least to most). In a second section, participants were asked to provide an opinion for
how important each of a series of more specific skills and attributes was (divided into ‘general’ and ‘scientific’ or technical
skills) on a scale from ‘Not needed’ to ‘Desirable’ to ‘Highly desirable’ to ‘Essential’. A free text box allowed participants
to state any other skills or attributes they felt would be important if they were about to employ a masters-level worker.

The survey revealed that the most important of five broad skills and attributes for a new masters-level employee were
‘Project management skills’, which was defined as the ‘ability to plan and run a project on time and budget’, followed
by the ‘ability to perform key methodologies and learn new techniques’ (i.e., ‘Technical competencies’). Amongst the
most important more specific skills were ability to: ‘use simple software packages’, ‘acquire new skills, knowledge and
techniques’, ‘communicate effectively with colleagues’, and ‘work as part of a multidisciplinary team’. Notably, knowledge
of ‘experimental design and research methodologies’ was also highly valued.

The structure and content of the Applied Blue Biotechnology Masters Il programme was designed to incorporate the
new insights provided by the relevant employers. The programme includes 6 months working at a blue biotechnology or
aquaculture enterprise to develop key employability skills and to apply knowledge and skills obtained during a 4-month
period of teaching to an industrially-relevant research project.
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Numerous studies have shown that polyphenol based feed additives, especially those rich in flavonoids, have beneficial
effects on animals and humans. These plant extracts are known to have anti-bacterial properties and to improve the immune
response of the animal as well as their health and performance. In critical phases of the production cycle, these positive
effects are of particularly high importance. The sex reversal in tilapia farming is such a challenging period, during which
farmers are especially concerned about survival of fry. Nevertheless, this is common practice as the use of exclusively male
tilapia in the grow-out stages leads to a better output in terms of volume and thus to a higher profitability. The reason is that
male tilapia are more energy efficient and grow bigger and faster compared to their female counterparts.

In this study a phytogenic feed additive (Anta®Ox by Dr. Eckel Animal Nutrition, Germany) was supplied to red tilapia
during sex reversal in hapas in PE-lined ponds. The objective was to test whether this polyphenol and flavonoid based
additive leads to beneficial effects on growth and survival of fry. Six hapas (5 m? each) were set up in a double PE-lined
pond and stocked with 30,000 red tilapia swim-up fry. The animals were fed a fishmeal-based diet containing 60 ppm
17-a-methyltestosterone (MT) over 21 days. The feed allocated per day was divided into five feeds and fed at 8:00, 9:30,
11:30, 13:30 and 16:30 by broadcasting the powdered feed over the water surface. The test diet was prepared by mixing
the product Anta®Ox (dosage 0.6 kg/Mt) into the fishmeal followed by addition of the ethanol/MT solution and thorough
mixing in a blender-type mixer. Aeration was provided in each pond by 12 homemade diffusers consisting of PVC pipe and
material. After 15 days the 5 m? hapas were replaced with 10 m? ones to supply more space for growth.

The addition of Anta®Ox resulted in a significantly higher survival rate. Total harvest of fish per hapa was enhanced by
almost 1/3 from 22,712 individuals in the control to 30,000 in the treatment group. The outcome clearly shows the potential
of this additive for the improvement of animal health and profitability.

One reason for the benefits is the bacteriostatic activity of the product against common bacteria in aquaculture (i.e. Vibrio
spp.). This was demonstrated by a parallel study whose results suggest using Anta®Ox for the control of AHPND in the
field.

TABLE 1. Performance results. Means in a row with
different letters were significantly different (P<0.05)

Diet
Control Anta®Ox
No. Harvested 22,712a 30,000b
Survival (%) 76a 100b
FCR 2.85 2.49
SGR (%bw/day) 9.6 10.2

Figure 1 Antibacterial activity against three pathogens (agar

diffusion).



199
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In previous study, shrimp fed 4% of Undaria pinnatifida dry biomass showed an overall improvement of hemato-
immunological parameters, lower Vibrio spp. count in the gut and higher survival after White Spot Disease (WSD)
challenge (52% when compared to 28% of control group). On the other hand, the lowest level of Sargassum filipendula
(0.5%) improved significantly shrimp gut physiology and their survival after thermal shock, while had a moderate effect
on shrimp survival (44%) against WSD challenge. Thus, this study aimed to evaluate the combined effect of U. pinnatifida
and S. filipendula on Pacific white shrimp resistance to WSSV challenge and bring new insights about the lipid modulation
in shrimp hemocytes after challenge.

Shrimp (11.0 +£0.2 g) were reared during 21 days in 400 L tanks (50 shrimps/tank), under constant aeration and temperature
(29 °C), 100% of daily water exchange and feeding four times day'. Experimental diets had different combinations levels
of both seaweeds: 0.5%/1%,0.5%/2% and 0.5%:4% of S. filipendula (S) and U. pinnatifida (U), respectively. Control group
were fed the same diets without seaweed addition. At 22", shrimp were challenged with WSSV and kept for 96h to estimate
the mortality. Hemocyte sampling were performed before and 24h after viral challenge, and the MALDI-TOF MS lipid
analysis were done in positive and negative ion mode. MALDI MS/MS LIFT were performed for lipid identification, and
http://www.lipidmaps.org database were used to confirm the assignment of lipid species.

Shrimp from 0.5S/2U and 0.5S/4U treatments showed significantly higher survival after 96 h of WSSV challenge (72
and 69%, respectively), when compared to 0.5S/1U and control (31 and 21%, respectively). After WSSV challenge, we
identified some common aspects in lipid modulation inside the hemocytes of shrimp from 0.5S/2U and 0.5S/4U treatments,
which were significantly different from 0.5S/1U and control. It included the increase of signal intensity of sulfatides
(SphHex), lysophosphatidylcholines (LPC), lysophosphatidylethanolamines (LPE), lysophosphatidylserines (LPS) and a
lysophosphatidylinositol (LPI), allied with the decrease of a hexosylceramide (HexCer) and most of phosphatidylcholines
(PC) and sphingosine-1-phosphates (S1P). In addition, these treatments showed an upregulation of two specific PC (PC
33:1 and 35:4), that were downregulated in 0.5S/1U and control. Therefore, our results suggest a connection between some
lipid-associated cell mechanisms, such as early-induced cell death, lower supply of membrane lipids for viral assembly and
immune signaling and stimulation with the higher survival of shrimp from 0.5S/2U and 0.5S/4U after WSSV challenge.
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Aquaculture production in Bangladesh reached around 2 million tons in 2015, forming a key source of animal protein
and micronutrients and making Bangladesh the fifth largest global aquaculture producer of fish (FAO 2015). Domestic
demand continues to exceed supply but in such a densely populated country, no more land is available for expansion,
placing the priority on sustainable intensification. With USAID support, WorldFish implemented the Aquaculture for
Income and Nutrition (AIN) project in south-west Bangladesh from 2012 to 2017. The project increased production, profits
for smallholder aquaculture producers and access to fish for consumers as well as improving the quality of feeds and the
development of nutrition-sensitive aquaculture approaches. Meanwhile, a series of projects in Bangladesh pioneered
the use of market systems approaches (MSA) starting with Katalyst (2002-2017). These aimed to provide alternatives
to ‘direct delivery’ projects where interventions often discontinue after the project life-time. Market systems projects
facilitate market change by identifying and addressing the underlying issues causing poor performance in the market
system, stimulating co-investment in sustainable solutions by the private sector and improving their ability to influence
the enabling environment. Variations on this principle have emerged including Making Markets work for the Poor (M4P)
and Inclusive Market Systems and since 2013 have been increasingly adopted by USAID such that MSA has become the
cornerstone of its economic development strategy.

After USAID initiated a process to develop a MSA-based follow-up to the AIN project, the Feed the Future Bangladesh
Aquaculture and Nutrition Activity (FTF-BANA) was awarded to WorldFish in February 2018. This is a five year, $24.5
million investment by USAID that aims to achieve inclusive aquaculture sector growth through a MSA. Specific objectives
are to increase the productivity of aquaculture systems, strengthen aquaculture market systems and expand the adoption of
nutrition-related behaviour. FTF-BANA launched calls for proposals in July 2018 from the private sector and local NGOs
to address its critical intervention areas. Successful proposals will be supported through grants, initially relatively small
and of short duration but larger and of longer duration when responsive development partners have been identified. One
of the main features of successful market systems projects is to be demand-driven and responsive to market needs rather
than setting pre-determined plans. This presents challenges, particularly for the project monitoring, evaluation and learning
team. FTF-BANA is by far the largest donor investment in aquaculture using a market systems approach and as such, its
progress is being keenly followed. This paper provides information on the objectives, structure and initial experiences
while further updates and outputs will be made available through the WorldFish and USAID Bangladesh web-sites.
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First, we looked at the relationship between the amount of escaped farmed salmon in Norwegian salmon rivers and local
salmon farming activity, while accounting for other factors that can affect the probability of escaped farmed salmon
entering a given river. Our results show that low farming activity near the river mouth gives wild salmon populations some
protection against escaped farm salmon entering the rivers, although several studies show that escapees can migrate far
from their farm of origin. We also found that rivers with a large water discharge attracts more escaped farm salmon; so do
rivers with large populations of wild salmon spawners. Dense populations of wild salmon are also positive by diluting the
significance of escapees, so that the proportion of escaped farm salmon among all spawners becomes smaller in rivers with
large wild salmon populations.

Itis not necessarily the presence of escaped farm salmon on the spawning grounds that is critical for wild salmon populations,
but rather to what extent the escapees succeed in reproducing and crossbreeding with the wild population. Earlier studies
have shown that a larger proportion of escaped farm salmon in a wild population results in a higher genetic introgression,
but this relationship is not always that strong. The same proportion of escapees among spawners can lead to a large genetic
introgression in one wild salmon population and a much smaller introgression in another. Our models show that the genetic
introgression from escaped farm salmon into wild salmon populations (Figure 1) correlates positively with local farming
activity. The models also show that large wild salmon populations have less introgression, and that water discharge and
salmon management initiatives, like cultivation and liming of acidified rivers, also affect the genetic introgression from
escaped farm salmon into wild salmon spawning populations.

Figure 1. Genetic introgression has been
estimated for 175 Norwegian wild salmon
populations (Diserud et al. 2017). We
observed no genetic change in 60
populations (green), a weak genetic
change was indicated in 54 populations
(vellow), a moderate genetic change was
shown in 11 populations (orange), and a
large genetic change was found in 50
populations (red).
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Greater amberjack Seriola dumerili (Risso, 1810) is considered as a leading candidate for marine finfish diversification
to enhance the European aquaculture due to its rapid growth, high demand and market price (Thompson ez al., 1999),
and excellent flesh quality (Nakada, 2000). Nevertheless, one of the major constraint on its culture development is larval
rearing and the production of a sufficient number of fry (Papandroulakis er al., 2005). For the successful culture of any
species, larval rearing is considered as the most critical step (Dhert ez al., 1998) and, thus, greater amberjack larviculture
protocol has to be improved to maximise the egg stocking density in order to achieve suitable larvae production.

Therefore, the present study aimed at examining the effects of different egg stocking densities on growth, larval survival
and skeletal deformities of greater amberjack.

The eggs used in this experiment were obtained from natural spawning, from Grupo de Investigacion en Acuicultura (GIA,
ULPGC). Three different egg stocking densities were evaluated (25, 50 and 75 eggs/l) in triplicate tanks
of 2000-1. Tanks were filled with filtered and UV-treated seawater. Larval rearing was conducted until
30 days post-hatching (dph), following the protocol of GIA, under a natural photoperiod, with a salinity

of 37%., average temperature at 24+0.2°C and dissolved oxygen ranged between 7.0 and 8.0 mg.l"'. Greenwater
technique was used during the stage of live prey feeding. Rotifers and Artemia enriched with Ori-Green™ (Skretting, Spain)
were progressively substituted with Gemma (Skretting, France) microdiets.

Larval growth was assessed in 30 larvae per tank sampled each 5 days of life. Growth was determined
by measuring dry weight and total length using a profile projector (Mitutoyo, PJ-A3000, Japan). Larval survival was
determined at the end of the trial (30 dph) counting all the remaining live larvae in each tank. To detect skeleton anomalies,
a sample of 50 larvae at 30 dph was taken and processed, following the methodology of Vandewalle et al. (1998), modifed
for S. dumerili. To describe the possible skeletal anomalies, the classification proposed by Boglione et al. (2001) has been
followed.

A significantly higher growth, at 30 dph, in terms of total length and dry weight, was observed in larvae reared at 75eggs/.
This could be due to the massive mortality at 3 dph in the 75eggs/1 tanks, and consequently reduction of feeding competition.
In terms of survival rates, significant differences (P<0.05) were observed among all treatments being higher in 25eggs/I
tanks and lower in 75eggs/l tanks. A significantly higher incidence of severe deformities in 75 eggs/l tanks. Most of these
deformities affected the haemal and caudal zone. No significant differences between 25 eggs/l and 50 eggs/I treatments.

Table I. Growth, larval survival and
severe deformities incidence of larvae
from different treatments.

Egg density (eggs/l)
25 50 75
Totallengthof 12 00+2.05° 11.88+1.79° 17.43+4.18°

larvae (mm)

Dry weight of 423+£1.61°  420+£134° 16.37+10.49°

larvae (mg)

Larval survival — 11.25+£4.92°  6.74+0.65° 1.06£0.06°
(%)

Severe 15.33+6.42° 17.33+£9.45®  27.3346.42°

deformities (%)
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PACIFIC WHITE SHRIMP AND NILE TILAPIA INTEGRATION IN BIOFLOC SYSTEM
UNDER DIFFERENT FISH-STOCKING DENSITIES
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This study aimed to evaluate the effect of different stocking densities of Oreochromis niloticus integrated with Litopenaeus
vannamei reared in a biofloc system.

The performances of both species and the ecological efficient of the system were evaluated. Four levels of
tilapia stocking density were evaluated: 0, 8, 16 and 24 fish per tank. The initial weight was 4.8 + 0.1 g and
9.6 + 0.1 g for shrimp and fish, respectively. The shrimp were fed according the feed table, and the fish were
fed with 1% of the fish biomass, stimulating the tilapia to seek food in the biofloc. Results show no difference
between average shrimp and fish weight and survival (Table 1). Total yield was higher based on the increase in
fish density. The sludge produced per animal biomass (sludge:biomass rate) decreased as fish density increased
(y =-0.0083x + 0.5995 r*= 0.87). Nitrogen recovery rose linearly with the increase in fish density (y = 0.036x + 0.2725,
r? = 0.84), as did phosphorus recovery (y = 0.00711x + 0.1395, r> = 0.91). Nitrogen and phosporou recovery were 27.9%
and 223%, respectively, higher in the treatment with the higher fish stoking density in comparison to shrimp monoculture.

These results demonstrate the feasibility of increasing yield up to 31% by integrating L. vannamei and O. niloticus in

a biofloc system. Also, the decrease in the sludge:biomass rate and the resultant increase in nitrogen and phosphorus
retention made the cultivation of L. vannamei in a biofloc system more sustainable.

Table 1: L. vannamei and O. niloticus performance in an integrated biofloc culture system for 57 days.

TO T8 T16 T24 p ANOVA

Shrimp performance

Mean final weight (g) 150+0.2 149+04 148+1.1 149+0.6 0.8354
Survival (%) 924+17 93.6+1.6 96.1+88 927+59 0.9313
FCR 1.8+£0.0 1.8+£0.1 1.7+£0.1 1.8+0.1 0.0680
Growth rate (g week D) 12+0.1 1.2+£0.0 12+£0.0 1.2+0.1 0.8730
Final biomass (kg) 31+0.0 3.1+0.1 32+0.1 3.1+0.1 0.2895
Yield (kg m>) 3.9+ 0.0 3.9+02 40+0.1  39+0.1 0.2895
Tilapia performance

Mean final weight (g) - 66.4+11.7 59.7£97 59.6+£6.7 0.5432
Survival (%) - 845+185 89.0+3.1 100+ 0.0 0.0826*
FCR - 021+0.1 024+00 022+0.0 0.4724%
SGR (% day ™) - 35+£04 32+0.1 32+£02 0.3288
Final biomass (kg) - 044+0.1° 067+0.1° 14+01°  0.0000
Yield (kg m™) - 49+1.1° 75+1.1° 159+1.6°  0.0000
Shrimp plus tilapia

Total final biomass (kg) 3.1+0.0¢ 3.6+02° 40+01°  45+01*  0.0000
Total yield (kg m™) 35£00° 41+02° 46+0.1°  51+02°  0.0000

Data presented in mean + standard deviation. Different letters on the same line indicate statistical differences by
the Tukey test (p <0.05).* P value by the Kruskal-Wallis test.
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The aim of this study was to evaluate the interaction of two probiotic strains Lactococcus lactis (autochthonous) and
Lactobacillus plantarum (allochthonous) and the microbial community in R. quelen intestinal mucosa.

A total of 180 jundids with 8.54 g of average weight were distributed homogeneously in 12 experimental units of 80 L (15
fish per tank), with constant aeration and heating system. The treatments were performed in quadruplicate and consisted of
fish receiving supplemented diet with: (1) Lactococcus lactis at 1x10” CFU.ml, (2) Lactobacillus plantarum 4x10” CFU.
ml"and (3) non-supplemented diet. The diet was provided 4 times a day (6% total body biomass) during a total of 60 days.
The water quality was monitored daily using multiparameter (model HI 9828 - Hanna Instruments) and colorimetric kits
(Labcon Test). After the experiment, 6 fish from each treatment were anesthetized and terminated by concussion of the
brain. A portion of the posterior was aseptically excised and the mucosa (intestinal tissue) was sampled and washed twice
with PBS buffer. DNA was extracted using the protocol described by Falcinelli et al. (2015). DNA from all samples was
used as template for PCRs and high-throughput sequencing (HTS) analysis was performed according Gajardo et al. (2016)
after purification of the PCR products. Sequences were concatenated and sorted by sequence similarity into a single FASTA
file, denoised and analyzed using QIIME 1.8.0 (Caporaso et al., 2010).

The water quality parameters were appropriate standards for the cultivation of the species: dissolved oxygen 8.00 = 0,75
mg.L!, pH 7.2 £ 0.18; temperature 25.91 + 1.40 °C; total ammonia 0.38 + 0.28 mg.L"!; toxic ammonia 0.005 + 0.008 mg.L"!
and alkalinity 34.00 + 2.83 mg CaCO3.L'. HTS results reveal that relative abundance of Cetobacterium genus was high
in all treatments (Figure 1A) and comprised 81.38%, 89.35% and 97.76% in control, allochthonous and autochthonous fed
fish respectively. However, PCoA analysis reveals differences between treatments (Figure 1B).

This is the first report about intestinal microbiota modulation after HTS analysis in the intestine of jundid after probiotic
feeding. According Romero et al. (2014) bacteria from genus Cetobacterium is commonly found in fresh water fish intestine.
Strains of Cetobacterium somerae are related with vitamin B, production and peptides fermentation, highlighting its
nutritional importance for carnivorous fish. The modulation of both probiotic bacteria was attested by in PCoA analysis.
However, no difference in bacterial abundance was statically observed. The fact that both probiotic strains were not identified
during HTS analysis lead to a conclusion that probiotics were not able to colonise fish intestinal mucosa. Nevertheless,
HTS analysis is a new tool that should be best standardised for fish and aquatic environments. Further studies should be
performed to evaluate if higher doses of these strains could improve colonization performance and higher abundance in
mucosal tissue in R. quelen after probiotic feeding.
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Figure 1: (A) Intestinal mucosa abundance of jundid (Rhamdia quelen) after probiotic feeding: Lactococcus
lactis (Auto) and Lactobacillus plantarum (Allo) and no-probiotic feeding (Con). (B) Principal Coordinated
Analysis (PCoA).



205
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Acute hepatopancreatic necrosis disease (AHPND) is a severe shrimp disease, impacting aquaculture production, originally
shown to be caused by virulent strains of Vibrio parahaemolyticus (Vp,,..,)-harboured pVA1 plasmid. Whilst cases of
AHPND caused by Vibrio species including V. harveyi, V. campbellii, and V. owensii other than V. parahaemolyticus have
been reported, it is unclear the formation mechanism of diversity in AHPND-causing Vibrio pathogens. Here we showed that
all of the virulent strains of Vibrio bacteria harbor the pVA1-like plasmids. Conjugation experiments indicated that pVA1-
like plasmid could transfer from V. parahaemolyticus to V. campbellii. Horizontal transfer of pVAl-like plasmid in vivo
showed that pVA 1-like plasmid could transfer from V. campbellii to V. owensii. Moreover, type IV secretion system (T4SS),
which is involved in conjugation, was found in all of the pVA1-like plasmids. This study provides timely information for
explaining the diversity of AHPND-causing Vibrio bacteria and will form the basis of management strategies leading to
the prevention and control of AHPND.
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This work focuses on available bio resources transformation such as by-catches or fish by-products and marine plants
(seaweed and microalgae) as raw material for short supply chain fish feed processing. The objective is to make this
production as autonomous and sustainable as possible and fitted to the idea of circular economy. Thanks to previous
projects, it seems that by-catches could be a plentiful source of proteins for fish. The challenge associated with this type
of aquaculture formulations relies on the ability to incorporate abundant resources readily available and the significant
reduction of certain energy-consuming steps (such as drying) in order to minimize the environmental impact of a fish feed
production. The adequacy of this strategy (fresh raw material and wet feed) with a specification of a nutritional efficient
fish feed is the first goal of this project.

Lot of studies indicate the potential benefits of a wet diet for fish (better feed conversion ratio, better palatability, increased
survival). Otherwise, several studies suggested that seaweed and microalgae could be incorporated to fish diet with potential
benefits such as antioxidant properties and promotion of immune responses.

Regarding the process, an extrusion technology has been selected. It allows the assembly and functionalization of various
ingredients and the manufacture of feeds with specific buoyancy, good stability in water, various shapes and sizes. Highly
digestible feed for fish culture, can be produced by extrusion from various raw materials. The central idea of this work is
to exploit the cold gelling potential of the fresh fishes by a shear mixing phase obtained by the rotation of the screws of the
extruder followed by a baking step.

The study of parameters allowing extrusion process control, the availability and possible assembly of the different raw
materials according to nutritional requirements of targeted specie, the physical behavior of the feed (water stability,
buoyancy) and its bioavailability (palatability, digestibility) as well as feed preservation and safety will be fully explored
and exploited.

Economic and environmental analysis is also one of the pillar of this project. Indeed, the impact, both economically and
environmentally to produce “fresh/wet” aquaculture feed made by transforming through extrusion unwanted catches and
plants with a specification of an efficient aquaculture feed constitute the challenge to be met

Early trials indicate that textured fresh and wet feed can be made from fish muscles associated with algae by extrusion.
Gelling of the fish is sufficient to obtain a feed of good texture.
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Despite being a key driver of the maritime economy in the European Atlantic Area, Atlantic aquaculture faces significant
challenges: environmental management at farming sites, the European north-south divide, regulatory hurdles, long licensing
processes, low levels of consumer knowledge and acceptance, competition for space with other maritime activities, etc.
INTEGRATE www.integrate-imta.eu contributes to overcoming these challenges by facilitating the transition towards
commercial Atlantic Integrated Multi-Trophic Aquaculture (IMTA), thus un