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Welcome

Prof .S. Felix
President, WAS-APC
National Co-Chair APA’19 & VC ,TNJFU

Greetings!

I take a great pride in welcoming all the attendees of the Asian Pacific Aquaculture 
2019(APA’19)!

I thank all the sponsors, the Organizing Committee of WAS, especially John 
Cooksey and Mario Stael and the Programme Committee including National and International session Chairs and 
Co-Chairs who have made this conference attainable, I congratulate you all for the tremendous job.

The theme for this APA’19 conference, Aquaculture for Health, Wealth and Happiness aimed to reiterate the 
importance of Aquaculture in the common livelihood and routines for well being of the humans.

Aquaculture has contributed over one third of the country’s total fish production. The total aquaculture production 
of 12.6 million metric tonneswas valued at US 3.5 billion of which carp alone was responsible for as much as 
4.18 million tonnes.India being the second largest country in aquaculture production offers a huge potential 
for the development of aquaculture and has experienced an eleven fold increase of fish production in the past 
six decades, in that the aquaculture has contributed more than 43 percent of aquatic animal food for human 
consumption and is expected to grow further to meet the future demand and that’s how India has been chosen 
as the venue for APA’19.This conference is very close to my heart as it is being held for the first time in Chennai, 
Tamil Nadu, India and WAS-APC chapter also hosts the celebration of 50th anniversary of WAS in this occasion. 
As a President of WAS-APC and as a Vice Chancellor of the hosting institute, am sure we’ve done our best to 
make this event successful!

Additional to the normal program of events,WAS-APC put a great show in Chennai by conducting the International 
Symposium on Tilapia in Aquaculture (ISTA) along with several special industry sessions/workshop by SAP and 
other industry sponsors with the latest in practical knowledge for the Indian aquaculture producers, attracting 
many domestic farmers add more colours to the Conference.

It is clear that the aquaculture industry has a great potential in helping to provide a healthy and sustainable 
production for future generations, but changes is needed to ensure its future. We will continue working on the 
future of aquaculture network and initiate a positive action and WAS is known for its service to the Aquaculture 
sector.

We’ve received overwhelming response for this conference and I extend my heartfelt gratitude to the National 
and International Fisheries Research Institutes, industrial stakeholders and farmers globally who’ve showed 
interest in participating APA’19.In addition to the support of government funding agencies, many others, too 
numerous to mention individually, helped in countless heart-warming ways. We reiterate our deep appreciation 
for all the assistance given by each and every person, group and organization that enabled the Conference to be 
held successfully, and are grateful to everyone who took part. Your participation made it possible to achieve its 
immediate purpose of launching the pursuit of the long-term objectives of  sustainable aquaculture.

We have a lot of innovative and exciting programs ahead, I wish you all a successful, fulfilled and enjoyable APA 
19.

Regards,
S. FELIX

A SPECIAL NOTE FROM WAS-APC PRESIDENT
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WELCOME TO ASIAN-PACIFIC AQUACULTURE 2019

On behalf of the WAS board and members, I am proud and honored to be a part of this 
year’s Asia Pacific Aquaculture 2019 Conference and Exhibition. The theme of
“ Aquaculture for wealth, health and happiness” is both apt andtrue to the foundation of 
industry’s existence.

Aquaculture is an important pillar for food production in our modern age, in which over-
harvesting has already taken a toll on global sea life due to the continuous in  crease of 
the world population. With more than seven billion inhabitants, this makes it critical to 
find practices and methods to assure sustainability and food security in our country, 
region and worldwide.

The coming days will be dedicated to exploring a wide variety of topics and trends 
relating to aquaculture investment and technological advancement. I am confident that 
you will identify the topics of your interest and will benefit from the show’s numerous 
rewarding and informative discussions.

I am passionat e about the innovation of our country’s aquaculture sector, which makes 
me eager to take part in this unique event. I look forward to exchanging views and 
sharing valuable experience with high-level professors, experts, colleagues and friends 
from leading institutes and universities worldwide.

I congratulate you for your commitment and participation and wish you all the success in 
the week ahead.

Dr. Farshad Shishehchian
Ph.D., Terrestria l & Aquatic Ecology
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DISTRIBUTION OF TRACE ELEMENTS IN FISHES OF Amblygaster sirm AND Sardinella 
albella ALONG THE THOOTHUKUDI COASTAL WATERS, SOUTHEAST COAST OF INDIA

C.Jayapavithran*, A. Srinivasan, P.Padmavathy and S.Athithan

Senior Technician
Hatchery division
French Beach hatchery
CPF Aquaculture Pvt Ltd
Marakkanam, Villupuram, Tamil Nadu, India
E-mail: jayapavithranc@gmail.com / jayapavithran1994@yahoo.com

The discharge of untreated sewage and effluents containing heavy metals from the shore based industries are known to 
accumulate in fishes of commercial importance. Heavy metals below certain concentrations do not affect the fauna and 
flora diversity of the marine environment. However, above this limit they tend to become toxic to the organisms, leading 
to deleterious effect on the overall productivity of the aquatic ecosystem. Thus, monitoring of these toxic heavy metals 
in the marine environment become indispensable so as to protect the coastal environment as well as the human beings. 
The present investigation was conducted to assess the heavy metal concentration and distribution in three locations 
of Thoothukudi coastal waters. 
Monthly sampling of fish was taken from 3 stations including unpolluted station during period from October 2017 to 
May 2018. The fresh fish samples (Sardinella albella and Amblygaster sirm) were  collected  from  landing  centres  of 
selected sites  and  kept  in  ice box  brought  it  to  the  laboratory  and   the muscle tissue separated using sterile forceps 
and knives. The heavy metals w e r e  detected using Atomic Absorption Spectrophotometer (AAS). 

The heavy metal values were also deducted in planktivorus fishes. The Fe values of Amblygaster sirm ranged from 
0.029 µg/g (Station 3) to 8.443 µg/g (Station 1), Zn ranged from 0.058 µg/g (Station 3) to 1.096 µg/g (Station 2) 
Cu ranged from below the detectable range (Station 3) to 0.24 µg/g (Station 1, Cd ranged from below the detectable 
range (Station 3) to 0.06 µg/g (Station 2), Pb ranged from below the detectable range (Station 3) to 0.079 µg/g (Station 
1), Ni ranged from below the detectable range (Station 3) to 0.276 µg/g (Station 1) and Cr ranged from 0.004 (Station 
3) to 0.472 µg/g (Station 2). 

The Fe values of Sardinella albella ranged from 0.25 (Station 2) to 6.36 µg/g (Station 1), Zn ranged from 0.087 
(Station 3) to 3.97 µg/g (Station 2), Cu ranged from below the detectable range (Station 3) to 0.351 µg/g (Station1), Cd 
ranged from below the detectable range (Station 3) to 0.076 µg/g   (Station 1), Pb ranged from below the detectable 
range (Station 3) to 0.124 µg/g (Station 2) , Ni ranged from below the detectable range (Station 3) to 0.338 µg/g 
(Station 1) and Cr ranged from below the detectable range (Station 3) to 0.352 µg/g (Station 2).

The present investigation indicated that most of the heavy metal concentrations found in the muscles of the two fish species 
were below the prescribed limit values (Cd and Pb < 0.3 ppm) for human consumption as recommended by INDIA FSSR 
(2011) and EU.



8

EXTRACTION OF MELANIN FREE INK ANTIOXIDANT COMPONENT FROM SQUID 
INK SAC

Gajendra*,  Amitha, Sarojini A,  Raju C.V., Lakshmisha I.P. and Arun Kumar P

Department of Fish Processing Technology
Karnataka Veterinary, Animal and Fisheries Sciences University, Bidar
College of Fisheries, Mangaluru – 575 002. India
gaja.marichike147@gmail.com 

Cephalopod forms an important fishery in India. About 5 % of fish landing in Karnataka is contributed by cephalopod 
fishery. Loligo duvaucelii alone contribute about 38% of cephalopod production in Karnataka. During processing of squid 
and cuttlefish, the viscera along with the ink sac are generated as by-products. This processing waste has low market 
value and can create serious pollution and disposal problem if it is not managed properly. Ink sac can be used to produce 
bioactive component and can have application in functional food ingredient. The antioxidant and antibacterial properties 
of cephalopods ink are well documented. However, the ink has a black color, which may limit its application. The removal 
of melanin, a black pigment, prior to utilization not only increases its appeal but also widens its application. Melanin free 
ink extract can be used as functional ingredient in the fish product to enhance the functionality and to increase the shelf life 
of the product. In the present investigation melanin free ink was extracted from Loligo duvaucelii  and extracted melanin 
free ink was studied for its antioxidant activity by measuring Diphenyl-1-picryl hydrazyl free radical scavenging activity 
(DPPH FRSA) and Ferric reducing antioxidant power (FRAP) activity. 

Loligo duvaucelii was procured from Mangalore landing center in iced condition. The ink sac was separated from squid 
by cutting ink duct and the ink was squeezed out. Squid ink was diluted with cold deionized water (4 ºC) and it was 
subjected to centrifugation. The obtained supernatant is referred as melanin free ink (MFI). The MFI was characterized for 
its antioxidant activity by measuring DPPH FRSA and FRAP activity. DPPH activity of MFI was increased with increase 
in concentration (p˂0.05). FRAP activity also increased with increase in MFI concentration (p˂0.05). The results indicate 
that MFI can be used as antioxidant component. 
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MORPHOLOGY AND THERMAL STABILITY OF FISH BONE EXTRACT POWDER AND 
FISH BONE HYDROXYAPATITE EXTRACTED FROM GROUPER FISH Epinephelus 
diacanthus FILLETING BY PRODUCT 

Amitha*, Sarojini A, Gajendra, Raju C.V, Lakshmisha I.P and Arun kumar P.  

Department of Fish processing technology
 KVAFSU Bidar, College of Fisheries
 Mangaluru 575 002, Karnataka, India
amithapoojary27@gmail.com

A fish filleting waste or by product is a form of waste generated from the fish processing plants that contains essential 
minerals. In terms of food and nutrition, fish bones are rich in calcium and phosphorus. In addition, hydroxyapatite can also 
be produced from fish skeletal frame and it has wide applications. Therefore, there is a great potential in marine bioprocess 
industry to convert and utilize more of these by-products as valuable products. These minerals can be recovered by using 
different extraction methods.  

In the present study, fish bone extract powder 
(BEP) and fish bone hydroxyapatite (HA) has 
been extracted from Grouper fish (Epinephelus 
diacanthus) filleting by product by simple alkaline 
and thermal calcination methods, respectively. Fish 
bone extract powder (BEP) was extracted by boiling 
fish frames in 2 % Sodium hydroxide solution with 
the ratio of 1:5 (Fish frame to NaOH) at 80-90ºC 
for 30 min. In the thermal calcination process, 1 g 
fish BEP was heated to 900 ◦C for 5 h. in the muffle 
furnace.

The fish BEP and fish bone HA was characterized 
by Scanning electron microscopy (SEM) and 
Thermogravimetric analysis (TGA).The SEM 
results (Fig.1) indicated that fish BEP and fish bone  
HA. consisted of ˂50µm particle size with spherical 
and rod shaped structure and also agglomeration 
of particles was found. TGA result (Fig.2) shows 
that Fish bone HA is very much stable to higher 
temperature. This study suggests that fish bone 
hydroxyapatite extracted from fish filleting waste is a 
hopeful biomaterial for artificial bone invention and 
also this would help to utilize the seafood processing 
waste effectively by reducing environmental 
pollution.
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PREVALENCE OF TILAPIA LAKE VIRUS (TILV) IN FARMED AND WILD FISHES OF 
NORTH TAMIL NADU, INDIA

A. Uma*, G. Rebecca, P.Karthik, S.Gangatharan, S.Ganesh Babu and R.Anitha

State Referral Laboratory for Aquatic Animal Health
Tamil Nadu Dr.J.Jayalalithaa Fisheries University
Chennai - 600 051, Tamil Nadu, India
*uma@tnfu.ac.in

India offers a huge potential for aquaculture development and viral diseases are the major factor for serious economic 
impediments. Outbreaks of tilapia lake virus (TiLV) in commercial tilapia farming have been reported in many countries, 
viz., Ecuador, Israel, Colombia, Egypt, Thailand, China, Malaysia and India. TiLV infection has been reported in various 
farmed tilapia species, viz., hybrid tilapia, Nile tilapia, red tilapia and wild species of tilapia. Currently, no clinical infection 
of TiLV has been reported in fish species other than Tilapia. This study was carried out with an objective to screen the 
prevalence of TiLV in various species of fishes including tilapia in the districts of North Tamil Nadu, India. 

A total number of 104 fish samples which included 
various species of fishes (Table.1) were collected from 
the fish farms, lakes and ponds of northern districts in 
Tamil Nadu (Chennai, Tiruvallur, Salem, Cuddalore, 
Krishnagiri, Chengalpattu, Vellore, Erode and  
Pondicherry) during September 2017 to December 
2018. Tissue samples of muscle, eye, brain, gill, 
intestine, liver and kidney from fishes were screened 
for TiLV by Semi nested RT-PCR,  sequenced and 
compared with the GenBank database of the NCBI 
(http://blast.ncbi.nlm.nih.gov) submitted to NCBI 
GenBank and phylogenetic analysis was carried out. 

The results of the PCR screening for TiLV showed 
that Nile and red tilapia of Krishnagiri district, wild 
tilapia of Vellore district were positive for TiLV in 
the first step indicating heavy infection (Figure.1), 
Whereas, tilapia samples collected from  other districts 
showed second step positive. Among the fishes other 
than tilapia screened  freshwater eel showed second 
step positive for TiLV.Among the total no. of 104 
fish samples screened, 41 fish samples were found 
to be positive for PCR by TiLV with a prevalence of 
39.4%. Phylogenetic analyses showed that TiLV strain 
of Tamil Nadu (MG515169 & MG515170) is very 
closely related to TiLV strain of Israel (KU751816) 
with high DNA The results of this study a) confirmed 
the presence of TiLV in Tilapia sp. in Tamil Nadu b) 
the presence of TiLV in the wild fish like Anguilla sp. 
(eel) shows that the wild fishes which share the habitat 
with Tilapia act as carriers of the disease.
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SUB-LETHAL COPPER TOXICITY INDUCED HISTOPATHOLOGICAL CHANGES IN 
THE BRAIN AND TESTIS OF GOLDFISH, Carassius auratus

A. Subburaj*, T. Francis, P. Jawahar, N. Jayakumar, S. Santhoshkumar and B. Sundaramoorthy 

Dr. M.G.R. Fisheries College and Research Institute
Tamil Nadu Dr. J. Jayalalithaa Fisheries University 
Thalainayeru, Nagapattinam – 611 001
arunmari.raj3@gmail.com 

The present study was carried out to observe the histopathological changes in the brain and testis of goldfish (Carassius 
auratus) under sub-lethal concentrations of copper. During the experimental period of 28 days, a total of five sub-lethal 
concentrations (0.014, 0.028, 0.056, 0.112 and 0.223 ppm) were tried and samples were collected on 14th and 28th day. 
Among the five concentrations, the tissue samples of brain and testis were collected from 0.056 ppm (3rd concentration) 
and 0.223 ppm (5th concentration) and compared with control fish. Histological slides were prepared following the standard 
histology procedure developed by Humason (1972). 

Ruptured nucleus, enlarged pyramidal cells, vacuolation, degenerated nucleus, necrosis, hemorrhage and hyperplasia were 
observed from the brain of fishes treated with Cu. Reduction of spermatid & spermatozoa, separation of boundary membrane, 
blood congestion, enlargement of spermatozoa, hyperplasia, reduction of spermatocyte, reduction of spermatogenic masses 
and degenerated seminiferous tubules were observed from testis collected from fishes treated with Cu. The extent of 
alterations in the brain and testis was observed to vary with the concentrations of Cu. But the histology of brain and testis 
collected from control fishes showed normal type of cells. 

Above results showed that exposure of fish to different sub-lethal concentrations of copper made changes in their internal 
organs (brain and testis) of goldfish, Carassius auratus. This confirms that copper has the potential to make alterations in 
the tissues even at sub-lethal concentrations.
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ISOLATION AND CHARACTERIZATION OF Photobacterium damselae FROM MARINE 
FISHES OF PULICAT LAKE, TAMILNADU, INDIA 

A. Uma*, R.Anitha, S.Gangatharan, G. Rebecca, P.Karthik and S.Ganesh Babu

State Referral Laboratory for Aquatic Animal Health
Tamil Nadu Dr.J.Jayalalithaa Fisheries University
Chennai - 600 051, Tamil Nadu, India
*uma@tnfu.ac.in

Photobacterium damselae is a primary bacterial pathogen of marine fishes and an opportunistic pathogen in humans. 
Luminous and non-luminous Photobacterium sp. are pathogenic to fishes and cause wound infections and hemorrhagic 
septicemia. P. damselae is considered as an emerging pathogen that causes production and economic losses in marine 
aquaculture. Exposure to seawater and handling of infected fishes by the handlers with wounds increases the possibility of 
P.damselae infections. The objective of the study was to screen for the pathogenic P.damselae in the marine fish landings 
of Pulicat Lake, Tamil Nadu, India.

A total number of 113 samples which included various 
species of fishes (Table 1) were collected during June 
2018 to August 2018 from the fish landings of Pulicat 
lake,  Tamilnadu (13°33’57”N 80°10’29”E). Swabs 
of liver, kidney, gill, brain, skin and intestine of fish 
samples were collected aseptically and streaked on 
Thiosulfate citrate bile salt sucrose agar (TCBS) with 
1.5% NaCl. Pin point colonies grown on TCBS agar 
were selected and subjected to biochemical tests. The 
isolates that were presumptive of P.damselae were 
subjected to PCR for confirmation of using primers 
targeting photobacterium-specific 16s rDNA and capsid 
gene. The amplified PCR products were sequenced  and 
analysed for nucleotide homology (NCBI, BLAST).

P.damselae were isolated and confirmed in Rastrelliger 
kanagurta (Mackerel) (13) and Saurida thumbil (9) by 
bio chemical and molecular method (Figure.1) there 
by demonstrating the presence of   P. damselae in 
19.4% of the samples collected from the fish landings 
of Pulicat lake, Tamilnadu during the period of June 
2018 to August 2018 (MK250484 & MK284529). The 
transmission of P.damselae infection to humans can 
be prevented by careful handling of fishes and proper 
cooking. 
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NON-TUBERCULOSIS MYCOBACTERIUM INFECTION IN CLIMBING PERCH, Anabas 
testudineus FROM THE WILD -A POSSIBLE THREAT TO FISH FARMING

Gokul Raj A. and Uma A.

Department of Aquatic Animal Health Management
Dr.M.G.R. Fisheries College and Research Institute 
Ponneri, Tiruvallur district-601204, Tamil Nadu, India

Mycobacteriosis is a serious and often lethal disease of fish, affecting a wide range of species in wild and captivity. Non-
Tuberculosis Mycobacterium (NTM) are aerobic, acid-fast, Gram-positive, non-spore forming and non-motile bacteria that 
live in soil and water. Mycobacterial disease is an emerging disease that poses a serious threat to the fish farming industry 
and to the fish handlers as it is zoonotic in nature. Mycobacterial infection has been recorded in this study in Anabas 
testudineus collected from the wild. There is a likely possibility of transmission of this disease to other fish species sharing 
such common habitats and also to the farmed fishes in case of poor biosecurity in farms. 

Anabas testudineus, climbing perch belongs to the family Anabantidae and are native to southern and eastern Asia. About 
42 samples of A. testudineus were randomly collected from small pools and village tanks in Ponneri taluk, Tiruvallur 
district, Tamil Nadu (Figure1). Live Fishes were anaesthetized with a high dose of clove oil and the tissue samples were 
inoculated in Middlebrook 7H9 broth, incubated at 37°C for 7 days. Tissue samples were also subjected to PCR for 
confirmation by the amplification of hsp65 gene of Mycobacterium sp. 

After 7 days of incubation, the growth of Mycobacterium sp 
was observed as typical pink colonies in twelve fish samples 
of A. testudineus (Figure 2). PCR amplification of hsp65 gene 
from the infected fishes resulted in the amplicons of ~644 
bp fragment (Figure 3). Sequencing and comparison using 
NCBI BLAST showed that the isolate was Mycobacterium 
fortuitum with a nucleotide homology of 99% with the 
sequences in the NCBI records. The results of this study 
showed that wild fishes like A.testudineus would act as 
carriers of virulent Mycobacterium sp. and transmit diseases 
to the farmed ornamental and food fishes. Mycobacterium 
infection in fish also poses health risk to human beings due 
to its zoonotic potential. Hence, it is essential to prevent 
the spread of Mycobacterium infection by adopting proper 
biosecurity measures to prevent the transmission of the 
disease from the wild to farmed ornamental and food fish.

Hence, it is essential to prevent the spread of Mycobacterium 
infection by adopting proper biosecurity measures to prevent 
the transmission of the disease from the wild to farmed 
ornamental and food fish.
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EARLY BREEDING OF INDIAN MAJOR CARPS USING CIFABROODTM IN SOUTHERN 
STATE OF INDIA

Rathipriya, A.,*  Karal Marx, K., Nandi, S., Sundaray, J.K., Jayasankar, P, and S. Pugalendhi 

Institute of Fisheries Post Graduate Studies
Tamil Nadu Dr.J.Jayalalithaa Fisheries University
OMR campus, Vaniyanchavadi
Email: rathimfsc@gmail.com

An experimental trial was undertaken for early breeding of Indian major carps in the Chola Fish seed Farm, a private 
hatchery of Thiruvarur district in the state of Tamil Nadu, India.  CIFABROODTM a carp brood diet developed by ICAR-
CIFA was used to evaluate the breeding performance and seed production of catla and rohu during summer before the 
early monsoon.  Normally, carps are bred from June onwards which continue up to November in the state of Tamil Nadu.  
CIFABROODTM was provided as feed for catla and rohu broodstock @ 2% of body weight in experimental ponds for 20 
days while farm made feed prepared by the hatchery owner was used in control ponds.  Both rohu and catla were matured 
and bred successfully in April-May 2016 at an ambient temperature of 37oC and water temperature 32oC in the absence of 
rain or shower. Rohu was bred first in April, followed by catla in May using WOVA-FH as inducing agent. The dosage was 
0.4ml and 0.3ml/kg body weight for female and male respectively. The broods in control ponds were still immature and no 
breeding operation could be taken up.  The incubation time for spawning response following the WOVA - FH injection was 
reduced to 6 hrs in case of CIFABROODTM fed broods in place of 9 hrs generally observed.  The details of the catla and 
rohu brood fish, number of females and males used for breeding, fertilization rate, number of spawn produced, and spawn 
recovery after 72 hrs were presented in Table 1. When compared with normal feed the spawn recovery was 20% increase 
in the CIFABROODTM fed carps. Quality of the seed is good as compared to normal. 
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PREVALENCE OF PATHOGENIC Vibrio parahaemolyticus IN Penaeus vannamei SHRIMP 
FARMS OF TIRUVALLUR DISTRICT, TAMILNADU, INDIA

A. Uma*, S.Gangatharan, S.Ganesh Babu and G.Rebecca 

State Referral Laboratory for Aquatic Animal Health 
Tamil Nadu Dr.J.Jayalalithaa Fisheries University
Chennai - 600 051, Tamil Nadu, India
*uma@tnfu.ac.in

Vibrios are the Gram-negative, halophilic bacterium that 
occurs naturally in estuarine environments worldwide. 
Vibrio parahaemolytics are associated with diseases in fish 
and food borne infection in human. Disease is the major 
factor associated with economic and production losses in 
aquaculture of commercially important species including 
Penaeus vannamei (Pacific white shrimp). Improper and 
overuse of antibiotics to control bacterial diseases of shrimp 
has led to the emergence of antimicrobial resistance in the 
bacterial population in the aquaculture systems besides 
leaving residues in the harvested product. This study was 
carried out with an objective to assess the prevalence of the 
antimicrobial resistance gene in V.parahaemolyticus from 
aquaculture systems.

A total number of 228 samples were collected from the 
P.vannamei farms which included shrimp (88) and water 
(140) during the period from June 2017 to July 2018 from 
Tiruvallur District, Tamilnadu, India.Total vibrios were 
isolated from the samples on Thiosulfate Citrate Bile Sucrose 
(TCBS) agar. 120 isolates presumptively confirmed as 
V.parahaemolytics based on the culture characteristics and 
biochemical tests, were further confirmed by Tox R-based 
PCR assay. The isolates were subjected to antibiotic sensitivity 
assay to assess their susceptibility /resistance to ampicillin 
(10mcg), amoxyllin (10mcg), gentamycin (25mcg), nalidixic 
acid (30mcg), tetracycline (30mcg), cefotaxime (30mcg), 
oxytetracycline (30mcg) and kanamycin (30mcg). The results 
of the resistance of V. parahaemolyticus to various antibiotics 
tested is presented in Fig.1.

Prevalence of antimicrobial resistant genes viz., trh and tdh 
were assessed by PCR. The PCR screening of isolates (228) 
from shrimp and water samples showed positive amplification 
of toxR gene in 52.6% (120/228) there by confirming them as 
V. parahaemolyticus (Fig.2). To detect pathogenic isolates, 
virulent genes viz., tdh (thermostable direct hemolysin) and 
trh (thermostable related hemolysin) were amplified by PCR. No tdh-positive V.parahaemolyticus isolates were detected 
among the 120 toxR-positive isolates. However, 16 (13.4%) isolates were trh-positive (Fig 3). In conclusion, the results 
indicate that (a) V.parahaemolyticus isolates from P.vannamei shrimp farms in Tiruvallur district are highly resistant to 
antibiotics. (b) The prevalence of virulent genes viz., toxR (52.6%) and trh (13.4%) demonstrated a high risk of pathogenic 
V. parahaemolyticus in the P.vannamei shrimp farms in Tiruvallur district, Tamilnadu. 
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HISTOPATHOLOGICAL CHANGES OF INDIAN WHITE SHRIMP, Litopenaeus vannamei 
EXPOSED TO CHLORPYRIFOS

A.Maharajan1, S.Rajalakshmi2*and V.Ganapiriya1

1PG and Research Department of Zoology, Khadir Mohideen College, Adirampattinam- 614701, Thanjavur Dist, 
Tamil Nadu, India
2 Department of Zoology, Bharathidasan Govt College for women, Puducherry-605003
E.mail: drsrajalakkshmii@gmail.com

Pollution is the unfavourable alteration of our environment, largely because of human activities. Environmental pollution, 
especially water pollution, has been increasing at an alarming rate due to rapid industrialization, civilization and green 
revolution. In the present study the LC50 value of chlorpyrifos in the shrimp, Litopenaeus vannamei during 96 hrs was 
estimated to be 0.060 ppm. The experimental gill tissue exhibited epithelial lifting, edema, necrosis, fusion of secondary 
lamellae and hemorrhage. The deceased hepatopancreas revealed infiltration, formation of large lumen and disappearance 
of haemocytes. The pathologic symptoms like atrophy, necrosis, wavy appearance, accumulation of granular material in 
between muscle fibres, fragmentation, loss of muscle structure, appearance of basophilic deposits were displayed in the 
muscle tissue



17

EFFICACY OF HERBAL EXTRACT OF Acorus calamus (VASAMBU) AGAINST Argulus spp, 
AN ECTOPARASITE OF FISH BY IN VITRO METHOD

Thanalakshmi A, Uma A, Kaliyamurthi V and KaralMarx K

 Institute of Fisheries Post Graduate Studies
Tamilnadu Dr.J.Jayalalithaa Fisheries University
OMR campus,Vaniyanchavadi
Chennai -  603 103

Aquaculture is the fastest growing industry worldwide with the annual production of 80 million tonnes. Aquaculture 
production faces a serious threat due to the emergence of diseases caused due to bacteria, virus fungus and parasites.  
Argulus spp (Fish louse) is the most common and predominant crustacean parasite which cause serious parasitic disease 
and also considered as a  potent carrier of viruses and bacteria. Consequently, a wide range of antimicrobials including  
antibiotics, chemicals  and pesticides are used to control the disease in aquaculture, which leads to emergence of 
antimicrobial resistance and pollution to  the environment. Hence,  herbal based drugs are gaining popularity as they are 
safe alternatives to antibiotics and chemicals. In this study, the herbal extracts of Acorus calamus (Vasambu) was tested for 
its efficacy against Argulus spp infecting fish.

Treatment for the ectoparasitic disease caused due to Argulus spp (Figure.1)  in freshwater fish include use of  potassium 
permanganate (KMnO4), salt, formalin and pesticides. Some of  these compounds possibly leave toxic residues in fish flesh 
and in the environment which are eventually harmful to consumers. Hence, there is a need for the use of compounds that are 
safe and effective against Argulus parasite and recently herbal based medicines are widely used to cure the diseases. Acorus 
calamus (Figure.2) is a herb that has been reported to be popular and effective in controlling the ectoparasites and internal 
parasites  in animals. The present study was conducted to assess the effectivenes of   A.calamus against   Argulus spp. by in 
vitro method.  A. calamus were collected, dried, ground and soaked in distilled water for 3 days at room temperature. The 
filtered aqueous extract was used to assess the lethal concentration (LC50) of the extract in the adults and nauplii of Argulus 
spp at concentrations ranging from 0.1  ppm to 10 ppm. 

The antiparasitic activity of the extract was studied in vitro (Figure.3)  against nauplii and adults of Argulus spp at varying 
concentrations 0.1 ppm, 0.20 ppm, 0.30 ppm upto 10 ppm. The effective concentration that resulted in 100% mortality in 
nauplii and adults of Argulus spp were 0.3ppm and 5ppm respectively.The results of this study showed that  the aqueous 
extracts of Acorus calamus can be used as an alternate and safe drug to control Argulus spp  an important ectoparasite of 
fish.
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In the economically important shrimp industry, vibrios have become a major constraint on production. They are widely 
responsible for several diseases and mortality in shrimp farming. Members of the genus Vibrio such as V. harveyi, V. 
parahaemolyticus, V. alginolyticus etc. are usually associated with shrimp diseases. Use of antibiotics to control the 
incidence of diseases may lead to antibiotic resistance in aquaculture. In search of effective and environmentally friendly 
bactericidal material to improve the health of the shrimp, chitosan could be an option as it has shown potent antimicrobial 
activity against several pathogenic bacteria. Chitosan is a bioactive derivative of chitin; chitosan nanoparticles are found 
to have increased antibacterial activity compared to chitosan. In this present study, antibacterial activity of chitosan 
nanoparticles (ChNPs) against V. parahaemolyticus and V. alginolyticus was studied.

Different concentrations (1, 2, 3, 5, 10 mg/ml) of Chitosan solutions were prepared in 25mM sodium acetate and mixed 
well using magnetic stirrer for 4-5 hours. ChNPs formed were filter sterilized through 0.2µm filter and characterised using 
Zetasizer ver.7.12. The mean size of 1, 2, 3, 5, 10 mg/ml ChNPs was found to be 108.7, 116.4, 191.5, 192.3, 334.nm 
respectively (Fig. 1). 

Muller-Hinton agar was prepared and culture of V. parahaemolyticus and V. alginolyticus were seeded over it and ChNPs 
of different concentrations (1, 2, 3, 5, 10 mg/ml) impregnated on sterile paper disc was placed on it. After 24 hours of 
incubation at 32±1°C, antibacterial activity as the diameter (mm) of the clear inhibitory zone formed around the discs was 
recorded (Table 1). 

The results showed significant antibacterial activity of ChNPs against     V. parahaemolyticus and V. alginolyticus. 
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EFFECT OF META-TOPOLIN ON GROWTH AND DEVELOPMENT IN AXENIC 
EXPLANTS OF RED SEAWEEDS

Anuraj A*, Ajit Arun Waman, Chandra Prakash, S Dam Roy and N K Chadha

Karwar Research Centre
ICAR-Central Marine Fisheries Research Institute
Kochi-682 018
*anurajarsicar@gmail.com

The effect of meta-Topolin (mT), an aromatic natural cytokinin, on growth and lateral bud formation was evaluated on 
axenic explants of agarophytic red seaweed species viz. Gracilaria foliifera and G. crassa collected from Andaman and 
Nicobar Islands.  Explants were aseptically established under in vitro condition using antibiotic solution consisting of 
streptomycin sulphate, nystatin, rifampicin and erythromycin followed by detergent (0.1% for 10 min) and betadine at 1% 
concentration. 

Our experimental model consisted of axenic explants of seaweeds cultured in vitro onto micro-filtered autoclaved seawater 
based media supplemented with 2.5 mg L-1, 5 mg L-1 and 7.5 mg L-1 mT or 6-Benzylaminopurine (BAP) for 15 days. The 
in vitro effects of similar concentrations of mT were more profound when compared with that of equivalent concentrations 
of BAP. Among this micro-filtered seawater supplemented with mT at a concentration of 7.5 mg L-1 promoted maximum 
weight gain, daily growth rate, total chlorophyll contents, total carotenoid contents and lateral bud formation when 
compared with other concentrations control. The results indicate possible application of mT as a potent cytokinin for in 
vitro culture of G. foliifera and G. crassa. 
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Farming of the red seaweed, Kappaphycus alvarezii has emerged as an economically important enterprise and promises to 
be a profitable livelihood avenue for the low-income coastal communities of India. However, alike other aquatic farming 
systems, the farming of this commodity is also risked by diseases like ice-ice which causes thallus bleaching. An event of 
bleaching was noticed in early January 2019 in the farmed Kappaphycus alvarezii at the marine farm of Karwar Research 
Centre of ICAR-CMFRI.
 
Samples of healthy, infected and bleached thalli were collected and subjected to microbial analysis. Water samples from 
the area of bleaching as well as from the area with healthy seaweed were also collected for the analysis of associated 
bacterial communities. Bacteria were isolated from seaweeds and water using different media such as Zobell Marine 
Agar, Thiosulfate citrate bile salt agar and Brain Heart infusion agar. Biochemical tests such as gram staining, spore 
staining, motility, oxidase, catalase, citrate utilization, indole and MR-VP were carried for preliminary identification. The 
results indicated ten times higher total aerobic count of bacteria in the infected and bleached samples when compared to 
the healthy sample. Also presumptive vibrios were not detected in healthy samples whereas in case of unhealthy ones 
it was significantly higher (Table 1). Similar results were also observed in the water samples. It was noteworthy that 
only gram positive bacteria were found from healthy samples whereas gram-negative bacteria dominated the infected and 
bleached samples. The bacteria isolated from healthy K.alvarezii was dominated by Bacillus sp. whereas Vibrio group was 
predominant both in the infected as well as bleached individuals. Important environmental parameters such as temperature, 
pH and salinity were also recorded and compared with the data corresponding to period prior to the event of bleaching in 
seaweed .This preliminary study indicates a possible interplay of environment and microbes as a cause of bleaching in red 
seaweed, K.alvarezii. Further studies are underway for a deeper insight into the occurrence of this damaging event.
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In the present study the effect of electron beam irradiation on the quality of tilapia fish chunk were studied. Tilapia fish 
chunks were vacuum packed and exposed to 2.0 kGy and 4.0kGy doses of electron beam irradiation and kept under chilled 
storage. Biochemical parameter includes proximate composition, pH, total volatile base nitrogen (TVB-N), peroxide value 
(PV) and thiobarbituric acid (TBA) were analyzed. pH values showed an increased trend (6.85 to 7.10) during storage. 
Fresh tilapia fish chunks had total volatile base nitrogen (TVB-N), peroxide value, thiobarbituric acid (TBA) value of 2.8 
meq.O2/kg, 0.05mgMDA/kg,1.05% of oleic acid, 10.2 mg% of TVB-N, respectively. Results showed increased trend in 
TVB-N, PV, TBA values during storage. Control reached TVB-N value of 30.8mg% on 16th day. However, 2.0kGy, 4.0kGy 
irradiated sample reached the maximum acceptability level on 30th day (32.50 mg%),41st day (35.8mg%). Total plate count 
was lower in irradiated sample than control. Similar trend also observed for pseudomonas and H2S former count. There is 
a significant (p<0.05) reduction in Brochothrix thermosphacta and lactobacillus count in the irradiated sample. Based on 
the microbial and sensory analysis control had a shelf life up to 16thday. However, electron beam irradiated sample had 
extended shelf life of 33-41days with respect to dose level. 
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COMPARISON ON BACTERIAL LOAD (Vibrio) OF SELECTED CREEKS FOR SHRIMP 
FARMING IN TAMIL NADU

Rathipriya, A.,* Anand, T., and A.Uma

Institute of Fisheries Post Graduate Studies
TNJFU, OMR campus, Vaniyanchavadi
Email: rathimfsc@gmail.com

Penaeus vannamei is one of the most farmed shrimp species globally. Disease caused by viral and bacterial agents is 
one of the major impeding factors for profitable shrimp aquaculture. Vibrio infection is a continuous problem in Penaeus 
vannamei culture throughout the world. The current study estimates the presumptive Vibrio count to assess the status 
of water quality in major creeks of Nagapattinam, Thiruvarur, Thanjavur and Pudukottai districts in relation to their 
potential for shrimp aquaculture use. The study was conducted for a period of six months from October 2017 to March 
2018. For the microbiological study, the samples were collected from the creeks at 10 days interval and stored at 4oC. 
The collected samples were analyzed using standard procedures. Presumptive Vibrios was made on Thiosulphate citrate 
bile salts sucrose (TCBS) agar medium from both water and soil. The total Vibrio count is expressed as colony forming 
unit per ml (CFU ml-1). In the microbial analysis the bacterial colonies ranged from 1.0×10-1 to 4.6×10-3 CFU/ml (Water 
sample) and 1.0 ×10-1 to 8.0×10-2 (Soil sample) showed in Table.1. For the water sample, the highest microbial count was 
observed in Senthalaipattinam and the lowest range was observed in Sembodai. A highest microbial count was observed in 
Chinnathambur and the lowest range was observed in Vadakadu of a soil sample. 
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Kolleru Lake, India’s largest freshwater body, it is situated between 81º 04’ 23” to 81º 24’ 53” latitude and 16º 32’ 03” to 
16º 46’ 49” longitude. In 2002 the Kolleru Lake was designated as a Ramsar site and undergone tremendous changes in the 
water quality due to the development of aquaculture.  Kolleru lake is one of Asia’s largest freshwater lakes, situated between 
the Godavari and the Krishna river basins. The main objective of this study is to evaluate Physico-chemical parameters to 
determine the water quality criteria in kolleru lake. Water samples were colleted from the 10 sampling location during the 
period of pre and post monsoon (August 2017 to March 2018). The sampling points are selected on the basis of inlets of the 
lake, lake points, outlet of the lake and based on the aquaculture growth of Kolleru Lake. Total 11 water quality parameters 
were evaluated during the study period such as pH, TEMPERATURE, EC, TDS, TSS, TOTAL ALAKLINITY, TOTAL 
HARDNESS, DISSOLVED OXYGEN, SALINITY, COD, and NITRATES. Parameters were estimated by using standard 
protocol of APHA 2012 and spectrophotometer. All the calculated concentrations of water quality parameters in studied 
sampling sites showed variations.

The spatial distribution maps of water quality were generated for post and pre-monsoon data using IDW spatial distribution 
method. Water quality standard criteria most of the level parameters measured suggesting the physic- chemical environment 
still were still not in line with sustainable conservation of the protected area and it was polluted by aquacultural inputs, 
industrial inputs, agricultural wastes and domestic sewage from neighboring villages .There is a necessary need of 
regulating, monitoring and protecting of important freshwater ecosystem-kolleru lake. 
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A study was carried out to assess the effect of transglutaminase and egg white on the functional properties such as gel 
strength and water holding capacity of the product fish paneer prepared from tilapia surimi. Tilapia fishes were washed 
and dressed to prepare mince and then the surimi was prepared by repeated washing. Surimi was added with 4% sucrose, 
4% sorbitol, 0.25% sodium tripolyphosphate, and 2.5% sodium chloride as preservatives. Surimi was mixed with 0.5 % 
transglutaminase and 1 % egg white separately. The surimi was mixed well for 5 to 10 min until uniform dispersion. The 
mixture was then placed separately in a stainless steel plate. For setting of the gel, the plates were incubated at 40°C in an 
incubator for 30 min. Then the gel was heated at 90°C for 45 min by using steam cooker to prepare the restructured surimi 
gel product (‘Fish Paneer’). ‘Fish Paneer’ was stored at -20⁰C in ultra-freezer for further studies. Analysis of gel strength, 
expressible moisture content, folding test and water holding capacity (WHC) were carried out for the prepared ‘Fish 
Paneer’ product. Gel strength of the product prepared with transgltaminase was 19 ± 1.67 KgF, water holding capacity was 
55.43 ± 1.0 %, Expressible moisture content was 12.2 ± 0.64 % and folding test result was class AA grade 5. The product 
prepared with egg white showed gel strength of 17.4 ± 0.64 KgF, water holding capacity of 53.4 ± 1.03 %, expressible 
moisture content of 14.4 ± 1.02 % and folding test as class AA grade 5. The control sample without additives showed 12 
± 0.83 KgF, 48.27 ± 0.60 % and 10.2 ± 0.85 % of gel strength, water holding capacity and expressible moisture content 
respectively. Control sample showed class B grade 3 in folding test. The result shows that the fish paneer product prepared 
with transglutaminase had the better functional properties than the product prepared with egg white. 
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In order to popularise cage culture technology of marine fin fishes among the fishers and fish farmers, demonstration of 
grow-out farming of silver pompano, Trachinotus blochii was carried out using galvanised iron (GI) cages for the first 
time in the Andaman and Nicobar Islands. An established model of GI cage design of 6m diameter in Indian waters was 
deployed at Minnie Bay, South Andaman (Fig1). 

Hatchery produced seeds of silver pompano (av. length: 5.54 cm and av. weight 3.1 g) procured from RGCA, Vizhinjam 
were initially reared in hapa for about 2 months until they reached 30-40 g size. These fishes were then stocked in circular 
GI cage (Fig 2) at a stocking density of 30/m3. The fishes were fed initially 3 times with formulated feed (45% protein) 
for 2 months during hapa rearing and thereafter fed twice at 5% body weight with chopped trash fish until harvest. The 
water quality parameters were observed to be in the optimum range viz., pH: 7.5 – 8.5, DO: 5.5 – 6.5 ppm, temperature: 
27ºC – 29ºC and salinity: 20 – 27 ppt. The growth parameters of the fishes were monitored throughout the culture period 
using monthly random sampling. The fishes were harvested after 270 days of culture during which they reached an average 
length of 28.22 cm and average weight of 325.54 g. The cage design endured the catastrophic “Vardah” cyclone that hit the 
Islands during first quarter of December, 2016. This is the first successful harvest of silver pompano in Andaman waters in a 
cage design perfected for mainland coastal waters. Silver pompano with its good meat quality, high market demand and its 
amenability to culture in low saline waters promises to be a good candidate species for cage culture even in the estuarine, 
brackishwater and inundated saline areas of the Islands.
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White Spot Syndrome Virus (WSSV) is one of the devastating diseases in the shrimp industry. DNA vaccine immunization 
in the form of genetically engineered plasmid DNA (pDNA) to target viral genes could be a promising approach to control 
this menace. Immersion is the most practical route of administration for DNA vaccines in shrimp culture. However, it is 
essential to determine the uptake and bio-distribution of the plasmid DNA delivered through immersion route. The dynamics 
of plasmid uptake and bio-distribution in vivo can best be showed using a fluorescent reporter that can be visualized under a 
fluorescence microscope. Green fluorescent protein (GFP) is popularly used as reporter for various biological applications.  

In this study, a plasmid DNA construct (pCMV-EGFP) constitutively expressing GFP was developed to track the uptake 
and bio-distribution in shrimp post-larvae (PL) post-immersion delivery (Fig. 1). First, the SSN1 cells (>80% confluency) 
were transfected with pCMV-EGFP construct (500 ng) and GFP expression was confirmed after 24h by fluorescence 
microscopy. After the in vitro validation, the pCMV-EGFP construct was delivered to Penaeus vannamei PL-20 (~15mg) 
@ 10µg/g body weight through immersion for 30 min. 

Visual observation of plasmid uptake and its bio-distribution was studied at 1, 2, 3, 4 and 5 days post-treatment by 
fluorescence microscopy. GFP expression could be seen in shrimp PL dip-treated with pCMV-EGFP construct while there 
was no expression in control group (Fig. 2). GFP expression was observed in muscle and telson regions of PL suggesting 
that these are the two major routes of pDNA entry during immersion treatment. The expression of GFP was tracked till 5 
days post-treatment and it was observed that the green fluorescence decreased over time. The present study highlights the 
possible use of immersion as an effective vaccine delivery route in shrimp post-larvae. 
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Tilapia, now the second most farmed fish in the world, has played an important role in the growth of aquaculture sector and 
will continue in the future also. Knowing the aquaculture importance the culture of genetically improved different strains 
of Nile tilapia is promoted by the central and state government of India. This study examined the growth performance of 
monosex Nile tilapia (Oreochromis niloticus) juveniles at various stocking densities in grow out ponds. The study was 
conducted in farm ponds with two different high stocking densities (20000 nos./1.5 acre and 10000 nos./1 acre) with the 
average stock size of 10g. The fishes were fed with commercial pellet feed (35% crude protein, 4% fat and 7% fibre) at 5-7 
% of their of body weight. In a six month period of culture the average final weight obtained was 300 g in pond 1 and 330g 
in Pond 2. The growth related parameters of all male Tilapia was recorded in this study was presented in Table 1. Based 
on the results of growth performance and yield from this study, the all male Tilapia culture has been found to be 
a suitable candidate species for aquaculture. 
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Freshwater aquaculture is the most promising and viable culture method that paves way to development of new culture 
techniques towards fulfilling increasing demand of animal protein consumption. Microalgae are one of the most nutrient 
rich effective live feeds in freshwater aquaculture. Realizing the need, presently an attempt was made to ascertain the 
growth perforamnce of carp Hypophthalmichthys nobilis fed on microalgae viz; Chlorella vulgaris and Spirulina platensis 
and pellet feed. The parameters like growth performance, feed consumption, biochemical makeup, blood analysis were 
studied in the fish and the water quality parameters were also monitored and the results were compared. The study revealed 
that the fishes fed on microalgae (C. vulgaris and S. platensis) better results in terms of growth compared to the ones fed on 
pellet feed. Besides, the blood leucocytes oxidative radical production was also increased in algae fed fishes. True to this, 
the algae fed fishes also showed strong resistance towards P. chlorophis infection and water quality parameters were 
also found to be within the permissible range. The bacterial challenge assay, bactericidal activity, and NBT proved 
the increased rate of phagocytosis which in turn has a good improvement of immunity in the microalgal fed culture 
compared to pellet feed control culture, and thus S. platensis proved better growth performance.
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Over 9.58 million metric tonne production from capture fisheries, humans depends much on fisheries sector for our 
nutritional and economy also. Even though, we lack in knowledge and also our expertise in developing technologies to 
achieve blue economy.

Offshore mobile fishing harbour with a VLFP is an innovative mind mapping idea to support offshore fishing to achieve 
economically sustainable production. Multiple high density polythene hollow floats with effective buoyancy to self weight 
ratio are combined in series, forming a very large floating structure. This HDPE is used in variety of applications where 
excellent impact resistance, high tensile, low moisture absorption and corrosion resistance property. This OMFH is achieved 
by the principle of buoyancy which is supported by mooring and anchoring systems. Mooring and anchoring system are 
the permanent structures which keeps the floating panels on same position and prevent them from turning or floating away 
from the floating arrangements. 

OMFH include the facilities such as berthing, cold store unit, offshore bunkering, dock yard, wind turbines (to produce 
electricity), recreational fishing, Cage Culture units and SOS station.

To ensure sustainability in fisheries, the OMFH with necessary facilities eliminates the current problems by achieving 
fisheries economy and livelihoods of fisherman, thereby contributing towards blue revolution.
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Shrimp aquaculture is a commercially important major food producing sector globally. India is one of the major producers of 
P.vannamei with the present annual production of 5,63,000 tonnes. The contribution of Tamil Nadu state in the Indian shrimp 
production is about 32,000 tonnes during the year 2017.  Shrimp farming practices are hampered by the outbreaks of various 
existing and emerging diseases from time to time. Hence, periodic surveillance of the diseases is important to understand their 
prevalence and to develop suitable management measures for their prevention and treatment for profitable and sustainable 
shrimp farming.

A state-wide disease surveillance was undertaken to 
screen for the OIE listed pathogens and other pathogens of 
commercial importance in the P.vannamei farms of Tamil 
Nadu, India. This study was undertaken in Tiruvallur and 
Nagapattinam districts of Tamil Nadu with intensive shrimp 
farming activity during the period from September 2016 to 
December 2018. Samples of P.vannamei postlarvae (128), 
and juveniles/adults (551), soil (237) and white faeces (60) 
from shrimp ponds were collected. Screening was done 
by PCR for diseases caused by White spot syndrome virus 
(WSSV), Infectious hematopoietic necrosis virus (IHHNV), 
Shrimp hemocyte iridescent virus (SHIV), Infectious 
myonecrosis (IMNV) and Enterocytozoon hepatopenaei 
(EHP).  Microbiological analysis and PCR were carried out 
for the diagnosis of Acute hepatopancreatic necrosis disease 
(AHPND), and white faeces syndrome (WFS).

The results of the study showed that, among the total number 
of 976 samples screened, the overall prevalence of EHP 
was the highest (17.11%) followed by WSSV (3.073%) 
and IHHNV (0.1%). The highest prevalence of EHP was 
recorded in the white faeces followed by soil samples   (Table 
1 and Fig 1). EHP causes hepatopancreatic microsporidiasis 
in P.vannamei resulting in reduced growth and associated 
production, economic losses in shrimp farming operations. 
Hence, adoption of suitable management measures for the 
prevention of the disease through selection of disease-free 
postlarvae and live feed,  maintaining the health of shrimp 
following good water and feed quality management would 
help for a successful and sustainable aquaculture.  
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Food safety is a worldwide concern because of its importance to public health and impact on international trade. Significant 
increase in the incidence of reported food borne diseases and the emergence of new borne pathogens is a major concern. 
This necessitated the seafood export firms to implement food safety standards to assure quality and safety of food, to gain 
entry to more markets and enhance market share. 

The paper presents the result of a survey of 70 Seafood export firms in Alapuzha and Ernakulam districts in Kerala to 
understand the barriers in implementing food safety management system. The seafood standards implemented in the 
seafood firms in the study area are ISO 22000:2005. HACCP, BRC, IFS – FOOD, FSSC 22000, Food safety and Standards 
Authority of India (FSSAI), FSSC 22000, IFS, EU certificate. The Audits are carried out by Export Inspection Agency 
(EIA), Bureau Veritas, Société Générale de Surveillance (SGS), Det Norske Veritas (DNV) and Intertek twice in a year. The 
barriers to implement FSMS are identified with varimax rotation of exploratory factor analysis using principle component 
analysis. The constraints were extracted from 15 variables to six factors. The Six factors defined 68.92% of variance. The 
factors identified are organisational barrier with 18.513% variance (lack of understanding, lack of training, lack of skilled 
employees), managerial barrier, 13.732% (top management commitment, ineffective communication, lack of employees 
motivation), organisational and culture barrier, 12% (employees resistance to change, employees absenteeism), economic 
barrier, 10.2% (high cost for certification, lack of infrastructure facilities), technical barrier, 8% (lengthy documentation 
procedure, time, difficulty in performing internal audit), and external barrier, 7% (insufficient financial aid from government, 
need to depend on external certification body). Identifying food safety management standards in place and the factors 
that hinder its implementation allows the seafood processing industry to control different hazards affecting the health of 
consumers.
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Climate change and its impacts haves become a serious global environmental issue and it causes vast challenges in 
marine habitation. The fluctuations in the critical marine environmental variables are one of the crucial evidences for 
climate change. India is a prominent marine fishing nation and considered vulnerable to the impact of climate change and 
mariculture contribute to a minor part of the fish production. Variations in optimum levels of the environmental variables 
may diminish the carrying capacity of Mariculture making disruptions in their harvest as well as the livelihood of affected 
communities.  

In this context, the present study made an attempt to understand 
and project the possible variations in oceanic variables such 
as chl-a concentration, SST, sea surface height, sea surface 
salinity, precipitation and pH during 2015, 2030, 2050 and 
2080 under different IPCC-Representative Concentration 
Pathways (RCPs) 2.6, 4.5, 6.0 and 8.5 scenarios by using 
CMIP5 Model outputs for the period 2006 to 2100 along the 
southwest coast of India. The fluctuations in lowest emission 
scenarios (RCP 2.6), highest emission scenarios (RCP 8.5) as 
well as intermediate scenarios (RCP 4.5 and RCP 6.0) may 
consequentially influence the carrying capacity as well as the 
reliability of maricultural practices. It may create a significant 
hurdle to the food security with the increasing population 
in India. Findings given by RCP scenario projections of 
environmental variables (Figure1) will help to understand 
possible climate change impact for upcoming years and 
lend a hand to make policies, suitable adaptation/mitigation 
strategies, better sustainable conservation management and 
decision making.
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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/l) 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 and 
liver 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. While different alterations such as vacuolation of nucleus, Fatty degeneration, 
distended Sinusoids with a marked damage in the central vein surrounded by red blood cells, cytoplasmic degeneration, 
focal fibrosis and necrosis of the cell were recorded in the liver of ZnO-NPs-exposed fish. 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 & 15.15) to 
severe (57.7 & 60.15) in the gills and liver respectively as the concentration and exposure period increased (Figures 1, 4, 
& Table 2). In depurated groups, the severity of damage gradually recovered from severe (57.7 & 60.15) to slight (19.8) in 
gills and slight moderate (25.05) in liver after 30 days of depuration (Figures 2, 5 & Table 2), while in the group ameliorated 
with 500 mg AA/kg diet, the tissue damage were completely reversed (Figures 3, 6 & Table 3) from severe (57.7 & 60.15) 
to normal (9.3 & 10.3) in both the gills and the liver respectively (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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Biofouling is referred to as the settlement and growth of organisms on submerged structures, in short, it is unwanted 
deposition and growth of biofilms. This phenomenon can occur in an extremely wide range of situations, from the 
colonization of devices used in the production of ultra-pure, drinking and process water and the fouling of thermal 
exchangers, pipelines and reservoirs. Although biofouling occurs in different areas, it has a common cause, which is the 
biofilm. Biofilms are the most successful form of life on Earth and tolerate high amounts of biocides. Bioremediation has 
been used as the finest solution to pollutions but in turn this solution can causes biofouling if it is not accompanied by other 
technics. The hydrodynamic mechanical and medical consequences of biofouling organisms on water supply and treatment 
structures, e.g. Aerators, water pump, filters, reverse osmosis equipment, pipelines, heat exchangers etc. are of particular 
concern. There a number of issues with biofouling, these include: 

- Biofouling of pipelines by pathogenic organisms causes water pollution and leads to disease outbreak. 
- It Increases to surface weight and roughness thereby impacting drag and survivability of devices; 
- biofouling on Aerator blades, decreasing efficiency of Aeration;
- It contribute or accelerate corrosion of metals pipe that causes blockage and could affect its lifespan; 
- It provide surfaces on artificial structures in the the water body (water source) environment which may create 

‘stepping-stone’ habitats for the spread of fouling communities.

Above all, these issues leads to the economic lost In terms of frequent maintenance and repair cost, reduced performance 
of the machineries and formation of algal bloom cover.

For a sustainable biofouling prevention and control, an integrated approach is suggested which includes the analysis of 
the fouling situation, a selection of suitable components from the anti-fouling menu, less use of chemicals that are source 
of nutrients to pathogenic microbes and an effective and representative monitoring of biofilm development. Being able 
to apply innovative solutions in combination with this knowledge in future could help to increase the productivity of 
wholesome water, enabling relevant targets to be met for resolving world water crisis.
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Electrolytes such as Ca2+, K+, Mg2+ and Cl- in the seminal plasma modulate the osmolality of the milt which in turn triggers 
sperm motility in cyprinids like C. carpio whose peak spawning occurs during July to August and January to March. The 
concentration of these ions highly varies depending on spawning period, serving to be a suitable biomarker of sperm 
quality. Thus, the present study aimed at analyzing the ionic composition of seminal plasma during off-season spawning of 
C. carpio from Government Fish Seed Farm, Manimuthar in Southern India. This investigation would help delineating the 
role of different ions in sperm motility for formulating suitable extenders during its cryopreservation.

Milt was collected from proficient milters weighing 725±300 g without any contamination of urine, blood and faeces and 
was pooled together. The milt volume was noted in graduated vials. The collected samples were stored at 4°C immediately 
and transported to the laboratory. One µl of was placed on microscopic slides and activated using 10 µl tap water and the 
motility duration was recorded using  phase contrast microscope (Nikon E360) at 200X. The milt pH was recorded using 
non-bleeding pH indicator strips (pH 0-14; Merck, Germany). 

The seminal plasma was separated from milt by centrifugation at 10,000 g for 10 mins at room temperature and the 
spermatocrit value was recorded. The supernatant was stored immediately at -20°C until analysis. The ionic composition 
of the seminal plasma was estimated using an UV-Vis 

Spectrophotometer (Perkin Elmer – Lambda 25). All glasswares used were ensured ion free. The analysis of Ca2+, Mg2+, 
K+ and Cl- were done using OCPC, Calmagite, Tetraphenylboron and Thiocyante methods respectively and the values are 
presented in Table 1.     
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The Mozambique tilapia Oreochromis mossambicus is the second most important farmed tilapia species in the world, after 
the Nile tilapia. Streptococcosis is one of the most significant diseases of tilapia, which contributed severe economic losses 
worldwide. Streptococcus iniae, S. agalactiae and other species of streptococci are the major bacterial species that affect 
the global tilapia production. Most outbreaks of streptococcosis in tilapia are caused by S. agalactiae that are influenced 
by the high water temperatures above 31°C. This communication reports the pathogenicity and pathology of S. agalactiae, 
isolated from O. niloticus with meningoencephalitis, in challenged O. mossambicus juveniles. 
 
The pathogenicity of two Streptococcus agalactiae strains on 200 healthy Oreochromis mossambicus (10.09±1.06 g) divided 
into 10 groups in duplicate was tested by intraperitoneal challenge. The tilapia of groups 1-4 were injected intraperitoneally 
with S. agalactiae TKT1 at approximately 1.00×108, 1.00×107, 1.00×106 and 1.00×105 cells/fish, respectively. Similarly, the 
tilapia of groups 5-8 were injected intraperitoneally with S. agalactiae TBT2 at similar doses as above. The positive control 
fish (group 9) were injected with 0.1 mL of sterile physiological saline. The negative control tilapia (group 10) received 
no injection.

The intraperitoneal challenge with S. agalactiae TKT1 at 108 and 107 cells/fish caused 100% and 70% mortalities, 
respectively; while, the S. agalactiae TBT2 caused 90% and 40% mortalities. No mortalities were noted at the lower doses. 
The LD50 values of TKT1 and TBT2 strains were 1.60×107 and 7.33×107 cells/fish, respectively. The histological sections 
of the challenged O. mossambicus brain exhibited meningoencephalitis, marginated haemocytes, oedema and neurons 
with marginated nuclei. The kidney tissues had glomerulopathy, dilated Bowman’s capsule, nephritis, melanization and 
granulomatous lesions. The spleen showed melanomacrophage aggregation and vasodilation. Ruptured blood capillary, 
blood vessel devoid of blood cells and disintegration of intrahepatic exocrine pancreatic tissues were noted in the liver. The 
results revealed S. agalactiae can cause systemic infection and meningoencephalitis in O. mossambicus. 
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Anabas testudineus also known as climbing perch is an air-breathing fish, which can survive in low DO concentrations. 
It is an important food fish in India and has a good consumer preference. The breeding protocol was standardised for this 
fish but the hormone requirement for induced breeding was much higher. So, the present study was conducted to reduce 
the hormonal requirements and hence reduce the hormonal cost. The sGnRHa was serially diluted with normal saline in a 
ratio of 1:0.5, 1:1, 1:1.5, 1:2 and 1:0 v/v (Table. 1) which served as T1, T2, T3, T4 and control respectively. Mature males 
and females were selected based on their secondary sexual characters (Fig. 1 & 2) and are stocked in 200L capacity FRP 
tanks. In every treatment one female and two males were stocked. The females were administered with 0.75µl/g BW and 
the males were administered with half the dose of females. The greatest (P<0.05) relative fecundity (532 ± 15 eggs/g BW), 
fertilization rate (95.5 ± 6%)  and hatching rate (94.93 ± 7.3%) was observed when the brooders were injected with 1:1.5 
hormonal dilution. The treatment T4 showed the lowest spawning performance in comparison to the other treatments. 
Hence, the study indicated that the dilution of sGnRHa with normal saline in a ratio of 1:1.5 and injecting with 0.75µl/g 
BW resulted in effective spawning in climbing perch, which not only reduces the hormonal doses but also reduces the 
hormonal cost expenditures.
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The giant river-catfish Sperata seenghala is one of the commercially important freshwater catfish of India with wide 
distribution in all major rivers and reservoirs. The market demand is met through only from capture fisheries, so this may 
led to over exploitation of resources and subsequent stock depletion may transpire. Microsatellites are the most suitable 
markers for characterizing the genetic stocks. The present study was carried out to isolate microsatellite markers from S. 
seenghala collected from five major riverine systems of India, specifically Brahmaputra, Ganga, Godavari, Mahanadi and 
Narmada. Five repeat enriched genomic DNA libraries were prepared representing five populations. Each library includes 
DNA pooled from ten individuals. Both enzymatic (Ion Shear™ Plus Enzyme Mix II) and mechanical shearing (Covaris™ 
M220 Focused-ultrasonicator) was carried out to fragment the genomic DNA in to 350-400 bp size. Nineteen probes 
consisting di (3 no.), tri (7 no.), tetra (7 no.) and penta (2 no.) were designed to target di, tri, tetra and penta-nucleotide 
repetitive sequences. The size of probes was maintained between 24 to 27 bp and all the probes were labelled with biotin 
at 5’ end. The Ion Torrent Personal Genome Machine® (PGM™) was used to sequence the SSR enriched DNA libraries 
of S. seenghala. The software MISA (MIcroSAtellite identification tool) (http://pgrc.ipk-gatersleben.de/misa/) was used 
to identify the repetitive sequences from the S. seenghala genome. A total of 17794 SSR loci were identified from all the 
populations. In all the populations the proportion of dinucleotide repeat motif was higher than any other type of motif i.e 
(45.44%). The percentage of tri and tetra nucleotide SSR were (8%) and (6 %) respectively. Although the contribution of 
penta and hexa nuecleotide repeat motifs were very trivial i.e (0.61% and 0.06%) respectively, but  it was a very attention-
grabbing finding as  these type of repeat motifs are very important to develop stock specific markers. Lastly the contribution 
of compound SSR was very high i.e 21.83%.
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An experiment was conducted to evaluate the impact of cassava (Manihot esculenta, (NR 8082) peel, fermented with 
wastewater from the fermented cassava pulp, as a substitute for maize in the diet of C. gariepinus juveniles on the growth 
performance of C. gariepinus. Five iso-caloric and iso-nitrogenous diets were formulated containing 25%, 50%, 75% and 
100% maize replacement with cassava peel meal (tagged diets B25, C50, D75, E100). The control was tagged diet A0.  The 
experimental fish were randomly distributed into 15 rectangular glass tanks (60 x 35 x 30 cm3) at a density of 20 fish per 
tank. Fish were fed at 3% of their body weight per day in two equal portions. 

The results revealed that the final weight gain (13.47g), daily weight gain (0.19g), percentage weight gain (243.62%), 
food conversion ratio (5.67), protein efficiency ratio (1.20) and the apparent protein digestibility (APD) of the fish fed 
with the control diet (diet A0) were not significantly (P>0.05) higher than those of the fish fed diets B25 and C50, but 
were significantly (P<0.05) higher than those of the fish fed diets D75 and E100. The specific growth rate and survival in 
all the treatments were not significantly different (P>0.05) from one another. The growth performance of the fish fed with 
diets B25 and C50 were better than those of the fish fed diets D75 and E100 (Fig.1).  Haematological parameters (Table 1) 
indicated that the PCV, RBC and haemoglobin of the fish fed cassava peel diets decreased as the percentage replacement 
was over 50%, while the stress indicator haematological parameters (WBC and neutrophils) increased.  50% replacement 
of maize with cassava peel meal (diet C50) can be tolerated by C. gariepinus, without compromising growth.
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Present study was undertaken to explore the possibilities of inducing maturity and spawning of T. putitora under captivity 
through manipulation of environmental cues i.e. photoperiod and temperature. In experiment I, adult T. putitora were 
subjected to three photoperiod (8L: 16D, 12L:12D and 16L:12D) regimes for 100 days.  In females, darker photoperiod 
(8L:16D) significantly decreased the plasma estradiol and vitellogenin levels compared to 12L:12D and 16L: 8D 
photoperiods. Plasma 17α, 20β-diOH-P was significantly (p<0.05) changed both in females as well as males due to different 
photoperiods. Highest level was observed at 12L: 12D in females and 16L:8D in males whereas the lowest level was found 
in 8L: 16D.  There was no significant effect of photoperiod on plasma aromatase activity, 11-ketotestosterone (11-KT) 
levels, luteinizing hormone (LH) levels and gonado-somatic index (GSI) of both males and females.  In experiment II, 
effect of temperature (ambient, 21.2 ± 1.4 ºC and elevated, 23.7 ± 1.3 ºC; Mean ± SD) on inducing maturity under captive 
conditions was explored.  The level of 17β-estradiol, 17α, 20β-diOH-P and aromatase were significantly increased in 
females kept at elevated temperature compared to its ambient counterpart.  Correspondingly, GSI of females increased 
6-fold at elevated temperature. In fact in the ovary of females reared at elevated temperature, oocytes were in vitellogenic 
and maturing stage, whereas it was only in cortical alveolar stages in the fishes kept at ambient temperature. On the other 
hand, there was no marked change found in testicular histology. No significant (p>0.05) effect of temperature was observed 
on plasma levels of 11-KT and LH of both sexes. Experiment III was meant to explore the possibility of achieving captive 
spawning by simulating natural spawning ground using a gravel bed bio-filter. Natural spawning occurred after four months 
of rearing in the simulated facility. Subsequently, fishes further spawned seven times in a period of 4 months on an interval 
of 15-20 days. Overall, our results suggested that captive maturity and spawning of golden mahseer can be achieved by 
manipulating the environmental cues.  
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Indian Mackerel (Rastrelliger kanagurta) is widely distributed along the coasts of the Indian and West Pacific oceans. It 
has high commercial value with 26% contribution to the pelagic fish landing of Maharashtra and about 7.5% contribution 
(i.e.2.88 lakh t) to the total Indian marine landings. The major objectives of undertaken study were to assess the impact of 
oceanographic variables on the catch fluctuations of Indian Mackerel and to investigate the Generalized Additive Model 
(GAM) for predicting Indian Mackerel habitat preference along with the estimation of sea surface temperature (SST), 
chlorophyll-a concentration (CC), sea surface height (SSH), sea surface salinity (SSS), mixed layer depth (MLD) and 
Ocean Currents as oceanographic parameters. These data were derived from satellite data of MODIS (Moderate Resolution 
Imaging Spectroradiometer) and Copernicus Marine Environment Monitoring Service. To test normality, homogeneity of 
variance and co-linearity the data diagnosis was performed using different packages in R platform after transferring them 
into log to reduce the skewness and kurtosis. All predictor variables in a GAM model necessarily contribute substantially to 
explain the variation in the response variables. Redundancy analysis (RDA) was applied to provide a preliminary view of 
the relationships between Indian Mackerel and environmental variables. Model selection was performed using Multi-Model 
Inference in the R platform to fit all the combinations of models and then rank them on the basis of Akaike Information 
Criterion (AICc). The model with the lowest (=best) AICc and high weight were considered for the GAM. Chlorophyll 
(p<0.001), SSH (p<0.001), SSS (p<0.001) and SST (p<0.1) were having significance in prediction of Indian Mackerel 
habitat. The constructed models were applicable and therefore they were suitable for predicting the potential fishing 
grounds of Indian Mackerel inhabiting Mumbai coast. The results from this study highlighted the use of multispectral 
satellite images for describing the potential fishing grounds.
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One of the major issues confronting aquaculture is the outbreaks of diseases and related crop loses resulting reduced farm 
productivity. Active disease surveillance carried out in about 400 shrimp farms on the east coast of India during 2015-
2018 by ICAR-CIBA has revealed predominance of Enterocytozoon hepatopenaei (EHP), White spot disease (WSD) 
and aquaculture management related syndromes such as white faeces syndrome (WFS) and running mortality syndrome 
(RMS). EHP was prevalent in as many as 27% of the farms and white spot syndrome virus (WSSV) was the primary viral 
disease in 16% of the farms investigated. Lately, the emergence of infectious myonecrosis virus (IMNV) was detected with 
a prevalence of about 2% in certain areas of Tamil Nadu and Andhra Pradesh. Besides these infectious diseases, substantial 
damage caused to the Indian shrimp farms is due to the management related syndromes such as WFS, RMS, stunted growth 
etc., which have been recorded in as high as one third of the 400 shrimp farms investigated, affecting farm productivity. 
Epidemiological investigations by CIBA stongly suggest association of WFS affected ponds with EHP infection leading to 
stunted growth of shrimp. 

Microbes constitute at least 50% of biomass in the ocean and possibly in aquaculture waters and hence would play a very 
important role on the outcome of shrimp crops in brackishwater aquaculture ponds. Considering increasing incidences 
of WFS in shrimp farming in India, where the aetiology could not be fixed, a metagenomics study was undertaken to 
understand the microbial diversity and the role of microbes in WFS of shrimp. The microbial diversity in healthy and WFS 
affected shrimp ponds was analysed using next generation sequencing (NGS) of 16S V3-V4 regions using Illumina Miseq 
platform. Results threw light on the diversity of bacteria associated with WFS and their possible role in the disease. While 
bacteria of the family Pseudoaltermonadaceae were found to be dominant in both the healthy and WFS affected ponds, it 
was notable that the bacteria of the family viz. Deinococcaceae, Sphaerochaetaceae, Halanaerobiaceae, Victivallaceae, etc., 
were found only in WFS affected ponds. Fungal diversity based on the ribosomal internal transcribed spacer (ITS) region 
indicated significant variation in the fungal diversity in the WFS affected ponds compared to healthy pond. Among the 
fungal genera, while the Candida species were predominant in WFS affected ponds, genera such as Malassezia, Ganoderma 
were present only in WFS affected ponds. 

Results of this metagenomic study has indicated significant differences in the bacterial and fungal signature of the healthy 
and WFS affected aquaculture ponds, and suggest that management of pond and animal microbiomes could be important 
means of mitigating aquaculture management related disease losses. How we manipulate microbial diversity in the 
pond ecosystems to promote the proliferation of certain groups of desired microbes usually present in healthy ponds, for 
ameliorating aquatic health management related disease syndromes is a challenge, while these science based solutions are 
realistic possibility.
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Thailand has been one of the top exporters of fish and fish products for decades and is now in the top 5 countries for shrimp 
production. Aquaculture plays a major role for the food security in this country and makes an increasing contribution to 
its economic growth. Between 2014 and 2017, Thailand’s shrimp and prawn export market has fluctuated around U.S 
$1.8 billion. However over the past few years, the repeated shrimp disease outbreaks encountered by the industry have 
resulted in declined shrimp exports, which are only gradually being overcome. A risk assessment of disease outbreaks 
would help farmers to minimize the economic losses and to make decisions concerning early harvest. This paper highlights 
key findings, strategies’ issues and conclusions from the risk assessment practices carried out worldwide for reducing the 
risk of shrimp disease outbreaks and improve farm productivity. A critical review has been carried out for identification 
and classification of risk factors, level of risk estimation, limitation and applicability of various quantitative and semi-
quantitative risk assessment models used globally and associated uncertainties. This study also aims at identifying critical 
risk-relevant research gaps and evaluates the need for a more comprehensive risk assessment. Emphasis is given to explore 
other potential solutions for disease control measures and use of earth observation satellite data in shrimp aquaculture. The 
results of this study form a solid basis for the future development of comprehensive and reliable frameworks to assess the 
risk of disease outbreaks in shrimp aquaculture.
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The marine fish cage aquaculture industry in the Red Sea has emerged as one of the priorities to respond to the increasing 
demand for seafood by the population of Saudi Arabia. The Red Sea, one of the most oligotrophic seas in the world, is 
characterized by clear waters and by receiving high levels of solar ultraviolet radiation. With the considerable penetration 
of ultraviolet B (UVB) across the water column, it is expected that the UVB radiation comprises an important threat to the 
fish, particularly those confined to the aquaculture cages, as they cannot avoid the UVB exposition. The aim of this study 
was to evaluate the sensitivity of a commonly cultured non-native species, gilthead seabream (Sparus aurata), to the Red 
Sea natural underwater UVB radiation levels. 

Juveniles (32.03 ± 4.17 g) were exposed during 45 days to three 
different UVB experimental treatments representing the Red Sea 
natural UVB levels registered between 2 and 10 m depth in the water 
column: UVB2-5m (11.86 ± 1.79 kJ/m-2/d), UVB5-7m (6.06 ± 0.84 
kJ/m-2/d) and UVB7-10m (2.40 ± 0.29 kJ/m-2/d). One experimental 
group without UVB exposure was used as control (CTRL). Growth and 
animal body condition, physiological condition, immune function and 
stress response of the fish were evaluated after 1 day (single exposure), 
10 days (short-term) and 45 days (long-term) of exposure.       

Seabream juveniles exposed to a single dose of UVB (UVB2-5 and 
UVB5-7) revealed a decline in the humoral innate immune parameters. 
After 10 days of exposure, fish from UVB2-5 and UVB5-7 treatments 
exhibited significantly lower body weight than those in the CTRL (Fig. 
1). 13 % of mortality and severe skin sunburn lesions were observed in 
UVB2-5 after short-term exposure. Due to high mortality observed in 
UVB2-5, a humane endpoint was implemented for this treatment after 
16 days of exposure. After 45 days of exposure, lower body weight 
was observed in UVB5-7 and UVB7-10 when compared to the control 
(p<0.05), (Fig.1). In addition, 8 % mortality was observed in UVB5-7 
and skin lesions were also evident in these fish. A decrease in the plasma 
total protein levels and antiprotease activity was observed after 45 days 
of UVB exposure. The present results indicate that the detrimental 
effects of UVB retarded fish growth, body condition, physiological 
status and reduced survival of S.aurata juveniles. In addition, the 
suppression of innate immune responses suggests that exposure to 
natural UVB doses present in the Red Sea waters poses a significant 
risk to S. aurata’s health.
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Intensification of shrimp farming has led to the development of a number of diseases which result in enormous loss in 
shrimp production within the farm with subsequent significant economic impact to the farmer.  Existing diagnostic tests for 
detecting shrimp pathogens are limited to the detection of one pathogen at a time. It is highly challenging to detect these 
pathogens at times of co-infections. 

The present study reports a simple and label-free diagnostic method for simultaneous detection of four different shrimp 
pathogens namely White Spot Syndrome Virus (WSSV), Monodon Baculovirus (MBV), Necrotizing Hepatopancreatitis 
Bacterium (NHPB) and Infectious Hypodermal & Haemopoietic Necrosis Virus (IHHNV). This method is based on 
multiplex PCR and detection by high resolution melting (HRM) profile.  HRM analysis involves PCR amplification of the 
region of interest in the presence of double stranded DNA binding dye followed by melting at high resolution. Based on 
this principle, we designed primers in such way that the melting point (Tm) of PCR products differ at least 1.5°C so the 
peaks of four different PCR products can be distinguished easily. Besides, varying concentrations and ratios of primer 
pairs and salt are crucial to the successful amplification of all the four targets equally in a multiplex PCR reaction. 
The target region of the DNA and primers for the detection of WSSV (Durand & Lightner, 2002), IHHNV (Dhar et al., 
2009), and NHPB (Nunan et al., 2008) and MBV (Tang et al., 2011) were essentially similar to the one described in the 
published reports with slight modification to meet the required Tm.

A 4-plex assay for WSSV, IHHNV, MBV and NHPB detection was developed using the plasmid templates and then 
evaluated with genomic DNA and field samples. The WSSV, MBV, IHHNV and NHPB target DNA were represented 
by 66, 120, 121 and 163 base pair (bp) PCR products respectively. The PCR products were also analyzed by 2% agarose 
gel and an intense band could be observed in the range of 150bp. HRM profile of the PCR products of MBV, WSSV, 
IHHNV and NHPB were analyzed from both individual (monoplex) and 4-plex reactions. The results indicated that 
the Tm of MBV, WSSV, IHHNV and NHPB were 74.9, 79.0, 81.6 and 84.5°C respectively. There is no significant 
difference in Tm of these PCR products compared to the individual (monoplex) and 4-plex HRM reactions. 

Based on the results, it is concluded that the HRM assay is rapid, sensitive and allows simultaneous detection of 
multiple pathogens in shrimp with mixed or co-infection. This diagnostic method has great potential in shrimp industry and 
regulatory bodies in bringing down the cost, time and man-power besides helping to control the disease outbreak.
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A feeding trial including diets with three protein levels (25%, 30% and 35%) and three lipid levels (3%, 6% and 9%) was 
conducted to investigate the digestive enzyme activity ( Amylase, Lipase, Protease) in pearl spot fingerlings (average initial 
weight:12.76 ± 0.04 g). Fish were randomly distributed into 18 glass tanks (100 litre capacity). The fishes were fed thrice 
daily at 3% of their body weight. Every fortnightly all the fishes were weighted and redefine the feed ration. During the 
trial the digestive enzyme activity like amylase, lipase, Protease was analyzed. Amylase, protease found to be increased by 
increasing protein levels was (12.1±0.56 µg of maltose liberated mg-1 tissue protein h-1 at 37 0C), (22.1±0.62 µg of leucine 
liberated mg-1 tissue protein h -1 at 37 0C), but no significant (P>0.05) difference was observed. And lipase enzyme activity 
was found to be higher in fishes was (47.8 ±0.42 µg of α-napthol reduced mg-1 tissue protein h-1 at 37 0C) fed with 9% lipid 
was significantly (P < 0.01) higher than that of the other groups. Feed with higher inclusion level of protein (35%) has 
higher protease activity than other treatments and higher lipase activity was noticed with feed with 9% lipid level, resulted 
in increased stress response in experimental fishes. The results of this study indicated that Amylase, Protease enzyme 
activity was found to be higher with higher inclusion level of protein in feed. And higher Lipase activity was found in 
higher lipid inclusion feed. 
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A fish filleting waste or by product is a form of waste generated from the fish processing plants that contains essential 
minerals. In terms of food and nutrition, fish bones are rich in calcium and phosphorus. In addition, hydroxyapatite can also 
be produced from fish skeletal frame and it has wide applications. Therefore, there is a great potential in marine bioprocess 
industry to convert and utilize more of these by-products as valuable products. These minerals can be recovered by using 
different extraction methods.  

In the present study, fish bone extract powder (BEP) 
and fish bone hydroxyapatite (HA) has been extracted 
from Grouper fish (Epinephelus diacanthus) filleting 
by product by simple alkaline and thermal calcination 
methods, respectively. Fish bone extract powder (BEP) 
was extracted by boiling fish frames in 2 % Sodium 
hydroxide solution with the ratio of 1:5 (Fish frame to 
NaOH) at 80-90ºC for 30 min. In the thermal calcination 
process, 1 g fish BEP was heated to 900 °C for 5 h. in the 
muffle furnace.

The fish BEP and fish bone HA was characterized 
by Scanning electron microscopy (SEM) and 
Thermogravimetric analysis (TGA).The SEM results 
(Fig.1) indicated that fish BEP and fish bone  HA. 
consisted of <50µm particle size with spherical and rod 
shaped structure and also agglomeration of particles 
was found. TGA result (Fig.2) shows that Fish bone HA 
is very much stable to higher temperature. This study 
suggests that fish bone hydroxyapatite extracted from fish 
filleting waste is a hopeful biomaterial for artificial bone 
invention and also this would help to utilize the seafood 
processing waste effectively by reducing environmental 
pollution.
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Floating fish feed is widely used in aquaculture sector. Floating feed helps to observe the feed intake of fishes in each 
feeding interval, hence the activeness and health of the cultured fishes can be monitored regularly and the overfeeding 
could be avoided which will reduce the pond pollution. There are many factors affecting floating fish feed produced using 
twin-screw extruder. In this context, the present study was conducted to evaluate the influence of temperature and moisture 
on the physical properties of floating fish feed produced using twin-screw extruder (M/s.Jinan Sunpring, China)

In this study, one experimental feed (41.77% Protein and 3mm size - Table.1) was produced using three levels of moisture 
(15%, 20% & 30%) and three levels of temperature (500C, 700C & 1000C) which were replicated three times. The remaining 
parameters were kept constant.

Effect of physical variables on Moisture and Temperature
The experiment was started with the 15%, 20% & 30% 
moisture added ingredients in three replicates each, the 
temperature was set at 500C in a texture chamber and the 
remaining parameters were kept constant. The same was 
carried out for 750C and 1000C. 

Floatability and Shape
Quality of feed produced with different parameters is 
furnished in Table – 2. The feeds produced with 15% 
and 20% moisture at varying level of temperatures 
were sinking and shape was uneven which was because 
of insufficient moisture levels to softening and starch 
gelatinisation. In the diet contained 30% moisture and 
1000C temperature maintained at texture chamber, the 
ingredients was softened and the starch got gelatinized and 
100% floating cum good shaped feeds were obtained. The 
results of this study demonstrated that 30% moisture with 
1000C temperature would be an optimum level to produce 
100% floating cum good shaped floating aqua feed.
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EFFECTS OF MOISTURE AND TEMPERATURE IN FLOATING FISH FEED
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Floating fish feed is widely used in aquaculture sector. These feed enables to observe fish each day, which helps in 
monitoring their health and also adjust the amount of feed per day and avoid wasted feed and pond pollution problems. 
There are many factors are affecting in floating fish feed production. In this experiment were conducted using three levels 
of Moisture (15%, 20% & 30%) and three levels of temperature (500C, 70 0C & 100 0C which were replicated three times. 
The remaining parameters are kept in standards.

Effect of Floating variables on Moisture and Temperature 

The Experiment was started with the 15%,20% & 30%moisture added ingredients in a three replicates, the temperature was 
set at 500C in a texture chamber and the remaining parameters are kept in a constant. The same was carried out for 750C 
and 1000C. 

Floating and Shape

There were, Nine experimental trails were conducted. In 15% moisture added experiment at varying level of temperatures 
shows that all feed are sinking and are having a mixed shapes. Due to low moisture levels there is no sufficient of water  to 
softening and  starch  gelatinisation. Hence, the final output feed is sinking and shape is not good.
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The sexual maturity of female sultan fish, Leptobarbus hoevenii was studied by determining fecundity and gonadosomatic 
index (GSI).  It was found that the size at sexual maturity of female sultan fish was with 40.85±3.80 cm in total length 
and 783.00±217.46 g in body weight. Fecundity was 76,414.69±36,586.61 ova/fish and gonadosomatic index (GSI) was 
8.14±3.92%. Newly hatched larvae of sultan fish were produced by the natural method using chemical injection (Suprefact 
and Motilium) for induced spawning. The injection was done by using Suprefact 20 µg/kg and Motilium 5 mg/kg. For male 
and female brooders, the injection was done once. The hatching period and hatching rate experiments were carried out in a 
15-liter glass aquarium (water volume 12 liters) containing 1,000 eggs. It was found that the eggs were semi-buoyant egg 
and rounded. The diameter of eggs is ranging around 400-1,900 mm. The average hatching period was 12 hr 12 mins and 
hatching rate was 82.6% at the water temperature of 27-29.5 °C. 

The newly hatched larvae were 162.35±9.9 mm in total length with yolk sac of 77 µm3 in volume. The yolk sacs were 
completely absorbed within 106 hr after hatching.  All the larvae opened their mouth at about 36 hr after hatching 
(176.95±8.1 mm TL) with mouth measuring 182.36 µm in height. 

Feeding experiments were carried out in the 15-liter glass aquarium with 10 liters of water containing 600 larvae aged 2.5 
days post-hatching and feed them by Moina. At 2-hourly intervals, 20 larvae were collected randomly from the aquarium, 
At 62 hr after hatching, the mouth size was measured to be 412.27 µm. The onset of feeding showed 0.05 individual Moina/ 
larvae. 

A starvation experiment was studied in the 15-liter aquarium with 12 liters of water by three replications. In each replication 
of without feeding has 300 newly hatched larvae and observed every 2 hours. Totally larvae died within 112 hr. after 
hatching at water temperature ranging between 27.0 and 29.5 C. Comparison the total length with feeding and without 
feeding was studied in the 15-liter round aquariums with 12-liter with water. In each experiment has 1,000 newly hatched 
larvae. To know the variation of growth rate twenty larvae of both trials observed total length every day for 5 days at water 
temperature ranging between 27.0 to 29.5 C was found that, which mean of total length of feeding fish and without feeding 
were 0.224 and 0.214 cm,  respectively. There is a difference between feeding and without feeding approximately 4.75 % 
in total length.
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Asia has experienced rapid growth of aquaculture in the past four decades and this has significantly contributed to an 
increased supply of fish products for improved nutrition of the Asian people. It has also strongly benefitted the global 
seafood trade, local livelihoods and overall economic development. Being a relatively new food production sector of 
industrial scale, aquaculture has been developed in the region especially India, in many cases, without good planning and 
management. This has caused immediate threat and emerging risks to its sustainability in the long term. With population 
growth and changes in people’s dietary habits as the result of improving living standards, it is anticipated that the global 
demand for food fish will increase significantly in the coming decades. Sustainable growth of aquaaquaculture attained 
so far is being contributed few aquaculture species and with the minimum exploitation of the resources.In India ,offshore 
aquaculture is considered as the most feasible approach to meet this increasing demand.The growth of the But, it is very 
difficult to imagine India aquaculture achieving sustained growth without significantly improved planning and management.
This presentation deals with the assessment on the pathways for aquaculture in India.
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India is one of the mega biodiverse countries harbours the large number of endemic freshwater fishes in continental Asia. 
Among the freshwater fishes, the cyprinid fishes of the genera Tor, Parator, Folifer, Neolissochilus and Naziritor are often 
referred as mahseer and are endemic to continental Asia. Mahseer is famous as a game fish and is one of the favorite choices 
of the anglers across the world. Many of the mahseer fishes in India as well as in other Asian regions have been facing severe 
threats due to habitat loss, indiscriminate fishing etc. leading to reduction of population in the natural distribution areas. Of 
32 mahseer species assessed under the IUCN criteria, 15 are listed as threatened under the “endangered” and “vulnerable” 
categories. Further due to taxonomic ambiguity, report on the available species of mahseers in India is highly species 
boundary and species delimitation. Molecular markers have been successfully used for studying evolutionary relationship 
between species. The present study is carried out to study the evolutionary relationship among selected mahseers using 
complete mitochondrial genome. Individuals of Tor putitora, Tor khudree, Tor tor, Tor mahanadicus and Tor malabaricus 
were collected from respective type locations. Complete mitochondrial genomes were amplified and sequenced by Iontorrent 
NGS platform. Less genetic divergence values were observed between T. putitora and T. mahanadicus. It indicates that T. 
mahanadicus could be a synonym of T. putitora and not a different species.  The divergence value between T. malabaricus 
and T. khudree was significant (0.08) than within T. khudree species (0.02). Previously, T. khudree was synonymised as T. 
malabaricus. However, the present study results show that T. khudree and T. malabaricus could be two different species 
and cannot be synonymised with each other. In molecular phylogenetic analysis, T. mahanadicus clustered within a clade 
of T. putitora and confirms the synonimisation of these species.  Tor malabaricus formed as a sister species to T. khudree 
species with significant bootstrap value (Fig.1)
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Species of Tor (Mahseer) are being declined due to habitat destruction, anthropogenic factors and climate change. To 
conserve these species, breeding technology has been standardized for Tor putitora and Tor khudree. However, due to 
ambiguity in morphological characters, inadvertent crossing could be possible between Tor putitora and Tor khudree. 
Further, the progeny of hybrid cross would be viable due to similar chromosome number. These hybrids would compete 
with native fishes and cause genetic introgression If released into natural water bodies. A screening method with less 
invasive approach would assist in managing pure stocks of species of Tor. With this background, the present study was 
carried out to develop molecular markers for selected species of Tor and its hybrid species. Pure samples of Tor putitora and 
Tor khudree were collected from their type locality and their species identify was confirmed by mitochondrial cytochrome 
c oxidase subunit I gene and nuclear 18S ribosomal RNA gene. Hybrids were generated by reciprocal crossing between 
Tor putitora X Tor khudree. Nuclear 18S rRNA was amplified and sequenced to develop markers for detecting pure and 
hybrid species. The developed markers displayed two amplicons (700 and 500 bp) in hybrids and single amplicon in pure 
species (700 bp: Tor khudree; 500 bp: Tor putitora) (Fig.1). This marker has application in monitoring natural stocks and 
detecting hybrid species. 
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Cyprinion semiplotum (Order: Cypriniformes; family: Cyprinidae), one of the probable candidate species for highland 
aquaculture has a limited distribution in the Eastern Himalayan rivers and mainly distributed in the river system of Arunachal 
Pradesh. It has an important role in ecology, and an important source of nutritious food and livelihood to the local people. 
In the recent past, the population of this species has declined due to various anthropogenic factors and consequently it 
has been categorized under vulnerable species. Understanding genetic variation is important owing to its implications 
in different genetic programs, conservation and management of natural resources. The present study is carried out to 
characterize the genetic stocks of Cyprinion semiplotum from selected rivers using mitochondrial ATPase 6/8 gene. A total 
of 62 individuals were sampled from 3 distinct geographical locations covering three river basins. A total of 14 haplotypes 
were found with haplotype diversity value of 0.8017 and nucleotide diversity in the range of 0.0013-0.0028 indicating a 
very low degree of genetic divergence among populations. The result of AMOVA also revealed that 99.44% of the genetic 
variation contained within populations and 0.56% occurred among populations. Population differentiation analysis based 
on FST value (0.005) showed lack of population structuring among samples collected from three rivers / tributaries.  From 
the overall results of the present study it can be inferred that C. semiplotum populations in North-eastern part of India have 
low genetic differentiation and could be considered as a single population. This information would be useful in taking up of 
genetic improvement programmes, effective management, and conservation of natural genetic resources of C. semiplotum.
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Aquaculture is the farming in water. It includes farming of fin fishes, shell fishes, mollusks, aquatic plants, algae and other 
animals and plants. In terms of fisheries India is standing at second position whereas ranking third worldwide in terms of 
aquaculture. At the first position China has positioned and at second Vietnam is there. Approximate aquaculture production 
of India is about 11 million tones. Whole of the finfish production is consumed in the domestic market except some of the 
fresh water prawns and shrimps, which are exported.

Main aquaculture production in India is from freshwater, brackish water and marine water. The production is very much 
from the fresh water. 55% of fishes are being produced from fresh water. Fresh water sources of India is rivers, ponds, 
reservoirs, fresh water lakes etc. India is having 14 major rivers, 44 medium rivers and numerous small rivers and streams. 
Pond and tanks are estimated to cover the area of about 2.36 million ha. It’s only 40% is used for aquaculture purpose 
whereas it is giving 55% of the production of the fishes and the interesting thing is it that in India, the overall production 
of the aquaculture is being increased only due to the freshwater production, since the production from the marine sector is 
almost constant. If whole of the 2.36 million ha is utilized efficiently then the production will be quiet enough for export 
and food supply to the world. For increasing the production the genetically improved fishes has to be cultured. More than 
these there is need of doing semi-intensive and intensive culture to increase production. Other sectors are brackish water 
and marine water sources. Since there is almost constant production from marine sector. If the production from marine 
sector is being increased then the overall production will also increase. Mari culture is one of the best initiative towards 
increasing production from the marine sector. Culture of marine fishes are at sea, in cages is good from production point 
of view.

In 2013, fish accounted for about 17 percent of the global population’s intake of animal protein and 6.7 percent of all 
protein consumed. Moreover, fish provided more than 3.1 billion people with almost 20 percent of their average per 
capita intake of animal protein. In addition to being a rich source of easily digested, high quality proteins containing all 
essential amino acids, fish provides essential fats (e.g. long chain omega-3 fatty acids), vitamins (D, A and B) and minerals 
(including calcium, iodine, zinc, iron and selenium), particularly if eaten whole.

India is getting about 7.2 billion US dollar from export. Most of the exported material we got, is from brackish water. If 
the export is from the freshwater sources then we may get more revenue from it. As the population is booming up and it is 
estimated that the world population, up to 2050 will be about 9 billion. If the production will not boom in the proportion of 
population outbreak then there will be starvation along with other nutritional and food related problems.

Maintenance of sustainability is very- very important for this. If the sustainability is not maintained then the fishery source 
will deplete and at last the source will end. New researches, maintaining or trying to maintain the climatic conditions is 
very critical in all these aspects. So ultimately we have to increase production in proportion of increasing the population 
to feed the fore coming population from the aquaculture products. It is as important as agriculture and food for the future.
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Cutlet is fried snack product preferred by most of the people. Addition of fish not only gives better taste to product but also 
improves the nutritional quality. Even though many researchers have attempted to incorporate different varieties of fish in 
to such fried products, literatures pertaining to incorporation of surimi, which is a highly concentrated form of myofibrillar 
protein from fish in to cutlets, are very few. Hence this study was attempted to develop cutlets by incorporating surimi 
prepared from Scolopsis bimaculatus, a species which is usually regarded as low valued. Fish cutlets were prepared by 
incorporating different proportions viz. 50%, 60% and 70% of surimi. Control cutlets were also prepared without the addition 
of surimi. The organoleptic parameters viz. appearance, color, odour, taste, flavour, texture and overall acceptability were 
analysed on a 9 point hedonic scale by untrained panellists. Fish cutlets with 70% surimi had highest (7.83 ±0.39) scores for 
appearance while control cutlets scored the lowest (5.00 ±0.60). Fish with 60% cutlets were found to have highest scores 
for all the other attributes viz. color (7.50 ±0.80), odour (7.58 ±0.51), taste (7.66 ±0.65), flavour (7.58 ±0.66), texture (7.58 
±0.67) and overall acceptability (7.83 ±0.94) followed by 70% fish cutlets with scores 7.33 ±1.07, 7.17 ±0.58, 7.25 ±0.75, 
7.16 ±0.71, 7.08 ±0.79 and 7.67 ±0.65, respectively. The values for the attributes viz  color, odour, taste, flavour, texture 
and overall acceptability were 6.58 ±1.24, 6.50 ±1.90, 6.5 ±1.08, 6.75 ±1.21, 6.83  ±1.19 and 6.75 ±0.97 whereas, that for 
control product was 5.92 ±1.00, 5.75 ±0.62, 6.00 ±0.85, 6.00 ±0.95,  6.08 ±0.90 and  6.42 ±0.79, respectively. Incorporating 
cutlets with 60% of surimi was found to have optimal sensory parameters and were most acceptable among different types 
of cutlets.
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The 5-lipoxygenase-associated cascade has appeared as potential therapeutic target to attenuate inflammatory pathologies. 
Progression and pathophysiology of inflammation have also shown potential involvement of oxidative stress and 
inflammatory pathways. Three drimane sesquiterpene quinols, characterised as 3-(hept-36-enyloxy)-decahydro-
4,6a,12a,12b-tetramethyl-1H-benzo[a]xanthene-4,10,12-triol (1), 13-[[2-(hexyloxy)-2,5,5,8a-tetramethyldecahydro-1-
naphthalenyl](methoxy)methyl]benzenol (2), and 1-butoxy-4,4,11b,11c-tetramethyl-decahydro benzo[kl]xanthen-10-ol 
(3) were purified from the solvent extract of intertidal marine macroalga Gracilaria salicornia, obtained from the southeast 
coastal region of Indian peninsular. The 1H-benzo[a]xanthene-triol derivative (1) registered potential activities against pro-
inflammatory 5-lipoxygenase (IC50 1.7 mM) and free radicals (IC50 1.3-1.5 mM). The in silico molecular modelling studies 
to designate 5-lipoxygenase inhibitory mechanism of the studied analogues and the comparison of docking parameters 
attributed that the drimane sesquiterpene 1 exhibited least binding energy of -12.30 kcal mol-1, and showed effective 
hydrogen bonding interactions with the catalytic site of the enzyme. The higher electronic parameters and permissible 
hydrophobic-hydrophilic balance of the drimane sesquiterpene bearing 1H-benzo[a]xanthene-triol moiety (1) appeared to 
constitute significant roles towards the attenuation of pro-inflammatory 5-lipoxygenase. These results demonstrated that 
the drimane-type sesquiterpenoids with 1H-benzo[a]xanthene-triol framework could be used as a potential therapeutic 
agent for the treatment of 5-lipoxygenase-mediated inflammatory pathologies. 
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Prebiotic components are non-digestible, carbohydrate-based food ingredients that selectively stimulate the growth and/
or activity of one or a limited number of bacteria in the colon. Prebiotics consist mainly of oligosaccharides, which are 
sugar molecules of three to six monomers in chains. These include fructooligosaccharides (FOS), galactooligosaccharides 
(GOS), xylooligocsaccharides (XOS) etc. These prebiotic components are not digested by enzymes of the gastrointestinal 
tract, but are digested and metabolized by specific bacteria in the large intestine, potentiating the function of probiotics and 
promoting gut health. The biological properties of prebiotics such as immunomodulatory activity, anticancerous activity, 
growth regulatory activity, antimicrobial activity, and other biological activities are other added significant characteristics 
of the molecules mediated by the probiotic bacteria. Many are used as functional ingredients in food systems to modify 
texture and mouth feel or as fat replacers. The potential of these non-digestible oligosaccharides as prebiotics has drawn 
the attention of functional food researchers, molecular biologists, immunologists and clinicians. Attempts are being made 
to produce XOS from the xylan in agricultural biowastes, such as cereal bran and corn cob; FOS from fructans; FOS and 
GOS by enzymatic biosynthesis and fermentation technology using microbes. 

Based on preliminary screening of forty-eight foods consumed in south India, Nendran banana (1.43 g/100g) and country 
garlic (15.5 g/100g) were found to contain significant amounts of fructan. Among the banana cultivars studied, Nendran 
contained FOS, particularly 1-kestose. Low temperatures during ripening accumulated fructan in the fruit. Nendran banana 
showed the highest Prebiotic Activity Score, even higher than commercial FOS and inulin. Garlic contained more inulin 
than FOS. Fructan composition was affected by processing, namely steaming, pureeing and drying in Nendran banana. The 
garlic fructan incorporated in dry mixes such as soup mix, rasam mix and atta was altered by the processing methods. Atta 
incorporated with garlic extracted fructan showed less than 7% degradation of fructan during processing.

The enzymatic conversion of xylan from rice bran and finger millet seed coat to XOS, followed by evaluation of their 
prebiotic efficacy and enrichment of bread was successfully carried out. XOS were incorporated in bread and cookies by 
partial replacement, up to 30% of the sugar.
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A considerable part of current world’s human population has a severe scarcity of food and freshwater. To meet the food 
humankind  demand  there is only one global way: an increase of aquaculture production. Over the past decade, there 
has been no significant increase in marine aquaculture production on a global scale. In inland waters, world aquaculture 
production grown, and its share in total aquaculture production increased from 58% to 64%. In fresh waters,  inland 
aquaculture has the fastest growth thus contributing to the eutrophication of freshwater bodies. This damages resources 
of drinking water. Is it possible for humanity to meet the food demands by aquaculture development without damage to 
fresh water resources? Authors think that there is a main way to overcome this by developing aquaculture in saline and 
hypersaline lakes and lagoons firstly. 

To develop aquaculture in saline/hypersaline lakes we  need to take into account what there is the diversity of such lakes. 
Different opportunities for aquaculture development provide varied water bodies, which need to be considered. In a salinity 
range of 17–35 (40) g/L, there is a good prospect for cultivation of many fish and shrimp species of marine origin, and 
inland Lake Qarun (Egypt) provides a good example of this. Hypersaline waters (salinity > 35 (40) g/L) are harsh habitats 
for organisms, but they can be highest productive. Not so many shrimp and fish species can grow at salinity higher than 
50 g/L. Hypersaline lagoon Bardawil is a good example of high fish and shrimp productivity in hypersaline waters (up 
to salinity of 70 g/l). Additionally to shrimps and fish,  many eukaryotic organisms of different taxa (filamentous and 
microalgae, crustaceans, chironomids, etc.) can be cultivated in hypersaline lagoons/lakes/ponds, which biomass can be 
used in agriculture, aquaculture, as food supplements, and different industries. A list of them is discussed. Hypersaline 
aquaculture has good perspectives and can be very profitable in the arid and semi-arid areas. There is a large potential 
Artemia cultivation in lakes and ponds in arid areas. Not only Artemia spp. can be grown in hypersaline waters, but number 
of other crustacean and diptera species, which can be good live food for larvae and juveniles of cultivated fish and shrimps.

This study was supported by the Russian Science Foundation (grant 18-16-00001).



60

ANALYSIS OF AMINO ACIDS LEVEL IN SESAME SEED MEAL INCORPORATION 
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Nutrition, feed and feed management plays an important role in the development of sustainable aquaculture. As feed 
constitute the highest single cost item for running expenditure in aquaculture, it is imperative that artificial feed should be 
scientifically formulated, processed and supplied to the fish farming system. An experiment was conducted at Fisheries 
College and Research Institute, Thoothukudi. Eight (average 300 l) tanks with four different diets as soybean meal (SSM) 
replaced with sesame seed meal (SSM) T1 - 25 % SSM, T2 - 30 % SSM, T3 - 35 % SSM and control diet (without SSM) 
of protein contents were used to conduct the experiment. Analysed amino acid profile from different treatments and control  
diet was in T1 – 25 % SSM (Arg - 2.75, Hist - 0.82, Isol - 0.88, Leu - 2.51, Lys -  3.36, Met - 0.38, Cys - 0.38, Phe - 1.76, 
Thr - 1.06,  Val - 0.96, Tyro - 1.07, Trypt - 0.29 ), T2 – 30 % SSM (Arg - 2.64, Hist - 0.73 , Isol - 0.86, Leu - 2.01, Lys 
-  3.11, Met - 0.22, Cys - 0.35, Phe - 1.70, Thr - 1.07,  Val - 0.93, Tyro – 0.93, Trypt - 0.30 ), T3 – 35 % SSM (Arg - 2.88, 
Hist - 0.86, Isol - 0.92, Leu - 2.60, Lys -  3.78, Met - 0.39, Cys - 0.38, Phe - 1.77, Thr - 1.08,  Val -0.99, Tyro - 1.09, Trypt - 
0.24 ) and control (Arg - 2.34, Hist - 0.70, Isol - 0.86, Leu - 2.41, Lys -  2.36, Met - 0.13, Cys - 0.36, Phe - 1.64, Thr - 1.24,  
Val - 0.78, Tyro – 0.24, Trypt - 0.20). The higher amino acid profile was recorded in T3 folowed by T1, T2 and control. The 
resuts demonstrated that 35 % sesame seed meal diet poccessing better amino acid profile than other treatments and showed 
good growth performance of Thai – Chitralada strain of O. niloticus.
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Cell line is one of the mostly used in vitro tools for carrying out in vitro research in virology toxicology, carcinogenesis 
and trangenesis. Piscine cell lines have been increasingly used as important model systems in embryology, neurobiology, 
endocrinology and environmental biology. Fish cell lines have been used for toxicological assessment of aquatic pollutants 
and environmental samples as a valuable, rapid, and cost effective tool. Further, cell culture systems can be used to study 
and identify new biomarkers and also in the drug development process. Several cell lines have been developed from 
different kind of fishes
.
Pangasianodon hypophthalmus, commonly called as the striped or sutchi catfish, is an important aquaculture in India. A 
permanent cell line PHG was developed and maintained in Leibovitz’s- 15 medium supplemented with 15% fetal bovine 
serum. The cell line consisted predominantly of fibroblast-like cells. The PHG cells grew at temperatures ranging from 
24 to 30 ⁰C with an optimum temperature of 28 ⁰C. Sequences analysis of mitochondrial cytochrome C oxidase subunit I 
gene from the developed cell line authenticated the true identity of the cell line. The cell line was transfected with pEGFP 
plasmid and successfully expressed transfection of GFP reporter gene with 9% transfection efficiency. The developed cell 
line would be useful for in vitro toxicological and gene expression studies          
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The present study was aimed to evaluate the effect of delayed initial feeding on growth and survival of Channa striata 
larvae. A 28 days laboratory experiment in triplicate was carried out in 15 L glass aquaria filled with 12 L of well oxygenated 
freshwater. The stocking density was 5 larvae/L. The initial zooplankton feeding was started at different days such as 3 
days post hatch (dph) (T1), 4 dph (T2), 5 dph (T3), 6 dph (T4) and 7 dph (T5) to Channa striata larvae (2 mg). Throughout 
the experimental period water temperature ranged between 26-28°C.  The growth parameters such as the daily weight gain 
(mg/day), specific growth rate (SGR) and the survival rate were estimated. The length and weight relationship was also 
established. The results showed that the highest specific growth rate of 3.16%/day was observed in T3 whereas lowest SGR 
of 2.87% in T2. The Survival rate was found to be highest in T3 (85%) whereas least in T5 (66%). The slope values in all 
the treatments were found to be lower than 3 (b<3) the isometric value, it indicates the negative allometric growth in C. 
striata. The slope value of C. striata was found to be highest in T2 (2.626) and lowest T4 (2.005), respectively (Table 1). 
All the length and weight relationship had a statistical significance at the P<0.05 level, and the coefficient of determination 
ranged 0.551 to 0.653. The K value was 0.799 in T5 and 0.854 in T3. The results indicated that for the optimum growth and 
survival of C. striata larvae first feeding with zooplankton need to start at 5 dph. This may be due to the C. striata larvae 
could sustain comfortably on their stored energy in form of yolk for five days.  
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The sea louse Caligus rogercresseyi is an insidious ectoparasite that affects farmed salmonids in Chile. Effective control 
of the sea lice requires the use of antiparasitic drugs, which are administered to fish as immersion treatments. These 
are complex procedures in which a drug solution is poured into the fish cage. Salmon companies have developed their 
own strategies to perform immersion treatments. These practices have not been fully described nor evaluated in terms of 
treatment success. The objective of this study was to identify and quantify the effect of different practices on treatment 
success, through an expert elicitation process. This process consisted in the design of a questionnaire, its application to 
experts through personal interviews and a group discussion. We organized the relevant factors using a causal diagram (Fig. 
1) and the expressed associations as likelihood ratios (LRs). Experts indicated that the most important factors impacting 
treatment success were: 1) treatment duration, 2) drug concertation in water, 3) preparation of the drug solution, and 4) 
distribution of the drug solution. This study constitutes the first effort made in Chile to identify the best practices for 
performing immersion treatments across the salmon industry. 
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Chile is the second larger producer of farmed salmon in the world. The sea lice Caligus rogercresseyi is one of the most 
challenging fish health problems for this industry because of its complex control (as the sea lice quickly develops tolerance 
to chemotherapeutants), and due to the fact that it is ubiquitous in sea water. In Chile, sea lice is under an official surveillance 
and control program administered by the health authority SERNAPESCA. 

The aim of this abstract was to highlight the role of epidemiology in surveillance and control of prevalent aquatic disease, 
such as the case of sea lice.

Surveillance of sea lice in Chile involves weekly reports of sea lice levels for every single farm rearing Atlantic salmon or 
rainbow trout. The amount of surveillance data makes it difficult to appreciate spatial and temporal distribution patterns of 
sea lice. Using quantitative epidemiological approaches such as linear mixed effects models it was possible to observe that 
sea lice: 1) has a clear east-west spatial pattern (Fig. 1); 2) increases over the salmon production cycle (Fig. 2A); and 3) has 
decreased over the last 6 years (Fig. 2B). Epidemiological methods have been also used to investigate the recent expansion 
of sea lice to regions where it was thought that environmental conditions were not optimal for their development.

In terms of control, epidemiological quantitative methods have been successfully used to: 1) evaluate the field efficacy of 
antiparasitic drugs on different sea lice developmental stages (i.e. juvenile, adult males, gravid females); 2) to provide the 
first evidence of the sensitivity loss of sea lice to the organophosphate azamethiphos; and 3) to demonstrate the beneficial 
effect of the synchronization of antiparasitic treatments among farms within an area.
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Correct design and management of breeding programs are required to obtain better products oriented to address the needs 
of both intermediate customers and final consumers. A strategic plan is required to integrate the capabilities of the breeding 
program and the laboratory with information obtained from molecular markers and phenotypic measurements to provide 
solutions and achieve goals. At PPGT we have identified traits to be improved for our principal client, Sea Products 
Development (SPD). These traits include tolerance to specific infections, survivability (endurance), growth rate, and others. 
This abstract summarizes the steps needed to design and run a breeding program under those conditions.

The first step is genetic characterization of current stocks by means of a low-resolution array of 192 Single Nucleotide 
Polymorphisms (SNPs) generated by the Center for Aquaculture Technologies (CAT). This provided a picture of the 
quality of genetic background at the starting point. In parallel, we established challenge test protocols for two of the most 
significant shrimp diseases: Acute Hepatopancreatic Necrosis Syndrome/Early Mortality Syndrome (AHPND/EMS) and 
White Spot Syndrome Virus (WSSV).

Secondly, pedigree assignment was used to monitor diversity and inbreeding, and as proof of traceability for the breeding 
program. 

The third, and longer-term step involves Genome Wide Association Studies (GWAS) and Marker Assisted Selection 
(MAS). Although difficult, laborious, and time-consuming, identifying QTLs and linked markers from breeding programs 
is a desirable, understandable and economically advantageous objective. Increasing the number of animals on which 
phenotypic traits are measured, and the number of makers screened, increases the probabilities of finding the desired 
markers. Genomic selection using a 50K chip developed by the CAT, will allow Prometheus/SPD to find specific patterns 
at the early stages of life of the animals. In that way, we will focus our effort on culturing shrimp that carry the desired 
markers and at the same time, will protect and fingerprint the stocks. In this way we not only advance the genetic program, 
but also help maintain reliability and confidentiality.
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Two decades of scourging shrimp industry by white spot syndrome virus (WSSV) has now been budged towards the 
diversification of other candidate species like mud crabs. The fattening of mud crabs one of the recent activities where the 
fattened crabs are having high export value. When compare to crab culture, the crab fattening process is simple and the 
fattening duration is short (35-40 days) and it is being done in cages and pens. In the present attempt, the mud crab (Scylla 
crab) fattening in MGR Thittu (Lat.11º29’ N; Long. 79º46’ E) near Parangipettai has been studied as a case report. The 
water crabs (post molt) crabs were procured from the Pichavaram mangrove regions and also from other areas of east coast 
in India especially Andhra Pradesh. The parameters like growth, water crab availability; feeding, chronic mortalities during 
fattening have been recorded. The economic evaluation of the enterprise has also been studied. 
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An investigation was carried out on Food & Feeding and Reproductive biology of Nile tilapia Oreochromis niloticus 
caught from Nellore reservoir. Fish samples were collected from fish landing centres around Nellore reservoir of Andhra 
Pradesh from August, 2015 to July, 2016. Gut content analysis of the present study revealed that O. niloticus was found 
to be planktivorus comprising of mainly Diatoms, Blue green algae, Green algae, Copepods, Macrophytes, Cladocerans, 
Rotifers, unlike reported earlier as herbivorous and omnivorous. Percentage of highly fed, moderately fed, low fed and 
empty stomach of the tilapia were found to be 12.08%, 40.06%, 20.36% and 27.48% respectively.  Maximum percentage 
of moderately fed stomachs were observed during the month of May, 2016 (51.51%) followed by July (50.92%) and 
December (49.65%) and empty stomachs were during September (49.22%). 

Length at first maturity (Lm) was observed at total length of 189.5 mm. Higher values of ripe ovaries were observed during 
September (26.72%) followed by December (21.91%) and November (21.78%). Maximum maturing stage was observed 
during April, 2016 (53.79%) followed by May, 2016 (46.55%) and February, 2016 (43.90%). Highest matured (stage 
V) fish was noticed during November (28.93%). Male and Female sex ratio varied from 1:0.65 to 1:1.23 during March 
to September. Fecundity ranged from 1854 to 2371 eggs was observed for the ovary weighing between 8.53 to 9.14 g 
respectively. The stage V (mature) eggs had diameter ranging from 0.69 mm to 1.24 mm and diameter of stage VI (ripe) 
eggs varied from 1.19 mm to 1.55 mm.  It could be concluded that Nile tilapia should be caught after attaining the size of 
Lm 190 mm and should not be exploited during the month of September to December since the period is peak spawning 
season for the Nile Tilapia in the Nellore reservoir.  
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Crustacean immunity against pathogens and stress is largely dependent on non-specific immunity. To date, no evidence is 
present for long term specific immunity in crustaceans. Oral administration of β-glucan and vitamin C has been found to 
have a synergistic effect on inducing the beneficial nonspecific immune responses and enzyme activity in white leg shrimp 
(L. vannamei).

Euglena gracilis is a freshwater microalga that has been used as a candidate for bioremediation and produce value- 
added nutrients. Euglena can also be cultured under heterotrophic conditions, under these conditions it has been found to 
accumulate up to 90% of the cell mass with linear β-1,3 glucan.

The strain of Euglena gracilis used, accumulates β-glucan granules, which constitutes about 50% of its cell volume. More 
than 90% of Euglena β-glucan is composed of linear chains of glucose molecules linked through β-(1-3) glycosidic bonds. 
Purified algal β-glucan and the whole algae as feed supplements were found to be safe in genotoxicity tests carried out 
using bacterial reverse mutagenicity and mammalian micronucleus tests. They were also found to be safe in both long-term 
(90 days) and short- term oral toxicity tests at inclusion levels up to 5% of the diet. Safety was also proven with dermal 
and inhalation studies.

To evaluate the effect of β-1,3 glucan in a commercial set up, trial was conducted in two locations using earthen ponds. 
The combination of with dried Euglena gracilis cells and vitamin C was given at 5g per kg of feed, supplemented twice per 
day, once a week in treatment ponds and performance was compared with untreated ponds. The parameters recorded were 
feed intake (daily), water quality parameters (weekly)- ammonia, dissolved oxygen and nitrate. Average body weight was 
measured weekly by netting at three different locations in each pond 

Trial I was conducted for a duration of 28 days. The mean body weight was 1.1g higher in the group supplemented with 
algal β-glucan and vitamin C than the control. Feed conversion ratio (FCR) for the control and treatment group during the 
four weeks of trial was 0.48 and 0.40, respectively. The return on investment (ROI) was found to be 1:72. 

Trial II, which lasted for 10 weeks from DOC 16, had all the ponds affected by white gut disease towards the end of the 
study. The control and two treatment ponds were found to have FCR and survival of 2.09, 70% (control), 1.26, 100% 
(treatment 1) and 0.99, 110% (treatment 2), the ROI was found to be 1: 53 and 1: 93 in both treatment ponds.
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Phosphorus is an important limiting nutrient and affects mangrove ecosystem significantly. The dynamics of phosphorusin 
the mangrove ecosystem in Uttan along Gorai-Manori creek, Maharashtra was studied during the post-monsoon period to 
assess the distribution of phosphorus (P) in the water, sediments and mangroves. Water, sediment, leaf and litter fall samples 
were collected fortnightly during the study period. P fractionated by sequential extraction from bulk, and rhizospheric 
sediments of A. marina and B. cylindrica were compared. The internal P loading through litter-fall of A. marina and B. 
cylindrica were also investigated.

The average reactive and total P level of water was found to be 
0.06 mg. l-1 and 0.63 mg. l-1 respectively. Total P in the sediment of 
the study site was 1440.04, 1569.28 and 1551.27 mg. kg-1 in bulk, 
rhizospheric sediments of A. marina and B. cylindrica respectively. 
Organic P was dominant in all sediments. The P fractions did 
not differ significantly among sediments except NaHCO3-total 
P and HCl-total P which indicated the significant rhizospheric 
effect on the distribution and speciation of P in the mangrove 
sediments studied. The rhizospheric sediment of A. marina had 
significantly higher labile-P than bulk sediment. The percentage 
of labile phosphorus was in the following order: rhizospheric 
sediment of A. marina (28.75%) > B. cylindrica(25.19%)>bulk 
sediment (22.5%).The rhizospheric sediment of B. cylindrica had 
significantly more of moderately-labile-P and non-labile-P than 
other sediments. Based on bioavailability, the P fractions were 
in the order: moderately-labile P > non-labile P > labile P in all 
the sediments. The aggregate of fractions based on bioavailability 
was significantly different than the individual fractions between 
rhizosphere and non-rhizosphere sediments. This might be due to 
the qualitative and quantitative difference in root exudates as well 
as the diffusion characteristics of root exudates from rhizosphere 
to bulk sediment. The matured leaves as well as leaf-litter of A. 
marina had significantly higher P than that of B. cylindrica. The P 
in matured leaves of A. marina varied from 1502.79 – 1968.27 mg. 
kg-1 and in B. cylindrica, it varied from 1176.78- 1349.37 mg. kg-1. 
The leaf-litter of A. marina (1055.61 mg. kg-1) had significantly 
higher P than that of B. cylindrica, (881.28 mg. kg-1). A. marina 
and B. cylindrica contributed 13.88 and 7.50 mg P. m-2. month-1 

load to the ecosystem through litter-fall, respectively.
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Seafoods have always had a good consumer base in the coastal region of Chennai which also serves as an export hub.  
Anchovy (Stolephorus spp.) is a common variety of marine water seasonal fish, widely available in the Bay of Bengal 
seaboard. Pertaining to its nutritional value and availability it is customarily being dried and consumed. The quality and 
safety of seafoods has invariably been of concern which generally begins at the fishing stage. The aim of this study was to 
evaluate the microbial quality of the Anchovy from Chennai markets. Fresh anchovies (2 batches) obtained from different 
sources in Chennai were analysed as per the FSSAI manual and standard procedures available. The study revealed the 
presence of Salmonella spp., Escherichia spp., Staphylococcus spp., Bacillus spp. in batch I and Salmonella spp., Klebsiella 
spp., Staphylococcus spp., Bacillus spp. in batch II. For a small and oily fish variety which is prone to spoilage easily, the 
safety indicator organisms identified here are detrimental and do not meet standards, thus posing a serious threat to health.  
Moreover, given its nutritional value at cheap cost for regular consumption of the population, it is essential that the situation 
be addressed and calls for the awareness of the local fishing community on the handling and storage of anchovies. 
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The present study was aimed to develop a ready to eat (RTE) puffed corn snack from composite flour inclusive of corn flour 
(CF), millet flour (MF) and rice flour (RF). In order to increase the nutritive value of the puffed corn snack, red snapper fish 
meat (FM) is incorporated into the mixture. Different formulations were created viz., T1 (50% CF, 10% RF, 35% MF and 
5% FM), T2 (50% CF, 10% RF, 30% MF and 10% FM), T3 (50% CF, 10% RF, 25% MF and 15% FM), T4 (50% CF, 10% 
RF, 20% MF and 20% FM) and control was taken from commercialized sample for better comparison. 

A co-rotating twin screw extruder (M/s. Scientech Engineers, 
Kolkata, India) was used for development of the RTE puffed 
corn snack with constant system parameters of screw speed 
at 350 rpm, heater I temperature at 115 ± 5 ºC and heater II 
temperature at 60 ± 5 ºC, the feed rate at 14 ± 2 Kg/h and 
cutter speed at 475 ± 25 rpm. The extrudates were sprayed 
with oil and selected spices in a rotary tumbler. Dried for 15 
min at 70 °C to have better crispness in the final extruded 
product.

The developed extrudates (Fig. 1) were analysed their 
physical properties, proximate composition (Table 1) and 
sensory analysis (Fig.2). Results of the study indicated that 
the most preferable one was T2 with a composition of 50% 
CF, 10% RF, 30% MF and 10% FM. The overall acceptability 
was not only due to sensory analysis but also for the better 
physical parameters than that of the other compositions.

Most importantly, this study demonstrates potential 
application of fish meat and millet flour for the development 
of nutritious RTE puffed corn snacks by replacing the 
conventional puffed corn snack. 
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The tissue damage induced by various heavy metals in aquatic animals is well documented, but there is insufficient 
information relating to the cytological alterations induced by copper in the spiny lobster, Panulirus ornatus.In the present 
study intermoult juveniles of the spiny lobster, P.ornatus (average weight 100-150gm) were exposed to two sublethal 
concentrations (13.05 and 26.10µg/l) for a period of 28 days. The gill, muscle, hepatopancreas and gut tissues of the lobster 
were taken out and processed for light microscopic studies. Exposure to copper was found to be result in several alterations 
in the histoarchitecture of various tissues of the lobster.The alterations included in gills are epithelial lifting, edema, 
necrosis and fusion of secondary gill lamellae; wavy appearnce, necrosis and congestion of muscle bundle in muscle tissue; 
distended lumen and F cell necrosis in hepatopancreas; disarrangement of circular musle and distended lumen in gut. Such 
alterations could affect the physiological functions which inturn affects the survival and growth of lobster P.ornatus and  
therefore all possible remedial measures to be adopted to prevent the occurrence of copper contamination in the aquatic 
environment.
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INVESTIGATION OF FISHERY STATUS IN THANLWIN RIVER ESTUARY, MON STATE

Aung

An assessment on the fishery and socioeconomic status of fishing communities at the Thanlwin River Estuary, Mon State 
has been conducted within the period of 2015-2018 especially at Kalwe and Ahlat Village tract, at Belukyun Island which is 
situated at the mouth of the Thanlwin River. The  regions  are  well-known  for  brackish  and  marine  water  fisheries  even 
the mudflat fisheries as well. The common fishing gears employed in this area are beach seine net, bag net, and the drift gill 
net. A total of 24 species of brackish and marine fishes were recorded from the estuary. Group interviews were conducted 
with local peoples, along with surveys into the fishing areas. Among the recorded fish species, the brackish fish species of 
Polynemus paradiseus (Paradise threadfin), Tenualosa ilisha (Helsa) and Johnius coitor (Coitor croaker) are the important 
commercial fishes found around  the  estuary. The estuarine environment is experiencing the rhythm of dynamic hydro-
sedimentation such as alternate erosion and accumulations mostly at the river mouth epically near the Belukyun Island. 
Local  fishery communities  are  trying  to  adapt  to  the  environmental  and  consequent  changes  of  socio economy and 
livelihoods. Unfortunately, local  communities  are nowadays facing  the  problems  of  yearly  depletion  of  fish catches  
around  these  areas.  According to local information, some  fish species  are  on the  verge  of  complete  disappearance,  
some commercial  species  have  become  rare  and  some are  now  totally  vanished  from  the  area. Accordingly the socio-
economy status of the region also is changing among the local communities. So that, enhancing the aquaculture system 
within the country is become important issue and need to introduce the technology within the possible regions. 
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Aquaculture`has become an important economic activity worldwide which resulted in growing concerns about its 
impact on important ecosystems. Kolleru is one of the largest freshwater lakes in Asia. It is situated between 81º 04’ 23” 
to 81º 24’ 53” latitude and 16º 32’ 03” to 16º 46’ 49” longitude. In 2002 the Kolleru Lake was designated as a Ramsar site 
and undergone tremendous changes due to development of aquaculture. Remote Sensing (RS) and Geographic Information 
System (GIS) are now providing new tools for advanced ecosystem management.
           
  This research demonstrates the ability of GIS and Remote Sensing in capturing spatial-temporal data and an attempt 
was made to capture land use land cover classes as they change through time(1938-2017). The topographic maps from 
1938 to 2017 intersected map produced by change detection analysis revealed the disappearance of a major portion of the 
Kolleru Lake during the last three decades. The 1938 and 1967 years topographic sheets and Landsat_5 TM  of 1997 and 
Resoucesat_2 LISS 4  of 2017 satellite images were used and analysed by latest version of Arc GIS 10.4.and  ERDAS 
IMAGINE 2016(Version 16.00).  It was estimated from the topographic map of 1938 that the total lake boundary area was 
230.15 km2.The present study revealed through the digital image processing of 2017 satellite data that Kolleru was no 
longer a lake and shrinked with the lake area of 76.9 km2 (32.45%)only. There is therefore an urgent need for it,s restoration 
and save beautiful freshwater lake from ecological degradation nhrough people,s active participation.
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Kolleru Lake, India’s largest freshwater body, it is situated between 81º 04’ 23” to 81º 24’ 53” latitude and 16º 32’ 03” to 
16º 46’ 49” longitude. In 2002 the Kolleru Lake was designated as a Ramsar site and undergone tremendous changes in the 
water quality due to the development of aquaculture.  Kolleru lake is one of Asia’s largest freshwater lakes, situated between 
the Godavari and the Krishna river basins. The main objective of this study is to evaluate Physico-chemical parameters to 
determine the water quality criteria in kolleru lake. Water samples were colleted from the 10 sampling location during the 
period of pre and post monsoon (August 2017 to March 2018). The sampling points are selected on the basis of inlets of the 
lake, lake points, outlet of the lake and based on the aquaculture growth of Kolleru Lake. Total 11 water quality parameters 
were evaluated during the study period such as pH, TEMPERATURE, EC, TDS, TSS, TOTAL ALAKLINITY, TOTAL 
HARDNESS, DISSOLVED OXYGEN, SALINITY, COD, and NITRATES. Parameters were estimated by using standard 
protocol of APHA 2012 and spectrophotometer. All the calculated concentrations of water quality parameters in studied 
sampling sites showed variations.  
                                                                                                                                                                                             
The spatial distribution maps of water quality were generated for post and pre-monsoon data using IDW spatial distribution 
method. Water quality standard criteria most of the level parameters measured suggesting the physic- chemical environment 
still were still not in line with sustainable conservation of the protected area and it was polluted by aquacultural inputs, 
industrial inputs, agricultural wastes and domestic sewage from neighboring villages .There is a necessary need of 
regulating, monitoring and protecting of important freshwater ecosystem-kolleru lake. 
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The quick growing Mekong silurid Pangasius, Pangasianodon hypophthalmus (Sauvage) introduced into West Bengal 
in 1994 as Pond grown food fish expanded rapidly by 2016 in 15 other states. Current status of the Pangasius farming 
in India was evaluated during the year 2018 indicate that total 42900ha is under farming comprising 41120ha earthen 
still water ponds and cage culture in 1780ha area. Andhra Pradesh has the major cultivated area 24000 ha followed by 
8000 ha in Bihar and 6400 ha in West Bengal. Recently developed cage culture is carried out in Jharkhand, Chhattisgarh, 
Rajasthan, Gujarat, Telangana, Maharashtra etc., Grow-out ponds size is varying between 0.4 to 4ha with maximum 56 
ha. Monoculture is predominant in 82% of ponds and poly culture is conducted with Indian Major Carps L.rohita, C.catla 
and amazon red bellied pacu Piractus Brachipomus in 2,3 and 4 species combination. Density is dependent on water depth 
8750 nos/ha at 0.76 m depth and 25000 nos/ha with maximum upto 45000/ha at 1.5 to 2.74 m depth, fingerling of >5g were 
stocked in 72% of the ponds and fry about 2cm size were stocked in the remaining. Main stocking seasons is January to 
May and fingerlings price is Rs. 5 to 7 each at main stocking seasons January to May and decreases to 0.3 to 1 each during 
June to December months. 

West Bengal is the main hub of seed production and more than 500 million seed is supplied to all the states. Hatcheries and 
commercial nurseries have already come up to Andhra Pradesh, Chhattisgarh, Odisha. In monoculture 94% of the farms 
and in poly culture 86% of the farms use extruded feeds having 24 to 32% protein level. Monthly growth rate 200 to 350 gm 
was attained with 28% protein level and FCR varied 1:1.3 to 1.46. Survival 76 to 96% was obtained in 150 to 350 culture 
period and decreased to 60-70% in prolonged culture of 365 to 750 days’ period. Bacterial infection “Red Disease” caused 
by Aeromonas hydrophila, A. salmonicida, Pseudomonas fluorescens and vibrio species is the major disease prevalent. 
Present study indicates that in the year 2018 total production of Pangasius 855,500MT was achieved with 500,000MT from 
Andhra Pradesh, followed by 150,000MT from Bihar. Pangasius marketing is a classical example of “Boom and Burst” 
and price prevailing Rs. 35/kg in 2006, suddenly declined to Rs. 16 to 26/kg in 2007, reached peak Rs. 54 to 56/kg in 2009 
decreased to Rs 27/kg in 2010. Farm gate price fluctuating between 55.6 to 78/kg in 2017 was stabilized at 71.5 to 80/kg in 
2018 due to planned stocking and harvesting pattern by the farmers. 

At present Pangasius is marketed in 218 domestic markets from Kerala to Arunachal Pradesh as whole fish in chilled 
condition with improved packing, keeping quality. Processors have already started filleting, supplying as brands to 
restaurants in cities. In addition to value addition fillets with export potential, fish meal is manufactured from offal and 
Pangasius juveniles are also marketed as “Preferred Aquarium fish”

Thus the current study indicates that the Pangasius farming has stabilized farmers have necessary skills to adjust market 
demand, to produce quality fillets and the exotic sutchi catfish will attain “1 Million Metric Ton/annum production status 
by the year 2025, a position achieved so far by Indian Major Carps only”
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Human subsistence in deserts, arid or semi-arid regions, depends upon ample rain fall. This is especially true for dryland 
farmers, sowing cereals or  other basic feed  in the beginning of the rainy season. If rain is sufficient (above 200-400 
mm), grains are harvested to be used as food in the months to follow and plants are growing to support pasture to the farm 
animals. These provide him and his family with meat and milk as important sources of protein. 

As a result of the global climate change, sequences of dry years are common. These sequences lead to critical geopolitical 
catastrophes, as was drastically demonstrated recently in Syria, a country predominantly based upon agriculture, mostly 
dry land farming. Following the succession of droughts, farmers that could not feed their families fleed from their villages 
to cities. About a million such refugees went to Damascus looking for food, work and shelter. The presence of many people 
looking for essential life support, having to get it legally or illegally, caused a destruction of social order, a political upset 
and finally lead to the Syrian civil war, and to  the death of more than half a million people and to the displacement and 
dispossession of perhaps a half of the Syrian population.

Similar developments take place presently, or are expected to take place in the near future, in other countries.

We will discuss the ability of aquaculture to provide proteinaceous food in dry regions. Unlike conventional aquaculture 
requiring many m3 of water to produce 1kg fish, we have the technologies (biofloc technology, RAS, production of fish in 
reservoirs or aquaponics) enabling to produce 1 kg fish with less than 0.1 m3 water. Promotion of such technologies can 
serve as a partial solution to the miseries of global climate change induced, or othr droughts.  
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Biofloc Technology (BFT) is a way to produce fish or shrimp, using minimal water exchange, recycle feed and develop a 
healthy food chain. There are a number of advantages to this technology, such as efficient use of water, requiring less feed 
(-20%) and requiring feed with lower protein contents as compared to other methods. The technology has a build-in bio-
security and give protection against diseases outbreaks. 

Yet, the penetration of BFT into the family small scale farming is slow.

The success of sporadic courses, defined as number of productive farms established by graduates od such courses, is quite 
low. 

One reason for the low success rate is the time between the course and practical work of planning and practice. In addition, 
there is a lack of assistance and consulting once you want to start a  BFT farm.

Actually, biofloc technology operation should be rather easy. The system is forgiving and adjustable as to be exemplified. 
To control the C/N ratio, the  main tool of controlling the food chain does not need to use complicated equations, and as to 
be demonstrated is as simple as driving a car.

Biofloc technology can be done using different production intensity, different pond systems and adjusted to market needs  
as suiting any given farm or farmer.

What do we need to get these principles into practice:
1. There is a need for several centers (in the state or district scale), where the farmer can get advice on planning, 

purchasing or getting replies to specific questions. 
2. Popular brochures in the local languages should be published and distributed.
3. Industry has a duty and opportunity to provide suitable feeds, equipment and materials for the BFT farms market. 

Thus, there is a need for feeds with lowered protein concentrations, priced according to save of protein. Presently, 
it is difficult to get such feeds. 

4. Universities and colleges have to give basic and practical courses so as to train high level farmers, extension 
officers planes and consultants. India, as well as other countries lack such trained people. 
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Introduction
Aquaculture production is increased every year due to compensate the global food demand. Because of the intensive 
aquaculture practices, new diseases are emerged as well as increase the virulence of existing pathogen due to the stressful 
and crowded condition. Shrimp farmers wants to diagnose the post larvae and farm reared shrimp quickly before stocking. 
Hence, the insulated isothermal PCR method is an alternate techniques suitable to diagnose the shrimp disease in accurate 
and quickly to fulfill the farmers need.  

Materials and methods
Shrimp post larvae and farm reared P. vannamei shrimps were collected from hatcheries located in the East Coast of 
TamilNadu and farms located in the maritime districts of TamilNadu. Shrimps tissues were aseptically collected and DNA 
was isolated as per the manufacturer instruction (Genetics, Taiwan). One ul  of DNA was transferred to the PCR premix 
specific to each disease and placed in the PCR machine to run for 35 minutes. The result was confirmed (+) or (-) on the 
PCR display after completion of the reaction.

Results and Discussion
The WSSV, AHPND and EHP infection percentage were measured from April 2016 to March 2017 from the East Coast 
hatcheries and farm samples total of 186 from TamilNadu states. Among that, the highest infection percentage of WSSV 
was found to be 66% during the month of February 2017 and the percentage of EHP infection was 62% during the month 
of June 2016. The WSSV infection rate was higher during the month of February due to the low temperature which depress 
the immune system of the shrimp (Gunalan et al., 2010). The EHP infection was gradually reduced during the year of 2017 
because the hatchery owners fed the brooders by cultured polychaete worms instead of wild collection.

Conclusion:
Specific pathogen free (SPF) shrimp seeds are sometimes exposed with dreadful diseases because of the improper 
maintenance. The insulated isothermal PCR is highly useful to the farmers to diagnose the shrimp PL and farm reared 
animal within an hour.
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Wular lake is the largest freshwater lake of Kashmir within river Jhelum basin. It is a major source of fish in the valley 
supporting a large population living along its fringes. Fishermen of Wular lake operate stringless polyamide multifilament 
cast nets. Experimental monofilament cast net(stringed and stringless) and multifilament cast net (stringed and stringless) 
were fabricated and operated in the Wular lake of Kashmir to analyze the catching efficiency, catch composition and size 
range of fish caught in multi and monofilament netting material. The mesh size of both types of experimental nets was 30 
mm and 50 operations each were conducted. Stringed and stringless monofilament cast net caught nine species and the 
total number of fish was 235. The highest percentage catch was of Cyprinus carpio communis (31.0%) in terms of number. 
Multifilament stringed and stringless cast net caught 145 fishes. The highest percentage catch was of Ctenopharyngodon 
idella (27.5%). The monofilament cast nets showed better catching efficiency than the multifilament nets as per the results 
of the study. While, with reference to design of cast net, stringed cast net shows higher catching efficiency than the 
stringless cast net. The introduction of this kind of cast net in the Wular lake can improve the catch rate and the income of 
fishermen and can be a means of alternate livelihood for those engaged in agriculture also.
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Euthynnus affinis (Cantor, 1849) popularly known as ‘little tunny’ or ‘kawakawa’ is exploited throughout the coastal states 
and islands of India and forms the bulk tuna landings of the country.  The dark muscle from tuna processing industries is not 
commonly used because of its dark colour and its high susceptibility to lipid oxidation and deterioration. However, these 
dark muscle are rich in n-3 polyunsaturated fatty acids (n-3 PUFA) such as EPA and DHA. These dark muscles are also 
reported to contain important properties (anti-cancer activity, control heart diseases, cerebrovascular and arteriosclerosis 
etc). There is no study on the nutritional qualities of dark and white muscle of this species. Therefore, this study was done to 
compare the proximate composition, fatty acid profile, colour, texture and freshness of dark and white muscle of little tunny 
which can serve as a baseline data for selecting suitable processing methods and development of potential nutraceuticals.

Little tuna (Euthynnu saffinis) was procured from the landing centre of Thoothukudi coasts of South India and analysed 
for moisture content by hot air oven method, fatty acid composition by Gas chromatography, texture profile  (TPA) using a 
TA plus texture analyzer and colour using Hunter Lab Colorimeter. The histamine content was determined by the modified 
method of Cinquinaet al. (2004) using HPLC. 

The moisture content was higher in white muscle (75.52±0.13%) compared to dark muscle (74.85±0.10%). Both white 
and dark muscle had higher levels of protein, 23.12± 0.13% and 23.15± 0.02% respectively. Analysis of fatty acid profile 
by Gas Chromatography showed that the dark muscle had high amount of PUFA’s (55.87%), especially DHA (42.70%) 
compared to white muscle (51.86%), where as MUFA’s (13.14%) and SFA’s (34.99%) were higher in white muscle. Texture 
profile analysis (TPA) showed that dark muscle had higher values for  hardness (3.74±0.15kgF), whereas adhesiveness, 
cohesiveness, springiness and chewiness values were higher for white muscle. Colour analysis revealed dark muscle had 
lower L* (lightness, 26.68±0.86) value than white muscle (38.72±2.47). The quality parameters such as TVB-N, TMA, 
TBA and histamine contents were higher in dark muscle compared to white muscle due its higher nutrient content. Overall 
nutritional quality of dark muscle was superior to white muscle, which can be utilized as excellent source of nutrient for the 
development of high value fishery products and nutraceuticals.
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The present study deals about the diversity and management of penaeid shrimp species along the coast of Thoothukudi, Tamil 
Nadu. Occurrence and abundance of penaeid species were recorded on the basis of month wise of variety of shrimp species 
made from two fishing gears viz. demersal trawl nets and mini trawls operated by mechanized boats and traditional crafts 
(Vallam) respectively. Totally 18 commercially important shrimp species viz., Fenneropenaeus indicus, Fenneropenaeus 
merguiensis, Marsupenaeus japonicus, Melicertus canaliculatus, Melicertus latisulcatus, Megokris sedili, Metapenaeus 
affinis, Metapenaeus dobsoni, Metapenaeus monoceros, Penaeus monodon, Penaeus semisulcatus, Parapenaeopsis 
cornuta, Parapenaeopsis maxillipedo, Parapenaeopsis sculptilis, Parapenaeopsis stylifera, Parapenaeopsis uncta, 
Parapenaeus longipes and Trachysalambria curvirostris belonging to family Penaeidae were identified. Among the 
eighteen species, of which four species viz. Fenneropenaeus indicus, Melicertus latisulcatus, Penaeus monodon, Penaeus 
semisulcatus and Parapenaeopsis stylifera were available throughout the year. Megokris sedili, Parapenaeopsis sculptilis 
and Trachysalambria curvirostris was the minimum occurrence species. However the species Penaeus semisulcatus has 
higher abundance in all over the year. Fenneropenaeus indicus, Melicertus latisulcatus, Metapenaeus affinis, Metapenaeus 
dobsoni, Penaeus monodon and Parapenaeopsis stylifera were observed lower abundance in throughout the year. 
Recruitment pattern, exploitation rate and current status of exploitation were studied for four commercially important 
species (Fenneropenaeus indicus, Melicertus latisulcatus, Penaeus monodon, Penaeus semisulcatus and Parapenaeopsis 
stylifera) and management options were also suggested for sustainable shrimp fishery along Thoothukudi coast.
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Aerators are the devices used in aquaculture systems to increase productivity, dissolved oxygen and ensuring better 
survival. Various aerators are used to meet the requirements of aquaculture. In the present study, rectangular plastic plates 
were selected and perforations were made. The design parameters used in design were hole diameter (d): 0.001-0.004 m, 
plate spacing (h):  0.1-0.4 m and flow rate (Q): 0.5 – 10 m3/s. The response surface methodology was adopted to select the 
optimum design parameters. The plates of dimension  0.3 m × 0.5 m ×  0.14 m were selected and the diameter of each hole 
was kept as 2 mm. Aeration experiments were conducted in a rectangular FRP tank of dimension 1.6 m × 0.6 m × 0.55 m, 
filled with 500L of water. A submersible pump was used for lifting the water from tank to the perforated plate on the top. 
When the water falls through perforated plates, it becomes finer in size and these particles absorb more oxygen from air 
and falls back to the tank. It increases the dissolved oxygen content of the water. Perforated plate aerator has the advantage 
of cost effectiveness, low maintenance and easy to handle.
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Bacterial disease has been a major problem in shrimp hatcheries throughout the world. Antibiotics are generally used to 
treat bacterial diseases in aquaculture. The use of antibiotics to combat bacterial disease has resulted in the development 
of resistant strains of bacteria. A promising alternate to antibiotics for control of pathogenic bacteria is phage therapy. In 
this study, bacteriophages of Vibrio harveyi were isolated from maturation tank water samples from shrimp hatcheries. 
Of a total of 76 lytic phages, twelve phages were selected based on broad spectrum of infectivity a large number of V. 
harveyi isolates. Stability of the phages was examined by exposing them to various physio-chemical conditions such as 
pH, temperature and chloroform.

The bacteriophages analyzed in the present work were able to withstand pH variation ranging from 6 to 11 and could 
tolerate 50 oC for 1 hr.  None of the phages were affected by chloroform (5% v/v) treatment. Determination of optimal 
culture conditions such as composition and pH of the growth medium and incubation temperature was important to get 
higher titer of phages. The pH 7.5 to 8.5 of growth medium, incorporation of salts of calcium and magnesium and incubation 
temperature ranging between 25 to 30oC helped in increasing phage infectivity as higher number of plaques. 

In adsorption assay, a very rapid adsorption of phages to its host cells was observed during the first 15 min, followed by a 
slower rate of adsorption thereafter. The number of unabsorbed phage particles was approximately 32% and below 20% 
within 15 and 30 min after infection, respectively. 

One step growth curve revealed that the latent period of twelve phages ranged from 15 to 40 minutes and raise periods 
were observed to range from 20 to 80 min. The burst size was estimated to range between 45 to160 pfu per infected cell.

фVh03, фVh05 and фVh15 had a large burst size correlating to the large size of plaques on solid media. These measures 
were useful in maintenance of phages and mass production for biocontrol of pathogenic bacteria. The results of the study 
would be helpful in formulation of effective phage preparation to control the pathogenic bacterial host and for identification 
of the pathogenic bacteria using phage typing.
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The continuous increase in the price of fishmeal, coupled with its scarcity has made the development of aquafeed with 
reduced or zero inclusion of fishmeal in the diet a major focus. The diet must however, not impede with the growth 
performance, feed utilization and fish health. Among the alternative ingredients, plant ingredients have been widely 
studied. Most of which contain several antinutritional factors such as phytate, saponins, non-starch polysaccharides, lectins, 
glucosinolates, phytoestrogens and phytosterols that are not inactivated by heat or feed processing and may interfere with 
feed utilization and fish health. 

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

This study was conducted for six weeks to determine the optimum level of Fullzyme® (a multi enzyme) inclusion in the 
diet for Clarias gariepinus fingerlings based on growth performance. Four treatments each with three replications were 
used, the control diet (A) was formulated to contain 42 g/kg crude protein from fishmeal and plant ingredients. The other 
diets were made like the control but supplemented with 0.25 mg/kg, 0.50 mg/kg or 0.75 mg/kg of commercial enzyme mix: 
Fullzyme® in diets B, C and D respectively. Feed was supplied at a rate of 5% of the fish body weight. The weight gain 
and SGR in fish fed diet B was significantly (P<0.05) higher than fish in the other treatment groups. Protein efficiency ratio 
was not significantly (P>0.05) different among the dietary treatment groups. The results of this trial suggest that exogenous 
enzyme (Fullzyme®) was effective and improve the growth performance of C. gariepinus fingerlings at the inclusion level 
of 0.25 mg/kg. 
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The proximate composition was analyzed in the different organs of common carp (Cyprinus carpio) viz. fins, intestine, 
swim bladder, gonad, kidney, belly flap, liver, heart, gills, brain, head muscle, eye, center muscle, skin, tail muscle and 
bone. Results showed that common carp contain substantial amount of protein, fat and minerals. Among the different 
parts, liver had high protein content (24.69±0.01%) and the maximum fat content of 15.43±0.03% was observed in the eye 
portion. The fatty acid profile showed that the muscle portion had high amount of MUFA (37%) compared to PUFA (30%). 
Skin had high PUFA content (32%). The overall results of the study showed that the different parts of common carp contain 
significant amount of essential  nutrients unsaturated fatty acids with several health beneficial effect which may prevent the 
occurrence of many diseases including cardiovascular disease in human.

Fresh Common carp (Cyprinus carpio) was procured from Thoothukudi fish market, Tamil Nadu, India and transported 
to the laboratory in iced condition for analysis. The proximate composition (moisture, fat, protein and ash) of all the body 
parts (head muscle, centre muscle, tail muscle, bone, skin, belly flap, eyes, brain, scales, liver, intestine, gills, fins, swim 
bladder, kidney) was estimated on wet weight basis. The moisture content was determined by drying the sample in hot air 
oven at 105oC (AOAC, 2000). Total nitrogen content was determined by Kjeldahl method in a Kelplus distillation apparatus 
(Kelplus Elite EXVA, Pelican equipments, Chennai, India) (AOAC, 2000). The crude fat was determined by Soxhlet 
method using petroleum ether (60- 80° C) as solvent in a SOCS PLUS-SCS 08R system. Ash content was determined in a 
Muffle furnace at 500-550°C for 16 h. Fatty acid composition was determined by Gas chromatography (Folchet al., 1957), 
(Clarus 580, Perkin Elmer, USA) with a flame ionization detector and capillary column.

Among the different body parts, liver had high protein content of 24.69%, followed by centre muscle portion (22.43%) and 
the lowest was recorded in the swim bladder (3.33%). High fat content observed in eyes (15.43%) followed by head muscle 
(11.51%). The ash content of different body parts of common carp varied from 0.56% in skin to 15.00% in bone. Fatty acid 
analysis showed that the fatty acid contents in common carp followed a relative pattern with MUFA > SFA >PUFA. The 
fatty acid profile showed that, skin portion had high SFA compared to the muscle and this could be due to the fat deposition 
under the skin. In the present study, the muscle of common carp contained higher amount of MUFA (37.03%) compared 
to the skin portion (23.12%). Both muscle and skin portions had high amount PUFA such as eicosapentaenoic acid (EPA) 
[20:5n-3] and docosahexaenoic acid (DHA) [22:6n-3] . Muscle portion of common carp had high amount of EPA (13.00%), 
whereas skin had DHA of 9.04%. 
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In present experiment one month juveniles (171.60±2.93 mg) of Dowkinsia tambraparniei, Tambraparni Barb; an 
indigenous ornamental barb fish has been fed with different feeding regimes for 90 days. In control the fish was fed daily 
up to satiation whereas in T1, one day feed deprivation and 2 day refeeding (1D: 2R), T2, one day feed deprivation and 
1 day refeeding (1D: 1R), T3, two day feed deprivation and 1 day refeeding (2D:1R) and T4, three day feed deprivation 
and 1 day refeeding (3D:1R) for 24 days in every 30 days. The last 6 days of every 30 days, fishes from all treatments and 
control were fed upto satiation for compensatory growth.  The mean weight of fishes on 30th day and 60th day in T1 was 
not significantly different from control and T2 group.  The SGR and weight gain (%) in T1 group was not significantly 
different from control. The feed consumed during the 90 days in T1 group was 36% lesser than the control group. The 
current study revealed that, approximately 36 % feed can be saved by depriving Dawkinsia tambraparniei to feed for one 
day and refeeding for two day without affecting growth performance, feed utilization efficiencies and survival rate.
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White Spot Syndrome Virus (WSSV) is a highly contagious dsDNA virus causing an annual loss of one billion US dollars 
to the shrimp industry by infecting the digestive tract and other tissues of Penaeid shrimps. It has been proved that Copper-
Echanged Clay (CeC), an ion activated clay, has a high antimicrobial potency on various pathogens, but the effect of CeC 
on aquatic viral pathogens has never been proved. Therefore, a trial was performed at Incabiotech ConceptoAzul (Peru) to 
assess the effect of CeC on L. vannamei during a mild White Spot Syndrome Virus challenge mimicking field conditions .

A smooth WSSV challenge was applied to L. vannamei juveniles during 6 weeks in 15-liter tanks containing 100 PL/tank. 
Two inoculations were performed at week 1 and week 4 with an inoculum prepared from a biomass of infected live shrimp 
positive for WSSV at second PCR. Three groups were implemented: negative control group (no inoculation), positive 
control group (WSSV inoculation) and CeC group (WSSV inoculation and 5kg/ton CeC coated on the feed). Differences in 
survival rates between the negative and positive control groups did not exceed 13 points and all dead shrimps were positive 
at the second PCR analysis, demonstrating that the challenge mimics real field conditions in which the virus develops 
slowly but is lethal to weaker animals.

Figure 1 illustrates the survival rate of the different treatments. 
The group fed with CeC showed a survival rate 15 points 
higher than in the positive control group. CeC significantly 
improved survival of shrimps, even in comparison to the non-
inoculated control group. 

Figure 2 illustrates the tank biomass and shows that shrimp 
fed with the CeC had a much higher growth than the control 
at the end of the trial, confirming the growth promoter effect 
of CeC. 

The positive results observed suggest that Copper Exchanged 
Clay (CeC) is an effective solution to reduce the early 
development of WSSV, therefore also preventing WSSV 
massive outbreaks. A significant higher survival rate was 
observed associated to a beneficial effect on growth of 
juvenile shrimps, which tends to validate the protective effect 
of CeC against a viral pathogen such as WSSV.  
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The present study is the report on the effect on turbidity in Penaeus vannamei culture shrimp farm (Green shrimp aqua 
farm) in Parangipettai, Cuddalore district, Tamilnadu, India. The study was conducted in six culture ponds at different 
stocking densities. Crab fencing and bird netting was done before pumping water to prevent the auto entrants. The average 
pH reading for the AM was 7.9 to 8.8, while a pH of 8.2 to 9.1 was recorded in the PM. After 70th DOC two ponds water 
quality suddenly changed as a turbid colour.  All parameters like alkalinity, nitrate, nitrite and ammonia were maintained 
normal. The average body weight recorded 14 grams in 70th Doc. After turbidity more number of cannibalism observed 
in the check tray as well as under the aerator. This problem observed all the three turbid water ponds, even though all the 
parameters are in good condition. The shrimps were harvest; the total production was 9,000kg. the present study conclude 
that, turbidity is become the one of the major problem for cannibalism in Penaeus vannamei culture ponds.
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Consistent with the overall economic growth,the globalization has played an important role in the transformation of food 
consumption patterns of consumers including seafood. This has paved the way to produce more processed foods which 
can be stored for longer duration and have export potential. To improve the utilization and consumption of freshwater 
fishproducts, an attempt is made to prepare mince sausages from rohu with the incorporation of Transglutaminsae. The 
three concentrations of Transglutaminsae (0.5%, 1% and 1.5%) were used for the preparation of mince sausages from rohu 
with 2.5% NaCl. Quality parameters of prepared sausages were determined by using proximate composition, folding test, 
expressible moisture, pH and sensorial scores. The mechanical parameters were observed by using texture profile analysis 
(TPA) and Rheometer.  In proximate composition, moisture content varies from 73.20 to 75.83, protein content (15.51% 
- 17.39%), 2.44% - 3.73% fat content and 3.25% - 4.12% ash in different treatments. All treated sausage obtained grade 5 
of folding test except control. The higher pH values are noticed in the treated sausage than control sausage (pH 6.15). The 
expressible moisture content values ranged between 3.66% to 5.21% in treated sausages which were lower than control 
sausage i.e. 7.02. In a general manner, all sensory attributes evaluated were scored near 7 (liked moderately) and higher 
overall acceptability was found for sausages containing 1% and 1.5% Transglutaminsae. Regarding whiteness of sausages, 
lower value (62.99) was obtained for 1% Transglutaminsae treated sausages. The gel strength and texture profile analysis 
(TPA) of fish sausage prepared fromL. rohitarevealed elasticproperties. Gel strength of the treated mince sausages revealed 
a gradually decreasing trend from 381.23 gm.cmto 264.20gm.cmwith decrease in the concentration of Transglutaminsae. 
The control sausage had obtained very low gel strength. The TPA parameters such as hardness, adhesiveness, cohesivness 
and elasticity were almost same in the treated and control sausages. 

It was concluded that the addition of Transglutaminsae in minced sausagefavoured better textural properties by increasing 
gel strength with littlealteration in the overall colour. The results are positive, since washing of mince causes loss of 
nutritionalcompounds in addition to producing a large amount of by-products. The use of freshwater fish can be a good 
alternative for food processing industry to produce export oriented mince based fish products and a substitute for ever 
declining marine fishery resources. 
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Cage aquaculture is an important technology to 
increase fish production in worldwide. Reservoir has 
enormous scope for enhancing productivity through 
cage farming. It contributes to the livelihood of people 
through employment, income generation, poverty 
alleviation and provision of low cost fish protein, 
ensuring food security. 

This study was conducted in GI cages of 96 m3 
(6mx4mx4m) in Poondi reservoir located in 
Thiruvallur district, 60 km distance from Chennai. 
The nursery reared GIFT Tilapia and Pangasius were 
stocked in ten cages each with the stocking density 
of 40 nos/m3 and 80 nos/m3. Fish was fed with a 
commercial floating pellet feed (30% crude protein, 
3% fat and 7% fiber) at 5% of their body weight. 

The water quality parameters were recorded during 
the culture period (Table 1). The GIFT Tilapia and 
Pangasius with the initial weight of 120.9 ± 2.51 g and 
11.1 ± 0 g respectively was stocked in the cages. In a 
six months period of culture, the final weight obtained 
in GIFT Tilapia and Pangasius was at 611.88 ± 15.12 
and 422.58 ± 14.57 g respectively. The growth related 
parameters of GIFT Tilapia and Pangasius were 
recorded in this study (Table 2). This study revealed 
that GIFT Tilapia and Pangasius could be reared in 
cages in Poondi reservoir successfully particularly 
during the period from December to June when the 
water level is relatively high.
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The pigments, antioxidants, vitamins and immunostimulatory effect of Khasi pine (Pinus kesiya) pollen were evaluated.  
The result of laboratory analyses showed that P. kesiya pollen had a total carotenoid of 2.90 µg/g, β-carotene of 0.06 
µg/g, Chlorophyll A of 409.41 µg/g and Chlorophyll B of 704.68 µg/g.  Also, P. kesiya pollen exhibited an antioxidant 
property of 271.10 mg/L.  The Vitamins A and C contents were 0.103 µg/g and 0.500 µg/g, respectively. Treatments used 
in the study: T1 (Injected with Physiological Saline Solution + commercial feeds); T2 (Non-vaccinated + commercial 
feeds; T3 Non-vaccinated + fed with pine pollen supplemented feeds); T4 (Vaccinated with A. hydrophila + pine pollen 
supplemented feeds); and T5 (Vaccinated with A. hydrophila + commercial feeds).

In the hematological analysis, T2, T3, T4, and T5 showed no statistical differences (P>0.05) except for the hematocrit count 
(P<0.05). Comparison of means shows that T3 with  26.33% was statistically different from T2 with 38.67% (P<0.05).  The 
cell mediated immune response on differential count of spleen cells and spleen somatic index also showed no statistical 
differences among treatments (P>0.05).  However, the immunostimulatory effect of P. kesiya  pollen was observed in 
Microtiter Agglutination assay.  Fish fed with pine pollen supplemented feeds showed positive agglutination in T3 at 
dilutions 1:2, 1:8 and 1:16; T4 at dilutions 1:8192 and 1:16834 and T5 at dilutions 1:32768 indicating production of 
antibodies.  Findings showed that pine pollen is an effective immunostimulant as shown in Microtiter Agglutination test 
that can be used in aquaculture to control fish diseases.
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The effect of temperature on reproductive performance of discus was evaluated to standardize the optimum temperature for 
effective spawning and seed production of this high value ornamental fish.  18 pairs of brooders were placed in tanks of 60 
litre capacity, equipped with a plastic strip for egg attachment. The breeding pairs were allowed to spawn at 25oC, 26.5oC, 
28oC, 29.5oC, 31oC and at room temperature (control) with three pairs for each temperature regime for a period of three 
months. All experimental tanks except 31oC and control were kept in air conditioned room where ambient temperature 
was set at 23oC. The breeding pairs were fed commercial dry feed (Tetra bits) ad libitum twice a day. Data on the time of 
spawning, number of eggs laid, number of fertilized eggs, hatching time and number of spawn produced were recorded at 
each spawning session. The spawn were reared for a period of 12 days along with their parents after yolk sac absorption 
(to enable mucus feeding) and then isolated. No spawning was recorded in tanks housing brooders that were maintained 
at a temperature of 25oC and 26.5oC. Rate of egg fertilization were highest between 270C and 300C. The egg hatching time 
decreased significantly with increase in temperature. The results (Table 1) proved beyond doubt that a temperature range 
of 27.5oC to 30oC is optimal for breeding, egg incubation and maximum yield of spawn. This inference is worthwhile for 
breeders of this high value fish since profit from seed sale may be maximized if optimum temperature is maintained for 
optimal spawning success. 
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When central Indian states are taken into account, Chhattisgarh is enjoying a striking growth in aquaculture production 
since last one decade thanks to its outstanding water resources. The study addresses the fishery potential, production and 
the organizational structure of the fisheries department. 

In the year 2015-16, 13.10% to the state agricultural GDP and 1.57% of the state over all GDP were from the fisheries 
sector which was established in the year 2003. Since then it is framing policies for development and welfare of the sector, 
farmers and the fisher communities. It’s works have been paid off as the state now stand at sixth position in fish seed and 
inland fish production in the country.
The state has 1.64 lakh ha of water bodies available in various forms out of which about 1.54 lakh ha are already been 
brought under fish culture. The simple and compound growth rates (CGR) are estimated for fish seed production and inland 
fish production. The CGR of seed production is 11.71% and for fish production the same is 10.64%.

The SWOT analysis shows that the self-seed production, increasing trends of fish production and DoF support are the 
major strengths whereas lack of risk taking abilities with farmers, dependency of farmers for credit are the weaknesses. 
The opportunities are self-seed production, availability of untapped resource whereas technology constraints and improper 
incentive distribution are the threats. 
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Organisation involved in the research of the aquaculture produces a wide range of outputs viz., knowledge, skill, technology, 
package of practices, germplasm, diagnostics, gadgets etc. These outputs are either embedded or disembodied in any 
materials, tacit or explicit in nature. There is a wide gap in knowledge materials available and use by the sector. Two 
primary reasons are the forms of the knowledge materials available and capacity of the entrepreneurs to absorb them. 
To bridge the gap between the demand and supply of such knowledge products, incubation centre of ICAR-CIFA has 
contributed in converting technologies and knowledge to sound business enterprises. The nature of such conversion has 
been made through the various activities under taken by incubation centre during 2014-2019 and many of the enterprises 
has been successfully using them for business purposes.  

As outcome of the process, around 45 enterprises are successfully adopting the technologies and generating an business 
of approximately, 1 million  $ per year. The incubation process was idiosyncratic  but services involved were in the area 
of (1) technology commercialisation (2) Business plan development, (3) Legal and institutional consultancy, (4) branding 
and market access, (5) facilitation of access to fund and resources, (7)  Capacity building, (8) network development. Paper 
provides a detailed analysis of such services to improve adoption of technologies. 
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African catfish, Clarias griepinus, was illegally introduced in aquaculture by freshwater farmers, initially in West 
Bengal, then slowly spread to Andhra Pradesh, Uttar Pradesh, Bihar, Punjab, Kerala, Tamil Nadu and Kranataka. Though 
Government authorities banned this species in aquaculture in 1998 itself, breeding and culture of this species continued 
by the farmers in many place. Many people were transporting seed from West Bengal to Andhra Pradesh, Kerala, Uttar 
Pradesh and Punjab. Later the fish was reported from natural water bodies in several places. ICAR-NBFGR taken  up a 
study on impact of exotic fishes in India, in which we have done extensive sampling from different water bodies in Kerala. 
We observed established populations of African catfish in a temple pond in Kozhikode (Fig 1), Periyar Lake, Thekkady 
(Fig.2), Manathwady River in Wayanad, Anayirangal dam, Mattuppetti dam in Idukki.  From the survey in these areas, 
people told that earlier African catfish was not available in these areas and  after 2008 only these fishes started appearing in 
natural waters. In Panamaram River, African catfish started appearing in 2014 and after the flood in Kerala in August 2018, 
fish started appearing in nearby rivers also. Surveys were also conducted in Pampa and Manimala River, in Kerala which 
yielded an adult female specimen with matured ovaries (Fig 3). Fishes were sampled from Periyar lake for studying its 
biology and food and feeding. Fishermen reported the specimen as big as upto 15 kg but in our sampling we got specimen 
upto 7 kg. Though in our studies we got a number of specimens of African catfish from the lake but no matured specimen 
was observed. Fish gut was dominated by detritus (including digested matter) (47%), followed by plant materials (37%), 
insects/prawn/crab (10%), molluscs (4%) and fish (2%). Also observed that it may damage the habitats where they are 
present by raking the sand and mud in search of food. This is very detrimental for indigenous fish species. Fishermen from 
Periyar Lake told that after the appearance of the African catfish, the catch of other fishes reduced. Since predominantly its 
omnivorous nature, high fecundity and capacity to survive in adverse conditions, there is likely chance of establishing in 
more water bodies and there is an urgent need of removal of this invasive exotic catfish from our water bodies.Fig 1.African catfish in Temple pond, Kozhikode

Fig 3. African catfish from Periyar Lake, 7.0 kg specimen
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This presentation is mainly focused on the two major challenges faced by the Indian shrimp aquaculture industry today. 
Issues in successful production of shrimp and the current problems in marketing the frozen shrimps from India are the 
key challenges as on today.  India emerged as the second largest shrimp producer in the world in the year 2017 with the 
production of 700,000 MT. However, the year 2018 witnessed an estimated drop of 20% in production due to major diseases 
like WSSV, WFD, EHP, RMS etc. Large scale expansion of Shrimp farming areas and medium level intensification resulted 
in the drastic increase in the production of shrimp between the year 2015 and 2017. However, the reduction in productivity 
has become a major concern in the year 2018. Holistic approach is required in this regard covering the improved genetic and 
disease resistant lines of Broodstock , production of quality and robust PL, usage of balanced diets and feed management, 
adoption of good management practices etc.

The recent requirements by the importing markets like EU, USA etc., demanded more testing of the produce meant for 
exports. This has resulted in the huge drop of shrimp exports from India to EU and made USA as the largest importer of 
Indian shrimps. This shift resulted in the drop-in farm gate price and added more pressure and panic among the Indian 
shrimp farming community. It is imperative for the Indian shrimp producers to assure the quality of the cultured shrimp 
considering the Increased awareness among the consumers on food safety issues and with new certification requirements 
by the importing countries. Domestic marketing becomes mandatory in India considering the glut in supply of shrimps 
in the export market as well to reduce higher dependence on one or two importing countries. With the increasing growth 
of middle class in India, shrimp will become more affordable and proper positioning will help us in developing domestic 
market for shrimps. Now the time has come to develop better ways and means to sustain our production and for successful 
marketing of Indian shrimps. 
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Seafood export industry in India has emerged as a sound stratum contributing to more than a quarter of the total agricultural 
produce from the country. Even so, this potential industry faces a lot of concerns which hinders its further growth, one 
among which is the shortcomings in the supply chain. Seafood being a perishable commodity, the speed with which it 
reaches its final consumers determines the success of the seafood marketing process. Here arises the need to exploit the 
not yet so well tapped rescue potential element, ‘the Third Party Logistics’. 3PL or Third Party Logistics ascribes to the 
deploying of logistics activities, ranging from any specific task to broader activities attending to the whole supply chain to 
abate cost and to ameliorate services. 

3PL service providers in Kerala state in India provide wide range of services such as freight forwarding, customs clearance 
& brokerage, warehousing & distribution, international inland transportation, multimodal transportation, stuffing and cargo 
consolidation, cargo insurance practices, export documentation, consultancy services, heavy lift forwarding, inventory 
control, transhipments, project logistics, value added logistic services, etc. Even though a wide array of services are being 
provided, the seafood sector generally makes use of very less services.

The study tries to analyse the services hired by the seafood export companies from the third party logistics service 
providers. Third party logistics service providers in Cochin area in Kerala state were chosen for the survey as seafood 
export companies and Third party logistics service providers are concentrated in this area. The most commonly hired 3PL 
agent is a clearing and forwarding agent (C & F). Customs clearing can be done by only those officials who own a Customs 
House Agent (CHA) license and here arises the need of clearing agents. They also book the shipping line to transport the 
cargo through the forwarders or directly, by contacting the shipping lines. Shipping bill helps Customs Authorities evaluate 
the consignment and let the shipper export the same and also enables government to collect trade statistics. This shipping 
bill can be prepared and uploaded by the clearing agents and then, formally issued by the customs. Other widely acquired 
services include stuffing of cargoes and transportation services. Prodigious utilization of Third Party Logistics is considered 
unthinkable by most seafood exporters as it is believed that the intermediaries involved would probably escalate the overall 
cost factor. Conducted study proved the limited utilization of the most promising sector which could have otherwise eased 
the burden by helping the exporter to concentrate on core and prime activity areas rather than dividing attention to all areas, 
of which, some are capable of being outsourced.  If adequate attention is paid towards the seafood supply chain in export 
of seafood, India can heave its irregularity in competitiveness which could lead fisheries to be a major foreign currency 
contributing sector.
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Shrimp aquaculture is facing tremendous pressure on the business stability and its sustainability. Recently low prices 
in export markets, disease prevalence and lack of proper awareness has caused many farms under loss or break even or 
marginal profits in 2018. We do encounter significantly less stockings in all maritime states of India for the instability of the 
shrimp production.   Sustainability and business stability is the main issue for the sustainable shrimp farming.

The pace of growth of vannamei farming in India has been impressive but for further expansion and sustainability, the main 
issue is the lack of availability of quality seed from SPF broodstock. Self-pollution of nearby farms and contamination 
happened generally in many farms as one farm’s effluent is the source of other farm’s intake. WSD, WFD, EHP, RMS are 
the most common diseases that have affected the profit margin.

Challenges:
 Market fluctuations/Selling price
 Increased production cost/Inflation
 Disease problem/Crop loss/no profit
 Technical set up/Organization
 Infrastructure & Implementation
 Technology exchanges/adoption
 Farm/Hatchery/stakeholders coordination/capacity building 

Scope to improve:
To practice responsible aquaculture with strict biosecurity protocols and best management practices in culture systems. 
To promote shrimp as fish in national markets, consider insurance, incentives and subsidies from Govt. to foment shrimp 
aquaculture and its sustainability for long term business. Need to adapt changing technology, risk management, capacity 
building, and efficiency, innovate and evolve.



100
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The aim of the present study to comparative analysis between organically grown and conventionally grown of Indian major 
carps (Catla catla, Labeo rohita and Cirrhinus mrigala), fish quality by physical and biochemical methods of whole fish, 
apperence of skin, gill colour same parameter affecting quality were evaluated, such a promimal composition of whole fish 
fillets,texture colour,order,apperence and overall acceptability were evaluated. Whole fish body proximate composition of 
protein ,lipid and carbohydrate are minor different both culture system but same synthetic chemicals attributes are more in 
conventionally grown fish in compare with organic fish. In organically grown fish whole fish, apperence of skin, gill colour 
same parameter affecting quality were far better then conventiolly grown fish. Physically apppence of fish include fillets-
texture, colour,order,apperence,test of cooked and raw filllets  and overall suitability were more qualified in organically 
grown fish .The results shown that morphological, physical and sensory appraisal are  more significant in terms of over all 
acceptability. 
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In the past few decades, Recirculatory Aquaculture Systems (RAS) were introduced to waste water treatments, by focusing 
on water reuse after treatment. In this study, the technical viability of the Recirculatory Aquaculture Systems (RAS) was 
analyzed for introduction in organic aquaculture systems. The high water exchange, insufficiency of organic- rich water in 
the organic aqua farming system, as well as water reused in aquaculture in modern concept becomes a necessary installed 
trickling filter in organic fish farming. Three biological plastic filter media i.Nylon pot scrubber (NPC) ii.cylindrical plastic 
media (CPM) and iii. rubber bands (RB) have been evaluated in biological treatment for organic pond water in 60 days 
batch culture then continuous culture. Water quality parameters tested were parameter like TAN, nitrate, nitrite, BOD, 
COD etc. In Nylon pot scrubber (NPC) media were better performance than other two media. At the end of the experiment, 
notable differences were observed in the ammonia removal rates in different filter media. The Nylon Pot Scrubber media 
led to the maximum mean N-TAN removal rates (0.24 g N-TAN removed m−2 day−1). At the end of the experimental 
period, the nitrification rate (%) was 99% in the Nylon pot scrubber (NPC), columns, 97% in the cylindrical plastic media 
(CPM) columns, 94% of the rubber bands (RB). Recirculatory water treatment systems are extremely suitable for organic 
aquaculture system. The results show the organically grown fish pond water to be highly feasible for Trickling filter for 
Recirculatory Aquaculture Systems (RAS) the operational Standpoints.
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The reproductive performance of the broodstock was measured at each stage of the maturation and spawning progression. 
Measures of maturation rate, spawning rate, fertility rate, hatch rate and nauplii production rate were gained. The 
reproductive performance was found in the imported Specific Pathogen Free (SPF) broodstock from Shrimp Development 
System (SDS), Florida and USA. 

The no of spawning, egg quantity, fertility, hatching rate and nauplii production were lowest in 1st  to  3rd spawning when 
females were 7 months old and increased from 4th spawning rate onwards. We mixed the mentha piperita (immunomodulant) 
with natural feed. Female size is improved   30 g to 52 g the mean number of eggs per spawning better from 160,000 to 
542,000. Although female body weight was gradually larger through the study period and the larger females would be 
expected to harvest more eggs per spawning and hatching. The hatching rate was enhanced from 3rd spawning onwards. 

The Nauplii Production Rate (NPR), which is to resolve of egg production and hatching rate, showed a considerable 
increase from 49% to 96%. In 10th spawning, all the activities were increased. This information can be used to select 
broodstock for hatchery production. 
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An attempt has been made to invigorate the fatty acid profile of two different lion fishes such as P.volitans and P.antennata. 
Dominant quantity of SFA was noticed as 45.3%, 41.98% and 37.90% in the liver, abdominal muscle and ovarian tissues of 
P.antennata than P.volitans. Significantly a low level of 42.35%, 40.98% and 35.04% was observed in the liver of P.volitans. 
A maximum SFA was noticed in the testes and ovaries of P.antennata than P.volitans. A higher percentage composition of 
37% MUFA was observed in the liver of P.volitans than P.antennata. 

The percentage composition of 40.02%. SFA was found in the abdominal muscle of P.volitans than 38.67% in the marine 
lion fish P.antenata.Whereas the level varied reversely as 42.02% and 41.02% in P.antennata and P.volitans respectively 
in the liver of both the species. A maximum SFA profile was observed in the comparatively less of 25.38% in P.antennata. 
There was no much difference were observwd with PUFA concentration of the liver of male lion fishes of both species. 

Levels (Percentage) of SFA, MUFA, PUFA and HUFA of different tissues of male and female of both the spacies of 
lion fishes. There was no significant difference noticed among the species and between tissues of male, female fishes. 
Correlation matrix among the tissues of test organisma namely fishes was resumbled with the value p<0.01.
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Marinades is a traditional semi preservative food processing technique used to improve the flavour, textural and structural 
properties of raw food material resulting in a product with a special flavour and a prolonged shelf life by using edible 
organic acid, salt, brines, sauces or oil. Shrimp is an important seafood variety exported from Veraval , which contributes 
8.81% of total marine landing in Gujarat.

The objective of present study was to optimize the quality and shelf life of marinated shrimp (Parapenaeopsis stylifera) 
stored in mustard oil (T1) and tomato sauce (T2) under refrigerated condition for 120 days. The result of the study will be 
useful for the marinating industry to produce novel sea food marinades with high acceptable product quality characteristics.

Moisture content showed a decreasing trend, whereas total protein and ash content increased from 17% to 21% and 0.2% 
to 1.92% respectively during refrigerated storage period of 120 days, which indicates the product is nutritionally high. pH 
value showed an increasing trend during the storage study which was significant (p<0.05). Peroxide value and thiobarbituric 
acid value significantly increased (p<0.05) with increasing storage period.

However all the values were well within the acceptable limits except pH. The fatty acid composition of both marinated 
shrimp in oil and marinated shrimp in tomato sauce showed the high amounts of n-3 long-chain polyunsaturated fatty 
acids i.e. 24.75% and 26.91% such as eicosapentaenoic acid (20:5n-3) and docosahexaenoic acid (22:6n-3). The saturated 
fatty acid content of T2 was 36.63%.In mustard oil the PUFA is absent but the marinated shrimp in mustard oil the PUFA 
content is increased. The major omega 3 fatty acid like EPA and DHA were reported in both the sample which showed 
that the products were nutritionally well balanced. The result in this study showed the marinated shrimp stored in sauce 
contain high amount of n-3 long chain PUFA as compared to shrimp stored in oil. The sensory evaluation revealed that 
taste, appearance and flavour scores were recorded higher for the marinated shrimps in tomato sauce even after 120 days. 
It was concluded that marinated shrimp stored in tomato sauce performed well in terms of biochemically and nutritionally 
good along with extended shelf life.  
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Intensification in aquaculture has led to the development of disease conditions impeding both economic and social 
development. Bacteria being opportunistic pathogens can easily infect fish and cause severe losses. Application of antibiotics 
by farmers can be environmentally hazardous by obliteration of the beneficial bacteria and potentially deleterious by 
development of antimicrobial resistance in the natural flora. The current study therefore was undertaken to isolate probiotic 
bacterial strains for the protection of cultured tilapia (GIFT) for an economically viable and sustainable aquaculture. 
Tilapia is the second most cultured fish around the world and genetically improved farmed tilapia is the fastest growing 
strain, which can survive in wide environmental conditions. Live tilapia (GIFT), water and soil samples were transported 
from Thanjavur, Madurai, Alapuzha and Krishnagiri districts of South India. Gut bacteria were isolated from the fish and 
plated in tryptone soya agar plate after sacrificing the fish. About 269 bacteria were isolated from the gut of 30 fishes and 
79 isolates from soil and water of culture ponds. The isolates were screened for antagonistic activity against Aeromonas 
hydrophila and Streptococcus agalactiae by cross streak method. Out of 348 bacterial isolates, two were selected for their 
potent antibacterial activity against the two pathogens. The two probiotic bacterial strains were confirmed to be Bacillus sp. 
by 16srRNA gene sequencing. Further studies are underway to explore their probiotic effects.
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Intensification in aquaculture has led to the development of disease conditions impeding both economic and social 
development. Bacteria being opportunistic pathogens can easily infect fish and cause severe losses. Application of antibiotics 
by farmers can be environmentally hazardous by obliteration of the beneficial bacteria and potentially deleterious by 
development of antimicrobial resistance in the natural flora. The current study therefore was undertaken to isolate probiotic 
bacterial strains for the protection of cultured tilapia (GIFT) for an economically viable and sustainable aquaculture. 
Tilapia is the second most cultured fish around the world and genetically improved farmed tilapia is the fastest growing 
strain, which can survive in wide environmental conditions. Live tilapia (GIFT), water and soil samples were transported 
from Thanjavur, Madurai, Alapuzha and Krishnagiri districts of South India. Gut bacteria were isolated from the fish and 
plated in tryptone soya agar plate after sacrificing the fish. About 269 bacteria were isolated from the gut of 30 fishes and 
79 isolates from soil and water of culture ponds. The isolates were screened for antagonistic activity against Aeromonas 
hydrophila and Streptococcus agalactiae by cross streak method. Out of 348 bacterial isolates, two were selected for their 
potent antibacterial activity against the two pathogens. The two probiotic bacterial strains were confirmed to be Bacillus sp. 
by 16srRNA gene sequencing. Further studies are underway to explore their probiotic effects.
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Age is considered as an important factor affecting the quality of milt in fishes. There have been considerable variations in the 
spermatological qualities of milt collected from a single individual at different occasions in the same or in different seasons 
of a year. Extenders having osmolality similar to that of seminal fluid was found to be successful in the cryopreservation of 
fresh milt. There are many extenders available based on the ionic composition of seminal plasma of species. Extender that 
has to be used for cryopreservation varies between species and spotting a universal extender is far from reality. Therefore 
it is felt necessary to identify suitable extender based on the available reports for Cyprinus carpio. Hence the present study 
was undertaken to know the best age group of brooder and extenders for milt cryopreservation and the effect of extenders 
on the different age group of brooders of C. carpio.

Earthen pond of size 0.1 hectare (50 m × 20 m) was used for the broodstock development. The pond was stocked with C. 
carpio fingerlings of 40 days (8.91±3.64 g) old procured from Manimuthar National Fish Seed Farm. They were fed with 
farm mixed wet feed balls of ground nut oil cake and rice bran at 1:1 ratio. The fishes were grown for a period of one and 
a half years. Milt was collected by gentle stripping from the brooders at 6th month, 12th month and 18th month in graduated 
cryovials of 2.5 ml volume. Spermatological parameters such as motility duration, motility score, live and dead cells, 
calcium and magnesium levels (Fig.1) were studied. Then the milt was diluted with Freshwater Fish Saline and Modified 
Fish Ringer at a dilution rate of 1:40. The diluted milt was analysed for its spermatological quality and fertilization capacity.

The results (Table 1) showed that the rate (76.6±3) was observed in milt collected from 12 months old brooder diluted with 
Freshwater Fish Saline when compared with other age group and extenders. Hence the present study suggested the use of 
brooders at 12 months old and Freshwater Fish Saline as extender for cryopreservation.
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There is growing interest in commercial Inland saline aquaculture owing to the availability of vast resources of saline 
ground water, but Inland saline aquaculture ponds are facing problems of seepage and nutrient deficiency, particularly 
potassium. Under climate change scenario biochar application for controlling seepage loss and nutrient enrichment will 
also conserve the carbon pool of the system. Addition of recalcitrant carbon in the form of biochar will sequester the carbon 
and will not add to the atmosphere through decomposition 

In this context, biochar was produced from sugarcane bagasse by pyrolysis at 450oC . The pH, EC, CEC, WHC, available 
phosphorous and potassium of bagasse biochar was 7.1, 0.62 (dSm-1), 52.7 (cmol(+)kg-1), 185%,1.8 gkg-1 , 19.7 g kg-1, 
respectively. A 60-days incubation study was conducted to assess the effects of biochar on physicochemical properties of 
inland saline pond sediment. The bagasse biochar was applied @ 9 t ha-1 and 18 t ha-1.  Results show significant increase in 
organic as well as total carbon in the sediment. Biochar also improved physico chemical properties of sediment.
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The present study was undertaken to find out the preferred 
food type, minimum algal cell requirement and effective 
harvest rate for mass production of freshwater rotifer, 
Branchionus calyciflorus in re-circulatory aquaculture 
system (RAS) throughout the year. In the first experiment, 
different food types, viz. Chlorella vulgaris, Spirulina 
major, Scenedismus obliquus and Baker’s yeast, were 
produced (4000 L) and extensively fed to rotifers with 
control (5000 L). The highest rotifer count was observed 
with C. vulgaris food type (365.33±2.18 indi. mL-1) 

followed by Baker’s yeast (245.33±5.36 indi. mL-1) on 8th 
day and then started declining gradually to 30th day with 
the count of 229.74±6.32 indi. mL-1 and 144.23±8.41 
indi. mL-1 respectively because of lower water quality. 
In second experiment was conducted to standardize 
effective harvest rate to maintain rotifer production at its 
stationary phase. Rotifers were harvested daily at 10%, 
30%, 50% and 70% of the total volume (5000 L). The 
results suggested that daily harvest at 30% has maintained 
rotifer culture at its stationary phase (381±19.45 indi. 
mL-1). After standardization of effective harvest rate, we 
have designed, built and operated mass scale live food 
production unit with re-circulatory aquaculture system 
(RAS). The system opens a new perspective of continuous 
production by treating harvested water using series of 
filters. The production was done for 17 months and 
seasonal data showed the highest production was recorded 
during summer (404.43±24.33 indi. mL-1) followed by 
monsoon (349.57±25.44 indi. mL-1). The results proved 
that rotifer can be produced at commercial scale by 
adopting advanced RAS based technology with minimum 
water waste.



109

INDUCED BREEDING AND EMBRYONIC DEVELOPMENT OF ROSY BARB, Puntius 
conchonius, (Hamilton, 1822) USING SYNTHETIC HORMONES UNDER CAPTIVE 
CONDITION

Mangesh M. Bhosale1*, S. Felix1 and Ajay Kumar2

Department of Aquaculture
Dr. MGR Fisheries College & Research Institute
TNJFU, Ponneri (TN) 601 204
Central Institute of Fisheries Education
Mumbai (MH) 400 061
mangeshcof@gmail.com

Puntius conchonius is a potential candidate 
species in aquariculture. Recently, catch of this 
species has been declined due to overfishing 
and various ecological changes. The present 
experiment was conducted to breed Rosy barb, 
Puntius conchonius, (Hamilton, 1822) in captivity 
through intra-peritonial administration of GnRH 
based gonadotropic signalling molecular analogue 
WOVA-FH. Spawning success rate varied on the 
rate of inducement. WOVA- FH at a dose of 0.4 mL 
kg−1 for female (5.20±0.91 gm) and 0.2 mL kg−1 for 
male (3.52±1.45) was found to be effective with 75-
80% fertilization and 80-85% hatching rate from 500 
to 640 eggs female-1. Dose of hormone apparently 
affected the latency period (6-8hrs), egg output (180-
640), fertilization (35-79%) and hatching rate (68-
86%). Administering an over-dose of the inducing 
agents resulted health issue showing abnormal 
behaviour and under-dosing caused no inducement 
in animals. Again the results verified that morula, 
blastula, gastrula, bud formation and hatching of 
these species ended at 1:45-, 2:45-, 5:30-, 11:00- 
and 26:00 hrs post-spawning (hps) respectively. 
The protocol and chronological development data 
will be helpful in development of aquariculture by 
small breeders and conservation of Rosy barb, P. 
conchonius.
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In the present study, effects of salt (Sodium chloride) on controlling ciliates were investigated for freshwater rotifer, 
Branchionus calyciflorus, production using Chlorella vulgaris food type in mass. Tanks (1000 L capacity) were fertilized 
by ground nut oil cake (25%), urea (1%) and single super phosphate (0.5%) and inoculated by C.  vulgaris. The highest 
cell density was observed on 5th day (1.5×105 cells mL-1) which was continued upto 15th day of culture and then again 
the fertilizers were added for culture continuation. Ciliates, the major algae consumers, were effectively controlled by 
application of Salt (NaCl) @ 60g L-1 without affecting algal cell within 24 hrs. Treated C. vulgaris was exclusively used 
to feed rotifers (2× & 3× day-1). The highest density was attained with 3× feeding interval (180-260 indi. mL-1), followed 
by 2× (160-190 indi. mL-1) on 8th day onwards.  The study indicated that the quality and quantity of food have significant 
role on mass production of fresh water rotifer, B. calyciflorus, for aquariculture. 



111

INDUCED REPRODUCTIVE PERFORMANCE OF INDIGENOUS ORNAMENTAL FISH, 
MOUSTACHED DANIO (Danio dangila, Hamilton, 1822) OF NORTH-EAST INDIA AT TAMIL 
NADU

Mangesh M. Bhosale1*, S. Felix1, R.R. Mugale2, Cheryl Antony1 and S. Aruna1

1Dr. M.G.R. Fisheries College & Research Institute
TNJFU, Ponneri 601 204, Tamil Nadu, India
2College of Fishery Science, MAFSU, Udgir (MH) 413 517
mangeshcof@gmail.com

Moustached danio, Danio dangila is a potential candidate species in aquariculture. Recently, catch of this species has 
been declined due to overfishing and various ecological changes. In the present study, matured animals of the species were 
collected from various parts of North-East India and brought to Southest part of India to develop and implement breeding 
technology for sustainable seed supply for ornamental trade. Trials were made to breed the species using different synthetic 
hormones viz. WOVA-FH, Human Chorionic Gonadotropin (HCG) and Ovatide at various doses. Results demonstrated 
that D. dangila bred successfully after intra-peritonial injection of WOVA-FH at 0.5 mL kg-1 to female and 0.3 mL kg-1 to 
male resulting higher fecundity (1002.50±52.6), fertilization (84.0±2.72%) and hatching rate (86.5±2.9%) Again the results 
verified that morula, blastula, gastrula, bud formation and hatching of these species ended at 1:45-, 2:45-, 5:30-, 11:00- 
and 40:00 hrs post-spawning (hps) at 24.0±1.5oC respectively. The present study on induced breeding and chronological 
development of D. dangila embryo will have significant implications on conservation and seed production for aquariculture. 
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Tropical ornamental Cyprinids contribute 85% 
to the global share. Indian ornamental fish stock 
is degrading as a consequence of exploitation 
for ornamental fish trade. Indigenous Cyprinid, 
Puntius sophore is a potential candidate species in 
the aquarium trade. In the present study, P. sophore 
was successfully bred in captivity. Breeding trials 
were done using different synthetic hormones 
viz. WOVA-FH, HCG and Ovatide at various 
doses. Results confirmed that, the fish gave 
better response when induced with WOVA-FH 
at 0.4 mL kg-1 to female and 0.3 mL kg-1 to male 
with higher fecundity (881.50±85.8), fertilization 
(78.50±2.72%) and hatching rate (83.75±2.39%). 
Developmental stages like morulation, blastulation, 
gastrulation, bud formation and hatching were 
observed at 1:45-, 2:45-, 5:30-, 11:00- and 72:00 
hrs post-spawning (hps) respectively. The present 
study demonstrates the breeding technique using 
synthetic agent and provides insight on the 
embryonic developmental stages and thus will 
have significant implications on conservation and 
seed production for aquariculture. The technology 
can be used by small scale fish breeders, aquarium 
keepers and scientific communities for expanding 
aquariculture, species restoration and conservation.
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The present study was undertaken to evaluate the effect of green water system on growth performance of all male GIFT 
tilapia (Oreochromis niloticus). GIFT tilapia, with an average initial length (3.06±0.23 cm) and weight (0.51± 0.00mg) 
were stocked at the rate of 250 nos m-3 in cement tanks (2x1x1m).  Experiments were conducted for 60 days duration by 
feeding commercial floating tilapia starter feed with 32 % proteins at the rate of 5 % body weight in triplicate following 
Completely Randomized Design.

The green water was developed by adding of organic manure before stocking the tilapia seed. The live phytoplanktons 
like Chlorophyta, Cyanophyta were dominated in green water system followed by zooplanktons like Cladocera, Copepoda 
and Rotifers. The maximum average length gain (197.30±138.81%), weight gain (4.427.06±3129.70%), specific growth 
rate 7.80±4.81 %), and survival (97.77±2.22%) were recorded significantly (p<0.05) in green water as compare to the 
control (without green water). Observations on the water quality parameters revealed that the dissolved oxygen values 
were slightly decreased with increase in culture duration. In contrast, the value of ammonia-nitrogen, nitrite-nitrogen, and 
nitrate-nitrogen increased with the increase in the culture period but was observed within the acceptable level.
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The study focusses on the factors affecting consumer’s decision in selecting the most preferred fish for consumption in 
Kolkata, West Bengal. The survey included 250 households, 125 each from the traditional fish markets and modern retail 
outlets. Analytical Hierarchy Process (AHP) was used to determine the criteria that influenced the type of fish chosen 
and the most desired type of fish by the people of Kolkata. It was used to evaluate the importance amongst criteria based 
on the concept of pairwise comparison. The criteria used for identifying the most desired fish by the people in the model 
were identified, and the significance of each criterion has been arrived at by conducting survey using pre-tested interview 
schedule in the traditional fish markets and modern retail outlets of Kolkata. The results revealed that choice of fish 
depended upon price (9.38%), quality (58.51%) and taste (32.12%) in the traditional fish market, whereas in the modern 
retail market, the choice of fish depended upon price (9.29%), quality (61.22%) and taste (29.50%). Considering these 
criteria, the most desired type of fish based on price was hilsa (44.64%) in traditional fish market while in the modern retail 
market, it was rohu (53.25%). Considering the quality, the most preferred fish was hilsa (45.14% and 59.55%) in traditional 
fish markets and modern retail markets respectively. 

With respect to taste, the most preferred fish was hilsa (52.12% and 59.01%) in both the markets. 
 
This study describes about the choice of preferred fish for consumption on the basis of several identified criteria.
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Ailia coila (Hamilton, 1822) commonly called as Gangetic ailia is a “Near Threatened” species in the IUCN Redlist.  
Samples for the present study were taken from Ganga (Samudragarh and Farakka) and Brahmaputra (Dhubri and Guwahati) 
river systems. The landmark based truss network system was employed to delineate the stock this species. The truss 
network was constructed by using 12 landmarks and 25 truss distances were extracted. The first three factors revealed the 
total variance of 74.53% and the morphological difference between the stocks of this species was related to oblique depth 
measurement on the dorsal and anal fin, and also on the caudal peduncle region. The difference in body morphology is due 
to the different in water current pattern, turbulent water and site-specific differences. Discriminant function analysis was 
employed to reveal the percentage correctly classified individuals on the respective locations. Overall classification rate 
is found to be good around 97.85%. The results from this present study reveals the existence of difference stock in Ganga 
and Brahmaputra and it forms a baseline study for the stock-specific management measures. Further, genetic population 
structure of this species should be studied using molecular markers to validate the results.
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Blood plasma contains classic components such as albumin, immunoglobulins, hepatoglobulins and numerous other 
distinct protein components including cytokines, growth factors, receptors, leakage products, aberrant secretions and 
foreign proteins. These plasma protein concentrations are tightly regulated to maintain the integrity of the physiological 
functions in areas include immunity and inflammation. Proteome analysis of plasma protein concentrations if specific for a 
definite disease, might then function as biomarkers for screening the unwellness. Within the last decade, mass mortality of 
farmed carp and koi has been observed and spread in Europe and in Asia. Researchers also showed evidence that Argulus 
sp. (fish louse) is the very common parasite in koi and gold fish. Direct tissue damage and the secondary infections are the 
major pathological changes caused by the fish louse. Therefore, this current study is conducted to analyse the pattern of 
plasma protein using koi carp.

Koi fish of 10 months old with weight of approximately 500-600g was taken for the study. The animals were divided into 
three groups Group I: Control (Healthy koi), Group II: Diseased (Argulus infected) and Group III: Treated (Lufenuron at 
0.1mg/L). Blood was collected from caudal vein for the plasma separation from control and experimental animals. The 
studies on pattern of plasma proteins have been carried out by SDS PAGE using proteins at 40µg concentration.

The results showed differential pattern of plasma proteins in diseased group when compared to other two groups. Plasma 
tends to be most well-liked for protein studies as its constituents mirror a lot of closely to the pathological condition. 
These profiles can be utilised to clarify physiological relationships and emphasize pathological conditions through pattern 
recognition.  Apart from serological tools, Molecular analysis should be included as standard criteria to assess their effects 
on inflammatory response and fish health. 
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The East Kolkata Wetlands (22024-22036’ N latitude to 88023’-88032’ E longitude) which is having the area of approximately 
125 square kilometers consist of several fish farms. A large amount of fishes are grown in these farms and their growth 
depends upon the sewage water which is highly enriched in nutrient. And at the same time sewage water is also treated 
naturally. The wetlands have been designated as a RAMSAR site because of its important ecological significance. But the 
problem is that the fish ponds are decreasing their depth because of sedimentation which needs to be removed to keep the 
farms alive. The present study is to analysis the sediment quality in terms of the concentration of harmful heavy metals 
like Pb, Cd, Zn etc. and nutrients present in it. The research work actually justifies whether the soil has any harmful effect 
on fishes or not as eventually those are consumed by thousands of people. Study also finds the appropriate places where 
the excess soil is to be utilized. For the study three fish ponds were selected and 30 soil samples from each pond were 
collected randomly and tested carefully after required processing. The result shows that the soil contains very high amount 
of available primary nutrients like nitrogen (varies from 161 to 298.2 ppm), phosphorus (varies from 87.5 ppm to 158.5 
ppm) and potassium (varies from 275.9 to 351.35 ppm) which is more and more high than most of the agricultural land 
and can be used for agricultural field preparation. The study also reveals that the heavy metals do not affect the quality of 
fishes grown in the farms.
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Indian aquaculture is perceived as an emerging and andro-centric enterprise for augmenting fish production since 1990. 
The situation is noted as curious paradox when conceptualizing the contribution from fisher men and women. Mostly, the 
active role of women in fisheries remains insignificant and unreported either due to unpaid pre- and post-harvest work 
or due to their role as household managers. Such gender disparity creates a negative impact in livelihoods and socio-
economic development of the country. The report from World Bank (1991) clearly defines that “Efforts to improve the 
position of Indian Women need to focus on women as economic factors”. Therefore, to address the present situation and 
transform the mindset of people in rural India, a study was conducted at Muzaffarpur, Bihar, India involving 35 women 
respondents working or helping someway in fisheries sector. Data collected from all the respondents through personal 
interview using semi-structured schedule. Almost 91.4% respondents lack entrepreneurial ideas and perform work without 
financial security in-spite of their involvement in varying degrees. The lack of confidence is mainly due to their illiteracy, 
incompatibility to work with other male co-workers, household responsibility, etc. These prevailing conditions insights 
the need of an holistic approach to enable women’s equitability by addressing the gap of their limitations by considering 
the possible ways to overcome. Hence, the future priority lies in rethinking aquaculture for fisherwomen by implementing 
women-friendly technologies. Further, improving their economic stability, literacy, information on advanced technology 
as well as on decision-making ability may enhance their capabilities and overcome the constraining factors. Therefore, to 
increase the positive outcome from aquaculture sector, the contributions from any fisherwomen needs to be acknowledged 
and remunerated. 

SNP DISCOVERY IN INDIAN MAJOR CARP, Labeo rohita USING NEXT GENERATION 
SEQUENCING
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Next generation sequencing (NGS) has emerged as an important tool towards marker discovery. Single nucleotide 
polymorphisms (SNPs) are the markers of choice and occur with a very high frequency in lower vertebrates including 
fishes, differing from other forms of variation in their extent, origin and functional impact. In this study, we have used 10 
wild rohupopulations collected from different geographical regions of India. Low depth next generation sequencing has 
been done using Illumina Nextseq 500 platform taking 3 individuals from each population generating 60 GB (40X) raw 
sequence data. A good quality assembly of rohu genome with 95% genome coverage was used as reference genome for 
the current study. Mapping of reads of each wild population with the reference was done using a fully automated pipeline 
namely Variant Discovery and Annotation Tool-Graphical User Interface (VDAP-GUI). The SNPs were determined by 
using three programs SAMtools, VarScan and FreeBayes. A total of 4.95 million SNPs were identified from all the 10 
populations. Number of SNPs ranged from 3,80,991 to 6,79,963 in each population, and  number of common SNPs between 
any two populations ranged from 1,00,743 to 2,00,764. The results of this study is very useful for marker assisted selection, 
SNP array development and genome-wide association studies.
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Agriculture was revolutionized with synthetic nitrogen growing more plants in less area.  Aquaculture is revolutionized 
with natural nitrogen (recycled urine) growing more plants in less area.  The addition of natural nitrogen to permanent 
flexible floating reefs (aka ocean forests) creates high-powered ecosystems growing more seafood at lower costs and higher 
environmental benefits.We estimate that 1,000 people provide sufficient nutrients to grow about 150 wet tons of seafood 
per year, without adding fishmeal. That would be a half kg of high-protein and high-value seafood per person per day, in the 
form of an optimally balanced suite of indigenous species, such as snappers, sea urchin, lobster, seabass, anchovies, other 
finfish, octopi, crabs, shellfish, mollusks, sea cucumbers, seaweed, etc. for local consumption and export.

In ocean forestry, nutrient conversions combine with photosynthesis to add carbon to inorganic nutrients creating food for 
sea animals. As a result, the flexible floating reef can have an optimally balanced suite of products including macroalgae, 
shellfish, finfish, and other seafood. Operation using recycled inorganic nutrients and sunlight is less expensive and more 
easily scaled than when using fishmeal for mariculture. This design addresses major bottlenecks in profitability of offshore 
aquaculture systems including economical moored structures that can withstand storms; efficient planting, managing and 
harvesting systems; and sustainable nutrient supply. Additional benefits include reduced disease in fish pens in mariculture, 
cleaning contaminated coastal waters, and maximizing nutrient recycling. 

Globally applied, inorganic nutrient recycling enables expanding aquaculture to these results: 
1. Maximum scale food: Recycling the inorganic nutrients from a billion people would generate 150 million wet tons of 

shellfish, mollusks, and free-range finfish per year on a million hectares of flexible reef.
2. Inexpensive recycled nutrients – Where there are large human populations and/or excess nutrients, ocean forests may 

be paid to recycle nutrients as an alternative to nutrient removal at the sewage plant and/or land disposal. 
3. Maximum scale fuel: Recycling the inorganic nutrients from the energy conversion process allows sustainable biofuel 

production beyond 100% of global energy demand.
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While the shrimp farming sector, continues to grow globally, 2018 was a challenging year for  the shrimp farming industry 
sector in southeast Asia. Facing lower farm gate prices Indias shrimp farming industry, experienced the obstacle of 
maintaining profitability of farms and hatchery operations. While the experts continue to forecast substantial growth in the 
shrimp Indian farming industry, quality of Post-Larvae remains one of the key elements for the progress of the industry.

For several year, antibiotics have been applied in aquaculture as the common practice to maintain survivals in hatchery in 
some parts of the world. On the other hand, the indiscriminate use of anti-antibiotics in hatcheries is a dangerous practice, 
due to the continuous hazard of resistant pathogens genesis. Resistant pathogenic bacteria is a serious issue for hatchery 
operations and can be transferred farms.

When wisely applied, probiotics are an affective tool for hatcheries to eliminate the use of antibiotics. Understanding the 
mechanisms driving probiotic interaction with the various elements in the culture of shrimp can help manager to establish 
effective application of probiotics.

In this work, we intend to discuss commercial probiotics, their limitations and the ways to   optimise their efficacy in 
shrimp hatcheries, from bio-encapsulation in the live feeds to the daily maintenance of water quality and control of the 
microbiological communities in the larval hearing tanks along with its influence in Post-Larvae survival, quality, and 
robustness.
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With the increase in population the ocean remain a the major source of protein for the years to come. While the aquaculture 
in India continues to growth mainly in the shrimp farming and  freshwater fish farming sectors, the aquaculture of high 
value marine fin-fish still is incipient. With over 7500 km of coast line, India has a strong potential for fish farming both in 
cages and in coastal ponds.

Tropical species such as Cobia, Rachycentron canadum and Asian Sea Bass Lates calcarifer, are promising candidates for 
warm-water marine fin-fish aquaculture in India. Both Cobia and Asian Sea Bass are eurythermal and euryhaline tolerating 
a wide range of temperature and salinity. While Cobia is recognised for its fast growth, reaching over 6,0 kg in only 12 
months, the Asian Sea Bass is recognised for its robustness and resistance to challenging environments and so being 
suitable for both cages and coastal ponds.

No different than other aquaculture species, the development of a solid marine fin-fish aquaculture sector depends on 
hatchery technology in first place. From this perspective, we have fragmented the marine fin-fish hatchery process exposing 
all elements necessary for complete functionality of a marine fin-fish hatchery.

In this work, we intend to unveil the step-by-step process of a tropical marine fin-fish hatchery, discussing the techniques 
used for several year in hatcheries around the globe. From site selection, biosecurity, broodstock maturation, live feeds 
production and larvae-culture the technology will be discussed, giving aquaculture specialists in India a in-depth knowledge 
of the subject.
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The Republic of the Marshall Islands, as other nations in the region are facing many severe upcoming challenges due to 
climate change. Coastal resources management are important issues in order to adapt to the increasing severity of this 
challenging changes. Aquaculture is a potential adaptation option to reduce the impacts on native populations. 

Pacific clam or jukkwe, Asaphis violascens is a bivalve benthic species, found in lagoonal sand flats with a depth range 
between 0 - 20 m. It is the dominant, and often the only bivalve in this habitat. It is a suspension feeder, and is dioecious, 
the sexual maturity is reached at about 6 months with size ranging from 18–20 mm. It is considered a highly valued 
food species in the region. Archaeological research has demonstrated that Marshall islanders exploited this resource for 
subsistence and as raw material since colonization about 2000 years ago. Because they inhabit accessible zones it is a 
valuable resource for aquaculture of jukkwe clams could be an interesting option for improving household food security

The aim of this research is to develop the basic technology for culturing A. violascens in order to meet demand for 
seafood, food security and stock enhancement, encouraging and helping farmers and fishing communities to improve their 
socioeconomic condition supporting healthy ocean populations and ecosystems. 

Several attempts to spawn A.  violascens were made. Eggs obtained from natural spawning after air drying clams for 
2 hours during full moon were fertilized by exposure to dilute sperm suspension for 30 to 90 min at 28⁰C and S 33. 
Pediveliger larvae was observed on day 10 (170 – 180 µm). Two different growing trials were tested with wild clams, one 
at the laboratory with addition of microalgae cultures and the other at the natural habitat, keeping them in net bags at tidal 
areas. Results showed that the seed production in captivity is feasible, and that the grow on phytoplankton and detritus 
available is possible in a seawater system. 
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Species diversification in fish culture is an effective step towards sustainable growth of the sector, provided the selection 
of the fish species fits to the agro ecological situation, prevalent culture system, market demand as well as bio security of 
the fish population. The initiation of Blue Revolution Mission in the country and its ongoing implementation in the state of 
Assam, calls for selection and introduction of diversified species, suitable for harnessing the productivity of existing pond 
resources of the state and tripling  fish production and doubling farmers’ income as per motto of the Mission. Tilapia, the 
aquatic chicken, the once prohibited fish species in India and currently projected as the future fish species for the country 
has been attracting attention of the fish farmers and policy makers, for inclusion in the culture sector of the state of Assam. 

The present study on culture feasibility of Tilapia (Oreochromis niloticus) as an additional incorporation to the six species 
composite culture under the prevalent agro-climatic condition of Assam, was conducted at Fisheries Research Centre, 
Assam Agricultural University, Jorhat, during 2014-17. The growth rate, gonado somatic index, breeding frequency 
and production per year were recorded consecutively for 3years under standard semi intensive carp culture condition. It 
was found that culture of Tilapia as an additional species for six species carp culture can provide 13.0-16.5% additional 
production from unit area without any additional input. Multiple harvesting of Tilapia (marketable size 150-300gm) at 2-3 
months interval helps control of population growth as well as ensures additional intermediary income for the farmers. The 
prevalent agro-climatic condition of the state is suitable for culture of this species. The findings indicated that incorporation 
of this species may contribute in enhancing production, income and nutritional security for the farmers in the state. However 
the inherent problem of annual devastating flood in the state calls for responsible farming of Tilapia following the standard 
guidelines (Dept. of Animal husbandry, Dairying and Fisheries, GoI, 2015).
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Wild collected gravid female of Penaeus semisulcatus were spawned in hatchery by natural means. The eggs were hatched 
out in a period of 24 hours at 31o C and 35 ppt salinity. The development stages were documented and reared from nauplii 
to post larvae at 29-31oC and 35 ppt for 20 days. Naupliar stage, three zoea stages, three mysis stages and six post larval 
stages were illustrated and documented. Three zoea stages and mysis first stage were fed only with mixed microalgae and 
from second mysis stage they were fed with mixed microalgae and artemia nauplii (Fig. 1.). Post larvae were fed with the 
microencapsulated commercially available feed. 

The larval stages of P. semisulcatus are similar to other species from such as P. monodon and P. indicus. Change in feeding 
habit during developmental stages was due to the morphological change in the feeding appendages. Survival rate of the 
larvae is highly depending on temperature and salinity. 

Mortality rates (Fig. 2.) during different developmental stages were recorded and the recorded highest mortality rate was at 
the stage of mysis 2 around 25%. The study revealed the possibility of rearing P. semisulcatus larvae with simple feeding 
in backyard type hatchery.
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The idea that phenotypic traits are heritable remains under debate. On exposed (a daily non-lethal heat shock) parental 
populations and three subsequent unexposed generations using parthenogenetic Artemia (originating from one single 
female), increased tolerance towards lethal heat stress, was observed (including common garden experiments where the 
animals from F1, F2 and F3 generations were tested at the same time). This transgenerational inheritance of the acquired 
traits was associated with altered levels of global DNA methylation and acetylated histones (H3, H4) and increased level of 
HSP70 production in the heat-shocked group compared to the control group. Upon immune challenge of the same population 
of Artemia by exposing the population at early life stages to Vibrio campbellii, it was demonstrated that immune-challenged 
Artemia by this specific bacterium bestow their next unexposed generation progenies with increased resistance against a 
challenge with the same Vibrio. Finally, we verified the possibility or impossibility of trained immunity using a wild 
population of bisexual A. franciscana, examining the presence or absence of enduring memory against homologous and 
heterologous antigens (Vibrio spp.). Our results showed the occurrence of memory and partial discrimination in Artemia’s 
immune system, as manifested by increased resistance, for three successive generations, of the progenies of Vibrio-exposed 
ancestors towards a homologous bacterial strain, rather than to a heterologous strain. Our results also showed stochastic 
pattern in the acetylation levels of H4 and trimethylation levels of H3K4 histones in the progenies whose ancestors were 
challenged. A transgenerational increase in the mRNA levels of hsp70, hmgb1 and pxn was also observed. Additionally, 
immune challenge of the parental generation resulted in a shift from ovoviviparous to oviparous mode of reproduction. 
From these results it can be suggested that immune responses in invertebrates can be trained, and epigenetic reprogramming 
of (selected) immune effectors is likely to have a central place in the mechanisms leading to trained immunity.
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The issue of processing data in Aquaculture due to the development of smart-farming implying the use of intelligence 
artificial and machine-learning, is raising legal and ethics concerns regarding privacy, use of data as an object of commercial 
and national strategy by Companies and States or the risk of error when it comes to « unfair algorithms ». 

Most of the publication and debates on the subject tended to focus on data ownership and Intellectual Property rights 
questions. From a legal point of view however, data should not be covered by IP rights, it is not provided by the Law 
first, but also, information should not be close but open (I). Recognizing this, many authors (mostly from US and Europe) 
wrote about the importance of building strong Contracts, code of conducts and provisions anticipating those issues and 
pointing out the owner of data, the liability solution in case of breach of security, data licenses or data sharing and control. 
Unfortunately, those solutions do not take into account the contractual imbalance who exists between parties and especially 
vulnerable communities as smallholders in Aquaculture or more generally consumers. It appears then, that the question 
of ownership is not the most relevant and that instead, the question should focus on the use and access to the data (II): 
effectivity of the consent, fair use, combatting data black market. 

The development of data protection law on personal data is a good news for privacy and security. The principles of limited 
purpose for the use of data, adequacy and relevance, quality, minimization, lawful basis data subject rights, appropriate 
measures against unauthorized or unlawful processing and accidental loss or destruction and the rules on transfer to third 
countries and third parties coming from the European Union and the GDPR are spreading to Asia. 

However, it is only aim personal information thought, and most of the data in Aquaculture is non-personal information. 

Besides, we have to think about ethics consideration when manual and automated data collection implies to collect sensitive 
data who could disrupt communities (data on forest rights, over plotting, child labor).
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The management of shrimp health is a prerequisite for sustainable and profitable farming. Emergence of pathogens, global 
transfers and associated epidemic mortalities have plagued shrimp producers for decades. Controlling highly virulent 
vibrio infections remains an ongoing struggle. Successful management of disease depends upon the concurrent application 
of several strategies. First, the use of pathogen free and disease tolerant seed stocks. Second, maintaining a wholesome 
environment that does not favor disease proliferation. Third, the application of advanced feeds which contribute directly to 
a robust and healthy target crop.

Many of the disease problems facing the industry can be traced to biosecurity lapses in the hatcheries. In many places, 
hatcheries make great investments in disease free broodstock. Unfortunately, the health of the seed stock at the end of the 
production process can often be compromised by pathogens which are introduced and or proliferate during maturation, 
spawning and larval culture. Current hatchery feeding practices are characterized by the use of natural feeds. Polychaetes, 
squid, bivalves, Artemia biomass, and krill are staples of the maturation diet, while live microalgae and artemia nauplii are 
major components of the larval diet.   However, there is increasing evidence that many of these natural feeds contribute to 
subsequent disease problems in hatcheries and farms. Polychaetes are a particularly risky vector for introduction of disease. 
Algae cultures have been implicated in outbreaks of Zoea II syndrome and Artemia nauplii hatching systems are notorious 
as sources of pathogenic Vibrio. 

Advancements in the development of specialty feeds for hatchery applications are the subject of intense research and 
development efforts. While no commercial maturation diet has been developed yet that is capable of replacing 100% of 
the natural maturation feeds with no decline in fecundity, new maturation diets on the market have been demonstrated 
to successfully replace 100% of frozen polychaetes. Replacing the riskiest components of the maturation diet can pay 
dividends in reduced bacterial loading and improved survival of the nauplii in larval rearing. Many hatcheries have 
successfully replaced 100% of Artemia nauplii with commercially formulated replacement diets that match or exceed the 
nutritional composition of Artemia.  Complete and partial replacement has been demonstrated to reduce Vibrio counts in 
the water and in the larvae. New advanced diets contain health additives which improve digestive health and fitness while 
reducing gut pathogen levels for all stages of the maturation, hatchery and nursery cycle. Functional probiotics can play 
an important role in improving health directly in the shrimp and in the culture system.  Introduction and proliferation of 
pathogens in the hatchery causes tremendous economic losses for shrimp farms.  In an increasingly competitive shrimp 
market, the most profitable farms will be those that understand the value of investing in robust high-quality seed stock, 
challenging feed providers and hatchery managers to continual improvement of feeding and husbandry practices.  
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Pacific white shrimp (Penaeus vannamei) are the most important shrimp species in the aquaculture industry and account 
for more than 50% of all farmed crustaceans. Global production of P. vannamei has increased steadily over the years from 
1 million tons in 2003 to over 3.5 million tons in 2014. The need to establish reliable genetic tools to assess parentage, 
relatedness and diversity among cultured populations is of increasing consequence to maintaining diverse, healthy stocks 
of P. vannamei.  We report here on the development and characterization of a single nucleotide polymorphism (SNP) panel 
for P. vannamei.  A panel of 192 SNP markers was established for use in genotyping and was validated in several cultured 
populations of P. vannamei.  The SNP panel, with an average genotyping success rate of >98%, was able to provide 
measures of diversity, inbreeding and population structure within and among stocks.  Use of the SNP panel to assign 
parentage to individuals was excellent, with an overall assignment rate of 99.99%.  This genetic resource will be a valuable 
tool in the management of P. vannamei breeding programs.  
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Harnessing the power of genomics is forcing a rethinking of aquaculture breeding. Successful breeding programs will 
always be built on the careful selection of the next generation of broodstock, detailed record keeping, and accurate, 
consistent collection of phenotypic data.  Genomics allows this base of phenotype and selection to be enhanced, and 
ultimately accelerated to increase genetic gain per generation. From a breeding perspective, the need for biosecurity is 
balanced against bringing in genetics from growout ponds. In many cases, superior animals in growout ponds are not 
allowed to be brought into the breeding nucleus and incorporated into the breeding program due to risk of disease transfer. 
Similarly, selection for other traits such as disease resistance and carcass quality prevent broodstock on which a trait is 
measured from returning and contributing to the breeding nucleus. Thus, the only way to use this information for genetic 
improvement is to rely on family information. This approach is not ideal as the accuracy of selection is limited because 
within family genetic effects are not captured. Mass selection approaches suffer from the same shortcomings in biosecurity, 
lose potential increases in genetic gain to reduced accuracy, and suffer from the risk of inbreeding depression. Genomic 
selection was developed to increase the accuracy of selection, accelerate genetic gain, and consequently increase genetic 
gain per generation while simultaneously allowing for the control of inbreeding on a whole-genome level. It relies on the 
measurement of genomic similarity to predict breeding values, rather than a sib-ship relationship. It is a powerful tool 
for many reasons: 1) it allows for increases in selection accuracy; 2) it allows for selection of breeding candidates from 
different genetic backgrounds that are more likely to perform well; 3) it allows for the control of inbreeding (relatedness) 
in a genome wide fashion; 4) it allows for selection on phenotypes that cannot be measured on the breeding candidates 
without depending solely on family information. This last point can have a great impact on shrimp breeding, as it allows the 
accurate incorporation of genetic data from ponds without increasing biosecurity risks. Application of genomic selection 
is feasible with an economically efficient method for scanning the genome of broodstock and progeny for SNP (single 
nucleotide polymorphism) markers, using either sample volume or genomic imputation to reduce the overall burden of 
genotyping costs without sacrificing accuracy. With recent genotyping innovations in our laboratory, the economic costs for 
incorporating genomic selection to accelerate shrimp breeding programs are no longer barriers to implementation. 
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In the Kaman block, fish farming was an important source of employment and currently 2000 people are involved fish 
farming and related activities. These people mainly those who lost their agriculture land due to a serious waterlogging 
condition arose due to Gurganva canal construction in the region. Looking at the rising demand for fish and people 
willingness to take up aquaculture as source of income the present study was carried out. There was only one value chain 
measured in the block. In the value chain, farmers were selling their produce to the wholesaler/transporter, and then 
he transfers the produce to Delhi NCR and sells to retailer and retailer sale to consumers in Delhi NCR. The historical 
perspective study of fish farming in the Kaman block found that the fish farming is started in 1995. In the period 2010-2015 
fish farming spread very rapidly and the Kaman block had around 200 ponds. The value chain analysis revealed that the 
fish farming was a profitable enterprise in the region realizing high profit with small investment and it was observed that 
fish farmers of Kaman block earning 2.44 lakh per year per hectare. 

ETHNO FISHERIES SCIENCE, THE NEED OF THE HOUR FOR FISHERIES 
DEVELOPMENT AND MANAGEMENT 

Jeevitha, C., N. Neethiselvan, T. Ravikumar, M. Ilayaraja, D. Manikandavelu, V.Senthilkumar and T.Anand

Tamil Nadu Dr.J.Jayalalithaa Fisheries University, Nagapattinam

Indigenous Technical Knowledges (ITKs) in the field of Fisheries science in India requires proper attention. Many ITKs 
have been recorded from different states of the country in fields of Aquaculture, Fishing Technology and Fish Processing. 
This article deals with report of certainITKs being practiced in Aquaculture and Fishing Technology in different regions 
of Tamil Nadu. The article also stresses the need for evolving a new branch of Ethno Fisheries science similar to Ethno 
Veterinary science in order to document and validate ITKs presently available in the field of Fisheries science both within 
the state as well as in different states of the country. 
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Growing fish in an aquarium is a hobby for all age groups. It needs much of time and attention in daily life. Water quality 
is one of the most overlooked aspects in aquarium monitoring. The major water quality parameters are pH, temperature, 
total dissolved oxygen and ammonia. Conventional methods are time consuming and laborious. Hence, electronic interface 
gadget is designed to overlook the conventional methods and to maintain the fish health by automating the water quality 
parameters in the domestic fresh water aquarium. 

The present study was aimed to investigate the performance 
of the developed e-interface gadget in domestic freshwater 
aquarium. There are five smart sensors (temperature, pH, 
dissolved oxygen, ammonia and water leak) set inside the 
aquarium tank.All the sensors are calibrated with the required 
aquarium setup and the sensors are interfaced with Ardino Mega 
microcontroller (Fig. 1).

Software algorithm is designed to the read the values from the 
hardware device such as sensors and display in the serial port 
monitor. It displays temperature, pH, dissolved oxygen, water 
leakage and ammonia level present in the water through the 
LCD Display connected to the Ardino Mega microcontroller. 
The upper and lower threshold limits are set in the algorithm, 
when the values go beyond the limit, the buzzer is set on and 
alerts the fish keepers (Fig. 2 & 3).

The gadget is accurate and monitors the vital parameters of 
fish health in the aquarium. Immediate results are shown in the 
display which helps the fish keepers to save the fish life. 

Most importantly, the health of the fish inside the aquarium is 
maintained and the survival rate of fish could be higher. The 
developed e-interface gadget will save our time, manpower and 
for easily monitoring. 
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Freshwater ornamental fish species are being produced around the world. Presently, the export value of ornamental fish 
production has gained remarkable attention, it increased about 14 percent since 1985 and is anticipated to rise further 
exponentially in the future. The biofloc system is an approach in aquaculture, and has gained significant importance, also 
is widely applied.  The present study was conducted to assess the impact of biofloc system on growth performanc of blue 
morph, Pseudotropheus saulosi for the period of 145 days.

The experimental larvae (9.6 ± 0.2 mm; 39.86 ± 0.78 
mg) were stocked at 1000 individuals in each tank 
(14000 L capacity) with round the clock aeration. They 
fed with a commercial diet (32% protein) at the rate of 
5% body weight in couple of times in a day. Student 
t test was employed to check significance difference 
between the treatment and control. The water 
quality parameters such as temperature, dissolved 
oxygen, alkalinity, hardness, nitrite-N, nitrate-N, and 
ammonia-N were monitored periodically. 

The nitrite concentration was significantly lower in 
biofloc (1.16± 0.47 µg at N/L) as compared to control 
(50.05± 0.86 µg at N/L).And, similar result also 
observed for ammonia. An average body weight was 
significantly (P<0.01) higher in biofloc 7100.14 ± 
79.22 mg than that of the  control 5100 ± 92 mg. And 
similarly, the daily weight gain (mg), wet gain percent, 
and specific growth rate (%/day) were also found 
highest in biofloc over the control with 1% significance 
level. This study concludes that the biofloc had better 
greater growth with optimal water quality than the 
control. 
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The present study aimed to isolate and characterize the Extracellular polymeric substance (EPS) producing bacteria from 
biofloc reared Chitralada strain of Nile Tilapia  in outdoor ponds. Distillery spent wash was used as a carbon source to 
maintain the C:N ratio at 10:1 in the fish culture ponds and screening of bacteria were done fortnightly in 180 days culture. 
Out of 40 bacterial isolates, 7 isolates were found to produce EPS. Based on 16s rRNA sequence analysis the isolates were 
identified as Bacillus subtilis, B. megaterium, B. infantis, B.cereus, Pseudomonas balearica, P.mendocina and P. alcaligenes. 
The highest production of EPS was recorded in B.cereus (1.25g/L).  EPS extracted from Bacillus cereus was reported to 
have higher protein (89µg/ml) and B. subtilis possessed higher carbohydrate (753.75µg/ml). Maximum flocculating ability 
of 40.18% in B. cereus and higher emulsifying activity of 63.53% was observed in B. megaterium. The EPS extracted from 
B.infantis showed lower sludge volume index on its treatment with aquaculture sludge (15.38 ml/g). Absorption band in 
the range of 4000Cm-1 to 450Cm-1 using FTIR analysis confirmed the presence of characteristic functional bands arising 
from polysaccharides, nucleic acids and proteins. The results indicated the presence of EPS producing bacteria in biofloc 
based Nile Tilapia aquaculture systems.
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In the global food industry, fishery products have attracted considerable importance as a source of proteins, Poly Unsaturated 
Fatty Acids (PUFA), vitamins and minerals. Fish is highly perishable commodity and hence suitable processing and 
packaging techniques helps in maintaining the quality of fish. Driven by the needs of consumers regarding high quality 
processed foods with minimal changes in nutritional and sensory properties and with the advent of technology, lot of 
alternative or novel technologies have come into the foray of fish processing and packaging. 

High Pressure Processing is an innovative non-thermal technology that has a great potential for extending the shelf-life with 
minimal or no heat treatment. Pressure Shift Freezing and Pressure Assisted Thawing are getting popular with considerable 
advantages over conventional processing. Pulsed Light Preservation, involving short time high-peak pulses of broad-
spectrum white light, is a non-thermal technology for decontamination of food surfaces and food packages. Similarly, 
Pulsed Electric Field processing with the application of very short electric pulses at different electric field intensities is 
used. Ultrasound processing and Ultrasound thawing using sound waves above frequency of 20MHz are used as tools for 
fish processing. Ohmic heating and Microwave heating are other emerging technologies with large number of applications. 

Active packaging involving various active components such as antimicrobials, antioxidants, O2 scavengers, CO2 emitters/
absorbers, moisture regulators, flavor releasers have been included in the package system for augmenting the packaging 
performance. Currently, the use of edible biomaterials, plant derived extracts and nanomaterials are popularized to 
substitute synthetic additives due to their packaging and waste management notions. Intelligent or Smart packaging is an 
area which is emerging at a very rapid pace with the development of novel indicators like time-temperature indicators, 
leakage indicator, freshness indicator, gas indicators; automatic identification devices like barcodes, RFID systems; and 
sensors like biosensors, gas sensors.
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Shrimps of the genus Penaeus is the most traded, high valued seafood commodity, and it is the focus of the fastest growing 
shrimp aquaculture. About90% of the global farmed shrimp production is dominated by two major species of penaeid 
shrimps: Penaeus vannamei and P. monodon.  These two species of shrimp belongs to two different groups, characterized 
by different reproductive features that utilize this morphology.  This grouping is based on the difference in the anatomical 
details of the thelycum, situated at the posterior thoracic somites X11 to X1V of the female, which is used for the sperm 
deposition through mating and their storage. The objective of this presentation is to evaluate the potential and challenges 
of the variability in the structure of the thelycum (closed vs open) in two species of genus Penaeus: Penaeus vannamei 
and P.  indicus. Among the twenty eight species of genus Penaeus, only six species have open thelycum that inhabits in the 
coastal waters of Atlantic and Pacific oceans, and remaining all species possess closed thelycum. In open thelycum species 
males mate with females having fully reproductively matured ovary and spermatophores are stored for a short duration 
of 12-24 h, where moulting is not a prerequisite. In the closed thelycum species males mate with recently molted females 
having undeveloped ovaries, and spermatophores are stored in the thelycum for a considerable long period until ovaries are 
matured and spawned, here moulting is a pre-requisite. These differences in the reproductive behaviour of open thelycum 
species is advantageous in captive reproduction as oocytes get opportunity to fertilize with fresh spermatozoa. Conversely 
in the closed thelycum species oocytes should get matured after mating, and spermatophores are in the stored condition 
for a considerable long time in the female genitalia. Thus, the quality of spermatophores would decline over the time, and 
number of available spermatozoa for fertilization of subsequent spawning, naturally gets reduced. This inherent biological 
disadvantage, is a challenge in the captive breeding of tiger shrimp, and this is reflected in the poor success rate in the 
domestication of this closed thelycum shrimp. At the same time, open thelycum nature of the American shrimp and related 
reproductive advantages possibly helped in the selective breeding and successful stock improvement of vannamei This 
basic difference in the reproductive biology acts as an inter-specific breeding lock when open thelycum species are escaped 
from an aquafarm during   extreme weather conditions such as flooding.  Here the potential of hybridization among closed 
thelycum species is considerably low. However, in vitro fertilization experiments carried out in our laboratory indicate that 
sperms of open thelycum species are capable of fertilizing the oocyte of closed thelycum species, and successful fertilization 
was achieved between these two groups. It indicates a possibility of cross hybridization between   the phylogenetically  
species of shrimp such as open thelycum vannamei and closed thelycum white shrimp such as Indian white shrimp (Penaeus 
indicus). If proven successful, this  would open up a new paradigm in the interspecies shrimp breeding.  
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High metabolic activity, increased environmental stress and infectious challenges are few conditions known to increase the 
intracellular production of reactive oxygen species (ROS) hence the need for higher antioxidant defense to protect cellular 
and animal integrity. Accordingly, the beneficial effects of in-feed antioxidants to sustain animal health and performance 
start to be recognized across the livestock industry. There is less notoriety about the potential link between (dietary) 
carbohydrates metabolism and the antioxidant system, particularly as a mechanism by which probiotics can positively 
influence the animal’s oxidative status. 

A controlled feed-intake trial documented the positive influence of the well know probiotic P. acidilactici MA18/5M 
on the growth, carbohydrate digestibility, glycemia and antioxidant status of peneid shrimp (Fig). The positive effect 
of probiotic on the shrimp antioxidant status was further confirmed under semi-commercial conditions as well as when 
exposed to a controlled vibriosis challenge where enhanced survival was also documented. As supported by knowledge in 
other species, it is hypothesized that enhanced carbohydrate utilization as a result of P. acidilactici would decrease cellular 
oxidative stress level via the direct ability of glucose to scavenge OH-radicals or by fueling the pentose-phosphate pathway 
generating NADPH. NADPH is indeed key player against oxidative stress and free radicals propagation in particular. 

Together, this shades light on a scarcely explored mechanisms by which the probiotic P. acidilactici MA18/5M can enhance 
shrimp health status and growth via its nutritional benefits. 
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Fish feeds are source of nutrients for growth, reproduction and energy for fishes reared in aquaculture systems. They form 
the major component for running a fish farm. Fishes require variable quantity of nutrients in feeds at their larval, broodstock 
and grow out stages. To meet the demands, various conventional and non-conventional feeds are fed to these fishes. Proper 
utilization of feeds and feed management practices are essential for profitable fish farming. Different varieties of feeds are 
available in market and farmers select and use these feeds according to their understanding. The study presents various fish 
feeds and on-farm feed management practices in ornamental fish farms in Kerala.

Kerala state in India has approximately 700 ornamental fish production units. For sampling purpose, the state is divided 
into three zones ie; North, Central and South zone based on geographical position of districts. From the 3 zones, 75 
ornamental fish farmers in Kerala were selected as respondents. A minimum 20 farmers were randomly selected from each 
zone. Sample is determined by multistage random sampling wherein structured questionnaire is used as a tool to collect 
information on fish feeds, price, feeding method, feed quantity and feed storage used in the farms. 

The farms surveyed used 60 varieties of feeds for the production of ornamental fish. Among these, 45% are commercial dry 
feed, 28.33% are live feed, 11.67% are home made frozen mix, 10% are fresh frozen, 3.33% freeze dried feed and 1.67% 
homemade dry feed. 73.3% of the farmers used Artemia nauplii, 36% use Godrej White diamond, 36% Lucky star E-larval, 
33% Tetra bits as feeds. 69.3% fish farms use 3-6 varieties of feeds. The price range of feeds used in the farms show wide 
variation. The cheapest feed used in fish rearing is the KS Cattle feed (dry feed) with 21 INR and expensive feed is freeze 
dried blood worm with 16909.66 ±10758.76 INR per kilogram. 

On an average 45 kg feed per year is used for rearing fishes in each farm. The feed cost incurred in each farm is Rs. 5687 
±8651.23. The schedule for feeding is found to be once, twice or thrice a day. 53.3% of the farmers carry out feeding twice 
a day. Of the total farmers, 70.7% complete the first schedule at 6 am to 9 am and 48% of the farmers who feed twice and 
thrice daily complete the second schedule at 3 pm to 6 pm. In 72% farms, the feeding rate is adjusted based on the farmers 
experience and expertise. For storage of feed the farmers (64%) use fridge and air tight containers. Only 5.3% of farmers 
are aware about the ingredients and nutrient proportion in the feed. This exploratory study gives an insight to the feeding 
in ornamental fish farms in Kerala which can help the upcoming farmers as well as the ornamental fish production sector in 
future.  The study will also enable the aqua feed companies to plan production, create product awareness and market their 
products efficiently.
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Freshwater macrophytes, including duckweeds are a rich source of amino acids and fatty acids and have been considered 
as potential ingredients in fish feeds. The aim of the present study was to evaluate the effect of greater duckweed Spirodela 
plolyrhiza in feeds for rohu Labeo rohita. Four test diets (30% protein) containing 5 (diet 1, D1), 10 (diet 2, D2), 15 (diet 
3, D3) and 20% (diet 4, D4) duckweed and a control diet without duckweed (diet 5, D5) were prepared using a Twin-Screw 
Extruder. There was no significant difference in protein, lipids and ash contents among the diets, but free amino acids 
and fatty acids levels were lower in the control diet compared to the test diets. Rohu (1.73 ± 0.22 g) were fed ad libitum 
for 60 days. The final average weight and specific growth rate were significantly higher (P < 0.05) and feed conversion 
ratio was lower in rohu fed diets D1, D2 and D3 compared to the fish fed the other diets. Protein and lipid contents were 
significantly lower (P < 0.05) in rohu fed the control diet compared to fish fed the test diets. Essential, non-essential and 
free amino acids levels were also significantly lower (P < 0.05) in the control group compared to the other groups. Omega-3 
polyunsaturated fatty acid contents were significantly higher (P < 0.05) in rohu fed all test diets compared to fish fed the 
control diet. Highest and lowest lipase activities were found in rohu fed diets D1 and D4, respectively. Expression levels of 
delta-6-desaturase (fads2d6), fatty acid synthase (fas) and elongation of very long chain fatty acid 5 (elovl5) were highest 
in rohu fed diet D1. 
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A 60 days feeding trial was conducted to study the effect of detoxified Jatropha kernel meal on nutrient utilization, growth 
performance and physio-metabolic response of Clarias magur fingerlings. Four iso-nitrogenous diets were prepared with 
different inclusion levels of detoxified Jatropha kernel meal (DJKM) i.e., Control (0%), T1 (10%), T2 (20%) and T3 (30%). 
240 numbers of C. magur (magur) fingerlings were randomly distributed in four different experimental groups with three 
replicates. Each replicate contains 20 fishes with an average weight of 5.0 ± 0.5 g and fed till satiation, daily twice for 60 
days. 

Significant difference (P<0.05) was observed in weight gain %, specific growth rate (SGR), feed conversion ratio (FCR), 
feed efficiency ratio (FER) and protein efficiency ratio (PER). Among the experimental treatments 10% DJKM fed group 
(T1) showed higher weight gain %, SGR, FER and PER with the values of 107.51 ± 3.02, 1.21 ± 0.02, 0.41 ± 0.02 and 0.43 
± 0.02 respectively and lower values were observed in T2 and T3 fed groups. 

Similarly, digestive enzymes such as Amylase, Protease, and Lipase activity were also significantly higher in the fishes 
reared in Control and T1 fed groups. Study of metabolic enzyme revealed that metabolic enzyme activity (AST, ALT & 
ALP) decreases with the gradual increase in the inclusion level of DJKM whereas, SOD and Catalase were showing higher 
activity with the increased inclusion level of detoxified Jatropha kernel meal in the diet. Hence, it is found that inclusion of 
DJKM upto 10% in the diet of C. magur fingerlings showed better nutrient utilization and growth performance. 
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The isolation of solvent extract of V. cyprinoides characterized three previously undisclosed specialized abeo-pregnane-
type sterol derivative 19 (105) abeo-20-methyl-pregn-10-en-3β-yl-hex-(3E)-enoate (1) along with two cholestenols 
(22E),(241E)-241,242-dihomocholesta-5,22,241-trien-3β-ol (2) and (22E)-241-homocholesta-5,22-dien-(3β,241β)-diol 
(3). The in vitro anti-inflammatory (anti-cyclooxygenase-2) activities of 1 were considerably higher (IC50 < 1.10 mg/
mL) than 2-3 (IC50 > 1.10 mg/mL). Structure-activity relationship studies demonstrated that bioactive potentials of the 
titled compounds were linearly related to their electronic factors along with optimum hydrophobic factors. In addition, 
the molecular docking calculations of sterol analogues, 1-3 were performed against pro-inflammatory COX-2, and their 
RMSD results were evaluated. In silico docking analyses of candidate compounds with COX-2 receptor suggested that 
the docked ligands were potentially bound to the target site. The compound 1 recorded lowest binding energy of -8.53 
kcal/mol followed by the compounds, 2 and 3 (-7.78 to -7.89 kcal/mol). Similarly, compound 1 registered lowest docking 
score of -9.71 kcal/mol followed by 2 and 3 (-8.79 to -9.04 kcal/mol). The enzyme inhibition constants, Ki was found to 
be lesser for compound 1 (0.55 μM) followed by those of 2 (1.63 μM) and 3 (1.97 μM). Also, torsional free energies and 
intermolecular energies were found to be lesser for 1 (1.19 and -9.73 kcal/mol, respectively) followed by those recorded 
with 2 (0.89 and -8.79 kcal/mol, respectively) and 3 (1.19 and -8.98 kcal/mol, respectively). The lower docking parameters 
(inhibition constant, binding energy and docking score) recorded for 1 was appeared to be coherent with its potent in vitro 
anti-COX-2 assay (IC50 1.05 mg/mL).
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Present study reveals that a total of 42 species under 12 genera of family Penaeidae Rafinesque – Schmaltz, 1815 have been 
recorded from Andhra Pradesh coast. Majority of the previous works on the group for the study area were scattered and 
fragmentary once. Therefore, present work is an attempt to prepare a comprehensive study of Penaeid prawns of Andhra 
Pradesh coastal region. All the genera of the family Penaeidae were represented with diagram of a representative species as 
lateral view of a whole specimen, ventral view of female thelycum and male petasma for easy diagnosis and recognition. 
Fishery potentiality of the commercially important species is the added character of the present study.
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The taxa of vermiculated sailfin catfish Pterygoplichthys disjunctivus (Weber, 1991) falls under Animalia > Chordata > 
Actinopterygii (ray-finned fishes) > Siluriformes (Catfish) > Loricariidae (Armored catfishes) > Hypostominae; Found 
native to tropical America, Amazon and Madeira River basin. Various indices were calculated and presented in Table 1.

A total of 35 fishes were collected (Fig.1&2) and calculated (Graph 1) well being of the fish was found to be 0.8592 (0.7763 
to 0.9517).  This confirms the occurrence and abundance of the Non native, invasive species established in lotic and lentic 
systems and also spreads along the water bodies causing environmental, ecological and economical damage.
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SIZE DISTRIBUTION OF THE ASIAN SEABASS, Lates calcarifer FINGERLINGS REARED 
IN INDOOR SYSTEM BY FEEDING ON ARTIFICIAL PELLETS
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Asian Seabass, Lates calcarifer is an economically important marine finfish reared in India. The species is a protandrous 
hermaphrodite and is known for its differential growth rate. Because of this inherent problem, uniform sizes of Seabass 
fingerlings are obtained only after careful grading of a sizeable population. Therefore, a farmer has to start with 
proportionately high numbers of fry in nursery rearing so that he ends up with the required numbers of fingerlings for 
stocking. Often the yield is a mixture of different size groups. 

An experiment was conducted at the Marine Finfish Hatchery of Mandapam Centre for Sustainable Aquaculture to find out 
the size distribution of Asian Seabass in nursery rearing. Three thousand Seabass fry ranging in size from 3.1 – 2.1 cm with 
an average size of 2.58 ± 0.276 cm(n=20) were reared in FRP tanks of 2000 L capacity at a stocking density of  3 fry/2 L 
of seawater. The fry were reared from 18.09.2017 to 28.12.2017 for a period of 102 days. During the rearing period, the 
water quality parameters like Salinity, Temperature and pH were recorded daily and Dissolved Oxygen done on a weekly 
basis. Salinity ranged from 32.1 – 34.3 ‰; temperature from 27.1 – 30.7⁰C; pH from 7.5 – 7.6 and Dissolved oxygen from 
4.4 to 8.3 mg/L.

They were fed on commercial feed of sizes 500 µ (Crude protein – 48.94 %), 1000 µ (Crude protein – 41.96 %) and 1500 
µ(Crude protein – 48.49 %). Uneaten feed and wastes were removed daily by gentle brushing and siphoning through the 
bottom of the tank. Hundred percentage of seawater was exchanged daily. Manual grading of the Seabass fry was done once 
in a fortnight so as to avoid cannibalism. At the end of the rearing period, 641 seabass fingerlings survived with the size 
groups starting from 7.0-7.5 cm till 13.1 – 13.5 cm with a class interval of 5 cm. The modal class of the size distribution of 
Asian Seabass was found to be in the range of 10.1 to 10.5 cm contributing 18.8 %. The other highest class intervals were 
found to be in the range of 8.6 – 9.0 cm (12.6 %), 9.1 – 9.5 cm (15.2 %) and 9.6 – 10.0 cm (15.13 %). The population of 
the seabass was normally distributed. The results obtained in this experiment would be useful to interpret the probable size 
ranges that may be obtained in nursery rearing of Seabass.
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COMPOSTING- AN ECOFRIENDLY TOOL FOR DISPOSAL OF FISH WASTE
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Fish waste has traditionally been used as a fertilizer in coastal areas as it is rich in nutrients particularly nitrogen and 
phosphorous. Composting is a natural aerobic biochemical process in which thermophilic microorganisms transform organic 
materials into a stable, soil-like product. In the present study, efficiency of 2 microbial strains isolated from a composting 
pile, in enchancing the composting process was studied. Two sets of fish waste composting trails were conducted using 
sawdust (C1) and sugarcane bagasse (C2) as bulking material along with a microbial consortium of 50% B. cereus, and 
50% Pseudomonas sp. The C1 of fish waste sawdust composting was completed on 40th day and C2 fish waste sugarcane 
bagasse composting was completed on 50th day. The completion of composting process was studied by analysis the C:N 
ratio, which should range between 16:1 to 18:1. This study clearly suggests that the duration of fish composting in both 
composting process utilizing a microbial consortia of B cereus and Pseudomonas can significantly from the normal 60 days 
to 40 - 50 days. The study confirms the need for developing microbial consortia based on the bulking material for further 
enhancing the composting process. 
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TILAPIA IN MODULAR FLOATING CAGES AT KOLAVAI LAKE, CHENGALPATTU, 
TAMIL NADU

C. Manavalan and N.Felix 

Directorate of Incubation and Vocational Training in Aquaculture
Muttukadu, Chennai- 603 112
 manavalansumathi@gmail.com

 

Cage culture is gradually adopted by the farmers to utilize the resource of the reservoirs and perennial water bodies all over 
the World. Nursery rearing of fish seeds is an important phase to enhance survival and prevent mortality. Therefore nursery 
rearing in cages is a much needed field oriented study to achieve good production and profitability.

This study was conducted in Modular HDPE floating cages of 40 m3 (4mx4mx2.5m) in Kolavai Lake (Perennial Water 
body) located in Chengalpattu, 60 km away from Chennai. The GIFT Tilapia seeds were stocked in ten nursery cages each 
with the stocking density of 250 nos/m3. Fish seeds were fed with a commercial floating pellet feed (30% crude protein, 3% 
fat and 7% fiber) at 8% of their body weight. 

The water quality parameters were recorded during the nursery rearing period (Table 1). The GIFT Tilapia seeds with the 
initial weight of 0.19± 0.02g was stocked in the cages. In 30 days period of nursery rearing, the final weight obtained was 
at 10.99 ± 0.53g. The growth related parameters of GIFT Tilapia seeds was recorded in this study (Table 2). This study 
revealed that GIFT Tilapia could be reared in cages in perennial lake successfully particularly during the period from 
February to March when the water quality is good after rainy season
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EFFECTS OF ADDITION OF PENGBA Osteobrama belangeri AT DIFFERENT DENSITIES 
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A three month grow-out trail in outdoor cement tanks (5m x 4m x 1m) were conducted to evaluate impact of incorporating 
pengba (Osteobrama belangeri,15.2 ± 0.52 g) at different stocking densities into pabda (Ompok bimaculatus) grow out 
system (2.74 ± 0.13 g; stocking density 3 m-2) on their individual growth performances, net fish yield and feed utilization. 
Monoculture of pabda served as control (T1) and while five (5) stocking densities of pengba were employed viz. 0.2 m-2 

(T2), 0.4 m-2(T3), 0.6 m-2(T4), 0.8 m-2(T5), 1.0 m-2 (T6) in polyculture with pabda. Two diets of 35% protein diet (equivalent 
to 2-5% pabda biomass; application time: 5-6 p.m.) and 25% protein diet (equivalent to 4-1% pengba biomass; application 
time: 10 a.m.) were employed. No significant differences (p>0.05) in final individual mean weight and biomass of pabda, 
except between T6 (12.4 g & 744.2 g) and T3 (16.1 g & 967.4 g) were evident. Further, T1 and T3 exhibited significantly 
high specific growth rate (SGR) and daily growth index (DGI) of pabda in comparison to rest other treatments. On other 
hand, no significant differences in final mean weight, DGI and SGR of pengba were evident among T2-T6. Notably, final 
combined fish biomass (pengba+pabda) were significantly high (p<0.05) for T3-T6 in comparison to those for T1 and T2. 
Increase in final combined fish biomass for T6 was ca. 2-fold (200%) while that for T5 was 1.8 –fold (180%) over that of 
T1. Further, significantly improved overall feed utilization as reflected by low (p<0.05) apparent protein efficiency ratio 
and high apparent protein efficiency ratio was evident for T1 in comparison to T2, T5 & T6. Results indicated that adoption 
of polyculture of pengba with pabda has potential of significantly increasing the net fish yield over monoculture of pabda. 
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SNP MARKERS ASSOCIATED WITH GROWTH TRAITS IN Clarias magur (HAMILTON, 
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Clarias magur is a popular indigenous catfish species due to its taste and nutritional qualities. It can be cultured in limited 
space and can tolerate poor water quality due to its air breathing nature. Its growth is however much slower than the African 
catfish C. gariepinus that is now contaminating Indian waters. Genetic improvement for faster growth can improve the 
aquaculture prospects of this species. Single nucleotide polymorphisms (SNPs) explain 90% of the genetic differences 
between individuals and are most suitable for genetic evaluation and marker assisted selection. In an ongoing genetic 
selection programme for improved body weight at ICAR-CIFE, three stocks of magur from Andhra Pradesh, Assam and 
West Bengal were used to develop the base population by complete diallel crossing using single paired mating design. 
Five high and five low growth performing brooder pairs were selected with average body weights of 330 g and 240 g, 
respectively, and bred to produce the F1 generation. Tissues (liver, kidney, muscle, and brain) were collected from the 
selected parents and 10 specimens of their offspring. Equal quantity of each tissue from each specimen was pooled and 
total RNA was isolated for cDNA library preparation. Finally, cDNAs of each family were pooled in equimolar quantities 
and barcoded separately. The ten barcoded paired-end cDNA libraries were sequenced on Illumina MiSeq platform.  A total 
of 9 GB transcriptome data with 78.96 million high-quality reads was obtained. De Novo transcriptome assembly resulted 
in 52,237 contigs with an average length of 917 bp and N50 length of 1330 bp. Total 36642 contigs could be annotated 
to the known sequence databases with significant BLAST scores using Blast2GO software. The reads of each family 
were mapped to the assembled reference contigs for calling SNPs. A total of 25,231 different heterozygous SNPs could 
be identified using stringent parameters with minimum coverage greater than 10 and base quality score greater than 30. 
The estimated mean Ts : Tv ratio was 1.34:1. Total 10,125 SNPs were found to be unique to the high growth performing 
families. Of these, 52 SNPs present in 52 growth related genes were selected for genotyping using high resolution melting 
curve analysis (HRM) method to determine their association with growth performance of magur. Changes in amino acid 
classes and peptide stability were recorded for 13 non-synonymous SNPs while changes in codon preference were noted 
for 19 synonymous ones. Rest 20 SNPs are present in the UTR region of the genes, of which 5 SNPs are found to affect the 
transcription factor binding sites. Once validated, the growth associated SNPs will be useful in genetic selection.
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FLEXIBILITY IN FISHERIES EDUCATION FOR UNLOCKING GLOBAL OPPORTUNITIES
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Fisheries and aquaculture activities are highly diverse across the globe in terms of species of interest, operational practices, 
marketing strategies and allied areas like consumer preferences and consumption patterns. Needless to say that this 
diversity presents innumerable possibilities of diving into the global knowledge pool for ideas that can be adapted to 
address local challenges and improve practices with an eye on sustainability and climate change mitigation, even as we 
focus on nutritional security of humans and livestock. Fortunately for the educationists and learners of the present era, 
access to internet connectivity has created a new paradigm that surpasses boundaries. Educational institutions are exploring 
new ways of engaging students in the current scenario that unifies the academic arena, making it easier than ever before to 
recreate, innovate and learn from each other mistakes. Even though immense information is now available on the click of 
a button, educationalists have realized that this does not simply translate into learning for the students and a curriculum is 
necessary to build professional skills, research abilities and problem solving attitude. Different countries in the Asia-Pacific 
region and elsewhere have devised curricula based on manpower requirements of their fisheries sector, unique social set-
ups and fish consumption preferences and patterns. It is obvious that curricula must incorporate enough flexibility to allow 
students to choose from a number of different job roles available in the sector within the country and abroad.  Here it would 
be appropriate to reiterate a recommendation from ISAFE3 organised by Asian Fisheries Society at CIFE, Mumbai in 
May 2018 that stated, ‘Ensure uniformity with enough flexibility of course curricula and minimum standards in fisheries 
higher education across India via regulatory bodies’. Incorporation of global elements into national fisheries curricula can 
inject some flexibility into rigid mind-sets and will also open the door to view job opportunities in a global perspective. 
While it is alright to promote education that caters to national manpower needs (in terms of both job and entrepreneurial 
opportunities), it is equally important to keep a global approach that maintains the cutting edge within the grasp of the 
next generation professionals and planners. The talk shall discuss various strategies that can be applied to achieve fisheries 
education with a global outlook. 
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In India, the silver pompano (Trachinotus blochii) is considered as high value marine finfish because of fast growth rate, 
good meat quality and high market demand. This species is caught only sporadically in commercial fishing and hence its 
availability is rather scarce. Hence, the demand can only be met through aquaculture. The aquaculture of pompano has been 
successfully established in many Asia-Pacific countries under ponds, tanks and floating sea cages. But, in the present study, 
the experiment was conducted to assess the growth performance under race way systems.

A 6 weeks rearing trail was conducted in a raceway 
system (Length 1.5 m / Breadth 1.5 m / Height 0.80 m) 
with silver pompano seeds (MBW of 1 g), which were 
procured from Poliyur hatchery (RGCA), South India. 
The experiment was conducted in Mariculture Research 
Farm Facility at Tharuvaikulam, Thoothukudi District,     
Tamil Nadu, South India. The raceway tank was provided 
with proper aeration facility. A total of 500 seeds were 
stocked and fed with commercial CP crumble shrimp feed 
(protein content of 35 %) & fed @ 30 % of the total body 
weight, thrice a day. Sampling was done once in 15 days. 
Water quality analysis was also done. After a rearing of 6 
weeks, the bio-growth parameters were calculated. 

The calculated survival rate, mean weight gain, FCR & 
FCE is given in Table 1. The mean weight gain (g) of 
silver pompano in race way rearing recorded was 20.30 
g in 42 days. The correlation between mean body weight 
gains of T. blochii with days of rearing under race way 
is given in Table 2 & showed highly significant positive 
correlation (p < 0.01) with days of rearing. 

From this study, under race way system, silver pompano 
exhibited an average daily growth of 0.48 g in 42 days 
of culture.   
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The present study aim is to compare the survival and growth of E. coioides larvae fed with calanoid copepod Acartia 
southwelli nauplii  and enriched rotifers  Brachionus plicatilis solely and in combination (numbers per mL) respectively. 
The experiment was conducted in early larvae of 2nd to 9th day of post hatch (dph). Monospecies of adult calanoid copepod 
A.southwelli (TI  - 0.2 numbers/ml), A.southwelli nauplii 2 nos (TII) & 4 nos per ml (TIII) and Rotifer, Brachionus plicatilis 
6 numbers/ ml (TIV) & 10 nos per ml (TV) and in combination of , A.southwelli nauplii and B. plicatilis (2 & 6 nos mL 
(TVI) and 4 &10 nos/ml (TVII)) in triplicates. Fatty acid composition of A. southwelli nauplii, microalgae enriched rotifer 
B. plicatilis and as reference livefeed, newly hatched Artemia nauplii were analyzed. The result shows, mean value of 
EPA in A.southwelli was (2.1 ± 0.1) which favours a high DHA: EPA ratio and there was a significant difference (P<0.05) 
between the estimated value of EPA between A.southwelli and the other two live feeds. DHA in A.southwelli shows mean 
value of higher (20.3 ± 0.7) than that of Artemia nauplii (0.2 ± 0.1) and B. plicatilis (3.1 ± 0.3). The total amount of SAFA 
was (40.1 ± 2.7) in A.southwelli and Artemia nauplii & B.plicatilis were (44.5± 4.2) (46.6± 3.6). Similarly, the number 
of monounsaturated fatty acids detected in A.southwelli was (19.2± 1.2) was much greater than B.plicatilis (17.2± 1.1). 
The total amount of PUFA in B.plicatilis (29.1± 2.3) was higher than A.southwelli (10.2± 0.8). The total amount of HUFA 
was found to be significantly greater (P<0.05) in the copepod A.southwelli (21.4± 0.2) than Artemia nauplii (7.2± 1.3) 
and B.plicatilis (7.1± 2.4). The mean survival rate of TVII and TVI (11.83±0.21 & 9.17± 0.15) was higher than all other 
treatments and shows significant (P<0.05) in early larval survival percentage. Further, the result indicates that early grouper 
larvae on 9dph has better growth TL (4.48±0.20 mm) in TVII and there was no significance difference (P>0.05) in all other 
treaments except in T-I. In conclusion, A.southwelli nauplii (N-I) as initial livefeed is rich in EPA/DHA ratio which has 
much influence on survival rate and shows better growth of E. coioides larvae. The calanoid copepod A.southwelli nauplii 
(N1) in combination with appropriate size rotifers (<100µ) could improve the orange spotted grouper larval production. 
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MANAGEMENT AND PRODUCTION OF GOOD QUALITY Litopeanus Vannamei  SEEDS
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This speech provides some technical guideline on management and production the health and good quality of white leg 
shrimp (Litopeanus vannamei) postlarvae. Production in hatcheries through improved facility design and well system 
maintenance, water treatment and water quality management, broodstock maturation, indoor algae culture system, larval 
rearing and nursery, biosecurity and health management of hatchery. This speech also provides some information hint 
on how to standardized hatchery operating procedures and quality control interventions can be applied during hatchery 
production of P. vannamei postlarvae.  Expected to facilitate the efforts of hatchery operators to produce good quality, 
disease-free, healthy P. vannamei postlarvae, thus improving overall production and the sustainability of white shrimp 
aquaculture.
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An experiment was carried out to compare the effects of fertilizer application alone, concentrate feeding alone and a 
combination of fertilization and feeding on water quality parameters and growth performance and yield of Nile tilapia 
(Oreochromis niloticus). The treatments were weekly fertilization with urea and Di-Ammonium Phosphate (DAP) at a 
rate of 3 g/m2 and 2 g/m2, respectively, concentrate feeding at 5% of fish body weight and weekly fertilization with urea 
and DAP plus concentrate feeding at 2.5% of fish body weight. The concentrate diet contained 30% crude protein. Three 
fingerlings per m2 of sex-reversed Nile tilapia were stocked in the tanks. Water pH, dissolved oxygen (DO), conductivity, 
total dissolved solids (TDS), salinity, temperature, phosphorus and ammonia were measured weekly. Fish body weight was 
measured fortnightly. The experiment took 166 days. Results indicated that treatment had significant effect ( p ≤ 0.001) on 
DO, conductivity, TDS, nitrate and phosphorus but not on pH, salinity, temperature, ammonia and alkalinity. Fish cultured 
under the combination of feeding and fertilization had higher (p ≤ 0.0001) weight gain (257.37 ± 5.71 g), growth rate (1.50 
± 0.04 g/day), yield (13,128.35 kg/ha/year) and lower feed conversion ratio (FCR) (1.89 ± 0.03) than those reared under  
feeding alone (weight gain = 214.11 ± 5.90 g, growth rate = 1.25 ± 0.03 g/day, yield = 10,688.06 kg/ha/year and FCR = 
3.35 ± 0.09) and fertilization alone.  Rearing of fish under the combination of feeding and fertilization resulted into higher 
(p ≤ 0.0001) profit (TZS 51,692,3527) compared to culturing under feeding alone (TZS 14,422,208) and fertilization alone 
(TZS - 7,057975). It is concluded that the combination of weekly fertilization and daily concentrate feeding at 2.5% of fish 
body weight promotes higher growth rate and results into higher profit than either weekly fertilization alone or feeding 
alone daily at 5% of fish body weight.
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A 49 day indoor trail with three treatments viz., biofloc (T1), substrate integrated biofloc (T2), substrate (T3) systems and 
one control (with no biofloc and substrate) in quadruplicate was conducted to evaluate the microbial composition of rearing 
water, growth performance and immune response of Penaeus vannamei juveniles (4.56 ± 0.13 g) at 10 nos. in 70 L capacity 
HDPE tanks filled with diluted sea water to 10 g L-1 salinity. Wheat flour was used as carbon source in T1 and T2 at 15:1 
C/N ratio. Significantly reduced (P <0.05) total ammonia–N, nitrite and nitrate were observed in treatment tanks than 
control. The highest total heterotrophic bacteria, Bacillus, Lactobacillus and Vibrio counts were recorded in T2 followed by 
T1, T3 and lowest in control. Among the experimental groups, T2 recorded with significantly higher (P <0.05) net weight 
gain (10.38 ± 0.14 g) and lowest food conversion ratio (1.27 ± 0.12) than T1, T3 and control. Survival was significantly 
lower in control (62.5 ± 0.81%) than treatments. Substrate integrated biofloc  (T2) significantly increased (P <0.05) the total 
haemocyte count (47.24 ± 4.49 x106  cells ml-1), serum protein (82.67 ± 0.01 mg/ml), Phenoloxidase (0.73 ± 0.03, OD 490 
nm) and Lysozyme activity (56.32 ± 0.03%) in shrimp compared to T1, T3 and lowest in control. The study revealed that 
biofloc, substrate and their combination systems have performed significantly better in terms of water quality, beneficial 
bacterial loads in water, growth and immune response in P. vannamei than the clear water system. Further, it could be 
concluded that substrate integrated biofloc system resulted in higher production of shrimp. 
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BESIDES PIGMENTATION, THE NUTRACEUTICAL ROLES OF CAROTENOIDS IN 
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Dr. Yew-Hu Chien
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Some dietary carotenoids, of which astaxanthin is their terminal carotene for storage, have been effectively used in 
enhancing the external colors of crustacean to give a healthy and natural image of the cultured animal for high market 
price. Such high positive correlation between dietary carotenoids concentration and body carotenoids content has been well 
established. Efficacy in terms of cost and time remains the key concern for pigmentation study. Beyond that ‘cosmetic’ 
role, other important biological roles of carotenoids in cultured shrimp and prawn have brought keen interests in the recent 
decades especially when high mortality and stunt growth are encountered during culture processes. Dietary astaxanthin 
supplement has demonstrated survival improvement in the benthic penaeids such as kuruma shrimp and tiger shrimp. It 
was first postulated that body astaxanthin may serve as an intracellular oxygen reserve, allowing the shrimp to survive 
under the hypoxic conditions in pond bottom. Further studies showed that the increase of body astaxanthin content in 
shrimp through dietary supplementation enhanced its antioxidant capacity and stability in metabolic response and immune 
response, concomitantly, its resistance to hypoxia, thermal and osmotic stress, ammonia toxicity, and pathogenic vibrio 
challenge. In shrimp, dietary carotenoids increase its body carotenoids content and antioxidant capacity which in turn 
equips itself with the resistance against those physical, chemical and pathological stresses. Since such protection effect 
becomes pronounced especially when stress is encountered, carotenoids have played well their nutraceutical (nutritional 
+ pharmaceutical) roles.
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Columnaris disease, caused by Flavobacterium columnare, is one of the serious bacterial diseases responsible for large 
scale mortalities in numerous freshwater fishes globally. This disease mainly affects the gills and skin and can cause 
mortality up to 100% within 24 hrs, leading to severe economic losses in the aquaculture industry.  Despite the huge impact 
of this disease, very little is known about the host-pathogen interaction, particularly the expression of various immune 
genes against F. columnare infection. In order to study the expression of immune-regulatory genes in susceptible Indian 
major carp Catla catla, the fish were experimentally infected with F. columnare by immersion method. The infected fish 
exhibited typical signs of columnaris disease including lethargy, respiratory distress, swimming near the water surface and 
increased opercular movements. Histopathological examination of gills revealed the presence of bacterial clumps in gills, 
fusion of secondary filaments and sloughing of epithelial cells along with disruption of gill architecture by 24-48 h. The 
expression of selected immune genes, namely IL-1β, iNOS; IL-10; TGF-β; MHC-I and MHC-II was studied in gills at 
different time intervals following infection with F. columnare. In the gills tissue, IL-1β, iNOS and MHC-II genes showed 
significantly higher expression (p < 0.05) in infected catla at initial stages of infection. In addition, expression of IL-10 gene 
was significantly up-regulated (p < 0.05) at 6 hours post-infection (hpi) while the expression of TGF-β gene did not show 
any significant change (p > 0.05) throughout the experiment i.e. up to 96 hours post-infection. The expression of MHC-I 
gene was significantly up-regulated from 12 hpi onwards. The results indicate that immune genes of C. catla are modulated 
following infection with F. columnare. The knowledge generated from this study will help in understanding host-pathogen 
interaction in columnaris disease.
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THE TREND OF HEALTH MANAGEMENT PRACTICES FOR SUSTAINABLE SHRIMP 
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GOAL 2017 reported the shrimp farming industry’s top three challenges around the world to be: (i) diseases, (ii) access 
to the good quality seed and (iii) SPF broodstock. An equally important challenge would be the continuously increasing 
shrimp production surpassing the global demand. Hence an effective strategy to control the available shrimp volume in 
the market requires high attention. On the other hand, shrimp farmers are calling for solutions against disease like WSSV, 
AHPND, WFS and EHP as they implementing earlier harvests the minimize the exposure risk. A highly effective solution 
to this challenge can be to control the pond/culture conditions by significantly reducing the crop’s failures and subsequent 
mortalities caused by the above mentioned disease. Fast growing and disease tolerant SPF broodstock strain including 
the good quality seed have been needed and requested from the farmers. The extended “Nursery phase” in a controlled 
system have been adapted in many countries to avoid either additional daily cost expenditures or to minimize the risk 
associated with the extended days of culture (DOC). The current talk will discuss a  number of popular trends of health 
management practices that has been widely adopted by shrimp farmers around the world to achieve higher productivity 
and sustainability production. 

Clean concept with strictly biosecurity system: The first priorities to consider are the environmental impact issues, clean 
seed, clean water and clean pond bottom have been emphasized as physical, chemical and biological precaution measures 
of biosecurity system and are recommended in every shrimp ponds to avoid the pond or crop failures caused by devastating 
disease. 

Carrying capacity analysis: Farmers have to analyze their own abilities, capacities and facilities which may use to carry 
the biomass of shrimp in the pond without impairing any growth or cause any problems during the crop cycle. Optimum 
density including biomass /harvesting plan are needed to be considered along with availability of both water quality and 
quantity aspects and aeration are the most important factors to be concerned. 

Pond resting, restoration and leave for natural healing: Greedy, heavily and repeatedly using the pond and water can lead 
to many problems including the environment deterioration and accumulation of waste as well as toxic gas, organic matter 
and pathogenic material including environmental resisted EHP spores. Crop holiday or winter break in some countries 
have been proved to effectively increase the success rate especially by performing basic practices of pond bottom drying, 
plowing, burnt liming etc. have been widely considered to be implemented. 

Environmental responsibility and respect: Shrimp pond effluent, waste drainage and disposal may cause serious 
environmental impact and deterioration issues including the diseases persistent which may cause many impact negatively 
the shrimp business. Sludge pond including recycling system with treatment pond have been considered to be used to avoid 
progressive problems. 

Other trends : Nursery phase, small size square shape pond design, long arm aerator, shrimp toilet, elevated raring pond 
bottom above drainage canal, co-culture with fish, mixo-trophic and symbiotic system, BFT, sufficiently vertical aerator for 
increasing aerobic conditions to bottom etc. all are considered by farmers to provide sustainable solutions in their shrimp 
farming business in 2019. 
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HSP90 gene of O.niloticus sp. is an associate of the heat shock protein family and plays a significant role in stress-related 
and defense responses educed by contagion with activator of hsp90 ATPase activity. Hence, understanding molecular 
structure and function of the protein coded by this gene is of paramount importance for fish biologists working on ATPase. 
The present study was aimed at sequence and in silico structural analysis of Hsp90 protein coded by this gene, through  
Validation of the overall folds and structure analysis 36%, Alpha helix,17% beta strand,38% in normal mode. One major 
domin were detected belonging to hsp90 family while neural network analysis is related protein to be highly phosphorylated 
at threonine residues. Sterochemical analysis shows 80.5% of most favoured region.16.4% additional allowed region 2.4% 
in generously allowed regions.

PRESENT STATUS OF (Litopenaeus vannamei) IN TAMIL NADU - A PROFITABLE VENTURE

M.Srinivasan* and A.C.Rathiesh

Faculty of Marine sciences CAS in Marine Biology Annamalai University

The present paper reveals the progress made by shrimp farmers of tamil nadu by adopting Litopenaeus vannamei farming 
which has become a gainful venture for them. Shrimp farming in India has recorded remarkable growth during the last 
three decades especially in coastal states. Optimum use of prospective areas and expanded farming practices has not only 
provided wonderful opportunity to farmers residing along coastal areas but also brought them prosperity. Tamil Nadu is 
having the second longest coastline in the country with rich natural resources in coastal areas for coastal aqua farming. 
In tamil nadu, seven districts viz; Chennai, Thiruvallur, Villupuram, Cuddalore Thiruvarur, Ramanathapuram, Tuticorin, 
Kanniya kumari  are the major contributors for shrimp production having 95% of state shrimp farmer’s population with 
the potential area. The total estimated brackish water area of Tamil Nadu is about 56,000 ha. The total area under shrimp 
farming is 4,455 ha. out of which 3,178 ha. Which is only 30 percent of the estimated potential area of 14,000 ha readily 
available for shrimp farm development. 30 shrimp farmers  using structured interview schedule. An attempt has been 
made to assess an economic viability of L. Vannamei farming and extent of contribution towards the uplift of their socio-
economic status. This study will be of immense help to encourage the farmers of other areas to get involved in shrimp 
farming to earn better livelihood. 
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Frencia Ch. Sangma* and Rama Sharma
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Meghalaya state has huge potential for recreational fishery, where angling is a common scene in almost all the rivers, small 
streams, ponds and reservoirs of the state. The socio economic profile, economic analysis and income determinants of fee 
angling organisers serve as significant information about the fee fishing practice. With this view in focus, the present study 
was taken up to analyse the economic aspects of the fee fishing business of Ri-Bhoi district, Meghalaya. The data for the 
study was collected from both primary as well as secondary sources during the month of September, 2018. A total of 30 
fee angling organisers were selected for the study from the three different villages of Ri-bhoi district in the state. The study 
depicted that majority of the respondents lived in the nuclear family that accounted for about 67 per cent and the rest lived 
in joint family. The present study estimated the total cost and gross revenue per hectare per annum was The total cost and 
gross revenue per hectare per annum was estimated to be ₹8.81 lakh and ₹11.49 lakh with the net income of ₹2.68 lakh 
indicated the viability of business with B-C ratio (1.3) portraying the high profitability of fee fishing business and justifying 
the slow shift from culture based farming to fee fishing. The major factors influencing the income of farm owners were 
size of farm is found highly significant at 1% level whereas number of anglers is found significant even at 5% level of 
significance. The results of the analysis indicate that 76% variation is explained by the model.

INNOVATIONS IN THE BEST AQUACULTURE PRACTICES (BAP) PROGRAM 

Kenneth Corpron

Best Aquaculture Practices, 85 New Hampshire Avenue, Suite 200, Portsmouth, NH 03824 USA
ken.corpron@bapcertification.org

The Best Aquaculture Practices (BAP) is a comprehensive third-party aquaculture certification program founded on science-
based, performance driven standards. BAP certification encompasses four pillars of responsible aquaculture including 
environmental sustainability, social accountability, food safety, and animal welfare, validated through robust traceability 
measures. BAP covers the entire aquaculture production chain including hatcheries, farms, feed mills, and processing 
facilities. BAP continually strives to improve responsible aquaculture practices across the world and BAP standards have 
been successfully benchmarked by the Global Food Safety Initiative (GFSI), Global Social Compliance Programme 
(GSCP), and the Global Sustainable Seafood Initiative (GSSI). The BAP program has certified more than 2,400 facilities 
in 35 countries and continues to grow. Over the past year BAP has furthered its commitment to continuous improvement 
by announcing a ban on the use of Critically Important Antimicrobials designated by the World Health Organization in 
aquaculture farms, introducing an innovative food safety testing program for antimicrobial drugs, launching a Biosecurity 
Area Management standard, and piloting an enhanced social accountability audit model. This presentation will focus on 
the benefits of BAP certification, how the program continues to evolve, and opportunities for aquaculture producers to help 
BAP continue to implement innovative approaches in responsible seafood production. 
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The intensification of aquaculture has resulted in frequent incidence of diseases in fish culture and which is limiting the fish 
production and subsequently resulting in economic losses to fish farmers. Antibiotics are being inevitably used for treating 
fish bacterial diseases which aggravated the problem of antibiotics residues in animal tissues, antimicrobial resistance 
and imbalance in the gastrointestinal microbiota of aquatic species, which has resulted in deterioration of human health 
and environment. Use of probiotics has proved the boon for fish culture and an important alternative method to reduce 
antibiotics use. The present study was carried out to evaluate the efficacy of viable probiotic bacterial combination viz., 
Bacillus subtillis AN11, Lactobacillus acidophilus and Saccharomyces cerevisiae on non-specific immune parameters and 
serum enzyme activities in Labeo rohita fingerlings. These three probiotics bacteria were added in feed @ 107 cfu g-1 of basal 
feed. Forty day feeding trial was conducted by distributing one hundred eighty rohu fingerlings for three treatments (T1, 
T2 and T3) and control in triplicates namely T1 (Bacillus subtillis AN11 + Saccharomyces cerevisiae), T2 (Lactobacillus 
acidophilus + Saccharomyces cerevisiae) and T3 (Bacillus subtillis AN11 + Lactobacillus acidophilus + Saccharomyces 
cerevisiae) and control feed without addition of probiotic bacteria. Live probiotics bacterial culture was sprayed on basal 
feed prior to feeding the treatment groups and two times a day feeding of fish was done. A significant increase (P < 0.05) 
in non-specific immune parameters such as respiratory burst assay, lysozyme activity and myeloperoxidase activity was 
observed in all treatment groups as compared to control while maximum was obtained in T3. Probiotic supplementation 
also remarkably improved serum enzyme SOD, and significantly reduced stress enzymes namely ALP and LDH activities 
in all treatment groups as compared to control. The total serum protein, albumin, and globulin were significantly increased 
(P < 0.05) in all the probiotic fed groups as compared to control. In addition to these serum bactericidal activity was also 
significantly increased (P < 0.05) in treatment groups which were fed with three probiotic bacterial combination (T3) than 
the T1 and T2 and also control. Hence, the results of present study indicate that feeding of combination probiotics to rohu 
fingerlings could be able to enhance the non-specific immunity in fish.
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The present study was carried out in order to evaluate the effect of the locally available different herbal meal on 
digestive, metabolic and antioxidant or stress enzyme activities, biochemical status and immunological responses 
in Labeo rohita fingerlings. Eleven experimental diets namely C (control without herbal meal), FSM1 (Fennel seed meal), 
CRSM2 (Coriander seed meal), CMSM3 (Cumin seed meal), FGSM4 (Fenugreek seed meal), TRM5 (Turmeric root meal), 
BPFM6 (Black pepper fruit meal), ZRM7 (Zinger root meal), BLM8 (Bay leaf meal), DOBM9 (De-hulled onion bulb 
meal) and DGCM10 (De-hulled garlic clove meal) were used at 1% inclusion level. Four hundred and ninety-five (495) 
acclimated fishes (average body weight of 6.45 ± 0.016g) were randomly distributed in eleven experimental groups with 
triplicated under each at the stocking density of 15 fishes per tank for fifteen days. 

After fifteen days feeding trial, the overall result of digestive and metabolic enzyme activities was found more influential diet 
containing FGSM4, TRM5, ZRM7, DOBM9 and DGCM10 in the issue of intestine, liver and muscle tissue. Antioxidant 
enzyme superoxide dismutase and catalase activities were having wide-ranging impact in liver and gill tissue in the diet 
of CRSM2, CMSM3, TRM5, BPFM6, ZRM7, BLM8, and DGCM10. Blood parameters (Total leucocyte count, serum 
protein, albumin, globulin, and NBT) were assessed and found to be promising for improving the innate immune system 
in the diet of TRM5, ZRM7, and DGCM10. Considering digestive and metabolic enzymes, antioxidant enzymes activity 
and enhance the innate immunity function, it revealed that inclusion of Turmeric, Zinger, and Garlic in the practical feed 
of Labeo rohita fingerling  may improve growth, antioxidant status and modulate innate immune system for healthy fish. 
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The study presents a comprehensive account of socio-ecological aspects of the fisheries and its management in Vidur 
reservoir in Northern Tamil Nadu. It relies on and analyses both primary and secondary data sources on fisheries, fishers 
and governance. Vidur is a medium reservoir with total water spread area of 1951 acres of which about 75% is dry lands. 
The land is rocky from the surface itself in the reservoir. Even after being one of the shallowest reservoir (as shallow 
reservoirs in general are highly productive) in India, primary productivity in the reservoir is very poor. Surprisingly, 
plankton development did not happen even during the initial years of sealing. 

Statistical analysis of fish catch data for the past 25 years revealed that Indian Major Carps i.e. IMC (52%) forms the major 
fishery in the reservoir followed by Tilapia (39%), Non-IMC High Value fishes (7%) and Non-IMC Low Value fishes 
(2%). The study has confirmed that continuous stocking of IMC seed could change the species composition favourably 
over the years. Optimum fish seed stocking intervention by the Tamil Nadu State Fisheries Department (TNSFD) has led 
to  replacement of the relatively low value but once dominant unstocked Tilapia fishery, leading to overall increased fish 
production in the reservoir.

Licensing system was followed till 2013 in the reservoir wherein fishers/ fishing units who are members of the cooperative 
society were given licences by TNSFD for fishing. They were paid on monthly basis in accordance with the catch sharing 
system wherein TNSFD and fishers shared the catch at 2:1 ratio for stocked fishes and at 1:1 ratio for unstocked fishes. 
In the year 2013, for the first time in the reservoir’s existence, it was leased out to successful bidder for a period of five 
years on competitive basis to sustainably exploit its fishery resources. Unlike most other reservoirs in Tamil Nadu, fishers 
here use truck tyre tubes to fish as they feel tubes to be more convenient as compared to coracles for individual fishing. 
Considering the seasonal drying of reservoir, the TNSFD has also proposed the unique concept of erecting “baby ponds” 
in the reservoir to ensure species diversity through stock enhancement as well as availability of fishes in the dry season. 
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When a disease occurs in aquaculture, it affects local economic and social development and usually uses antibiotics to 
control disease. However, the use of antibiotics destroys the balance of microorganisms in the fish gut and dysbiosis can 
cause diseases caused by the multiplication of pathogens. Probiotics are known to help balance the composition of intestinal 
microflora, inhibit the growth of pathogens, and have a positive impact on growth and survival. This study investigated the 
effects of probiotics on antibiotic therapy and recovery steps after antibiotic treatment of fish.

There were four different treatment of feeds were used in this study including Control (control feed for 3weeks), AMX 
(AMX; amoxicillin feed for 3weeks), AMX/CON (amoxicillin feed for 2 weeks after E. piscicida EET52 107 CFU/fish 
2 times challenge. After that, control feed for 1 week), and AMX/PRO (amoxicillin feed for 2 weeks after E. piscicida 
EET52 107 CFU/fish 2 times challenge. After that, probiotic feed for 1 week). Probiotics feed were made 108 CFU/g of 
Lactoccocus lactis supsp. lactis strain WFLU12 and 40 mg/kg bw/day of amoxicillin feed were made. Metagenomic 
sequencing was conducted on twelve of fish gut mucus samples. 

Our results confirmed that the majority of operational taxonomic units (OTUs; 97% sequence similarity) in all compartment 
consisted primarily of Proteobacteria, Firmicutes, Bacteroidetes and Actinobacteria. Enterobacteriaceae showed an 
increasing pattern in the treatment 2, 3 and 4 where antibiotics were administered. Addition of probiotics led to an increase 
in microbial diversity, leading to an increase in Firmicutes phylum and a decrease in the strain of Enterobacteriaceae. 
Lactococcus lactis was significantly increased in AMX / PRO.Interestingly, when comparing the total number of reads, 
S. parauberis was significantly (P < 0.05) reduced in AMX and AMX / PRO than in CON. Edwardsiella, the most abundant 
genus, tended to be reduced by amoxicillin and showed increased patterns in AMX / CON and AMX / PRO. However, 
citrobacter increased in AMX and AMX / CON. Vibrio showed a tendency to decrease in AMX and AMX / PRO compared 
to CON. After amoxicillin treatment, treatment with probiotics will inhibit colonization of fish pathogens in fish gut.
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A study was performed to confirm the beneficial effects of a fermented yeast product DVAQUA in white leg shrimp. 
Parameters examined were growth, survival and resistance to Vibrio parahaemolyticus (TWO1). The study was performed 
using 400-liter capacity tanks, at Crevetec’s research facility (Belgium).  The shrimp were grown for 6 weeks with 
DVAQUA at 0, 0,25 % and 0.35 % of the diet, after which, the shrimp were challenged with TW01.

DVAQUA (0.25 and 0.35%) did not improve the performance or the survival during the 6-week growing phase.  However, 
when challenged with TWO1, survival in the DVAQUA 0.35% group was significantly higher than the control (60 % vs. 
34 %).  Phagocytic cells (%) and respiratory burst were also significantly higher in the 0.35 % group.

The results of this study were in line with those of 15 previous studies, which demonstrated that DVAQUA improved the 
survival of whiteleg shrimp by an average of 29 %.

Studies in Tilapia (Areechon, 2013) have shown that DVAQUA significantly increases the alternative complement system 
(by 2.5 to 4 fold). We postulate that the fermented yeast product DVAQUA improves surveillance and recognition of 
pathogens, resulting in beneficial effects against pathogens across multiple species including Salmonella, Campylobacter, 
E. coli , Vibrio and other pathogens in fish, shrimp, poultry and swine. 
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To fill the gap at least to some extent that, very little information is available on hydrology of reservoirs of Andhra Pradesh 
so as to ensure sustainable management and optimum exploitation of these reservoirs, the present study was taken up. 
Analyzing the water for physico-chemical parameters is of prime importance to assess its quality for its best usage and 
also to know the pollution load, as these characteristics immensely influence the distribution and richness of biota, thereby 
gives a proper indication of the status, productivity and sustainability of a water body for different purposes. Hence, surface 
water samples were collected (December, 2015 to July, 2016.) from the chosen sampling stations of Kanigiri and Nellore 
reservoirs of SPSR Nellore district, Andhra Pradesh at fortnightly intervals and analyzed as per APHA standard methods to 
provide base line information on the physico-chemical characteristics of these reservoirs. The results obtained were found 
to be within the prescribed limits, except BOD as per BIS (2004) and total hardness, when compared with the standards 
(WHO, 1984; WHO, 2004; BIS, 1991; BIS 2012).  Total hardness values were much higher than the permissible limit as 
prescribed by WHO(1984) but well within the permissible limits as prescribed by BIS (1991) standards. The observed 
values were tested from fisheries  point of view also with the standards proposed  by renowned scientists of the field and 
found  to be well within the desired limits. 

Though the values obtained were within the prescribed standard values, it was found that turbidity, TSS, TDS, TS, pH, 
BOD, NH3, total alkalinity and total hardness values were found to be slightly higher in the water samples analyzed from 
Nellore reservoir, while transparency, DO, CO2 levels seemed to be little higher in water samples collected from Kanigiri 
reservoir.(Table1)Mean chloride content and salinity values showed  negligible difference between the waters of both 
the reservoirs. Water quality of Kanigiri reservoir is comparatively good than the Nellore reservoir. Correlation among 
various parameters showed significant positive and negative trends. Water from both the reservoirs can be considered 
as ‘alkaliphilous’ based on pH values observed, ‘soft’ based on CO2 values observed, ‘nutrient rich’ based on the total 
alkalinity values estimated, ‘hard’ with respect to observed total hardness values.
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Ranavirus belonging to the family Iridoviridae is one of the most important emerging pathogens that affect farmed and 
wild fishes of both economic and ecological importance in aquaculture worldwide. Recently we isolated a ranavirus from 
infected koi (koi ranavirus, KIRV) which was closely related to Santee Cooper group of viruses of the genus Ranavirus. The 
aim of this study was to determine the pathogenicity of koi ranavirus (KIRV) in rohu, Labeo rohita (Hamilton), one of the 
widely cultured freshwater fish in India. 

In the present study, rohu fingerlings were experimentally infected with KIRV by intraperitoneal injection with 50 µl 
of the virus preparation having an infectious dose of 106.8 TCID50/ml. After injection, tissues such as spleen and kidney 
of rohu challenged with the virus were collected at 3, 7, 14, 21 and 28 dpi for investigation of the presence of KIRV by 
polymerase chain reaction (PCR) and cell culture assay. Tissues were also subjected to histopathological analysis. KIRV 
was detected in pooled samples of kidney and spleen from challenged fishes after 3 dpi by PCR, while no positive results 
were obtained from all other time points. Pooled tissues of kidney and spleen were processed for virological examination 
using EPC (epithelioma papulosum cyprini) cell line. However, no cytopathic effect was observed in the cell line at all 
time points. The results of the histopathological analysis showed necrosis of renal tubules and enlarged glomeruli in kidney 
tissue at 3 and 10 dpi and melanomacrophage cells were observed in both kidney and spleen tissue at 3 dpi. 

On the whole, results reveal that there is no clear clinical pathology observed in rohu fingerlings following experimental 
infection with KIRV.   
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Fishing is one of the ancient and widespread activities in the coastal area of Tamil Nadu. Fishes are made available to the 
people either through capture from wild, natural waters and farm production. Equipments and machineries are now-a-days 
used in shrimp farms to increase the production and profit. The aerators and other electrical equipments used in shrimp 
farms are energized either by the power from the grid or by using depleting energy resources like petrol or diesel. The 
electrical power requirement in shrimp farms is found to increase with farm size. The Farm profitability not only depends 
on shrimp yield but also low spending electricity. 

The present study was aimed to envisages saving in the cost of production of shrimps by using solar energy to operate 
aerators and other equipment in Shrimp farms The annual solar radiation in Nagapattinam District is

. For the production of 4.5t of shrimps in 1 Hectare farm, 5 aerators of 2Hp motors are used. Totally 
7.5KW/Hr of electrical energy is spent in and around of Nagapattinam District. The shrimp farmers spent around Rs.40,000/- 
as bi-monthly for electrical charges. The optimal sizing of 8KW photovoltaic panel, 14 batteries of 150Ah and 10 kVA 
inverter is used to reduce 45% of the electricity charges. 

Fig. 1 indicates the statics data of various shrimp farms and Electricity consumption charges of various farms in Nagapattinam 
District. The power consumption is higher in mechanized farms. This study proves that the electricity consumption could 
be reduced by replacing the mechanized farms with Solar energy. The study is in implementing stage at College of Fisheries 
Engineering, Nagapattinam.
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Vibriosis is a major threat to aquaculture industry due to its devastating nature. Although, various controlling measures 
have been developed for human vibrio infections, adaptability of the same to aquaculture is questionable due to restriction 
of using antibiotics in aquaculture. Hence, development of alternative approach gains its momentum. In the present study, 
the aqueous garlic extract was characterized as an alternative prophylactic measure for shrimp vibriosis. The study result 
revealed that the garlic extract has an antivibriosis activity by its increasing dose dependent zone of inhibition. Further 
study is being carried out t to prove its potential effect on other pathogenic Vibrio spp.,  such as V. parahemolyticus and , 
V. cholerae.
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Aquatic habitats with moderate amounts of vegetation provide the optimal environment for many aquatic animals especially 
the fish diversity. High density of plants would hamper the fish growth, health and the water quality. Aquatic weeds pose 
significant threat to water bodies. In India, several irrigation and hydroelectric schemes acutely suffers due to the massive 
outbreak of aquatic weeds. There are about 140 aquatic weeds in India, in that  Eichhornia crassipes, Ipomoea aquatica, 
Typha angustata, Ceratophyllum demersum,  Salvinia molesta,  Nelumbo nucifera, Alternanthera philoxeroides,  Hydrilla 
verticillata,  Vallisneria spiralis,,  Chara spp.,  Nitelia spp., Potamogeton spp., are of great concern in terms of outbreak 
and its impact on the water quality. For example, the water hyacinth ((Eichhornia crassipes) mats clog waterways, making 
fishing and all other water activities, impossible.  Water flow through water hyacinth mats is greatly diminished. An acre of 
water hyacinth can weigh more than 200 tons; infestations can be in many acres; mats may double their size in as little as 
6-18 days. Water hyacinth mats degrade water quality by blocking the air-water interface and greatly reducing oxygen levels 
in the water, eliminating underwater animals, it also greatly reduces biological diversity and eliminates native submerged 
plants by blocking sunlight, alter emerged plant communities by pushing away and crushing them.  Millions of dollars a 
year used to spent on water hyacinth control in many countries. In the present attempt, the grass carp (Ctenopharyngodon 
idella) has been used as a biological control agent to control or manage the outbreak of the aquatic weeds like water 
hyacinth, Hydrilla and Giant duck weed to improve the water quality is discussed with field level case studies.  
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The vulnerability of Island ecosystem from the natural stressors like cyclones, sea surges volcanic, tectonic activities, 
tsunami, subduction of lands and the ingress of sea water in the hinterland etc. are well known. The low lying islands, like 
Nicobar group of islands and some of the Lakshadweep islands like Andrott, Kalpeni and Minicoy are particularly more 
vulnerable. These natural stressors not only cause untold destruction of land, lives and property but also change the prospect 
of livelihood of farmers and fishers permanently. An apt example of the same could be seen from the aftermath of the 
December 26, 2004, Tsunami. This also demonstrated a living laboratory of sea level rise and its impact on the plantation 
crop, paddy and vegetable cultivation, livestock etc. There was apparent change in the distribution and abundance in fin 
fishes and shell fishes. Even mangroves got affected due to permanent inundation. Over the years, there is also a perceptible 
change in the origin of cyclones from Andaman Sea. Cyclones are becoming more frequent and while traversing its path to 
mainland, they are also hitting Andaman and Nicobar Islands (ANI).

There is a saying that “Mangrove protects them, those who protect mangrove” Similar sentiment holds good for coral 
ecosystem also. The scale of disaster to some extent can be mitigated by the bio-shields such as Mangroves and corals; 
hence these ecosystems needs to be preserved and protected. Coral reefs are the most diverse and fragile marine ecosystem. 
A healthy coral reef supports rich and diverse marine flora and fauna. A healthy coral reef crests near the surface and serves 
as a major natural breakwater – reducing, most wave energy and helping to protect coastal communities. 

Post tsunami studies have revealed that the disaster caused loss/damages to the fishing boats, landing centres, harbours, 
cold storages, ice-plants and other infrastructure, in addition to loss of life of 69 fishers in ANI.  About 622 local made 
dongles, 318 engine fitted boats were fully damaged, requiring replacements. 471 local made dongles and 294 engine fitted 
boats required repairs and three mechanised boat were lost. Loss and repair of Fishing boat and engines were amounting to 
Rs.705 lakhs. In addition to this, fishing gears and marketing implements were also lost in some areas. Fishing gears loss 
amounting to Rs.614 lakhs Altogether 570 Fisher houses were fully damaged, 695 partially damaged causing financial loss 
of 813 lakhs. Loss of house hold and belonging to the tune of 190 lakhs. Loss from fish escaping from fresh water ponds 
amounting to 10 lakhs. The paper deals with the mitigation measures evolved for the disaster management specific to island 
condition.
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Physico-chemical characteristics of water play an important role in regulating the growth and reproduction rate of Daphnia. 
Optimum levels of these parameters are essential for the better survival of Daphnia. Manures influence the quality of water 
to a large extent; Egg to egg generation time for cladocerans is 7-8 days at 200 C with a life span of approximately 50 days. 
The total young ones produced per adult in their life span is 400-600 for cladocerans compared to 250-300 for copepods 
at this temperature.

Series of experiments was conducted under controlled conditions in the aquaculture laboratory, Department of Fisheries, 
Indira Gandhi Agricultural University, Raipur (Chhattisgarh) for stock culture of Daphnia sp.  Treatments (T2 –T9) three 
different manure (viz. poultry droppings, Cow dung and goat dung) each having different concentration combination (viz. 
25g, 50g and 75g) with GOC100g + SSP 50g in common for all, were prepared to observe the growth of Daphnia. T0 the 
control treatment was having only bore well water whereas T1 is having GOC 100g + SSP 50g. The duration of experiment 
was 90 days. 

The mean value of dissolved oxygen content of water was significant among different eleven treatments (T0-T10). The 
highest mean was observed 3.16 mg/l for (T5) and lowest at 1.78 mg/l in (T10) is distinctly observed in the experiment. 
The fluctuation of free carbon dioxide in different treatments was due to the population variation of Daphnia, which was 
highest in treatment T4 where they consumed dissolved oxygen and released carbon dioxide into the water that increase 
the dissolved free carbon dioxide. Among the treatments highest mean of free carbon dioxide was found in T4 (1.59 
mg/l) and lowest in T0 (1.23 mg/l).The temperature values of different treatments were not significant. The temperature 
ranged between 26.100C-26.330C in all the experimental tubs. The maximum population density of varied non-significantly 
with different dozes of animal waste. The highest mean population was observed at T3 (79 individual/ml). In the present 
study, the water parameters in different treatments remained more or less within the optimal limits except for some small 
fluctuations during the whole experimental period. 



171

EXPRESSION OF GROWTH AXIS GENES DURING RESTRICTION FEEDING IN  Labeo 
rohita (HAMILTON, 1822) FINGERLINGS 

Showkat Ahmad Dar*1, Prem P. Srivastava1, Tincy Varghese1,  Iffat Jahan1, Tasok Leya1, Subodh Gupta1

1ICAR-Central Institute of Fisheries Education
*Corresponding Author: showkat.srfnahep@gmail.com

An experiment was carried to evaluate the effect of starvation and refeeding on expression of growth hormone releasing 
hormone and IGF-1 in Labeo rohita fingerlings. The experimental set up consisted of four treatments for 60 days, each 
with three replicates, designated as T1 (3% bw feeding alternatively, one day feeding next day starvation), T2 (0.5% bw 
feeding), T3 (1% bw feeding), T4 (2% bw feeding) and control group (3% bw feeding). The sampling was done on every 
two week interval, and total five samplings were done at 0, 15, 30, 45 and 60 days of the experimental trial. There was 
significant (p<0.05) difference in weight gain % (WG), specific growth rate (SGR), Feed Conversion Ratio (FCR), and 
protein efficiency ratio (PER) among the treatment groups the treatment groups with lowest FCR and highest PER was 
found in T2 group. The results of mRNA expression of Growth Hormone Releasing Hormone (GHRH) revealed that the 
activity increased from 15th day towards highest at 30th day of the experiment in the T2 group. The mRNA expression 
of IGF-1 in liver was significantly (p < 0.05) higher in all treatment groups compared to the control group. The highest 
expression levels were found in T2 and T3 treatment group at 45th day of the experiment. The results showed that IGF- I 
was upregulated throughout the experimental trial in muscle and liver. However, the expression levels in the muscle were 
lower in comparison to that of the liver. The IGF-1 level increased towards the 45th day of the experiment, and higher 
expression was found in T2 and T3 groups. The upregulated IGF-1 mRNA expression levels during the initial period of 
refeeding might be one of the reasons contributes to the compensatory growth in fishes.

REGULATION OF GROWTH RELATED GENES IN Labeo rohita (HAMILTON, 1822) 
SUBJECTED TO RESTRICTION FEEDING

Showkat Ahmad Dar*1, Prem P. Srivastava1, Tincy Varghese1,  Iffat Jahan1, Tasok Leya1, Subodh Gupta1

1ICAR-Central Institute of Fisheries Education
*Corresponding Author: showkatdar53@gmail.com

An experiment was carried to evaluate the effect of starvation and refeeding on expression of growth hormone releasing 
hormone and IGF-1 in Labeo rohita fingerlings. The experimental set up consisted of four treatments for 60 days, each 
with three replicates, designated as T1 (3% bw feeding alternatively, one day feeding next day starvation), T2 (0.5% bw 
feeding), T3 (1% bw feeding), T4 (2% bw feeding) and control group (3% bw feeding). The sampling was done on every 
two week interval, and total five samplings were done at 0, 15, 30, 45 and 60 days of the experimental trial. There was 
significant (p<0.05) difference in weight gain % (WG), specific growth rate (SGR), Feed Conversion Ratio (FCR), and 
protein efficiency ratio (PER) among the treatment groups the treatment groups with lowest FCR and highest PER was 
found in T2 group. The results of mRNA expression of Growth Hormone Releasing Hormone (GHRH) revealed that the 
activity increased from 15th day towards highest at 30th day of the experiment in the T2 group. The mRNA expression 
of IGF-1 in liver was significantly (p < 0.05) higher in all treatment groups compared to the control group. The highest 
expression levels were found in T2 and T3 treatment group at 45th day of the experiment. The results showed that IGF- I 
was upregulated throughout the experimental trial in muscle and liver. However, the expression levels in the muscle were 
lower in comparison to that of the liver. The IGF-1 level increased towards the 45th day of the experiment, and higher 
expression was found in T2 and T3 groups. The upregulated IGF-1 mRNA expression levels during the initial period of 
refeeding might be one of the reasons contributes to the compensatory growth in fishes.
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Fermentation is one the ancient technique of food preservation known to man. Fermented foods contribute to a significant 
portion of the dietary protein consumed in Southeast Asia. They are of becoming increasingly popular in the developed 
world because of their high nutritive value, organoleptic characteristics, and easy digestibility. Fermented fish that usually 
contain over 20% salt are expected to harbor extremely halophilic microorganisms. In the present study, salt fermented 
fish samples (n=106) which included fermented Indian shad, mackerel, anchovies, seer fish, pomfret and others were 
collected from different locations of India were analyzed for the presence of extremely halophilic microorganisms using 
conventional culture based methods in three different halophilic medium, followed by an incubation period of 2-3 weeks 
at 30°C and their identities were confirmed by 16SrRNA amplification. Out of 1635 isolates, 1198 and 437 were confirmed 
to be halophilic archaea and bacterial isolates respectively. They grew optimally at salt concentrations between 20 and 
30% and did not grow below 15% salts. Thus they belong to extreme halophiles. Among haloarchaea, halobacterium sp., 
halococcus sp., halorubrum sp. dominated over bacteria with Salimicrobium sp., Chromohalobacter sp., Alkalibacillus sp. 
Lentibacillus sp. and, Nesterenkonia sp. This study highlighted the fact that extremely halophilic archaea have a potentially 
important role in the fermentation process as they consisted the major flora of salt fermented products, hence necessitating 
further investigations. 
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Lobster are highly prized commodity and a delicacy for Chinese and Japanese society. In India there is a high potential 
for growing this in sea cage because India has long coast line. The present study was conducted in Tharuvaikulam in 
Thoothukudi district, Tamil Nadu. The aim of this study was to assess the economic feasibility of capture based mariculture 
of spiny lobster Panulirus homarus in open sea. This study also reports the socio-economic potential of spiny lobster 
culture and how it can be a good livelihood opportunities and also produce income generation in coastal Tamil Nadu.
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High throughput sequencing technology has emerged as a significant tool for discovery of genome-wide markers, which are 
valuable resource for marker-assisted breeding and integrated genetic improvement of aquaculture species. Unfortunately, for 
eukaryotic species with large genome size, it remains costly to obtain genome sequences and to develop genomic resources. 
Climbing perch, Anabas testudineus is one of the most promising aquaculture and climate resilient candidate species, as 
it can survive in low oxygen water, adaptability to hypoxia, ammonia and other adverse environmental conditions. In the 
present investigation, genomic resources such as mitochondrial genome, SSRs and SNPs have been developed in a single 
go by adopting low depth genome sequencing. A total of 45 individuals from three different geographical regions of India 
were selected and subjected to sequencing in Illumina Nextseq 500 platform. The longest contig 16603bp obtained from 
the best assembled genome from the single individual was predicted and aligned with the best match obtained on blasting 
against the NCBI nr database and annotated using MitoFish mitochondrial genome annotator tool to obtain the complete 
mitogenome of climbing perch (KX950694). Also, a total of  1,05,693 microsatellite sequences have been identified using 
MISA tool out of which 90514 were di-repeats, 11187 tri-repeats, 2558 tetra, 1024 penta and 410 were hexa nucleotide 
repeats. A total of 49 GB raw data was generated for SNP identification. Using VDAP-GUI pipeline a total of 10 million 
SNPs were identified taking the climbing perch draft genome sequence (Accession no. OOHO00000000. 2) available in 
the GenBank, as reference. The present study demonstrates that low depth genome sequencing can be used as an efficient 
method for marker discovery in non-model species. The resources generated here will be useful for population diversity 
studies, marker assisted selection, and genome-wide association studies.

POPULATION GENETIC STRUCTURE OF DECCAN MAHSEER REVEALED BY 
COMPARATIVE ANALYSIS OF MITOCHONDRIAL ATPASE6/8 AND CYT B GENE 
VARIATION

Gargee Das*, Amrita Bit, Sofia P. Das, Lakshman Sahoo, Raghavendra Channaveer, Sangram K. Sahoo, 
Pallipuram Jayasankar, Jitendra K. Sundaray & Paramananda Das
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E-mail:  gargee.das.06@hotmail.com

The Deccan Mahseer, Tor khudree is an important food and game fish distributed in the up-stream mountain regions of the 
Deccan river systems and is popular in Indian Aquaculture due to its high food and aesthetic value. Since, the fish is listed 
as endangered in the IUCN Red List of Threatened Species, initiatives are essential for its culture and conservation. In the 
present study, 780bp of ATPase6/8 gene and 1kb of cyt b gene variations were used to analyze the population structure of 
the Deccan mahseer. A total of 152 samples collected from four riverine populations (TungaBhadra, Tunga, Periyar and 
Cauvery) were considered for the study. AMOVA revealed high among population variation of 50.83% with 10 haplotypes 
and within population variation of 49.17% in case of ATPase6/8 gene, but in case of cyt b gene, low among population 
variation of 14.87% with 21 haplotypes and high within population variation of 85.13% was seen. Pairwise FST analysis of 
ATPase6/8 gene indicated high genetic differentiation between Cauvery and Tunga population and no significant difference 
was seen between Cauvery and Periyar population. However, in case of cyt b gene pairwise FST analysis indicated high 
genetic differentiation between Cauvery and Periyar population and low significant difference was seen between Periyar 
and Bellary population. This study demonstrated high level of genetic structuring in the species.
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Pengba, Osteobrama belangeri has been declared as the State Fish of Manipur in 2007 due to its vulnerability and 
importance. Popularity of this fish is increasing in recent years and has created interest among the farmers in plane area. 
Development of protocol for the fry and fingerling production would facilitate adoption of the species in grow-out systems 
in the plane. The present experiment was carried out in this context to standardise the ideal stocking density during 
fingerling production. The study was conducted for 90 days in a set of twelve large concrete tanks (10 m x 5 m x 1 m) 
grouped into four triplicated treatments. The treatments were stocked with different densities of pengba fry at 20, 30, 40 
50 fry/m3 and designated as control, T-1, T-2 and T-3, respectively. Tanks were filled up to 90 cm depth and evaporation 
loss was compensated at week intervals. Sampling of fish and important water quality parameters (pH, total alkalinity, 
total hardness, dissolved oxygen, total ammonium nitrogen, nitrite, nitrate and phosphate) were carried out at fortnight 
intervals.   The survival varied in a range of 71.5-84.0% among the treatments. Both survival and total length reduced 
significantly with increasing densities from control to T-2 (P<0.05), while no differences were observed between T-2 and 
T-3 (P>0.05). Similar significant reduction in final body weight as well as specific growth rate (SGR) was also observed 
with increased densities and in these cases, T-3 was also significantly lower than T-2 (P<0.05) (Table 1). Such results 
corroborate the inverse relationship between stocking density and growth performance in this species, as also reported in 
other carps in fingerling rearing system. The gross biomass yield in the two higher densities (40 and 50 /m3), despite their 
lower survival, were significantly higher than the two lower densities. But the number of fingerlings harvested were 35, 74 
and 112% higher in T-1, T-2 and T-3, respectively, over the control. The lowest size obtained in this study even with the 
highest density (T-4) was of 7.0±1.0 cm and 3.99±0.17 g, which can be considered as an ideal size for grow-out stocking for 
pengba. Therefore, the present study revealed feasibility of rearing the species from fry to fingerling stage using density up 
to 50/m3 density.  However, the other lower densities may be used in case of requirement of larger fingerlings accordingly.
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Family based selective breeding program was initiated at ICAR-Central Institute of Freshwater Aquaculture (CIFA) for 
catla, Catla catla to enhance growth performance in poly culture practices. For establishment of base population nine 
stocks were collected from different hatcheries and riverine sources of India from and the states are West Bengal, Bihar, 
Odisha, Andhra Pradesh and Uttar Pradesh. Two riverine sources i.e. Ganga and Subernarekha were  added among the nine 
stocks collected for base population. They were brought to CIFA at fry stage and reared separately till fingerlings size. After 
tagging individually with Passive Integrated Transponder (PIT) tag, they were stocked in three communal ponds for one 
year culture. 

After one year of culture, individual live body weight was measured. After pond effect correction, wide range of variation 
was observed among and between stocks. Ganga Riverine stock collected from Patna, Bihar showed significantly higher 
growth performance than other hatchery and riverine stocks.

Microsatellite markers were used to estimate genetic differences of different stocks of catla using pair wise FST estimates. 
Overall multi locus FST, including all loci was estimated to be 0.4137 (p <0.05), indicating genetic heterogeneity among 
them. Both phenotypic as well as microsatellite data was used to optimize base population participation in the catla breeding 
program for a long term breeding program.

In the first generation, 50 fullsib families were produced considering both growth and heterozygosity level as per their 
ranking. Combined selection method was used for breeding value estimation. On farm testing of first generation improved 
strain of catla conducted in West Bengal, Bihar, Assam and Tamil Nadu revealed its superior performance over local catla.  
As one of the most preferred and cultured carp of India, its growth enhancement through selective breeding will support 
fish farmers to increase the production level in a greater extend. 
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ICAR-Central Institute of Freshwater Aquaculture (CIFA) initiated selective breeding of catla in 2012 after successful 
genetic selection of rohu, popularly known as ‘Jayanti’. On the similar lines, base population of catla was developed from 
nine stocks collected from different sources and places of India viz. West Bengal, Bihar, Odisha, Andhra Pradesh and Uttar 
Pradesh. The fingerlings (~50gm) were tagged and stocked in communal ponds in triplicates for one year culture. 

In the course of breeding season, full sib families were produced by dry stripping. During stripping of eggs from females, it 
was observed that egg roe from females of different sources were having five variable shades of colours viz. Dark golden, 
Golden yellow, grey, dull yellow, green and golden. Though they were reared with same feed and same environment,the 
colour was also observed to be inherited from mother to daughter i.e. from base population to first generation. The 
unfertilized egg roe was analysed for fatty acid composition using AOAC method of Flame Ionization Detector Gas 
Chromatography (GC-FID). 

Variation of Monounsaturated Fatty Acids (MUFA) content was observed in different egg groups. Among them, dark golden 
colored eggs had highest content of MUFA (1.96gm/100gm) while it was lowest in greyish tinged eggs (0.63gm/100gm). 
The trans-fat content was non-significant in all groups (<0.1 gm/100gm). Polyunsaturated fatty acid (PUFA) content was 
more in yellowish colour (0.27 gm/100gm) and greyish coloured (0.15 gm/100gm) eggs. Saturated fatty acid (SFA) content 
was more in dark golden coloured eggs while it was insignificant in yellow and greyish coloured(<0.1 gm/100gm) eggs. 
Further studies associated with colour pigmentation are needed for better validation.
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Family based selective breeding program was initiated at ICAR-Central Institute of Freshwater Aquaculture (CIFA) for 
catla, Catla catla to enhance growth performance in poly culture practices. For establishment of base population nine 
stocks were collected from different hatcheries and riverine sources of India from and the states are West Bengal, Bihar, 
Odisha, Andhra Pradesh and Uttar Pradesh. Two riverine sources i.e. Ganga and Subernarekha were  added among the nine 
stocks collected for base population. They were brought to CIFA at fry stage and reared separately till fingerlings size. After 
tagging individually with Passive Integrated Transponder (PIT) tag, they were stocked in three communal ponds for one 
year culture. 

After one year of culture, individual live body weight was measured. After pond effect correction, wide range of variation 
was observed among and between stocks. Ganga Riverine stock collected from Patna, Bihar showed significantly higher 
growth performance than other hatchery and riverine stocks.

Microsatellite markers were used to estimate genetic differences of different stocks of catla using pair wise FST estimates. 
Overall multi locus FST, including all loci was estimated to be 0.4137 (p <0.05), indicating genetic heterogeneity among 
them. Both phenotypic as well as microsatellite data was used to optimize base population participation in the catla breeding 
program for a long term breeding program.

In the first generation, 50 fullsib families were produced considering both growth and heterozygosity level as per their 
ranking. Combined selection method was used for breeding value estimation. On farm testing of first generation improved 
strain of catla conducted in West Bengal, Bihar, Assam and Tamil Nadu revealed its superior performance over local catla.  
As one of the most preferred and cultured carp of India, its growth enhancement through selective breeding will support 
fish farmers to increase the production level in a greater extend. 
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Family based selective breeding program was initiated at ICAR-Central Institute of Freshwater Aquaculture (CIFA) for 
catla, Catla catla to enhance growth performance in poly culture practices. For establishment of base population nine 
stocks were collected from different hatcheries and riverine sources of India from and the states are West Bengal, Bihar, 
Odisha, Andhra Pradesh and Uttar Pradesh. Two riverine sources i.e. Ganga and Subernarekha were  added among the nine 
stocks collected for base population. They were brought to CIFA at fry stage and reared separately till fingerlings size. After 
tagging individually with Passive Integrated Transponder (PIT) tag, they were stocked in three communal ponds for one 
year culture. 

After one year of culture, individual live body weight was measured. After pond effect correction, wide range of variation 
was observed among and between stocks. Ganga Riverine stock collected from Patna, Bihar showed significantly higher 
growth performance than other hatchery and riverine stocks.

Microsatellite markers were used to estimate genetic differences of different stocks of catla using pair wise FST estimates. 
Overall multi locus FST, including all loci was estimated to be 0.4137 (p <0.05), indicating genetic heterogeneity among 
them. Both phenotypic as well as microsatellite data was used to optimize base population participation in the catla breeding 
program for a long term breeding program.

In the first generation, 50 fullsib families were produced considering both growth and heterozygosity level as per their 
ranking. Combined selection method was used for breeding value estimation. On farm testing of first generation improved 
strain of catla conducted in West Bengal, Bihar, Assam and Tamil Nadu revealed its superior performance over local catla.  
As one of the most preferred and cultured carp of India, its growth enhancement through selective breeding will support 
fish farmers to increase the production level in a greater extend. 



180

HYPOXIA INVERSELY INFLUENCES ION TRANSPORTER PROTEINS AND AQUAPORIN 
1 GENE IN PEARL SPOT, Etroplus suratensis UNDER SALINITY CHALLENGES
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Global shift in salinity regimes along with the expansion of hypoxic zones in aquatic systems may pose serious threats even 
to euryhaline fish.  The functional attributes of gill to hypoxia stress and salinity challenge relation to the ion transporters 
and water channels have not yet delineated in euryhaline fish. We therefore, explored the pattern of ion transporter proteins 
abundance and expression of hypoxia inducible factor 1α (HIF1 α) and aquaporin 1 (AQP 1) in pearl spot (Etroplus 
suratensis) exposed to acute hypoxia stress and salinity challenge. Salinity challenge influenced HIF1 α expression and heat 
shock protein (HSP 70) abundance under hypoxia stress. The increase in Na+/K+-ATPase (NKA) activity and abundance 
went almost hand in hand with the Na+/K+-2Cl- cotransporter (NKCC) protein abundance in response to salinity increase. 
On the contrary, hypoxia stress demanded inhibition of both the NKA and NKCC in gill irrespective of salinity. The 
mRNA expression of AQP1 was deficient in gill regardless of the salinity change, whereas, hypoxia up-regulated mRNA 
expression of AQP1 depending on salinity level. The evidence is thus presented for the first time that, ion transporters such 
as NKA and NKCC along with AQP1 act as functional gill markers which respond differentially to hypoxia stress and 
salinity challenges or both. The results further provide evidence for an inverse expression pattern of ion transporters and 
water channel protein in gill as a result of the osmorespiratory compensatory response of the euryhaline fish during hypoxia 
stress-salinity interaction.

THERMAL TOLERANCE OF LARVAE AND JUVENILES CHOCOLATE MAHSEER 
Neolissocheilus hexagonolepis IN RESPONSE TO DIFFERENT WARMING RATE AND 
ACCLIMATION TEMPERATURE 

Pragyan Dash*, R.S. Tandel, N.N. Pandey, N.K. Chadha, P.B. Sawant, K.D. Rawat, D. Sarma

ICAR-Directorate of Coldwater Fisheries Research, Anusandhan Bhawan
Industrial Area, Bhimtal - 263136, India 
pragyan5dash@gmail.com

Fish like other ectotherms differ widely in thermal tolerance limit and their physiological responses is entirely shaped up 
with the rise or fall of environmental temperature. Moreover, thermal tolerance window of fish larvae is entirely different 
from the adult tolerance limit. Larvae in particular are more sensitive to the thermal fluctuation compared to the adult ones. 
In previous studies, thermal tolerance limit of larvae was estimated by applying a wide range of warming rate starting from 
0.04℃ to 60℃/h. Nevertheless, the choice of an accurate warming rate with respect to age or size of the fishes is extreme 
crucial for the correct estimation of critical thermal maximum (CTmax). In this study, we estimated CT max of chocolate 
mahseer larvae and juveniles using the dynamic method. Further, the estimation of CTmax was validated in response 
to different warming rate (1 to 18℃), acclimation temperature (14 to 29℃) and the age of fishes (15 dph, 35 dph and 3 
month). The 13-15 dph larvae of chocolate mahseer had a lower and higher CT max of 32.1℃ and 36.7℃ in acclimation 
temperature of 17℃ and 23℃ respectively. Likewise, 35 dph larvae had a lower and higher CTmax of 32.2℃ and 37.1℃ 
in acclimation temperature of 17℃ and 23℃ respectively. The result clearly depicted that CTmax value does not differ 
significantly among the 15 dph and 35 dph larvae.  However, for CTmax estimation of 15 dph larvae, the suggested 
warming rate was maximum up to 6℃/h and 35 dph larvae onwards 18℃/h warming rate could be used. Three-month-old 
chocolate mahseer could tolerate the temperature from 33.1℃ up to 38.4℃ in acclimation temperature of 14 to 29℃ which 
was significantly different from the 35 dph larvae. 
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Biofloc technology is a mature ecosystem composed by a microbial community. It has been reported to improve water 
quality, feed utilization and shrimp health. Therefore, biofloc systems are claimed to provide protection against bacterial 
diseases, and the establishment of such systems can be managed by applying probiotic bacteria which also seems to be 
an alternative for the control of diseases. In this study, it was tested if bioflocs operated in different ways show a different 
capacity to control AHPND. Additionally, it was verified if Bacillus-based probiotics would allow to control the disease 
independently from the operational parameters.

L. vannamei postlarvae (PL22 - 0.025±0.01g) were cultured 
(30 shrimp/10L tank) for 21 days in five different experimental 
bioflocs: No bioflocs (clear water); Autotrophic bioflocs (cultured 
at C/N < 10) with and without probiotic supplementation; and 
Heterotrophic bioflocs (cultured at C/N >15) with and without 
probiotic supplementation. The commercial probiotic mixture 
(Sanolife® PRO-W) was added to the water every 48 hours.  At 
the end of the period, an AHPND challenge test was performed 
in 3 different methods: A - Shrimp cultured in the bioflocs were 
challenged in new seawater without bioflocs; B - Shrimp cultured 
in the bioflocs were challenged in that same biofloc suspension; 
C - Non-experimental shrimp were challenged in the different 
biofloc suspensions. 

Overall, survival was lowest when shrimp were challenged in 
new seawater (Fig1A), independently of the biofloc suspension 
in which the shrimp were cultured before. When challenged in 
bioflocs, survival was highest in Heterotrophic bioflocs. Survival 
in Autotrophic bioflocs was lower, but could be compensated by 
the use of Sanolife® PRO-W (Fig 1B;1C). These effects were 
independent of whether the shrimp has been cultured before in 
the bioflocs or not. 

These results illustrate the protective effects of bioflocs and that 
operational parameters of biofloc systems can determine the 
degree of disease risk.  In addition, this study showed the potential 
of using Sanolife® PRO-W in combination with bioflocs for the 
case these would not be able to provide protection of the shrimp 
against AHPND.
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Nursery rearing of hybrid tilapia young fry (Red strain) was undertaken in two types of rearing systems for 21 days. Young 
fry of hybrid tilapia (0.12 + 0.019 g ABW) were stocked in hapa (1.5 m L x 1 m B x 1 m D ) at a stocking density of  0.87 
fish/lit  and in 5 aquarium tanks (each measuring 1 m L x 0.3 m B x 0.3 m D) at a stocking density of 0.88 fish/lit. Crumble 
feed of 30% CP was given per day 7 times in 1st week and 6 times in 2nd week and 5 times in 3rd week in both hapa and 
tank fishes. The physico-chemical parameters of hapa and aquarium tank were taken everyday.

Do, pH, TDS, Alkalinity, Temperature were higher in hapa water than tank water, where ammonia is found higher (0.5-1 
mg/lit). After 21 days of trial, hapa stocked fishes had a weight gain of 3.48 g , while the fishes in aquarium tank had weight 
gain of 2.58 g. The survival rate in hapa was 97% and in aquarium tank was 85%. The hapa rearing resulted in 74% more 
growth than in the glass aquarium tank. The final ABW of fishes reared in hapa was 3.6 g while that of aquarium tanks was 
2.7 g. The body colour of the fishes in hapa was brighter than the  tank of  fishes.
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The development efforts aimed at fishers and fish farmers in the developing world focused on helping them to build their 
capacity to adapt to climate change. Small indigenous fishes (SIFs) have high consumer preference, and hence they demand 
high price in Northeastern region of India. An experiment was conducted to assess feasibility of culturing high value 
SIFs (Amblypharyngodon mola, Gudusia chapra and Puntius spp.) along with Indian major carps (IMC) in pens installed 
in a floodplain wetland (beel) of Assam. Five pens of 10 m x 10 m (100 m2area) were constructed in 47-Morakolong 
beel (seasonally open wetland), Morigaon district, Assamwith low-cost and locally available materials. The IMC (Catla 
catla, Labeo rohita and Cirrhinus mrigala) were stocked at 2:1:1 ratio @ 3 no./ m2 in all the pens. Five different species 
combinations (treatments) were tested i.e., P1 (IMC only), P2 (IMC +A. mola @ 30 no./ m2), P3 (IMC + G. chapra @ 20 
no./ m2), P4 (IMC + Puntius spp. @ 20 no./ m2) and P5 (IMC + all three SIFs @ 1/3rd of the original stocking density of each 
species). The stocked fishes were fed with formulated pelleted feed containing 30% CP @ 3-4% body weight of IMC twice 
daily and cultured for five months. The highest fish production was obtained from P3 (1.48 kg/ m2) followed by P2 (1.46 
kg/ m2), P5 (1.3 kg/ m2), P4 (1.08 kg/ m2) and P1 (1.05 kg/ m2). Economic analysis of the pen culture operation indicated 
that culturing IMC with G. chapra or A. mola was the most profitable one with B:C ratio of 1.54 and 1.51, respectively. 
Rearing of IMC with all the three SIFs was observed to be more economical (B: C ratio of 1.35) than culturing IMC alone. 
However, culturing IMC alone or with Puntius spp. recorded similar returns. All the three SIFs bred naturally in the pens 
as indicated by the presence of various size range of the fish. Our result indicated that culturing of locally preferred high 
value G. chapra and A. mola along with IMC in pens was economically profitable yielding higher returns than culturing 
IMC alone. In conclusion, pen aquaculture practice in floodplain wetlands of Assam can be adopted as polyculture of SIFs 
with major carps instead of culturing only major carps for additional income of the wetland fishers and conservation of SIF 
in the changing climatic scenario.
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Labeo bata fingerlings were reared in ICAR-CIFRI GI-cages at five different stocking densities to evaluate the effect of 
stocking density on growth, production and economics for production of table sized fish. Fifteen ICAR-CIFRI GI-cages 
(cage dimension: 5 x 5 x 2 m each) were installed in Samaguri beel (floodplain wetland) of Nagaon district, Assam, India. 
The cages were stocked with L. bata fingerlings (av. length 11.93 cm; av. weight 13.05 g) at five different stocking densities 
i.e., 10 (S1), 20 (S2), 30 (S3), 40 (S4) and 50 fingerlings/m3 (S5) in triplicates. Fish were fed with floating feed containing 
32 % CP @ 3-5% body weight twice-a-day for six months. With the increase in stocking density, the growth fish decreases. 
The specific growth rate at different stocking densities were: 1.03 (S1), 0.88 (S2), 0.84 (S3), 0.67 (S4) and 0.52 (S5). The 
corresponding weight gain percent were 533.33, 385.82, 353.26, 232.18 and 155.94 %. However, the highest biomass was 
achieved at stocking density of 30 fingerlings/m3 (71 kg/cage), which was significantly higher from S1 and S2 but similar 
with S4 and S5. Economics of rearing L. bata showed that B:C ratio was the highest at stocking density 30 fingerlings/m3 
(1.44). Results of the present experiment indicated that L. bata stocked at lower densities had higher growth but a lower 
biomass, while stocking more than the optimum densities were not economical. Hence, a stocking density of 30 fingerlings/
m3 can be considered optimum for producing table sized L. bata in ICAR-CIFRI GI-cages in the beels of Assam.
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The red cusk-eel (Genypterus chilensis) is a native species with high potential to Chilean aquaculture diversification. For 
a successful establishment of a new aquaculture industry, understand the biology of the gametes and how environmental 
factors such as temperature affect them is key. In the unfertilized egg, maternal mRNAs play a key role in early embryonic 
development until activation of zygotic transcription. The objective of this work was to evaluate the effect of high 
temperature (HT) and low temperature (LT) stress and their relation with maternal mRNA in unfertilized eggs of G. 
chilensis. 

The eggs of G. chilensis were collected from CIMARQ and separated in control (19°C), HT stress group (26°C) and 
LT stress group (7°C). The groups were maintained for 6 hours (T6) to their respective temperature treatment. In each 
experimental group, 5 pools (30~ eggs each) were collected for RNA and DNA purification. 

Low and high temperature produces a significant change in AP sites (Fig. 1A), evidencing the DNA damage generated 
by this type of stressor, with a higher effect in the LT stress group. Respect to the mRNA levels, significant differences 
were observed for ddit4, gpx1, hsp60, and igf-1 (Fig 1B to 1E), with no significant differences in the expression of npm2 
(Fig 1F). The changes observed in mRNA levels could be related to the activation/degradation of maternal dormant 
transcripts by thermal stress. This effect of thermal stress could affect the quality and developmental competence of the 
eggs, information that could be considered for a successful establishment of G. chilensis industry. Funding: CONICYT 
FONDECYT Postdoctorado 3180283. 
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The Genypterus genus contains native species of economic relevance with high potential to aquaculture diversification, 
including the black cusk-eel (Genypterus maculatus), which is distributed on the south Pacific coast of Chile and Peru. 
Environmental factors such as temperature can generate stress in the native and commercial population, affecting the 
performance of fish. The objective of this work was to study the effect of heat stress in gills and muscle of black-cusk-eel 
juveniles. 

Black cusk-eel juveniles were collected from CIMARQ 
and separated in control and stress groups. The stress group 
was subjected to high-temperature stress (18,5°C) while the 
control group was maintained at 13°C for five days. At the end 
of the experiment, fish were euthanized, sampling plasma, 
gills and skeletal muscle for cortisol level, DNA damage and 
relative gene expression evaluation through RT-qPCR. 

High temperature produces a significant increase in cortisol 
levels in the stress group (Fig. 1A), generating DNA damage 
in gills, observed by an increase in the AP sites (Fig. 1B). 
Additionally, the stressed group presents an up-regulation of 
heat shock proteins (Fig. 1C y D), oxidative stress (Fig. 1E, F 
y G) and related to autophagy (Fig. 1H). This study showed 
that thermal stress can affect different key tissues generating 
damage and modulating the expression of relevant processes 
that can affect the performance of black cusk-eel, information 
that should be considered in a climate change world scenario. 
Funding: CONICYT FONDECYT Postdoctorado 3180283. 
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The quality of fishes available in the market is assessed by simple sensory evaluation of gill and odour. The undesirable 
odour of spoiled fish is due to evolution of total volatile amines. However, the sensory evaluation technique fails in the 
case of packaged fish since consumer can neither touch the fish nor sense the odour. In this study, a bionanocomposite 
that exhibit halochromism is developed for monitoring spoilage of packaged fish. At first, a natural dye was extracted 
and used to prepare metal nanoparticles via an in situ method. Then the nanoparticles were blended with 5-10 wt% of 
polymers of natural origin and casted into thin film.  These thin films were characterized by UV-visible spectroscopy, FT-
IR spectroscopy, X-ray diffraction, Scanning Electron Microscopic (SEM) techniques. The halochromic behaviour of the 
thin films was examined at different pH.

The UV-visible spectrum of the bionanocomposite exhibited a brand band at 420 nm. Several peaks were observed in the 
region of 1750 – 1640 cm-1 in FT-IR spectrum of the bionanocomposite. SEM morphologies of the bionanocomposite 
showed presence of nanoparticles having average size of 70 ± 15 nm. The nanocomposite developed different colors for 
different pH ranging from 1 – 14.

The UV-visible and FT-IR spectral analyses indicated the successful incorporation of the natural dye into the thin film. 
The presence of silver nanoparticles was indicated by the SEM and X-ray diffraction analyses. The CIE L*a*b and RGB 
values of the colors developed at different pH by the nanocomposite suggested that the developed halorchmic sensor could 
be used to monitor fish spoilage.
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Metal structures play important role in our day-to-day life. Metallic structures are used in most of the industries in almost 
all the stages of the processes. Naturally, metals deteriorate and its unavoidable but controllable. Construction of buildings 
in marine environment is challenging in terms of both economically and scientifically. Billions of rupees are lost due to 
corrosion, especially due to marine environment. One of the methods to prevent loss due to corrosion is application of 
chemical inhibitors. Among them chromium exhibited excellent results against corrosion of metals. Meanwhile, chromium 
based inhibitors possess toxicity to the benign environment. In this view, chromium based inhibitors are banned from use. 
This scenario increased the interests of researchers towards eco-friendly inhibitors. 

It has been demonstrated that organic compounds derived natural resources can protect the metal corrosion significantly. 
Plants are economical sources of naturally available organic compounds. In this view, the extract obtained from the leaves 
of Milletia Pinnata was used to protect the surface of TMT rod in marine environment in this study. TMT rods with 
predetermined weights are used for this study. The experiment was performed using water with 33 ppt of salinity. The 
TMT rods were placed in the saline water for 24 h. The change in the weights of the TMT and inhibition efficiency were 
calculated based on weight loss method. Further, the effect of number of coatings were also varied.

The results indicated that the TMT rods coated with the plant extract (10 coatings) exhibited inhibition of about 90% 
of corrosion. Further, Langmuir adsorption isotherm indicated that the mechanism of inhibition follows physisorption 
predominantly.
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Rohu (Labeo rohita) is the most preferred freshwater fish species cultivated in Indian subcontinent. During nursery rearing 
of rohu, a survival of 30 – 40% of fry is normally achieved in earthen nursery ponds and still higher survival levels of 50 
- 60% is achieved in concrete nursery tanks. The survival can be improved by minimizing predation and by carrying out 
culture in controlled indoor system. Therefore, an attempt was made to rear rohu spawn in biofloc culture system which 
provides nutrition on continual basis, requires less water, less labour and yields high survival and production.

A 20-day lab scale experiment was performed to investigate the growth and survival of rohu (Labeo rohita) spawn in 
biofloc system at different stocking densities. The experiment was conducted in 100 L circular HDPE indoor tanks. Spawn 
in the size range of 6 to 8.5 mm length and 1.5 to 1.57 mg weight were stocked at five different densities, viz. 1 (D1), 2 
(D2), 3 (D3), 4 (D4) and 5 (D5) spawn L-1 in biofloc based units with four replicates for each treatment, following completely 
randomized design. The treatment with stocking density of 1 spawn L-1 without biofloc and aeration served as control. 
Sugar (42.45% C) was added daily into the biofloc treatments as a carbon source at an estimated C:N ratio of 20:1. The 
spawn were fed powdered groundnut oil cake at a feeding rate of 400% of body weight for first 5 days and then 800% of 
body weight for next 15 days.

Among the treatments, the treatment D1 showed significantly (P < 0.05) better growth performance in terms of length gain, 
weight gain and specific growth rate after 20 days duration (Table 1). The survival rates were significantly (P < 0.05) higher 
in D2 and D1 compared to the other treatments.

Emphasizing on the parameters like size attained by fry (20-25 mm) and yield of appropriately sized fry per unit area, the 
stocking density of 2 spawn L-1 is found to be optimum for nursery rearing of rohu in biofloc system for a period of 20 days.
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Capacity building is required to enable an organization to address wider social and cultural environment. Departments 
of fisheries are geared to increase the production of fish on sustainable basis and the present regime demands increase in 
farmers’ income – which needs the knowledge on marketing. 

The present study was conducted to assess the training needs and knowledge levels of fisheries department officials’ and to 
enhance the capability of them in order to establish market led extension system in the study area. The study area was Nadia 
district, West Bengal. Data were collected from 29 officers from the various blocks in the district working for fisheries 
department. Training Need Index and descriptive statistics were used to analyse the personal attributes and training needs. 
The training need index (Fig.1) was found to be highest for food safety and quality standards followed by alternative 
marketing methods, supply chain aspects, infrastructure management, market information and it was least for institutional 
aspects in fish marketing. The training need index was found to be almost a mirror image of the knowledge score, which 
reveals the inverse relationship between these two scores (Fig 2.).

Majority of the officers expressed their urge to undergo training in the various areas of fish marketing. With regard to the 
recent scenario and enduring change in fish marketing, capacity building and training of the officers are the two key aspects 
that should be conducted regularly so that they stay updated with respect to knowledge, skills and can cope up with the 
pace of change. 
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After a decade of impressive growth, farmed Shrimp output from India has shown a decline for the first time in 2018, 
increased instances of diseases have been the overwhelming factor for the slowdown. White spot syndrome Virus (WSSV) 
infections continue to cause large scale mortalities in shrimp farms in cooler months of December to February and during 
monsoon.  Poor shrimp growth, size variation, white faeces and loose shell are turning out to be major reasons for reduced 
survivals and the farm production to fall well below the anticipated harvest levels. Enterocytozoon hepatopanei(EHP) 
and Vibrio infections have been diagnosed across the farming areas and are strongly correlated to the fall in productivity. 
While WSSV outbreaks are catastrophic and instantaneous, the symptoms accompanying EHP and vibrio infections are 
progressive and difficult for the farmer to judge and take a decision on the harvest, as a result, the economic impact of 
EHP and vibriosis are much more severe and seen as a direct attribute for the fall in Indian farm productivity. In order 
to overcome the increasing spread of diseases, mitigation measures including stocking clean pathogen free post larvae, 
proper drying and disinfection of pond soil by appropriate protocols and strict Biosecurity procedures in the Hatcheries and 
farms have to be followed. Disease control measures have to be addressed in earnest if the growth in Indian farmed shrimp 
production achieved in the past decade has to be sustained.
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 In India, women form 48 % of the total fisher folk population and about 82 % of those engaged in marketing. In spite of 
such abundant participation, a noteworthy difference prevails between the work-load, financial gain and participation in 
higher fish value chain. On the other hand, marketing of food products including fish is witnessing a paradigm shift with 
the advent of modern retail formats and e-commerce/online retail. So there comes a need for inclusion of women fishers 
e-retail. Therefore the present study was conducted to assess women fishers’ willingness and expectations towards online 
mobile app for seafood sale.

 A total of 105 women fish retailers from four fishing villages of Versova, Khardanda (Mumbai suburban), Mahim and 
Cuffrade (Mumbai) formed a sample and were personally interviewed using a structured and pre-tested interview schedule. 
Majority (74%) of sampled women were fish retailers and only 31% were house wives. Willingness to sell fish online 
Index (WTSO) of the respondents was found out in order to see overall status of willingness of the women fishers to sell 
online. About 58% women were aware about ecommerce and 55% were smart phone users. As high as 79% were willing 
to participate in training programme on ecommerce while almost same percent (72%) were willing to come onboard to sell 
fish online. Futhure a mobile app prototype were developed and tested with 15 fisher women for two week in the Mumbai 
western suburbs. 

Correlation between willingness of women fishers to sell online (WTSO) and selected socio-economic variables showed 
that education, expenses on fish purchase, use of phone and awareness about online sale were found to be significantly and 
positively related with WTSO.  The Binary logistic regression to understand factors influencing WTSO revealed that age 
had a negative association with willingness, while expenses on fish purchase (sale value) and awareness about online sale 
was associated with an increase in willingness of women. The study concludes that 86% of the women felt that the mobile 
app could help in increasing their sales and thus their net income, 71% felt it’s a very convenient way to sell fish but less 
than half of them (42.9%) believed that it can provide an alternative or additional opportunity to sell fishes. All the women 
fishers wanted full-fledged and functional App in immediate future and stated that use of mobile app for fish retailing has 
increased their overall confidence such an application become available. 
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White spot disease (WSD) caused by white spot syndrome virus (WSSV) continues to be a major threat to shrimp farming 
worldwide. Despite major progress in characterizing the virus, developing tools for WSD diagnostics and understanding 
in WSSV pathogenesis, no therapeutic is available to control WSD. This project was designed to test the hypothesis that 
CRISPR-Cas9 directed genome editing can be used as a therapeutic to combat the progression of WSD in live shrimp. 
Multiplexed CRISPR-Cas9 constructs were made such that the functional components of the CRISPR-Cas9 system would 
be expressed in shrimp. The multiplexed vectors had three specific guide RNAs that targeted three sites in three different 
WSSV genes, VP28, DNA polymerase, and ribonuclease reductase 1. In laboratory challenge experiments, Penaeus 
vannamei shrimp were injected with these plasmid constructs either singly or in a combination mixture of plasmid DNA. 
Once shrimp were injected with the genome editing vectors, they were orally challenged with WSSV. An arbitrary amount 
of DNA was used for injection modeled on prior studies using RNAi vectors in other systems. The expectation that this 
would impact the progression of the disease was low, but the idea was to look for any edited WSSV genes in moribund 
or dead shrimp to look for genome editing. Surprisingly, most of the CRISPR-Cas9 treated shrimp had a delayed onset of 
mortalities compared to the positive control. We are currently analyzing the samples for the detection of predicted editing 
in the targeted WSSV genes. 

While these were preliminary experiments, it was surprising to see any whole animal impact of the direct genome editing 
of an invading virus – this is unique to the field. These experiments need to be confirmed and the dose and delivery of the 
DNA based therapeutic refined to have a positive impact in developing a commercially viable therapeutic for WSD control. 
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Due to the increasing numbers of resistant pathogenic bacteria and side effects caused by existing antibiotics, new 
antimicrobial compounds with effective properties are needed. Bacillus species produce a wide range of antimicrobial 
protein (bacteriocin) which remarkable variety of antimicrobial spectrum and have the ability to release some antimicrobial 
substances it responds with bactericidal (toxic) or bacteriostatic (inhibitory) effect on potentially pathogenic bacteria. 
However, to enhance the aquaculture production, the extensive use of antibiotics has led to drug resistance problems. 
Therefore, studies are essential to find out the alternative chemotherapeutic agents for sustainable aquaculture production.

This study aimed to isolate an antimicrobial protein from the cell-free culture 
supernatant (CFCS) of Bacillus spp., screen its antimicrobial activity and 
partially characterized of the antimicrobial peptide. An antimicrobial substance 
produced by the Bacillus sp. was detected in Bacillus broth. Subsequently, cell-
free culture supernatant (CFCS) was obtained by medium centrifugation and 
partially purification, and its antimicrobial activity was tested against bacterial 
fish pathogens. The Bacillus aerophilus of cell free supernatant showed maximum 
inhibitory activity against the tested bacterial strains. The B. aerophilus strain 
CFCS was separated with tricine and without tricine SDS-PAGE. A prominent 
band of at 22 kDa and diffusible bands (12–66 kDa) was observed in tricine 
SDS-PAGE. SDS-PAGE profile of the possible probiotic organisms and induced 
with pathogens, B. aerophilus showed the appearance of 22 and 35 kDa protein 
bands was an induced protein observed with different concentrations (0.5, 1, 2 
ml) target pathogens. All the selected probiotic Bacillus strains of partial purified 
antimicrobial proteins also displayed a bactericidal broad spectrum of targets 
against fish pathogens. B. aerophilus strain showed reduced survival percentage 
of all pathogens at low protein concentrations (15 µg) which could be the higher 
antimicrobial activity against A. hydrophila. Antimicrobial proteins are showed 
remarkable stability over a wide temperature and enzymes. This study conclude 
that antimicrobial compounds could potentially be used adjuvant or as vaccine 
substitutes to antibiotics in fisheries. Further study is needed to understand the 
mechanism of antibacterial activity of Bacillus spp.
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According to India Skills Report 2019, availability of employable talent continues to rise, reaching a new high of 47.38%, 
with an incremental change of 1.78 percentage points since last year and a change of over 13.43% points in the past 5 years, 
with engineers being most employable. Men and women employability are 47.39% and 45.6% respectively. Maharashtra 
had the highest hiring among states, followed by Karnataka and Delhi whereas states with maximum employable talent 
are Andhra Pradesh, Delhi and Uttar Pradesh. Employability levels of B.Tech/B.E have increased across all the sectors 
with 57.09%. India Skills Report 2019, do not have a separate report on agriculture/fisheries but fisheries is the fastest 
growing subsectors of agriculture producing a number of graduates and post graduates every year. Government, Non- 
Government and the Corporate sector offer diversified career opportunities. In the changing scenario of fisheries and 
aquaculture, Agriculture Skill Council of India (ASCI) has identified 26 job roles fisheries and aquaculture with National 
Occupational Standards and Qualification Packs. National Skill Development Corporation (NSDC) is in the process 
of content development and ASCI is in the process of implementing the Recognition of Prior Learning programme in 
fisheries sector. But, often skill gaps in graduates are reported, so an important element of any human resource development 
programme should be to develop employability skills. Recent advances in information technology and mobile apps can help 
in this. However, not much information is available on dedicated apps which impart fisheries education to students. Thus, 
a study was done with the objective of compiling different mobile apps in fisheries sector for which virtual information 
was used using google search and virtual product snow ball sampling (VPSS) method devised by Sharma (2018). A total 
of 85 mobile apps were located in fields of Angling, Aquaculture, Aquarium Management, Marine Fisheries and Fisheries 
Governance, Marketing and Biology out of which 17.65% apps were of Indian origin. Apps providing information on 
marine fisheries were maximum. However, no dedicated apps were available imparting education to students so as to 
bridge the employability gaps and enhance the talent pool. With the growing number of youth having access to mobile 
phones and handheld devices, the knowledge and information has great potential to reach many in the country at low costs. 
The digital technology is on the rise and is a great boon for skilling as it helps people learn on the move and develop their 
employability skills. Technologies such as mobile apps and progressive web apps can all be used to develop authentic 
learning experiences. However, even when native apps can provide finest user experience, they are limited to certain 
devices and have high barriers to adoption like requiring a download. The newest mobile solution is emerging with the 
Progressive Web Apps (PWA) as it combines the best elements of mobile websites and native apps while mitigating their 
disadvantages. PWA’s are the traditional web applications that are enhanced with modern web technologies, allowing 
providing a more app like experience. They are more efficient, works on demand, always accessible and stay up to date. 
An exclusive PWA for fisheries graduates and post graduates can serve as a tool in developing their employability skills as 
in the coming years skills will be required in the areas of fisheries and aquaculture using artificial intelligence, block chain 
technologies, data science and internet of things.



196

ANTIOXIDANT ACTIVITY, TOTAL PHENOLIC CONTENT AND TOTAL FLAVONOID 
CONTENT OF DIFFERENT FRUIT PEEL EXTRACTS (POMEGRANTE, PINEAPPLE AND 
ORANGE)

Dhruw Priyanka*, Velayutham P & Sukumar D

Fisheries College and Research Institute, Thoothukudi
Tamil Nadu Dr.J.Jayalalithaa Fisheries University, Nagapattinam
Email: priyankadhruw30a@gmail.com

Natural Antioxidants were extracted from the pomegranate (Punica granatum), pineapple (Ananas comosus) and orange 
(Citrus sinensis) peels by methanol and their activity were evaluated by DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical 
scavenging. The total phenolic compound (TPC) was determined by the Folin-Ciocalteu method to quantify the amounts 
of phenolic contents and total flavonoid content (TFC) by the Aluminium chloride colorimetric method. The Pomegranate 
Peel Extract exhibited total phenolic content (TPC) 221 mg/g GAE and total flavonoid content (TFC) of 194  mg QE 
100g-1, the pineapple peel extract TPC of 185 mg/g GAE and TFC of 95 mg QE 100g-1 and orange peel extract TPC 
of 156 mg/g GAE and TFC of 82  mg QE 100g-1 respectively. The result of antioxidants activity of pomegranate peel 
extract showed the radical scavenging activity of 85.55% at the concentration of 0.2 µg/mL and pineapple peel extract 
showed the radical scavenging activity of 74.72% at the concentration of 0.4 µg/mL whereas the orange peel extract 
showed the radical scavenging activity 79.78 % at the concentration of 0.6 µg/mL. Among the different fruit peel extracts, 
pomegranates exhibited the highest antioxidant activity followed by orange and pineapple extracts. It can be concluded that 
the antioxidant activity, total phenolic content and total flavonoid content present in the different fruit peels can be extracted 
and used as natural antioxidants. 

ANTIOXIDANT ACTIVITY, TOTAL PHENOLIC CONTENT AND TOTAL FLAVONOID 
CONTENT OF DIFFERENT FRUIT PEEL EXTRACTS (POMEGRANTE, PINEAPPLE AND 
ORANGE)

Dhruw Priyanka*, Velayutham P & Sukumar D

Fisheries College and Research Institute, Thoothukudi
Tamil Nadu Dr.J.Jayalalithaa Fisheries University, Nagapattinam
Email: priyankadhruw30a@gmail.com

Natural Antioxidants were extracted from the pomegranate (Punica granatum), pineapple (Ananas comosus) and orange 
(Citrus sinensis) peels by methanol and their activity were evaluated by DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical 
scavenging. The total phenolic compound (TPC) was determined by the Folin-Ciocalteu method to quantify the amounts 
of phenolic contents and total flavonoid content (TFC) by the Aluminium chloride colorimetric method. The Pomegranate 
Peel Extract exhibited total phenolic content (TPC) 221 mg/g GAE and total flavonoid content (TFC) of 194  mg QE 
100g-1, the pineapple peel extract TPC of 185 mg/g GAE and TFC of 95 mg QE 100g-1 and orange peel extract TPC 
of 156 mg/g GAE and TFC of 82  mg QE 100g-1 respectively. The result of antioxidants activity of pomegranate peel 
extract showed the radical scavenging activity of 85.55% at the concentration of 0.2 µg/mL and pineapple peel extract 
showed the radical scavenging activity of 74.72% at the concentration of 0.4 µg/mL whereas the orange peel extract 
showed the radical scavenging activity 79.78 % at the concentration of 0.6 µg/mL. Among the different fruit peel extracts, 
pomegranates exhibited the highest antioxidant activity followed by orange and pineapple extracts. It can be concluded that 
the antioxidant activity, total phenolic content and total flavonoid content present in the different fruit peels can be extracted 
and used as natural antioxidants. 



197

PERSISTENT ORGANOCHLORINE RESIDUES IN FISH SAMPLES COLLECTED FROM 
THAMIRABHARANI RIVER 

Manimekalai, D*. Srinivasan, A., Padmavathy, P., Jawahar, P., and Riji John, K

*Assistant Professor, Dept. Aquatic Environment Management, 
Fisheries College and Research Institute, Thoothukudi-8
e-mail ID – manimekalai@tnfu.ac.in 

This study was undertaken to investigate the levels of organochlorine pesticides (OCPs) in surface water and sediments 
of the Thamirabarani river system, Southern India. Samples were collected from five sampling sites, viz, Papanasam, 
Vannarapettai, Srivaikuntam, Cheranmadevi and Punnakayal, and tested for OCPs by gas chromatography-Electron 
capture detector (GC-ECD) following QuEChERS extraction procedure. Fishes such as catla, rohu, tilapia, mackerel 
and sardine were collected from the sampling sites.  The GC recoveries of spiked samples were between 80 to 96%. 
17 organochlorines (OCs) namely alpha-HCH, gamma-HCH, delta-HCH, heptachlor, heptachlorepoxide, endosulfan I, 
endosulfan II, endosulfan sulphate, p,p’-DDE, pp’ DDD, pp’ DDT, dieldrin, aldrin endrin, endrin-aldehyde, methoxychlor 
and methoxychlor epoxide were identified and quantified. A 100% incidence was recorded for gamma-HCH, delta-HCH, 
heptachlor, aldrin, gamma-chlordane, alpha-endosulfan, dieldrin and p,p’-DDT, while 75% incidence was recorded for 
the metabolites, p,p’-DDE and endosulfan-sulfate. The concentrations of OCs ranged from 0.3 to 71.3 µg/kg and were 
however, below the Australian Maximum Residue Limits (MRL) of 50 to 1000 µg/kg for fresh water fish. The occurrence 
of OCPs in fish muscle tissues ranged from 0.001 to 24.02 µg kg-1, and this was comparatively lower than their presence 
in water and sediment. The most abundant OCPs were endosulfan (0.57 to 20.23 µg kg-1) and endrin (0.32 to 6.89 µg kg-

1). Endrin concentration ranged between 0.58 to 5.70 µg kg-1 with more accumulation recorded in rohu. The distribution 
pattern of DDTs, HCH, endosulfan and other OCPs in the present study shows heterogenic nature of nonpoint source of 
pollution.
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Road transport of live fish is a complicated interaction between fish, environment, technical equipment and various human 
factors, which needs an effective quality assurance system. Verification of correct biomass and capacity, appropriate supply 
and control of water and oxygen, panic and trip response of shipped stock are the major influential factors affecting the 
welfare of live fish during road transportation. Large numbers of transportation units are available for industry scale use 
but very less amount of technical support is available for conventional transport technique for small scale use. On-trip 
functioning life-support device can be a very effective and economic option to provide a quality maintenance system to get 
higher market value of live fishes. Life-support systems are typically composed of special purpose built insulated tanks and 
fitted with provisions for monitoring and control of critical water quality parameters like temperature, dissolved oxygen 
(DO) levels, pH, carbon dioxide (CO2) and ammonia (NH3) concentrations. Closed-circuit or recirculating systems are very 
efficient because of adaptability to function properly in all sub-optimal situations and also in case of shock loading. Laps in 
technical design and lack of prior knowledge for monitoring of each component mainly the filtration and aeration unit can 
only be the limiting factor in the performance of such systems. Proper installation of such innovative life-support systems 
could open the doors to various possibilities like expansion of existing transport opportunities, accommodation of higher 
stock density, improved market value and improved ability to withstand market fluctuation and also expansion into more 
distant markets.
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The flathead mullet (Mugil cephalus) is an important food fish species in the mullet family Mugilidae. The subject flathead 
mullet is widely distributed in tropical and temperate rivers and seas, and found abundantly in Myanmar. They are available 
throughout the year and of commercial value.  In the present study the sex ratio and spawning condition of the fish were 
examined. A total of 344 specimens of Mugil cephalus were collected from a segment of the Bago River, 16 ° 49′ N to 16 
° 51′ N, and 96° 18′ E to 96 ° 20′ E.  The sex ratio of Mugil cephalus was 1:1 during the study period. The highest GSI 
value of males was  (1.90 ± 0.76) in April with the testes weight (1.08 ± 0.83) g and female was (15.68 ± 1.67) with the 
ovaries weight (92.50 ± 12.5) g in March. Based on the gonad weight, gonadosomatic index (GSI), hepatosomatic index 
(HIS), condition factor (k) value and histological study of gonads, the spawning season for M. cephalus was determined 
to be February to May.
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Gene expression studies provide a better understanding of genomic responses in fish nutrition researches. Biochemical 
and haematological parameters are a reflection of health and physiological responses that may be influenced by various 
nutrients in the feed. Lysine is an essential amino acid present in high proportion in fish muscle tissue, involved in growth 
and maintenance of fishes. The present research was conducted to determine the effects of dietary L-lysine supplementation 
on growth performances, muscle growth-related-gene expression, haematological and biochemical responses of GIFT 
tilapia.

An 8-week indoor feeding trial was conducted in 15 nos. of 1 X 1 X 1.5 m sized cages in triplicate, with GIFT tilapia 
weighing on an average of 10 g. Five corn-soy based isonitrogenous and isoenergetic diets were formulated to contain 
graded levels of lysine (% of dry diet) viz., T0 (1.45), T1 (1.6), T2 (1.75), T3 (1.9) and T4 (2.05). Each diet was randomly 
assigned to triplicate groups of 30 juvenile fish, which were fed three times daily (9:00, 13:00 and 17 h). Among the 
experimental diets T4, the diet containing lysine level of 2.05 % of dry diet yielded significantly (p<0.05), higher mean 
body weight gain (48.43 g) followed by T3 (45.7 g), T0 (43.47 g), T2 (34.64 g) and T1 (31.13 g). The best results in terms 
of feed conversion ratio (1.13), specific growth rate (1.74), feed efficiency ratio (0.87), average daily growth (1.07), specific 
growth rate (1.74), haematological, biochemical parameters and muscle-growth-related gene expressions were observed in 
T4. The results demonstrated that the dietary lysine requirement in corn-soy based diet for GIFT tilapia would be 2.05 % 
of dry diet for better growth performances.
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Nutrigenomics provides a genetic understanding of common dietary nutrients affecting muscle growth by altering the 
expression or structure of an individual’s genetic makeup and this approach is gaining understanding of genomic responses 
in fish nutrition. Methionine is an indispensable amino acid that plays an important role in fish health. The studies on 
muscle-growth-related gene expression in GIFT tilapia in response to dietary methionine supplementation has not been 
reported. The present study was conducted to study the effects of dietary DL-methionine supplementation on the growth 
performances, muscle-growth-related gene expression, haematological and biochemical responses of GIFT tilapia.

A 60-day indoor feeding trial was conducted in 15 nos. of 1 X 1 X 1.5 m sized cages in triplicate, with GIFT tilapia 
weighing on an average of 10 g. Five corn-soy based isonitrogenous and isoenergetic experimental diets (32% crude 
protein) were formulated with graded levels of methionine (% of dry diet) viz., T0 (0.75), T1 (0.9), T2 (1.05), T3 (1.2) and 
T4 (1.35 %). This feeding trial was conducted in 15 nos. of 1 X 1 X 1.5 m sized cages in triplicate. Among the experimental 
diets T1, diet containing methionine level of 0.9 % of dry diet yielded significantly (p<0.05), higher mean body weight gain 
(51.56±0.23 g) followed by T0 (45.2±0.49 g), T2 (42.58±0.10 g), T3 (37.33±0.06 g) and T4 (30.87±0.13g). The best results 
in terms of feed conversion ratio (1.12±0.08), specific growth rate (1.76±0.01), feed efficiency ratio (0.89±0.06), average 
daily growth (1.14±0.05), haemato-biochemical parameters and muscle-growth-related gene expressions were observed in 
T1. The results demonstrated that the dietary methionine requirement in corn-soy based diet for GIFT tilapia would be 0.9 
% of dry diet for better growth performances.
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Hatcheries from Thanjavur District of Tamil Nadu is the major supplier of fish seed to the carp farming in Tamil Nadu. 
These hatcheries mainly breed catla, rohu and mrigal. Generally, these hatcheries maintain the broodstock without adequate 
attention of genetic consideration. They use the same brooders for seed production continuously without exchange or 
replacement. Due to this, inbreeding may occur at faster rate due to the small effective population size. Therefore, the 
present study was conducted to estimate effective population size and inbreeding rate in Indian Major Carps in Tamil Nadu 
hatcheries.

The data for this study were collected from four hatcheries from 2014 to 2018 for four breeding seasons. Pedigree records 
are not maintained in these hatcheries. The data were collected on the species, month and year of breeding, number of 
males, number of females used for breeding and number of females spawned. The inbreeding rate was estimated based on 
the effective population size. The effective population size (Ne) was estimated by the method described by Falconer and 
Mackay (1998). In the present study, the effective population size for catla ranged from 3 to 49. It was 8 to 39 in rohu and 3 
to 49 in Mrigal. The inbreeding rate ranged from 1.50 to 24.63, 3.75 to 19.53 and 1.50 to 24.63 per cent for catla, rohu and 
mrigal respectively. It was observed maximum inbreeding rate in catla due to smaller effective population size. 
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This research work was undertaken to study the conversion of tuna processing waste such as head, viscera, flesh and bone 
into a protein based feed ingredient as a substitute for fish meal in animal feed, to reduce the beach pollution and also easy 
way of handling of liquid silage. Tuna processing wastes get easily decomposed and cause extreme pollution in landing 
centres. Preparation of liquid silage was carried out by addition of 3% acid (1:1, Formic: Propionic acid) into crushed tuna 
processing wastes at pH 4. The liquefaction process was continued for 4 days. The nutritional composition of tuna silage 
measured as water content of was 64.35% ±0.8, crude protein was 34.97±0.2%, and crude fat was 0.55±0.04%. The moisture 
content was reduced to 53 ±0.6 by addition of wheat bran and rice bran (1:1) at the rate of 70: 30 w/w. The semisolid silage 
mixture was dried under the sun for 2 days. The dried silage cake was pulverised and proximate composition determined. 
Powdered silage had moisture of 10.68±0.09 %, crude protein 57.64 ±0.27%, carbohydrate 11.52 ±0.12%, fat 4.83±0.04% 
crude fibre 5.74±0.16% and ash content of 8.21±0.06%. The pH was 6.45±0.01. It was comparable to the protein source of 
commercial feed ingredient used in animal feeds. The digestibility of powdered silage was considered to be better than fish 
meal due to partial digestion with gut enzymes.  The palatability of the powdered fish silage was tested with fish, poultry 
and dog and found acceptable. This method of conversion of tuna processing waste into animal feed ingredient as a fish 
meal supplements. 
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To have clarity on one’s aspirations, they ought to know what careers are available to them in their chosen field, challenges 
and opportunities with those careers, and how to prepare themselves to get there. Industry can play a major role in providing 
awareness on the opportunities and empowering the students to meet the prerequisites for those opportunities. Partnership 
between academia and industry can facilitate to make fisheries education more relevant to meet the job requirements. 
There is skill gap between what is taught in universities and what is required in the industry. In today’s world, skills are 
more important than academic credentials, however a conventional academic curriculum gives very little focus on skill 
development.  Industry can contribute in modifying the curriculum and assessment systems.1 of every 6 people on the 
planet live in India, While the number of Indians living in urban areas has increased over the last two decades, about 67% 
of people still live in rural areas. Today, our strong agricultural base provides us a solid launch pad to create a vibrant food 
processing sector. Our vast consumer base, rising incomes, favourable investment climate and a Government dedicated to 
ease of doing business, all make India ‘the place to be’ for the global food processing fraternity. India contributes over six 
per cent of global fish production. We are the world’s second largest exporter of shrimps. India exports fish and fisheries 
products to about 95 countries. We aim to make a big leap in the ocean economy through the blue revolution. Our focus is 
on development of untapped areas, such as ornamental fisheries and trout farming. We also wish to explore new areas, like 
pearl farming.Our commitment to sustainable development, is at the heart of our thrust for organic farming. Resource wise, 
absolutely we have no problems ,however lack of technical manpower pushes us back ! 
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BROODSTOCK NUTRITIONAL PROGRAMMING: INFLUENCE OF BROODSTOCK 
SELECTION (HIGH OR LOW fads2) AND DIETARY FATTY ACID PROFILES ON 
REPRODUCTIVE PERFORMANCE AND EGG QUALITY IN GILTHEAD SEA BREAM 
Sparus aurata

Shajahan Ferosekhan1,2*, Hanlin Xu, Serhat Turkmen, Hipólito Fernández-Palacios, Juan Manuel Afonso, 
Ramon Fontanillas, Ana Gomez, Sadasivam Kaushik, and Marisol Izquierdo

1Aquaculture Research Group (GIA), IU-ECOAQUA, Universidad de Las Palmas de Gran Canaria, Las Palmas, 
Canary Islands, Spain
2ICAR-Central Institute of Freshwater Aquaculture, Bhubaneswar, Odisha, India
feroseaqua@gmail.com

Marine teleosts are recognised to have limited capacity of bioconversion of 18 carbon fatty acids from vegetable oils 
(VO) into long-chain polyunsaturated fatty acids (LC-PUFA) such as arachidonic (ARA), eicosapentaenoic (EPA) and 
docosahexaenoic (DHA) acids. This is attributed mainly due to the low expression of the fatty acid desaturase (fads2) gene, 
resulting in low activity of Δ6 FADS, a key enzyme in n-3 LC-PUFA biosynthesis. Feeding gilthead seabream broodstock 
with diets containing linseed oil upto 60% did not adversely affect reproductive performance, egg and larval quality and the 
larvae produced were found to better utilise diets with low fish meal (FM) and fish oil (FO) levels with even a long-term 
persistent effect on the utilisation of such low FM/FO diets by 16 month-old juveniles.

The present study assessed the interaction between broodstock selection and dietary fatty acid profiles in gilthead seabream. 
Our aim was thus to determine the potential of nutritional programming and its interaction with the selection of broodstock 
with either high or low expression of fads2 gene on reproductive performance and its offspring’s ability to utilise feeds 
rich in plant protein and oil sources. Gilthead sea bream male and female broodfish either having a (high fads2 expression 
levels (H) or low expression levels (L) were selected and fed with either F (100% FO) diet or V (20%FO/80%VO) diet for 
8 weeks period to study potential effect of nutritional programming on reproductive performance of gilthead sea bream.

During this period, the egg samples were collected regularly from all the four broodstock (HF, HV, LF and LV) groups. The 
spawning quality was significantly influenced by the broodstock selection (S) and dietary fatty acid (D). Total eggs, fertilized 
and viable eggs per spawn per kg female were significantly (P<0.05) improved in the high fads2 selected broodstock. 
The hatching and larval survival (3 dph) rates were also significantly (P<0.05) improved in the high fads2 (HF and HV) 
broodstock group. This study emphasizes the strong positive effect of high fads2 selected broodstock on reproductive 
performance and egg quality. Further studies will address the effects of nutritional programming of broodstock on larval 
and juvenile growth performance and their capacity for utilisation of low FM/FO diets and assess the possible epigenetic 
changes in the larvae and juveniles as affected by the nutritional history of broodstock.
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EFFECT OF MATERNAL SIZE ON THE REPRODUCTIVE PERFORMANCE, EGG AND 
LARVAL QUALITY IN Clarias magur

S. Ferosekhan*, A.K. Giri, S.K. Sahoo, K. Radhakrishnan, S.S. Giri, and B.R. Pillai

ICAR-Central Institute of Freshwater Aquaculture
Bhubaneswar-751002, Odisha, India
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The magur, Clarias magur is the most promising catfish species for freshwater aquaculture in India, next to carp. It fetches 
high market value (US $ 5-6 kg-1), has therapeutic benefit and delicious taste and due to these attributes, the species is in 
high demand for culture in India. The major bottleneck in the expansion of magur farming is the non-availability of quality 
seeds. The quality of seed primarily depends on the genetic merit of the broodstock and nutrient composition of broodstock 
diet. Earlier studies on other species has shown that the broodstock size and age has significant effect on the breeding 
performance and production of viable eggs and larvae. Therefore, the present study was conducted to evaluate the female 
broodstock size on the reproductive performance and larval quality of magur and determine ideal broodstock size for the 
quality seed production.

The pond raised matured male and female magur broodstock were selected and grouped into four size groups based on 
the body weight as follows, 65 ± 5g (F65); 130 ± 7.9g (F130); 180 ± 3.5 g(F180) and 253 ± 9.7g (F250). Each group had five 
male and five female broodstock for induced breeding operation. The induced breeding was carried out as per the standard 
protocol developed at ICAR-Central Institute of Freshwater Aquaculture (ICAR-CIFA), Odisha, India. The reproductive 
performance parameters such as stripping response, total and relative fecundity, fertilization, hatching rate, egg size, 
hatchling size, larval growth and survival of each broodstock group were evaluated to ascertain the ideal broodstock size.

Results revealed a positive linear relationship of broodstock size with total fecundity and egg size, yolk size, and hatchling 
size, whereas the relative fecundity showed a negative relationship. Total fecundity (11471±524) was observed significantly 
higher in F250 broodstock group, but the same group had significantly lower relative fecundity (4624±345). The stripping 
response (73.22±0.76 %) and hatching rate (87.81±1.87 %) were significantly (P<0.05) higher in F130 and F180 broodstock 
size whereas F250 broodfish showed significantly lower stripping response (57.68±8.56 %) and hatching rate (65.22±3.10 
%). The fertilization rate was more than 95% for all the broodstock group and no significant (P>0.05) difference could be 
observed among treatments. The egg diameter, egg weight, hatchling length and weight were significantly (P<0.05) higher 
in bigger sized broodstock F250 group but egg quality of this body weight broodstock group shown significantly lower 
level. The larval weight gain (32.37 ± 0.94 mg) and survival rate (94.73 ± 0.24 %) were significantly (P<0.05) higher for 
F130 to F180 broodstock group whereas, F250 broodstock group exhibited significantly (P<0.05) lower weight gain (9.87 ± 
0.18 mg) and survival rate (85.73 ± 0.52 %). Present study clearly indicate that the maternal size has greatly influenced the 
reproductive performance of magur catfish. In conclusion, the female broodstock of 130-180g body weight range could be 
the ideal size for successful captive breeding of magur to produce quality seeds for grow-out culture.
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GENETIC IMPROVEMENT OF SHRIMP Penaeus vannamei AT SEA PRODUCTS 
DEVELOPMENT (SPD): AN OVERVIEW OF NINE GENERATIONS OF SELECTION

Eduardo Figueras

Sea Products Development (SPD)
1201 Copano Retreat Road, Taft, Texas 78390 USA
e.figueras@seaproductsdevelopment.com

Since Sea Products Development (SPD) first implemented a genetic selection program, shrimp lines have experienced 
significant increases traits of commercial interest such as growth rate, tolerance to diseases, reproductive ability, and 
endurance of the environmental pressures characteristic of intensive farming systems. To date, improvement continues 
at steady rates over the last nine generations (Fig 1). The program aims to maintain a healthy balance between the traits 
of interest and adequate genetic variation, with crucial emphasis on  biosecurity to maintain the Specific Pathogen Free 
(SPF) status of the lines. The program has resulted in SPF strains customized to the needs of the industry. Shrimp lines 
are selected with an index that results in strains selected specifically for systems where high growth, tolerance to intensive 
conditions, or tolerance to diseases are the primary concerns of the growers. These strains are exported to more than a 
dozen countries of Asia, Europe and the Americas, making SPD the most widely-distributed shrimp strains in the world.

Genetic work at SPD is enhanced with the support of molecular genetics at affiliated company  Prometheus Progeniture 
Genetics Technologies Ltd., allowing continued enhancement of the productivity of the lines utilizing state-of-the-art 
molecular markers and genomics.
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ASIA LEADS GLOBAL TILAPIA PRODUCTION AND MARKETS IN 2019
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Tilapia production has continued to increase in recent years, but at a slower rate than the 5-8% growth we saw from the 
1980’s to 2015. Asia continues to be the center of global production and consumption.  Prices have been relatively stable, 
largely due to consistent supplies.  The continuity of supply is a function of the diversity of production sites and systems.  
Also, the Tilapia Lake Virus has not been as virulent as originally feared.   Farm managers have done a good job of 
following quarantines and maintaining good water quality and feeding conditions.  However, tilapia demand in the US, 
Canada and parts of Western Europe have dropped, blunting any potential price increase. This drop seems to be completely 
attributable to several misleading reports posted on the internet.  

Despite weak demand in the most lucrative markets, global production and consumption have continued to rise.  Production 
and consumption have increased in several countries that are particularly important on a global basis. Indonesia has reported 
rapid increase in production but only minimal increase in exports.  A government report for 2017 estimated production of 
1,200,000 metric tons. Egypt has also rapidly increased production, to approximately 1,000,000 tons, mostly for domestic 
consumption with some exports to the Gulf Arab countries. Bangladesh has increased its production at a tremendous rate 
in recent years.  In 2002 the production was under 10,000 mt and by 2018, reliable estimates are for more than 340,000 
mt essentially all for domestic markets.  Brazil has also increased production to 400,000 mt again primarily for domestic 
consumption. India is a rapidly growing producer and consumer with production likely to pass 20,000 mt in 2019. 
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PROMOTION OF NOVEL INGREDIENTS AS FISHMEAL REPLACEMENTS: 
F3 CONTEST AND A FEED INNOVATION NETWORK

Fitzsimmons, K.

University of Arizona
kevfitz@ag.arizona.edu

Fish meal and fish oil have long been staple ingredients of most aquatic feeds as sources of protein and lipids.  However, as 
fish meal and oils have rapidly increased in price, many alternatives are being considered.  Some of the alternatives, such 
as soybean and meat and bone meals, are widely accepted and have become basic ingredients.  More recently several new 
technologies have developed that are providing a variety of novel ingredients.  Bioreactors for the production of bacteria, 
algae, and yeast are providing a variety of proteins and lipids.  Production of methanotrophs, bacteria fed methane as their 
primary nutrient, is one of the promising products with amino acid profile similar to fishmeal.  Several species of algae are 
now being produced in bioreactors, tanks and ponds for aquafeeds. Both the protein and lipid components are proving to be 
valuable.  Saccharomyces and other yeasts/fungi have also proven to be valuable bioreactor-friendly producers. 

Insect meals derived from the larvae of the black soldier fly and mealworm beetle are also gaining market share.  The larvae 
have been tested in aquaculture diets for many years, but the recent development of factory-scale production has lowered 
the price of the larvae meals approaching the price of fishmeal.  Lipids generated from the process of converting the fresh 
larvae to dry meal also are gaining interest as an oil source.
 
The F3 contests were designed to encourage feed companies and farms to give more consideration to the use of novel 
ingredients.  The benefactors of the prize are committed to protecting more forage fish in the oceans for the benefit of 
native marine species including predatory fishes, sea birds, pinnipeds, and cetaceans by encouraging the more wide-spread 
adoption of these novel ingredients.  The first prize ($200,000) was awarded to the company which sold the most fish meal 
free aquafeeds in an18-month period ending in September 2017. The second prize will award $100,000 to the company 
which makes and sells the best alternative oil source capable of replacing fish oil in aquafeeds in October 2019. 
 
The next step in the F3 effort is developing a Fishfeed Innovation Network (FIN) that links a series of labs and training 
centers that will share information and demonstrate novel ingredients in practical feeds and educate feedmills, formulators 
and farmers regarding the pro’s and con’s of various novel ingredients and feeds.  The initial centers in Myanmar, Vietnam 
and China are linked to the Fish Technology Center in the US, which provides technical information on ingredients and 
design of feeding trials, while the Asian centers will be able to prepare demonstration diets for various species and test 
them on-site or with farmer partners.  The ability to explain the costs and benefits of these F3 diets will be a primary goal 
of the FIN Centers.  

An additional goal of the F3 effort is to encourage consumers to consider seafood produced without the use of fishmeal 
or fish oil as the environmental equivalent of free-range chicken or grass-fed beef.  Preserving more forage fish in the 
environment will benefit many marine predators, reduce the price increases that have slowed the growth of the aquaculture 
industry and further dissuade those who have committed illegal, unreported and unregulated (IUU) fishing and egregious 
human rights abuses while fishing for these forage fishes in various parts of the world.
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FISHMEAL ALTERNATIVES IN BARRAMUNDI (Lates calcarifer) diet: A RESEARCH 
UPDATE

Ravi Fotedar, Vo Binh, Siddik Abu Bakar Muhammad, Huy Phan

Feed has a critical role to play in improving production efficiency and reducing environmental foot-prints in any aquaculture 
operation. Lack of knowledge in the use and effectiveness of wide variety of protein sources can be seen as one of the weak 
links in the nutrition of the target finfish species. Therefore, finding alternative to fishmeal in any carnivore finfish species 
diet is a step forward in closing the knowledge gap and achieving environmental and economic sustainability in farming 
the species.  Finding suitable fishmeal protein replacement(s) and simultaneously omitting the contributions of other micro-
nutrients present in the fishmeal, could be other drawback in including fishmeal alternative ingredient(s) in the diet of 
carnivore species. The contribution of micronutrients present in fishmeal could be in the area of immune competence, 
flavour and texture of the final product.

In the light of above the current presentation will use Lates calcarifer as one of the examples of carnivore finfish species, 
where research target has focused on replacing fishmeal with other locally available ingredients.  L. calcarifer also known 
as barramundi, or Asian sea bass, are catadromous, protandrous hermaphrodites, euryhaline, tropical carnivore species that 
can be cultured in many environments including freshwater, brackish and marine waters. The species in its various product 
forms, is one of the most sought after fish as it can be cultured in tanks, ponds and cages. 

The Curtin Aquatic Laboratories in Perth, Western Australia has conducted several experiments to investigate the fishmeal 
replacement values of various ingredients. Some of these ingredients are plant based and some are animal based. Some 
ingredients were bioprocessed, fermented or treated with bacterial and enzymes with an expectation to improve their 
replacement efficiencies. Various tools including growth parameters, size-frequency distribution, physiological and 
immunological parameters have been used to investigate the efficacy of fish meal alternatives in barramundi culture. Some 
of the alternative ingredients tested so far include Nu ProTM, lupins (various species and types), other legumes (Trifolium 
glanduliferum and Trigonella balansae), peanuts, Spirulina platensis (SP), tuna hydrolysate (TH), and black soldier fly 
meal (BSF). Some of the research findings are summarised below:

-The use of NuProTM, an organically certified yeast based protein source as a substitute for fishmeal in barramundi diets, is 
only economically efficient when the replaced percentage of fishmeal is below 9%. The feed intake and growth performance 
were improved at 60% replacement of fishmeal by NuProTM. It can be used to replace 15% of the fishmeal in the diet 
without any adverse biological effect on the fish. 

-Replacement of 25% or more of the fishmeal in the diet of juvenile barramundi with either T.balansae or T.glanduliferum 
results in significant reductions in digestibility, feed efficiency ratio and growth. performance.

 -Lactobacillus fermentation can reduce anti-nutritional factors, (phytic acid and tannins), and increased the digestibility of 
protein, lipid, fibre and phosphorus of sweet lupin and peanut meal. 

-Treatment of SP with commercial enzymes, cellulose (Celluclast®1.5L) and proteinase (Alcalase® 2.4L) reduced the 
peptide sizes, increased the digestibility of protein. However, high inclusion level of SP was not favourable diet for 
juvenile barramundi as with 20% inclusion level started reduce growth rate.

-The stress resistance of juvenile barramundi increased when they were fed fermented lupin and peanut, and germinated 
peanut based diets.

-The nitrogen discharge into the rearing environment was reduced when juvenile barramundi fed fermented lupin or peanut 
meal, or spirulina.

-There is a significant increase in SGR of barramundi if a mixture of already researched ingredients, rather than solo, are 
used to replace fishmeal.

-Future research directions are focussed on improving gut health by investigating gut microbiome characteristics of the 
species. BSF has shown promising results.
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BIOACTIVITY-GUIDED ISOLATION OF PREVIOUSLY UNDESCRIBED MACROCYCLIC 
PYRONE DERIVATIVES FROM ECHINOIDEA SEA URCHIN Stomopneustes variolaris

Prima Francis* and Kajal Chakraborty
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P.B. No. 1603, Cochin, India
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In the present study two macrocyclic pyrone derivatives such as (6E,10E)-methyl 10-butyl-4a-methyl-2-oxo-
3,4,4a,5,8,9,12,12a-octahydro-2H-cyclodeca[b]pyran-8-carboxylate (1) and methyl 82-((6E,10E)-4a-methyl-10-(102-
methylbutyl)-2-oxo-3,4,4a,5,8,9,12,12a-octahydro-2H-cyclodeca[b]pyran-8-yl)acetate (2) were isolated from the gonadal 
extract of echinoidea sea urchin, Stomopneustes variolaris using various chromatographic techniques. Their structures 
were identified using extensive spectroscopic experiments. The macrocyclic pyrone derivatives, bearing 2-methylbutyl side 
chain (1) exhibited significantly greater antioxidant properties as determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
(IC50 0.65 mg mL-1) and ABTS+ {2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)} (IC50 0.73 mg mL-1) than other 
studied compound with butyl side chain (2) (IC50 > 0.75 mg mL-1). The macrocyclic pyrone derivative (1) exhibit greater 
anti-inflammatory potentials as identified by the lower IC50 values for 5-lipoxygenase inhibitory assay (IC50 0.93 mg mL-1) 
than the other compound (2) (IC50 0.93 mg mL-1) in the studied series. The greater electronic parameters of  compound 1, 
obtained from structure activity analyses, along with lower binding energies (-9.72 and -9.89 kcal mol-1) and docking score 
(-10.08 and -10.41 kcal mol-1) from molecular docking studies manifested towards its greater bioactive potentials than other 
studied macrocyclic pyrone derivative, 2. These bioactive potentials of the title compound leads to its utility as a potential 
functional food component and lead molecule in the preparation of pharmacophores.
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BEYOND & BESIDES CERTIFICATION: HOW TO CERTIFY SUSTAINABILITY ?
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Standardization has become ubiquitous in the food supply chain since the consumers demand for sustainable products 
has highly increased over the years. The International organization for standardization (ISO) has reached more than 20 
thousand standards in every fields worldwide. However, this system is hardly adaptable to all types of agriculture. Indeed, 
in Asia most farms are small and the certification system is often complex and costly for smallholders. Many efforts are 
needed in order to meet all the certification requirements. While the buyers can access new markets and share the costs 
with the consumers, the small producers usually get few benefits and might therefore be reluctant to do the effort. To face 
this problem, some companies decided to cover the whole supply chain and built partnerships with alternative certification 
bodies. Usually less costly, these alternatives ensure data verification and impartiality through the use of algorithms and 
partnerships with other institutions. 

Some improvers like I-QUATIC are launching a farm management tool, using multiple data sources such as sensors, 
mobile devices and automated feeders for aquaculture. Thereby, their role is to predict economic and environmental viable 
decision-making. For farmers, these tools are useful to optimize their production and increase their benefits.

As for Verifik8 -a web and mobile application-, they assess sustainability in terms of production, environmental and social 
data for smallholders’ farms in agriculture and aquaculture. Their main role is to put smallholders on the right tracks to 
sustainability without imposing them all the standards, costs and paperwork of the certification. The ultimate goal of these 
softwares is either to offer a cost-effective alternative to certification or to ease the access to certification. Farmers and 
buyers can therefore access new markets. This type of application enables those companies to go beyond certification and 
to ensure stability by monitoring their supplying farms on an everyday basis and the farmers to have a permanent buyer 
for their production. 
 
For aquaponics, few standards have been developed because of the novelty of this production and the length of the 
certification process. Indeed, big organizations lack flexibility, it takes a lot of time and paperwork for them to adapt. 
Smaller alternatives like Verifik8 tool can be more reactive and can offer a complete solution of both farm management 
and sustainability assessment thanks to well-chosen partnerships. This adaptability is deeply needed in a changing market 
environment.
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EFFECTS OF A NEW PHYTOGENIC ON NILE TILAPIA GROWTH PERFORMANCE, 
GUT MICROBIOME AND DISEASE RESISTANCE AGAINST EMERGENT PATHOGEN 
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Today, the main challenge faced by the aquaculture industry is to reduce antibiotics use during diseases occurrence. Among 
potential alternatives, phytogenic compounds are good candidates.  

In recent years, outbreaks caused by Francisella spp has gained notoriety as the major pathogen of tropical fish cultivated 
worldwide because of its emergence in several countries. 

The current work evaluated the effects of continuous dietary supplementation of a new phytogenic on juvenile Nile tilapia 
(Oreochromis niloticus) growth performance, gut microbiome and resistance against the pathogen Francisella noatunensis.
The study has been conducted at State University of Londrina (Brazil). Apparent healthy Nile tilapia juveniles (O. niloticus) 
were obtained from a commercial hatchery from Paraná state, Brazil (initial weight 35g). Fishes were divided into 3 equal 
treated groups (140 individuals per treatment) stocked in 150 L tanks: a negative control (NC) not challenged by pathogen, 
a positive control (PC) and a tested group G1 supplemented with 0.2% phytogenic product (A-Live, MiXscience, France). 
Groups G1 and PC were challenged with Francisella noatunensis.

Due to its wide antimicrobial spectrum of action, the 
phytogenic must play a role on gut biodiversity and taxonomic 
abundance.

For this reason, intestinal microbiome of tilapia was analysed. 
Total DNA was extracted from entire intestinal fish tract and 
taxonomic classification was then realized.

Mortality and growth parameters correlated to the 
modification of gut microflora were finally measured.

Study of diversity suggested that in presence of Francisella 
spp., the treated group G1 had an increase of diversity in the 
gut bacterial microbiome when compared with NC and PC. 

Higher diversity may limit implementation of pathogenic microorganisms. Study of abundance groups consolidated this 
hypothesis and indicated that in the treated group, frequency of opportunistic pathogens like Vibrionacae was lower 
suggesting a higher and better modulation from the phytogenic supplementation. 

This reduction of pathogenic pressure positively impacted resistance of tilapia challenged by Francisella spp.  Survival was 
higher and performance of G1 fish were statistically restored compared with NC (Table 1).

By positively modulating gut microflora and by increasing biodiversity, phytogenics with wide spectrum of antimicrobial 
potential like A-Live contribute to leverage resistance of tilapia challenged by Francisella spp and associated opportunistic 
pathogens.
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OPEN SEA CAGE CULTURE PROSPECTS AND CHALLENGES - INDIAN SCENARIO
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The unique combination of high quality protein, unsaturated fatty acids and vital nutrients makes fish an important 
food protein source in many developed and developing countries. Despite, the higher protein level in fish the world fish 
production is 140 million tons which is relatively lower than worlds cereals production of 2.2 billion tons. The total fish 
production of India is 10.16 mmt (2016-17) of which capture fishery contributes 3.59 mmt and culture fishery contributes 
6.54 mmt. The per capita fish consumption of Indian population is about 5-6kg/year, which is comparatively lower to the 
world per capita consumption of 16.7kg/year. 

The capture fisheries have also reached the maximum sustainable level and to meet the increasing demand, the expansion of 
aquaculture activities is essential, further expansion of land based aquaculture activity leads to competition for fertile land, 
freshwater sources, causing social and ecological issues. Land based culture produces average 0.5 kg/m3 (5,000 kg/ha.), 
whereas cage farming offers a production of 35kg/m3 ie 70 times more than pond production. Open sea cage farming has 
the added advantage of higher production with minimal environmental damage when compared to land based aquaculture. 
Indian has 8100 Km of coastline and there is a huge scope for open sea cage farming for culture of commercial important 
marine fish to meet the fish protein demand of the country. Realizing the potential benefits of open sea cage farming NIOT 
has successfully developed and deployed 9 m diameter HDPE floating collar cage with multipoint mooring  in three different  
sea conditions viz. protected bay, North Bay (Andaman & Nicobar Islands), semi protected gulf Olaikuda, Rameswaram 
(TN) and unprotected open sea of the coast of Thuplipalem (Andhra Pradesh). NIOT has successfully cultured six potential 
marine finfishes like Cobia- Rachycentron canadum, seabass - Lates calcarifer, pampano - Trachinotus blochii,  milk fish- 
Chanos chanos; parrot fish- Scarus ghobban and rabbit fish- Siganus spp in the open sea cages. Among the cultured fishes, 
Cobia- Rachycentron canadum showed the best performance with a growth rate of 15.4g /day and an average survival 
rate of 74%. Notably, the fishes attained an average weight of 4 kg in 325 days. The farm gate price of the harvested 
cobia fetched Rs. 325.00/ kg. The presentation will outline the experiences of multispecies offshore cage culture and the 
prospects of shaping it into a commercial venture. 
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EXPERIMENTALLY INDUCED WITH Edwardsiella tarda
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Toll-Like Receptors (TLRs) are germ-line encoded Pattern Recognition Receptors (PRRs) that serve as an important 
component of innate immune system. TLRs recognize the invading pathogens by sensing the components present on the 
microbes which are referred as Pathogen Associated Molecular Patterns (PAMPs). Among the 17 predicted TLR genes in 
fishes, TLR3-mediated activation of immune response depends on viral double-stranded RNA intermediates. As TLR3 
gene has not been reported in P.pangassius and its ligand has not been identified clearly, this study was carried out with 
an objective to identify TLR3 in P.pangassius and to study its expression by inducing with Edwardsiella tarda, a gram-
negative bacterial pathogen that infects fish.

Healthy P.pangasius of 40-50g size were procured and acclimatized to the lab conditions.  Control and treatment groups 
of fishes (6 nos each) were maintained in triplicates. A virulent E.tarda isolate (SRLAAH-ET) was used for experimental 
induction of TLR3 in P.pangasius in the treatment group. Healthy, uninfected fish group was maintained as the control. 
Tissue samples (skin, muscle, gill, brain, liver, intestine, kidney and spleen) were collected from the control and treatment 
groups at 2 h, 4 h, 6 h, 8 h, 12 h and 24 h post-induction.  RNA was extracted from the tissue and cDNA was synthesized 
using a commercial kit. PCR amplification of TLR3 and β-actin internal control were carried out using self-designed 
primers. TLR3 expression was assessed by Quantitative Real time PCR (qPCR) using Ct values of the samples. ΔCt values 
for the tissue at various time of the study were arrived based on the differences between expression of the internal control 
(β-actin) and the Ct values of TLR3 gene. Three replicate values of 40-ΔCt were performed using one-way ANOVA and 
mean comparisons were performed by Tukey’s multiple range test using two way ANOVA with mean + SD.

The expression profiles of TLR3 in various tissue of P.pangasius is presented in Figure 1. Significant up and down 
regulations(P<0.001) were induced by the gram negative ligand of E.tarda in various tissue of P.pangasius at various time 
intervals studied. The findings of this study suggest the possible role of gram negative bacterial ligand for TLR3. This is 
the first report on the study of expression of TLR3 in P.pangasius. 
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BIOCHAR IN MITIGATION OF N2O EMISSION AND CONTROLLING PLANT DISEASES 
IN AQUAPONICS

Senguttuvan G*., Phibi Philip N., Rajesh Kumar Dash., and Vijay Sundar Deva G                 

ICAR, Central Institute of Fisheries Education, Mumbai-400061
senguttuvan.aemma706@cife.edu.in 

Nitrous oxide is the third important greenhouse gas, has a life span of 114 years in the atmosphere and has 296 times 
more global warming potential than CO2. About 30-45% N2O emission was proved to be from anthropogenic sources in 
the world. By 2030 , it is estimated that 5.72 % of anthropogenic N2O-N emission is from the aquaculture industry if it 
continues to grow at the present annual growth rate of 7.10 %.  The production of N2O in aquaponics is an unavoidable 
concern when aquaponics is developed as a future production system. Aquaponics has less N2O conversion ratio (1.3%) 
than Aquaculture (1.5% -1.9%).

The amount of dry crop residue generated by nine major crops (Rice ,Wheat, Maize, Jute, Cotton, Groundnut, Sugarcane, 
Rapeseed & Mustard, Millets) was 620.4 Mt. These residues are not utilised and become a source of greenhouse gases. It 
can be converted into a useful product through pyrolysis, the pyrolysed product called Biochar. Biochar is the by-product of 
biomass pyrolysis in an oxygen-depleted atmosphere. It contains a porous carbonaceous structure and an array of functional 
groups. Biochar can be added to the grow bed when added Biochar mitigates N2O. Biochar has aromatic compounds, which 
is very stable, also has redox activity and mainly function as a reducing agent. Biochar mitigates the nitrogen compounds 
by adsorption of NH3 or organic-N onto biochar, cation or anion exchange reactions and enhanced immobilisation of N as 
a consequence of labile C addition in the biochar. 

Another primary challenge in Aquaponics is disease control. Biochar is reported to effective against pythium sp which is 
common soil pathogen in the Aquaponics system. Biochar can be effective against both soilborne pathogens (e.g. Fusarium 
spp., Phytophthora spp., Rhizoctonia solani) and airborne (e.g. Botrytis cinerea, different species of powdery mildew). It is  
also reported that  five different mechanisms to explain biochar disease suppression :   (i) modifies the nutrient availability 
and biotic condtions; (ii) induction of systemic resistance in host plants; (iii) increases the activities of beneficial microbes, 
including mycorrhizal fungi; (iv) fungicidal in nature (v) adsorption of toxic chemical that promote the attack of pathogens
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CULTURE OF MILK FISH (Chanos chanos) FROM PARANGIPETTAI: A CASE STUDY

Sayantani Mazumder, G. Vijaya Durga* and M. Srinivasan

Centre of Advanced Study in Marine Biology
Faculty of Marine Sciences, Parangipettai – 608 502
E.mail: vijayadurgagopal@gmail.com

The present study emphasises the culture of milk fish (chanos chanos) in open ponds by the Tamil Nadu fisheries 
department at parangipettai. Wild seeds of milkfish were collected from the river creek (running from the velar estuary to 
the parangipettai landing centre) and introduced into the culture ponds. These ponds were maintained for the benefit of 
the fish farmers. The periodical analysis of physico-chemical parameters such as temperature, salinity, turbidity, pH and 
dissolved oxygen showed values less than the optimum level. The water samples subjected to biochemical analysis for the 
identification of bacterial strain showed positive results for catalase, oxidase and citrate tests; that reveal the presence of 
acute level of the bacterium Pseudomonas septicaemia. 

APPLICATION OF DIVA METABOLOMICS IN DIFFERENTIATING VACCINATION 
STATUS IN AQUATIC ANIMALS FOLLOWING NATURAL INFECTION

Vijay Sundar Deva G*, B R Sona, Pangambam Ingoba Meitei, Senguttuvan G, Phibi Philip N

Aquatic Environment and Health Management Division
Central Institute of Fisheries Education
Mumbai, India

The only definitive method for successfully identifying the vaccinated animals in the presence of an active infection 
is to determine the rate of pathogen shedding by isolation, cytokine/interleukin profiling or neutralization assay. These 
types of analysis require repeated sampling, a period for seroconversion and expensive, therefore not routinely employed 
during endemic infection outbreaks. Differentiating infected from vaccinated animals (DIVA) marker vaccines (e.g. a 
modified wild type virus with a gene deletion resulting in the absence of a particular diagnostic antigen) can be employed 
to differentiate vaccine antibody responses from that of wild type pathogen. Companion serology based tests rely on 
seroconversion, and upon exposure to wild type pathogen, the antibody response to DIVA vaccines will be masked. A 
potential approach that can meet this limitation is based on the application of metabolomics to identify metabolites or 
‘small molecules’ in biological samples that are signatures that correlate or provide some evidence of immune protection. 
These metabolites are often the end stage products of biological processes and therefore provide an accurate representation 
of an organism’s homeostatic status at the time of sampling. Metabolomic analysis of bio-fluids has provided new insights 
to the understanding of the patho-physiological processes involved in disease establishment; development and diagnosis. 
The application of metabolomic profiling may help to overcome the current limitations in DIVA diagnostics by identifying 
markers capable of differentiating between vaccinated and non-vaccinated animals, and importantly allow the development 
of better tools to assess the performance of vaccines.



218

STUDIES ON THE MATURATION AND GONADAL DEVELOPMENT STAGES OF SIGANID 
FISHES FROM GULF OF MANNAR REGION, INDIA

G.Tamilmani*, A.K.Abdul Nazar, P.Rameshkumar, Anikuttan.K.K, M.Sakthivel, M.Sankar, R Jayakumar,
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In the recent years, there is an increasing interest to enhance the aquaculture production by farming the fishes from lower 
trophic levels such as rabbit fishes (Family:Siganidae). However the seed production of these fishes has not yet been 
developed for which basic information on reproductive biology need to be gathered. Rabbit fishes forms an abundant group 
in the marine fish landings from Gulf of Mannar region. The objective of the present study was to describe the phases of 
gonadal development and determine the spawning season of the fish. Gonadal developmental stgaes and sex ratio of three 
species, viz; Siganus javus, Siganus canaliculatus and Siganus lineatus have been studied.  Annual and monthly changes in 
the gonadosomatic index (GSI) and the histological features of the testis and ovaries were documented. 

Results showed that Siganus javus, Siganus canaliculatus and Siganus lineatus attains first sexual maturity at 24.5 cm, 
22.4 cm and 31.2 cm (Total Length) for males and 22.5 cm, 21.6 cm and 31 cm (Total Length) for females respectively. 
Developmental stages, dimensions and fine structure of sexual cells during the course of maturation were examined 
microscopically and documented. During the study, five stages of spermatogenesis and oogenesis of the three species were 
observed and recorded. 

ROLE OF TAMIL NADU FISHERIES DEPARTMENT IN AQUACULTURE SECTOR

Dr G.S. Sameeran, I.A.S.

Director of Fisheries 
Tamil Nadu
jdrfisheries2@gmail.com

Fisheries in Tamil Nadu is an important economic activity and a flourishing sector with varied resources and potentials. 
Tamil Nadu is a leading state with Marine, Inland and Coastal waters with rich biodiversity of aquatic fauna and flora. The 
sector plays an important role in the socio-economic development of the state by providing livelihood to large number of 
fishers and fish farmers, generating employment opportunities in allied sectors and ensuring nutritional security. Tamil 
Nadu is blessed with 1,076 km long coast line along the 13 coastal districts and forms the second longest coastline in the 
country. The State is endowed with a total area of about 3.83 lakh ha of fresh water resources consisting of rivers, fresh 
water lakes, reservoirs, minor irrigation tanks, ponds etc. The state is bestowed with 56,000 ha of nutrient rich backwaters, 
creeks, brackishwater suitable for Coastal aquaculture. The total fish production of Tamil Nadu is 7.12 lakh MT and ranks 
fourth position in the total fish production of the Nation. Government recognises the importance of aquaculture and its 
role in sustainable production of food fish, as the natural fish resources become further challenged and wild stocks under 
pressure. Since the level of capture fish production have stagnated over the past decades, the world will be more dependent 
on aquaculture in the coming decades. TamilNadu contributes to the food sector through Freshwater, Brackishwater and 
Mariculture and the contribution of aquaculture has gone up in total fish production.
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USE OF MONOGLYCERIDES AS AA ANTIBACTERIAL TOOL IN FISH AND SHRIMP

Dr. Giridhar Rahul Gaddipati

International Sales & Business Development, SILO Spa
rahulgaddipati@gmail.com

A specific composition of 1-Monoglycerides of Short and Medium Chain Fatty Acids (from C3:0 to C12:0), available on the 
market under the commercial name SILOhealth 108, proved to exert a selective antibacterial action in vitro against  pathogenic 
bacteria like Y. ruckery, F. psycrophilum, V. Alginolyticus, V. harveyi and T. maritimum independently from the environmental 
pH. In the in vitro trials the Minimum Inhibitory Concentration of SILOhealth 108 against these bacteria ranged in fact from 
0.01% to 0.1% at both pH values: 4 or 7, which indicates that the composition is antibacterial also in the environmental 
conditions of the organs of aquatic species like gut and  liver. Beneficial Lactobacillus was  not inhibited by SILOhealth 
108. Since 1-Monoglycerides possess emulsifying properties, they are dispersed in the liquid medium of the digestive 
apparatus and are expected to reach in vivo the deeper tracts of the GIT and to permeate biological districts like liver 
and hepatopancreas. Furthermore, some 1-Monoglycerides contained in  SILOhealth 108 proved to perform a positive 
angiogenic effects on the body internal tissues (Dobson et al.,1990). As consequence, the formation of new blood vessels 
on microvillus is stimulated, the nutrient transport in bloodstream is increased, the tight junctions expression and the 
reparation of lesions caused by bacteria or dietary intolerances is enhanced in GIT.

1-Monoglycerides contained in SILOhealth 108 significantly enhanced the feed  efficiency in see bream in experimental 
conditions. In field, in presence of severe bacterial challenge, SILOhealth 108 strongly decreased the mortality and 
enhanced the fish growth. 1-Monoglycerides can be considered as a promising approach to reduce the antibiotics usage: 
direct and selective antibacterial action, positive impact on gut integrity, stimulation of microvillus vascularisation and 
increase of nutrient absorption.
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EVALUATION OF NUTRITIONAL QUALITY, ORGANOLEPTIC CHARACTERISTICS 
AND SHELF LIFE STABILITY OF EXTRUDED FISH SNACKS FROM LOW VALUED 
FISHES 

Ganesan P*, Rathnakumar K, Brita Nicy A, Velayutham P, Jeya Shakila R, and Anand S

Fisheries College and Research Institute
Tamil Nadu Dr. J.Jayalalithaa Fisheries University
Thoothukudi, Tamil Nadu, India
ganesan@tnfu.ac.in

As the quantum of snack consumption increases, the efforts to increase its nutritional quality also gains popularity in this 
modern era. Protein enrichment is a very important process that food researchers are interested in. As fish is a very good 
source of protein, incorporation of fish in snacks can improve its nutritional quality. It can also improve the mineral profile 
of the product. In the present study, 7% of blanched dried sardine and lizardfish powder were incorporated in extruded 
snacks and the proximate composition was analysed in addition to analysis of calcium, phosphorus and iodine content. The 
storage stability was organoleptically evaluated in addition to TBARS analysis. 

Moisture content in control product was 1.13 ± 0.10% while that in lizardfish extruded snack was 1.61 ± 0.07  % and that 
in sardine extruded snack was 1.75 ± 0.17% . Protein content in control product was 5.70 ± 0.08 % while that in lizardfish 
extruded snack was 8.09 ± 0.04 % and that in sardine extruded snack was 8.98 ± 0.12 . Ash content in control product was 
0.199 ± 0.001 % while that in lizardfish extruded snack was 0.697 ± 0.003% and that in sardine extruded snack was 0.897 
± 0.003%. Fat content in control product was 2.82 ± 0.02% while that in lizardfish extruded snack was 3.90 ± 0.05   % 
and that in sardine extruded snack was 4.81 ± 0.12%. Carbohydrates content in control product was 90.15 ± 0.03 % while 
that in lizardfish extruded snack was 85.70 ± 0.10  % and that in sardine extruded snack was 83.56 ± 0.28 %. The Calcium 
content in control extruded snack, extruded snack with lizardfish powder and extruded snack with sardine powder were 38 
± 2 mg/100g, 46.67 ± 1.15 mg/100g and 84.33 ± 1.15 mg/100g, respectively. The Phosphorus content in control extruded 
snack, extruded snack with lizardfish powder and extruded snack with sardine powder were 4.67 ± 0.58 mg/100g, 36.33 ± 
1.53 mg/100g and 62 ± 2 mg/100g, respectively. The Iodine content in extruded snack with lizardfish powder was 0.006 ± 
0.001mg/100g and that in sardine extruded snack was 0.011 ± 0.001 mg/100g . However, Iodine content was not detected in 
control extruded snack. Thiobarbutiric acid values of control, lizardfish and sardine extruded products increased gradually 
from 0.15 µM/g, 0.26 µM/g and 0.28 µM/g, respectively on the 0th day to 0.32 µM/g, 0.46 µM/g and 0.49 µM/g on the 180th 
day, respectively. The organoleptic quality on hedonic evaluation decreased for all the products gradually during storage; 
however, all the products had acceptable scores till the 180th day. Nevertheless, the scores for extruded products with fish 
powder decreased below 5 on the 210th, which is the borderline of acceptability. Inclusion of blanched dried fish powder of 
sardine and lizardfish obtained good organoleptic acceptance and the nutritional value of the extruded snack increased on 
addition of fish powder without much decline in storage stability.
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DEVELOPMENT OF SOAP FOR DOMESTIC CANINE PET USING FISH OIL
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* PG Scholar,Department of Fish Processing Technology, Dr.M.G.R Fisheries College and Research
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Fish oil is oil derived from the tissues of fishes. Fish oil is also obtained as by product from fishmeal processing unit. The 
fish oil is used in cosmetic industry because of the reduction in transepidermal water loss, which can reduce the skin barrier 
function deficiency and upregulation of proliferative keratin. Fish oil based therapy is reported to treat photo aging, skin 
cancer, dermatitis, etc. The various oil soaps are produced for skin care but usage of fish oil in production of soap is scarce 
and limited. By usage of fish oil enriched soap the skin transepidermal loss can be reduced and keratin can be maintained 
in the skin.

The oil is extracted from the fish and it was blended with glycerin based lye with rose flavoring agent of 1 %, then hot 
blended base is poured to mold and allowed to solidify. After solidification the soap is removed from the mold and subjected 
to various test like Total Fatty Matter (TFM) test, pH, foaming capacity and effect of disinfection.

The domestic canine pet soap prepared with 5 % fish oil found to be good with regard to its physical and chemical 
properties.
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SUSTAINABLE COMMERCIAL CULTIVATION OF  Gracilaria edulis THROUGH SPORE 
PRODUCTION IN THE LABORATORY

Meenakshisundaram  Ganesan*, Nagarajan Nadukkattu Nayagi, Priyanka Kanagaraj, Nagarajan Maruthupandi, 
Mahalingam Selvakumar, Thavamani Saththish 
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Gracilaria  edulis  has been traditionally used for extraction of food grade agar. Demand for raw material outstripped the 
supply of seaweeds from wild stocks. Therefore, several vegetative propagation methods have been developed in open sea 
water to augment its resources.  However cultivation through vegetative fragments requires large quantity of seed materials 
and seasonal dependency and ageing of thallus are other impediments. Therefore,  cultivation through spore production was 
tried. 2g fresh wt. of cystocarpic  G. edulis plants were suspended over  1L conical flasks containing 800mL sterile seawater 
with 35 ±1 ppt salinity,  7.9 ± 2 pH,  4000 lux light intensity and 10:14 (light : dark) hrs photoperiod. Spores released and 
attached on the bottom of the flasks.  Sporelings were cultured in the laboratory under MP1 medium for  20 – 25 days and 
reached an average size of 0.9 – 1.3 cm. The sporelings were then transferred to outdoor tanks and maintained for 20 – 25 
days, where they attained an average length of 2.0 – 2.5 cm. The plantlets were then seeded on 1 × 1m bamboo rafts at sea, 
each carrying 10 ropes.  Each rope had 10 seedlings (each has approx. 0.025g fresh wt) with 3 plantlets per seeding.  300 
plantlets were seeded on a single raft with an initial seedlings of 10.g fresh wt. The rafts were kept at subsurface water for 
acclimatization. Biomass reached to 1 kg fresh wt. per raft in 25 days. The spore plants acclimatized at sea conditions were 
harvested and seeded on 2m × 2m rafts with initial seedling of 1.5kg.fresh wt per raft and kept on the seawater surface. 
The final biomass obtained was around 20kg.fresh wt. per raft after 45 days. This technique ensures seedling production 
throughout the year.
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EFFECT OF DIETARY Houttuynia cordata LEAF EXTRACT ON STRESS MITIGATION, 
IMMUNOMODULATION AND EXPRESSION OF INTERLEUKIN-8 GENE IN Labeo rohita 
(HAMILTON, 1822)
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An experiment was conducted to evaluate the stress response, immunomodulatory response and expression of Interleukin-8 
gene of L. rohita (rohu) fed with H. cordata leaf extract. Four isonitrogenous (35%) and isocaloric (17 MJ DE/kg) purified 
diets were formulated with graded levels of H. cordata leaf extract (LE) viz. C, control (0% LE), LE-0.25 (0.25% LE), LE-
0.5 (0.5% LE) and LE-1.0 (1.0% LE Fish were fed twice daily up to the satiation for sixty-days. Metabolic enzyme activities, 
anti-oxidative enzymes activities, haemato-immunological parameters and expression of immune gene were recorded as 
response parameters. Both lactate dehydrogenase and malate dehydrogenase activities in the muscle and liver were found 
to be significantly lower in fish fed with 1% LE compare to other dietary groups. Lower Oxidative stress enzymes (SOD 
and catalase) activities in gill and liver were also observed in LE-1.0 group. Lysozyme and nitroblue tetrazolium activity 
were observed significantly (P < 0.05) higher in fish fed with 1% LE whereas serum glucose concentration was recorded 
significantly lower in LE-1.0 group compared to control. Gene expression of Interleukin-8 in liver was found to be up-
regulated and exhibited an increasing trend with the dietary level of leaf extract. From the present study, it can be concluded 
that inclusion of 1% H. cordata leaf extract in diet improves stress and immune response of L. rohita.
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EFFECT OF REPLACEMENT OF SOY MEAL BY GUAR MEAL ON GROWTH AND 
SURVIVAL OF Cyprinus carpio (LINNAEUS, 1758) SPAWN
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One of the major points of discussion of the current era is the growing population and the need to meet their nutrition. 
Fish production is a vital resource towards poverty reduction and food security for millions of people. The present study 
was conducted to check the efficacy of guar meal as a suitable feed ingredient to replace the conventional protein sources 
like fish meal and soybean meal. It was also intended to find out the commercial feasibility of such a substitution and 
to draw initial observations on guar meal for catering the aquaculture industry. Guar is an annual legume plant and is 
commonly known as cluster bean. Guar scientifically known as Cyamopsis tetragonoloba comprises of hull (13.4-14.1%), 
germ (43.3-44.2%) and endosperm (36.040%). Three days old common carp spawns were reared in indoor tanks with 
five different feeds, including control. Five iso-nitrogenous (30% CP) and iso-caloric feed (5% lipid) were prepared with 
graded replacement of soy meal with guar meal. The experiment was carried out for 30 days in 20 rectangular tanks made 
of an inert material with capacity of 20 litres. Treatment having 30% guar meal (T-3) showed better results as compared 
to other treatments. The ultimate survival rate ranged between 68-84%. All the growth parameters recorded were higher 
in treatment 3 (30% guar inclusion) followed by treatment 2 (20% guar inclusion). The results of the experiment were 
subjected to completely randomized design (CRD) with four treatments and one control (four replications each). Treatment 
means were compared with post HOCS test or Duncan‘s multiple range test.  Results of this study indicate that soybean 
meal or fish meal can be replaced with guar meal to the tune of 30% to obtain optimum growth and survival in common 
carp spawn during nursery rearing.               
        



225
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Pacific white shrimp, Litopenaeus vannamei, is increasingly important for aquaculture, a production with more than 3 million 
tons per year. However, intensification in cultivation techniques has led to a significant increase in the existence or spread 
of infectious diseases, which cause losses of billions of dollars to the shrimp-growing industry. Because of this research 
has focused on the establishment of alternatives for prevention, treatment and control of pathologies, so it is necessary to 
know the defense system of the culture organisms and understand how to nurture and modulate the different components. 
Among the alternatives used are different additives, which can have the activity of probiotics, immunostimulants, peptides 
antimicrobial or prebiotics. Because of that, it has been shown to positively affect the host by stimulating the growth and 
activity of certain species of beneficial bacteria in the gastrointestinal tract, which can improve the efficacy of growth and 
resistance to diseases of the host organism. Among the additives with prebiotic potential that have shown to exert a positive 
effect in terms of shrimp productivity is ß-glucan, Inulin and spirulina. 

To evaluate productive and physiological variables of Litopeneus vannamei white shrimp fed with commercial feed 
enriched with β-glucan, inulin and spirulina. 

A bioassay was developed in humid laboratory of the aquaculture Department of the CIIDIR Sinaloa. 12 juvenile shrimps 
of L. vannamei from 0.75 ± 0.25 g were introduced in 24 experimental units with a capacity of 40 L. Feeding was 3 times 
a day (9:00, 13:00 and 17; 00 h), for 60 days. Eight experimental diets were elaborated: Diet 1: commercial food; Diet 2: 
commercial food + inulin (1g/kg); Diet 3: commercial food (food control) + ß-glucan (0.6 g/kg); Diet 4: commercial food 
+ Spirulina (5g/kg); Diet 5: commercial food + inulin (0.8 g/kg) + ß-glucan (0.6 g/kg); Diet 6: commercial food + ß-glucan 
(0.6 g/kg) + Spirulina (5g/kg), Diet 7: commercial food + inulin (0.8 g/kg) + Spirulina (5g/kg); Diet 8: commercial food 
+ inulin (0.8 g/kg) + ß-glucan (0.6 g/kg) + Spirulina (5g/kg). During Bioassay temperature, salinity and pH were daily 
evaluated; every two weeks nitrite, ammonium, growth of organisms were evaluated, too, and at the end of the experiment, 
FCA (food conversion Factor), survival and digestibility were determined. The data were processed with the Statistical 
software.

The physicochemical parameters evaluated are within the limits established for the cultivation of shrimp, no significant 
difference between the treatments (P > 0.05). The final growth after 75 days was between 11.46 ± 0.59 g.  Organisms fed 
with diet 6 or 7 showed significantly higher growth (P < 0.05). 
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The cultivation of improved and stress resistant varieties plays an important role in enhancing and sustaining the crop 
productivity of a particular area. The varietal technology is simple to adopt, economically viable, eco-friendly and socially 
acceptable for attaining higher productivity. The Andaman & Nicobar Islands being listed as hope spots by International 
Union for Conservation of Nature (IUCN) also figure among 22 agro-biodiversity hotspots in India. Climate change is 
another looming threat which is perceived to affect islands more as compared to mainland. Of the 576 Islands, only about 
30 are inhabited and of the total geographical area, only about 5-7 % is under agriculture due to ecological considerations. 
The population increase and tourist influx require increase of local production in eco-friendly way. Therefore scope for 
area expansion for agri- horticultural cultivation is minimal and thus vertical growth of productivity is the only option. The 
tropical warm and humid climate of the islands also favours infestation of crops by diseases and insect pests. In addition, 
“Organic agriculture” relying on zero or minimal application of chemical inputs is advocated as the viable approach for 
protecting the sensitive marine and terrestrial biota from the ill- effects of harmful chemicals. 

Under such a challenging scenario, the selection, development and adoption of island- specific varieties possessing higher 
yield, resistance/ tolerance to various biotic and abiotic stresses with other acceptable traits are important steps for reaping 
higher productivity and economic gains in  a sustainable manner. In this regard, ICAR-CIARI Port Blair, has developed 
about 30 varieties of various field and horticultural crops which include resistant varieties for bacterial blight in rice 
and bacterial wilt in brinjal. Most of these varieties are derived from the locally adapted germplasm material through 
collection and pure line selection, which enhances their scope of adoption and adaptation in the islands. In addition, a talc 
based microbial consortia (CIARI Bioconsortia) derived from indigenous Bacillus species has been developed for the eco-
friendly management of bacterial  wilt in solanaceous vegetables. Efforts are being made to disseminate and popularize 
these eco-friendly technologies for achieving higher agricultural productivity in a sustainable manner. 
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TRIPHENYL PHOSPHATE - INDUCED TOXICITY RESPONSE IN Catla catla
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Triphenyl phosphate (TPP) is a phosphate ester flame retardant product, widely used as Plasticizer.  TPP induced toxicity 
response in tissues of Indian major carp, Catla catla has been reported.  Histological observations confronted detrimental 
morphological and anatomical alterations induced in vital organs like gill, muscle, liver, intestine, stomach and kidney by 
sub – lethal toxicity of TPP.  Histological studies revealed that the tissue impairment were found to be adverse with increase 
in concentration (0.25mg/gm < 0.5 mg/gm < 1 mg/gm) and exposure duration (0 - 15days) of TPP.  As a conclusion, the 
findings of the present histological investigations demonstrates that the exposure of  fresh water teleost fish, Catla catla to 
varying concentration of TPP caused moderate to adverse tissue impairment in vital organs.  Hence, this plasticizer, TPP  
should be used in low ratio for its toxic effect.

INCOME INEQUALITY AMONG FISH SEED GROWERS IN THE INDIAN STATE OF 
JHARKHAND

Stanzin Gawa,  Nalini Ranjan Kumar, Swadesh Prakash, Rama Sharma and Pradeep Kumar

1 ICAR-Central Institute of Fisheries Education, Mumbai-400061
*E-mail of Corresponding author: stanzinacademia@gmail.com
  

Developing countries have always struggled to manoeuvre their developmental process due to various fundamental issues 
normally associated with countries falling under this category. India with no exception has faced immense issues like 
social, economic and political in the process of development which have also been resulted from heterogenous social 
structure. However country has been steadily marching on the path of development and reforms introduced time to time 
has helped to scale up the growth process in an equitable manner. One such step was creation of Jharkhand state curving 
out of Bihar on 15th November 2000. Since then the state has made significant development and is strenuously working to 
uplift the socio-economic condition of its masses. This paper study one such initiative i.e. fish seed production by fisheries 
department, Jharkhand in generating income and livelihood for the resource poor people of the state. The total of 498 
sample have been studied and the caste composition analysis showed OBC has the highest involvement with the share of 
61.04 percent followed by ST, SC and General with 23.04, 10.64 and 5.22 percent respectively. The gender profile study 
revealed that women participation is almost negligible in fish seed production which was only 2.41 percent out of total. 
The fish seed growers were classified into 5  income groups and results showed that majority fall in the income group of 
Rs.50,000-1.0 lakh accounting about 41.77 percent followed by Rs.1.0 lakh-1.50 lakh (25.90%), > Rs.2.5 lakh (17.87%), 
Rs.1.5 lakh- 2 lakh (7.63%) and Rs.2 lakh-2.5 lakh (6.83%) respectively. The Lorenz curve analysis showed moderate level 
of income inequality which was validated from Gini-index of 0.48. The study concludes that though fish seed production is 
very lucrative business however there is need to bring gender parity in the business. There is also need to reduce the income 
inequality and should facilitate in equitable distribution of income among the beneficiaries. 



228
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US is the major shrimp importing nation which imported 664,000 metric tons worth $6.54 billion in 2017.   India accounted 
for a share of 22.7 percent of shrimp imports quantity to the United States followed by Indonesia (17.7%), Thailand 
(11.3%), Ecuador (10.8%), Vietnam (8.4%) and China (6.9%) during 2017.  This study aims to identify the most important 
factors affecting the USA shrimp imports, with its main trading partners for the period (1990-2016). The UN Comtrade 
database was used to retrieve the data from 1990 to 2016 for various shrimp exporters of US. To achieve this objective, 
panel data regression model was adopted. Shrimp refusals database from US Food and Drug Administration (USFDA) 
were also analyzed for various exporting countries. 

The Indian Government policy of importing (Specific Pathogen Free) SPF by the permitted hatchery operators through 
scientific quarantine has been more successful in increasing production and exports during the last decade as compared to 
a Ecuadorian (Specific Pathogen Resistant) SPR program and China’s indigenous SPF development program. Balanced 
panel data was employed in this study with six panels and 27 time periods, so the total number of observation is 162.  
Based on the results of Hausman test and Breuch Pagan Lagrangian multiplier test, random effects model was adopted. 
Shrimp demand is governed by average per capita income, increasing consumer’s preferences and change in attitude 
towards consuming seafood. Increased level of personal income level in the exporting country had a negative impact 
on US shrimp imports which indicate increased domestic consumption of shrimp in those countries. The present study 
also found the shrimp imports increased by increasing GDP and population of US. LM test clearly showed that there is 
significant difference among various regions and panel effect between various exporting countries to US. Reduction in 
rejection frequency of Indian containers over the years is mainly due to the concerted efforts taken by MPEDA, EIC, ICAR, 
State Departments for increasing the quality of farmed shrimp. US rejected 36, 33, 28, 17, 10 and 6 shrimp containers of 
Vietnam, India, Indonesia, China, Thailand and Ecuador respectively during 2017.
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Coastal Indian waters are well connected to estuarine systems which act as hub of aquaculture activities. A tropical 
well-mixed estuary along southwest coast of India is examined in this study to ascertain the impact of climate change. 
The study area is Vembanad Lake which has got diverse farming systems such as freshwater aquaculture system that 
operates below mean sea level conditions along the Kuttanad stretch, estuarine Pokkali system and coastal mariculture / 
aquaculture systems. Two data sets, one with compiled information on hydrology until the year 2000 and the other with 
in situ hydrographic data collected in 2018-19 were analyzed in this study to assess the impact of climate change n all the 
three aquaculture zones. 

It was observed that the lower salinity ranges are skewed 
to freshwater with an order of ten differences showing low 
salinity of 0.02 ppt when compared with our bench mark 
data of 0.2 ppt (Menon et al, 2000). During pre-monsoon 
in the northern Vembanad, salinity stratification was not 
observed. In previous studies, rapid stratification of salinity 
was observed at the beginning of the monsoon, whereas the 
recent data shows stratification of salinity in the monsoon 
and post-monsoon. Temperature ranges between 24-320C. In 
the southern part, comparatively higher temperatures were 
observed during the post-monsoon than in northern part as 
in previous studies. Nitrite, nitrate, phosphate and silicate 
showed pronounced seasonal variations between the two 
studies indicating the increased impact of anthropogenic 
influence. In this study we discuss the effect of relevant 
environmental variables in Vembanad that has impacted the 
aquaculture operations on a regional scale. The study shows 
that major changes in the water quality structure of the lake 
are due to anthropogenic and climatic issues. 
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In recent years, techniques for nursing shrimp post larvae is receiving increased attention of aquaculturists worldwide 
as a potential means to improve aquaculture production through application as a transitional nursery system sandwiched 
between the hatchery and grow-out ponds. Even though only sketchy information is available in this line, the use of nursery 
for shrimp culture is on the surge as the potential benefits in subsequent grow-out ponds include the following: rapid and 
compensatory growth, greater control to diet and water quality, easy to manage high stocking densities, reduced unit 
cost production, more number of annual crops by shortening the grow out cycle, strong immune system and eventually 
maximum survival at the end of nursery period. More recently, nurseries have been advocated for biosecurity reason as 
well. Keeping these facts in mind, an attempt was made to evaluate the growth and survival of shrimp post larvae besides 
management practices in nursery attached to a Shrimp farm. 

To achieve this, post larvae (PL 8-PL10) of Litopenaeus vannamei were procured from the commercial shrimp hatchery 
and stocked in the shrimp farm indoor nursery tanks (6 nos. N1 – N6) with 18 ton capacity, 6” height) and the PL were 
kept in nursery for 30 days. The necessary physico- chemical parameters were monitored twice a day in each tank and 
maintained within the permissible range (pH 7.6-8.3; Salinity 28 -30 ppt; Temperature 29-300C; Ammonia <0.05 mg/l; DO 
> 4.5mg/l; alkalinity 130-150ppm). The post larvae were fed on starter feed with eight times a day. Commercially available 
probiotics and minerals were given daily so as to enhance the growth of PL. The post larvae were carefully monitored 
throughout the 30 days culture period. 

At the end of 30 day holding, the seeds could achieve pronounced weight gain (0.4-0.5g) and the survival, which ranged 
from 60 -85% in various holding tanks. Among the tanks, the maximum survival (75-85%) was found in N5 & N6 tanks 
and minimum survival (60-70%) in rest of the tanks. Subsequently, the seeds were introduced to grow outs. The study 
demonstrates that nursery method enhances maximum survival and growth rate, reduced infections and diseases outbreak 
besides minimum unit cost production. Therefore, nursery technique could be more efficient method and can be advocated 
to shrimp farming industry. 
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Leiognathid fish and cephalopod grouped under the family Loliginidae and Sepiolidae are known to harbour luminescence 
bacterial symbionts in their light emitting organs. Association of bacteria and squid have been well studied in few species of 
squids mostly in the American subcontinent and in Japan coast. However, there are very few reports of such association from 
Indian subcontinent. In this study we have screened 15 samples consisting of 6 each samples of Uroteuthis duvauceli and 
toothed pony fish Gazza minuta, 3 samples of Sepioteuthis lessioniana from 5 different locations in Mumbai, Ratnagiriand 
Tamilnadu. PCR-RFLP, lux gene amplifications and 16SrRNA analysis revealed that all of the 348 luminescent bacteria 
isolated from the light organs of squid and pony fishes were identified as Photobacterium leiognathi whereas all the 
isolates from sea water comprised of Vibrio harveyi. Earlier reports indicates host-symbiont association is very specific 
and restricted with one symbiotic species specific to the host, whereas in the Indian subcontinent, squid and leiognathid 
fish from different locations, distributed as far as 2000 km were found to harbour only a single symbiont P. leiognathi 
irrespective of its sampling location or season, proving that the specificity is related to geographic distribution. Specificity 
of the host symbionts is also possibly related to the availability of the beneficial microbes in the vicinity. In the Indian 
subcontinent V. harveyi and P. leiognathi are the dominant luminescence microflora in the marine environment of which 
V. harveyi is a potent pathogen to invertebrates and can survive under strong light condition in the coastal area whereas P. 
leiognathi is sensitive to light and mostly involved in symbiosis. 
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The use of additives in aquaculture, applied in commercial diets, its benefits have resulted in an attractive line of interest not 
only scientific but also economic, where one of the most important additives are yeast derivatives, as is β-glucan, Profiling 
as a prevention alternative to the indiscriminate use of antibiotics.

The objective of this work is to determine technical-economic feasibility by the inclusion of the additive β-glucan in the 
diet of shrimp (L. vannamei). In this way, was carried a bioassay in laboratory, feeding juveniles shrimp (0.35±0.04g), 
during 30 days, with a stocking density of 10 shrimp/experimental units. We applied three concentrations of the additive 
(β-glucan) in commercial food (0.2%, 0.4% and 0.8%), with two different frequencies (daily and each third day), each 
treatment was by tripled, and the control treatment was a commercial food (Purina®). 

At the end of treatment, the organisms were inoculated with Vibrio parahaemolyticus according to the methodology of 
Rubio-Castro et al., 2016, and finally was identified as best treatment the application of 0.4% of the additive each third 
day, taking into account the results about growth and survival. Beside, this treatment was taken as a reference to perform a 
simulation of application   in a semi-intensive farm, assuming the treatment in a pond of one hectare, and with a growth of 
1.5% annually, a projection of 5 years and a discount rate of 10 %. 

The economic evaluation threw a VAN of $1, 633,094.692, an internal rate of return of 26% and a cost/benefit ratio of 1.75, 
considering it profitable, this compared with the use of antibiotics. In the operation of a semi-intensive production system 
of white shrimp L. vannamei significantly improves the biological and commercial variables, in addition, no negative 
effects were observed in survival, food conversion Factor and final weight by the inclusion of the additive

Considering an economic perspective, the investment of additives as an alternative, small concentrations are feasible, 
which, although, promises an increase in the survival of aquaculture farms, despite the fact that an internal rate of return is 
determined positive from 60% survival, therefore, is considered an expense if this does not generate above such survival, 
considering that the additive β-glucan ensures greater survival in case of sanitary emergencies in farms.

References
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Changing climatic conditions in coastal belt are affecting the relationship between fishing communities and the marine 
resources they depend on. Understanding climate stressors can provide policy makers with the knowledge to develop 
adaptive management strategies that will improve the resiliency of coastal fishing communities. In this context, a study was 
undertaken during 2018 with a key objective of assessing the bio-physical and socioeconomic vulnerability due to climate 
change at household level. Thoothukudi, a coastal district of Tamil Nadu with 6 coastal taluks was selectedand a total of 
1741 coastal households were surveyed to document the field observations using a structured survey schedule. The climate 
change vulnerability was assessed through perception analysis for the derived sensitivity (fishery and social attributes) and 
adaptive capacity indicators (economic attributes and development drivers). The different sources of vulnerability were 
identified and water scarcity was found to be the most critical. The perception towards fishery sensitivity revealed the 
impact towards significant changes in the fish species distribution, migration of fishes, shift in fishing ground, fish catch and 
the existence of major fishery. We could observe adequate affiliation with community groups and Fisheries Co-operatives, 
greater change in livelihood aspiration among youngsters and lesser observance of gender disparity under social attributes. 
The economic adaptive capacity on the other hand comprised the increased cost of living accompanied by high input cost 
for fishing and economic loss due to spoilage. It was found that anthropogenic pollutants, industrialization and prominent 
urbanization were greatly deteriorating the development. The study clearly indicates the need to create awareness on 
climate change variability and adaptation strategies for improved resilience. 
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The present study was undertaken to analyse the extent of utilization of information communication technological tools 
by the fishermen for fishing in various coastal districts of Tamilnadu. An ex-post-facto research design was followed for 
the study conducted and a total of 400 fishermen in the selected four coastal districts were taken as sample. Among the 
selected four coastal districts in Tamilnadu, two districts (Nagapattinam and Kanyakumari) were taken as ICTs impact 
study area and two districts (Pudukkottai and Thoothukudi) were taken as non ICTs impact area (Control). The data were 
collected by administering the structured interview schedule through personal interview. Pearson’s correlation, multiple 
regression analysis and t-test were used to process the data. A total of 26 independent variables were selected for the 
study to find the relationship with extent of utilization of ICTs for fishing by the fishermen. In ICT non - impact area 
(Control), majority of the respondents were belonged to the low category (40%) in the extent of utilization of Information 
Communication technologies, followed by medium (33%) and high (27%) category. In ICT impact study area, the majority 
of the respondents were belonged to the high category (64%) followed by the medium (20%) and low (16%) category. 

A majority (66%.00) of the respondents in control area utilised GPS for finding the fishing locations, used PFZ data (17.00%), 
used android mobile phones with software applications (32.00%), used radio and television to access the information for 
fishing (44.00%), used other electronic gadgets (21.00%), used Echo sounder, SONAR and Radar (41.00%). In ICT impact 
area, the respondents utilised the GPS (73%.00) for finding the fishing locations, used PFZ data (21.00%), used android 
mobile phones with software applications (76.00%), used radio and television (89.00%), used other electronic gadgets 
(72.00%),  used Echo sounder, SONAR and Radar (71.00%) for fisheries information. 

The R2 implied that the independent variables can predict the extent of utilization of ICT tools for fishing by fishermen 
for control and ICT impact area with 79.8% and 89.2% accuracy respectively. The significance value of the paired t-test 
р=0.002;  (t9=4.403, p=0.002) confirmed statistically that there is significance between the sample means of control and 
ICT impact area on the extent of utilization of each ICT tools by the fishermen for fishing. 
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Seagrasses, marine flowering plants, are widely distributed along temperate and tropical coastlines of the world. Seagrasses 
have key ecological roles in coastal ecosystems and can form extensive meadows supporting high biodiversity. At global 
level, the species diversity of seagrasses is low (60 species), but species can have ranges that extend for thousands of 
kilometres of coastline. They comprise less than 0.02 % of the angiosperm species, and have relatively fewer species than 
other marine organisms. Despite their low diversity, seagrass beds are ecologically, biotechnologically and economically 
highly important. Seagrasses may significantly influence the physical, chemical and biological environments in which they 
grow by acting as “Ecological Swim-in Restaurant for Seagrasses” Temperature-pH-carbon concentration optimums in 
seagrass are species-specific and partially constrain the current spatial distribution that represents the long-term histories 
of species. Further, the mmarine environs have been significantly affected by land and sea based human activities over 
the last decades. Maritime transport, coastal tourism, fisheries, aquaculture, seabed exploitation, and sea based renewable 
and conventional energy have all made an immense contribution to our wealth and welfare. But they have also had a 
growing impact on seas and oceans, to the point that the very balance of the oceanic system is being seriously affected, 
endangering the source of this crucial contribution to our wealth and welfare. While the reductions of emissions are 
currently at the centre of climate change discussions, the critical role of the oceans and ocean ecosystems has been vastly 
ignored. Maintaining or improving the ability of oceans to absorb and bury CO2 is a crucial aspect of climate change 
mitigation. Blue Biotechnology applies to marine or aquatic applications, such as restoring or preserving various marine 
resources and the environs. The potential application of various biotechnological approaches to mitigate global climate 
change is explored here in this paper.

THE UPDATE FARMING AND LATEST SPF BROODSTOCK DEVELOPMENT OF 
P. Monodon

Dr. Marc Le Groumellec

Aqualma Madagascar
marc.legroumellec@unima.mg

Since the occurrence of White Spot Syndrome Virus in Asia, shrimp industry has gradually switched from wild Penaeus 
monodon broodstock to SPF Penaeus vannamei broodstock in most affected countries. One of the main reasons for this 
major change was that very few domestication programs were successful in P. monodon, which has the reputation to 
be technically more difficult to control. Madagascar is one of the places where it occurred, since 1998. Twenty years’ 
experience domestication and SPF program will be described, and benefits for the Madagascan industry pointed out. 
Potential application to asian shrimp industry current production issues will be developed, and future challenges to revive 
P. monodon industry in its native continent described.
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As foremost step for quality improvement of education, the ICAR has periodically been appointing Deans Committees 
for revision of course curricula for under graduate programmes of agricultural education. In this series, the Fifth Deans’ 
Committee has developed the report by undertaking comprehensive consultations and a bottom up approach for curriculum 
development. Inputs from different stakeholders of agricultural education were obtained at different levels. The course 
curricula have been restructured and reoriented to develop much needed skills and entrepreneurial mind-set among 
the graduates to take up self-employment, to sustainably enhance rural livelihood security, and to propel agricultural 
transformation through science informed policy options and actions.To reorient graduates of Agriculture and allied 
subjects for higher employability and greater entrepreneurship, the Student READY (Rural Entrepreneurship Awareness 
Development Yojana) programme has been introduced in all the Agricultural Universities as an essential prerequisite for 
the award of degree to ensure hands-on experience and practical training.

With the objectives to develop competent human resource and showcasing the strength of National Agricultural Research 
nad Education System (NARES), Netaji-Subhas ICAR International Fellowships were introduced for pursuing Ph.D. 
programme at Indian agricultural universities (AUs) for overseas candidates and in foreign universities for Indian 
candidates. Annually the fellowships are awarded based on the priority areas of study related to plant sciences, animal 
sciences, social sciences, fisheries, agricultural engineering, food processing and natural resource management. Further, 
the capacity building of faculty of NARES in Cutting-edge-areas through Centers of Advanced Faculty Training (CAFT)/
Summer-Winter Schools (SWS). Incentive for quality teaching given in the form of best teacher award.

For improving educational standards and assuring an acceptable institutional quality, the accreditation is being done at 
regular intervals by an Accreditation Board established by the Council with well defined objectives and functions. To fulfill 
the requirements, the Accreditation Board has been rechristened as National Agricultural Education Accreditation Board 
(NAEAB).To support the NAEAB for conducting accreditation of Higher Agricultural Education Institutions (HAEIs) in 
the country and for fast tracking of accreditation process of agricultural universities, four Regional Centres of NAEAB 
have been established at IARI, New Delhi (for Northern region), IIHR, Bengaluru (for Southern region), CRIJAF, Kolkata 
(for East and North Eastern region) and CIFE, Mumbai (for Western region).

In order to achieve excellence in teaching, research, consultancy and capacity building, niche area of excellence is being 
supported in specific cutting edge areas. To provide much-needed skill and developing entrepreneurship and building 
confidence among UG students, Experiential Learning modules have been established in AUs. To enhance learning 
resources including writing of text books and preparation of quality instructional material and e-facilities, the libraries 
of AUs and that of their constituent colleges are being strengthened benefiting the students across the country, leading to 
improved quality of postgraduate education and research. 
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BioMar is a world leader in high performance diets for more than 45 different fish and shrimp species in more than 80 
countries. The core business areas are feed for salmon, trout, sea bass and sea bream. BioMar group does also produce 
feeds for shrimp in Latin America. Today, BioMar group produces more than 1 mill MT of fish feed. Founded in 1962 by 
a group of Danish fish farmers, BioMar’s heritage is a long-term commitment to developing the aquaculture industry in a 
responsible and sustainable way.

Our focus is supporting our customers delivering healthy, great tasting seafood. We do this by innovating efficient, safe and 
nutritious feed for aquaculture with minimal environmental impact.

Previously feed producers could produce high quality fish feed using fish meal and fish oil as main protein and fat source. 
The demand for high quality feeds has increased several folds both in the salmon feed and in the shrimp feed industry. At 
the same time, global fish meal and fish oil production has not increased. We have therefore been forced to develop and 
used other ingredients in fish feed production. In my talk I will present the changes in feed composition in BioMars feeds 
in the past 30 years. I will explain how we have successfully introduced a raw material sourced from India, and novel 
ingredients like omga-3 algea meal and krill in our diets. 

Introduction of new raw materials creates a need for new knowledge. We need to know how these raw materials function in 
the feed production machinery like extruders, how the farmed salmon respond on the new raw material and also how this 
raw material interacts with the rest of the components in the feed. Lately it has also been a strong focus on the raw materials 
or ingredients themselves regarding their market acceptance and sustainability profile. BioMar uses therefore an advanced 
model for evaluating raw materials regarding their sustainability and their nutritional value. 
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The sea, around Mumbai, is one of the most polluted ecosystems in terms of plastics. Major contributing factors for the 
plastics are recreational, religious and fishing activities. Plastic have wide applications in human life; used in packaging, 
automobiles, cosmetic products, textile and clothing industries, agriculture and fisheries sectors etc. Annual global 
production of plastic products has increased from 1.5 million tons in 1950s to more than 335 million tons in 2016. Indian 
plastic processing industry saw compounded annual growth rate of 10% between 2010 and 2015. But plastic products have 
become menace to marine ecosystem due to continuous rise in production with increasing human demand. It is reaching to 
sea in large quantity through various means; as a result, it has become a serious global concern due to its slow degradation. 
Plastic pollution is leading to environmental alterations; especially, aquatic ecosystems. Further, microplastics are particles 
with a size lower than 5 mm and the aquatic animals, particularly fish, is susceptible to ingesting microplastics due to their 
attractive coloration and buoyancy that resembles to their food items. The chronic biological effects have been reported in 
aquatic organisms as a result of accumulation of microplastics in their tissues. This issue is attracting   scientific concern 
due to their presence in fish gut and tissues, involved in trophic transfer along with food web. Samples were collected on 
monthly basis from different locations of Mumbai sea, using experimental research vessel M.F.V. Narmada. In present 
investigation, microplastics were observed in fish stomachs of 90% fishes studied. The ingested microplastics were found 
to be dominantly fibers. Microplatics related studies, highlighting its implications to aquatic organisms, are available 
globally, but in Indian context only a few studies have been conducted so far. In order to restrict the use of plastic and to 
regulate the sources of plastic pollution, introduction of certain policies is essential. The sustainability of ocean resources 
is dependent on the scientific management of plastics that are entering in marine ecosystems.

STOCK ASSESSMENT OF WHITE SARDINE, Escualosa thoracata (VALENCIENNES, 1847) 
ALONG RATNAGIRI COAST, INDIA

Udai Ram Gurjar*, Suman Takar, M.S. Sawant, Ajay Kumar, V.H. Nirmale and R.A.Pawar

ICAR- Central Institute of Fisheries Education, Mumbai, Maharashtra, India - 400 061
*E-mail: urgurjars968@gmail.com

The fisheries of Escualosa thoracata have assumed importance in recent years due to its delivery and demand from the 
domestic consumers. Stock assessment studies pertaining to estimation of growth & mortality parameters and exploitation 
ratio gives an idea on the fishing intensity exerted on the species. This information proves useful in devising proper 
management measures. The study has been proposed to investigate the present status of fishing pressure on E. thoracata 
along Ratnagiri coast. Growth and mortality parameters of white sardine were estimated with length frequency data 
collected from Ratnagiri coast, India during February 2015 to January 2016 by ELEFAN-I software employing FiSAT. 
The asymptotic length (L∞) and growth coefficient (K) were estimated to be 135 mm and 1.2 per year respectively by 
scattergram and 114 mm and 1.0 per year respectively by ELEFAN-I. The value of t0 by von Bertalanffy plot was estimated 
to be - 0.000012 year. Escualosa thoracata attained a length of 65 mm, 94 mm and 114 mm at the end of 0.5, 1 and 1.5 
years of its life respectively. The instantaneous rate of total mortality (Z), natural mortality (M) and fishing mortality (F) 
were estimated to be 3.56 year-1, 1.25 year-1 and 2.31 year-1 respectively. The exploitation rate (U) was calculated as 0.63 
and exploitation ratio (E) was 0.64, clearly pointing toward over-fishing condition for E. thoracata along Ratnagiri coast. 
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Zebrafish, a widely used research model, has been used to study the interaction between the gut microbiota and the fish 
host. These studies revealed that gut microbiota participate in the education of the immune system, maturation of the gut, 
and promotion of nutrient metabolism in the host. Zebrafish has also been suggested to study the interaction between the 
host and pathogenic microorganisms, since methodologies for rearing germ-free or gnotobiotic fish have been standardized. 
In our lab, we have standardized an infection model in zebrafish larvae with the fish pathogen V. anguillarum, an invasive 
motile bacterium, causing hemorrhagic septicemia. We have observed that the gut represents the principal entry way of the 
pathogen, as previously described in rainbow trout. In germ-free conditions, V. anguillarum reached higher concentrations 
in larvae and provoked significantly more mortality than in conventional conditions revealing, the protective role of the host 
microbiota against this pathogen. Due to the importance of gut microbiota in larval health, the present study investigated 
how a V. anguillarum infection affects the gut microbiota composition of zebrafish larvae.

We inoculated, by immersion, 5 days post-fertilization (dpf) zebrafish larvae (n=150) with V. aguillarum (107 bacteria/
mL). Control larvae (n=150) were inoculated with sterile larval media (E3). Larvae were maintained at 28°C in E3. From 
5 to 9 dpf we determine the larval survival, V. anguillarum count (CFU/larvae) and total cultivable bacterial count (CFU/
larvae) in trypticase soy agar (TSA) medium. Each bacterial morphotypes from TSA plates were counted, purified and 
Gram stained.

At days 9 dpf, 75% larvae survived the challenged with V. anguillarum, compared to 97% in control group (p<0.05). 
Concentration of the pathogen ranged from 3.7 to 4.5 (Log10 CFU/mL) in challenged larvae (Table 1). Total bacterial 
counts were not affected with V. anguillarum challenge. However, from 5 to 8 dpf V. anguillarum modified gut microbiota 
because new bacterial morphotypes were detected. Each colony morphotypes is being identified by sequencing their 16S 
rRNA gene.
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Experiments were conducted to find out the applicability of autotrophic biofloc system for the culture of rotifer (Brachionus 
plicatilis). Normal autotrophic microalgae (MA) based culture system was compared with normal heterotrophic biofloc 
system (BF) without microalgae input and autotrophic biofloc system (BA) where biofloc was supplemented with microalgae 
initially. All the three systems were inoculated with rotifer and were cultured without any inputs such as feed, water, etc. The 
daily survival in terms of rotifer numbers and egg bearer percentage were noted till the perishing of the cultured organism. 
Simultaneously, the survival and percentage egg bearer were plotted graphically to obtain a growth curve and recruitment 
curve of rotifer in different systems. Growth curve of rotifer in different treatments shows there was no significant increase 
in number of survivor ml-1 in the first two days which may be the lag phase. MA as well as BA showed rotifer survival up 
to 6 days whereas in the BF it was 4 days. The peak production was observed on the 4th day in MA (90.00±5.00 nos.), BA 
(33.67±0.88 nos.) and BF (29.00±2.31 nos.) followed by the peak in percentage egg carriers on the 3rd day. There was no 
significant difference in the protein content of the rotifers harvested from the treatments. However, slightly higher values 
were observed in the BA (26.27±1.70%) and BF (24.33±1.03%) compared to MA (23.33±0.45%). Similarly, carbohydrate 
content did not differ significantly but slight difference was observed, the lowest in MA (36.27±0.94%) compared to biofloc 
based treatment groups, i.e., BA (38.57±0.43%) and BF (39.70±0.44%). The study concludes that B. plicatilis can survive 
in biofloc based systems and autotrophic based biofloc system can be considered as an alternative system for rearing of 
rotifer.

CHARACTERIZATION AND ANTIOXIDANT PROPERTIES OF FREEZE-DRIED 
VISCERAL PROTEIN HYDROLYSATE FROM Pangasius hypopthalmus

Md. Aman Hassan*, Mohammad Akram Javith., K. A. Martin Xavier, Subodh Gupta, Binaya Bhusan Nayak 
and Amjad Khansaheb Balange

Department of Post-Harvest Technology, FRHPHM Division, ICAR-Central Institute of Fisheries Education, 
Versova, Mumbai- 400061.Maharastra, India
Correspondence: Tel. no. +91-22-26361446, Fax no. +91 22 2636 1573
E-mail: (mdaman.hassan@gmail.com)*

Extraction of Fish visceral protein hydrolysate (FVPH) form Pangasius viscera, has good functional and antioxidant 
properties. Hydrolysate gave the smaller size of peptides. Peptides were extracted in the present investigation from fish 
viscera with chemical and enzyme treatments. The aim of this study to extract hydrolysate from viscera by chemical and 
enzymatic treatment and check the antioxidant properties. FVPH extracted with different treatments i.e. by using papain, 
pepsin, acid and alkali and it was observed that the treatment with pepsin demonstrated the better results followed by 
papain, alkali and acid treatments in physicochemical properties, but chemical extracted hydrolysate showed better anti 
oxodant properties. Hydrolysate extracted from Pangasius viscera using freeze-dried technology and its influence on the 
yield, proximate composition, color and antioxidant properties of hydrolysate. Pepsin significantly (p < 0.05) had a higher 
degree of hydrolysis (64.08±0.73%), protein (75.06±0.89%), L* (68.39±0.39). Acid-extracted hydrolysate showed better 
DPPH and reducing scavenging activity whereas alkali extracted showed better ABTS. SEM  microstructure showed 
smaller size of microparticle at 3,000X magnification. Microspores were present in the hydrolysate which indicated 
encapsulation properties. The content of bioactive peptides could make the Pangasius visceral hydrolysate prepared with 
chemical suitable for protein extraction and use for incorporation in food for antioxidant properties.
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Monitoring of finfishes is a very tedious task for knowing the abundance and diversity of the fish species in lotic water 
system. River Beas is 460 km long originates from North-Western Himalaya in Himachal Pradesh to its culmination with 
river Satluj in western Punjab. River Beas enters the plain of Punjab at Talwara after passing through Pong dam (Himachal 
Pradesh) and flows towards Harike via Distt Hoshiarpur, Gurdaspur, Amritsar and meeting point of river Satluj at Harike 
Pattan in Distt. Tarn Taran covering an area about 165 km in Punjab. River Beas has catchment area of 12,130 km2 and 
drains 25900 km2. The commercial as well as subsistence fishing activities are in practice by fishermen, using different 
types of nets and gears. Variety of fish species were monitored and studied from the bulk of catches at different landing sites 
of river Beas as well as in fish market at Talwara, Hoshiarpur, Mirthal area, Mukerian, Gurdaspur, Shalapattan, Amritsar, 
Harike Pattan during many field visits. Water samples were also collected from different spots in upper stretch of the river 
Beas in Punjab. The fish diversity of 62 species were identified from river Beas under 43 genera which include Notopterus, 
Gudusia, Catla, Labeo, Cirrhinus, Ctenopharyngodon, Hypophthalamichthys, Cyprinus, Schizothorax, Tor, Barilius, 
Chela, Crossocheilus, Aspidoparia, Salmostoma, Danio, Esomus, Garra, Amblypharyngodon,  Puntius, Pseudambassis, 
Chanda, Botia, Osteobrama, Aoriichthys, Wallago, Ompok, Rita, Bagarius, Clupisoma, Eutropiichthys, Mystus, 
Gagata, Glossogobius,  Anabas, Colisa, Hemiramphus, Xenentodon, Channa, Clarias, Heteropneustes, Macrognathus, 
Mastacembelus. The percentage catch composition of fish species were recorded as IMC-32%, Common carp-25%, 
Long whiskered catfish -7%,Giant river catfish-7%, Grass carp-2%, Minor carps-5%, Featherback-2%, Mahseer-2%,  
Snowtrout-2%, Magur-0.5%, Singhi-0.5%, miscellaneous species-15%.  Percentage fish catch compositions were found to 
be varied during different season and these fishes harvested from variety of nets/gears. However, ichthyofaunal diversity 
identified from the river Beas revealed that water is favourable for the survival of variety of finfishes. The present finding 
also emphasizes about certain factors influencing fishery in the river Beas.
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Keshopur wetland declared as community reserve in the year 2007 by Punjab Govt. under Wildlife Protection Act. It is 
located at an altitude of 245 m and covers an area of 850 acres. It is an important habitat for variety of fauna and flora 
including different types of finfishes and migratory birds. Keshopur wetland comprises marshes which covers an area of 340 
ha and recognized as birds habitat. Five village Panchayats hold two marshes of Keshopur wetland which includes Miani, 
Dalla, Keshopur and Matwa and Magarmudian as a separate patch. At present 83% area of Keshopur wetland is under 
anthropogenic activities in the form of fish ponds, cultivation of lotus, trapa and weeds through long term lease mechanisms 
which has profound impact on rural economy and community participation by local people. Most threatened common crane 
population including migratory bird species and many thousand bird flocks was spotted and identified by standard protocol 
during winter. Water samples collected from three spots of Keshopur wetland and subjected for the analysis of water 
quality parameters. Fish species diversity and catch composition were recorded at landing sites/local market in Gurdaspur 
during field visit. The values of water quality parameters were found to be optimum. The pH showed wetland water is 
alkaline throughout the year. Conductivity revealed positive linear correlation with TDS while both conductivity and TDS 
were found correlated significantly with other parameters. Turbidity showed significant correlation with HCO3 and total 
alkalinity. The alkalinity is mainly caused due to carbonate, bicarbonate and hydroxyl ions where as hardness is due to Ca 
and Mg content in the water. The nutrient parameters also revealed seasonal variation which is linked to the hydrological 
cycle. Twenty six fish species belonging from 17 genera were identified from this wetland which includes Catla catla, 
Labeo rohita, Labeo bata, Cirrhinus mrigala, Ctenopharyngodon idella, Cyprinus carpio, Aspidoporia morar, Securicula 
gora, Chela laubuca, C. atpar, Glossogobius giuris, Mystus cavasius, M. tengara, Heteropneustes fossilis, Xenentodon 
cancila, Mastacembelus armatus, M. pancalus, Macrognathus aculeatus, Puntius sophore, P. ticto, P. sarana, Channa 
striatus, C. punctatus, C. marulius Tetraodon cutcutia. This wetland holds more number of fish species during monsoon 
season. The wetland becomes hot spot for bird watcher and nature lover. Local people also involved in the cultivation of 
lotus, trapa and weeds in bulk and sold to consumer for gaining economy. Wetland resources need to be conserved properly 
for providing natural habitat to diverse form of flora & fauna.
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A 90 days feeding trial was conducted in cages to test the efficacy of formulated sinking feed in cages in response to 
environment and domestication process in Labeo rohita. The experiment was conducted in lentic environment of Maithon 
reservoir of river Damodar, Jharkhand and at lotic environment (1m/sec) in a rivulet of river Ganges at Balagarh, Hooghly 
district, West Bengal involving normal breed of Labeo rohita and Jayanti rohu (Labeo rohita), a stock of genetically 
improved strain through selective breeding. The survival, growth performance, feed utilization, nutrient retention and 
biochemical composition of Labeo rohita (normal rohu and jayanti rohu) were assessed. Overwintered seeds of normal 
rohu with average size of 31.3g and Jayanti rohu with average size of 8.05g were stocked in cages @ 2nos/m3 in duplicate. 
The fishes were fed with experimental sinking diet (Crude protein: 28.4%; Crude lipid: 5%) @ 5% of the body weight 
twice a day at two equal instalments at 10.00 hr and 16.00 hr during the feeding trial. The growth of jayanti rohu (% weight 
gain) was 2.7 times higher in cages installed in lotic water compared to lentic water after 90 days of feeding trial. While, 
the growth (% weight gain) of normal breed rohu was 2.15 times higher in flowing water as compared to stagnant water. 
The results clearly indicated the role of environment and domestication process on the growth performance, conversion 
efficiency and flesh quality of carps in cage farming. The better results were observed with Jayanti rohu and in flowing 
water which will be helpful in invoking the growth of carps in cages. 



244

LOWERING DIETARY PROTEIN LEVELS IN THE DIETS OF JIAN CARP (Cyprinus carpio 
var. Jian) USING SUPPLEMENTAL AMINO ACIDS  

Juyun He*, Karthik Masagounder, Mingchun Ren

Evonik Degussa (China) Co., Ltd. Guangzhou Branch
Guangzhou510663, China
sarah.he@evonik.com 

Jian carp is a variant of the common carp, Cyprinus carpio. This strain of common carp is widely farmed in China, 
accounting for ~50% of the total annual production of farmed common carp. Practical diets of Jian carp often contain 
high levels of crude protein (CP). Dietary protein levels and sources largely determine the feed cost. Supplemental amino 
acids in the diets, formulated following ideal protein concept, provide an opportunity to utilize plant protein sources more 
efficiency as well as minimize excess levels of dietary protein. The present study was conducted to investigate the effects 
of essential amino acids (EAA) supplementation on the success of dietary protein reduction for Jian cap.

A 10-week feeding trial was conducted in 20 floating cages (1m×1m×1m) with juvenile (initial body weight 8.4g) Jian carp 
at 30 fish per cage. Five iso-energetic (17.5MJ/kg gross energy) diets were formulated including a positive control (D1, 
37.84 % CP), a negative control (D5, 28.98 % CP), and three test diets (D2-D4, 34.03-29.90 % CP). Fishmeal, soybean 
meal, rapeseed meal and cottonseed meal were used as main protein sources. Crystalline amino acids were added in D2-D4 
to meet the requirement data published, considering the recommendations generated by Evonik Nutrition and Care GmbH 
(Germany). Negative control (D5) diet was not balanced for EAA using supplemental sources, resulting in lower levels of 
several EAA including Met, Lys, Thr, Trp, Iso and His relative to other diets. Water temperature was maintained at 28-32°C 
and dissolved oxygen was about 5.5mg/L. Natural photoperiod (light-dark cycle) was maintained throughout the whole 
experiment period.

There was no differences in growth performance of fish fed decreased levels dietary protein (D1-D4) balanced for EAA, 
whereas feeding the negative control diet (D5) resulted in significantly lower performance compared with the other diets 
(Table 1). Total ammonia nitrogen excretion (TAN) decreased with the decreasing dietary protein, with D4 (29.9% CP) 
showing significantly lower levels (25% less) of excretion relative to D1 (37.84% CP). Dietary treatments did not affect 
whole-body composition, but influenced protein and most EAAs retentions. The present study clearly demonstrated that 
crystalline amino acids supplementation to balance EAAs is the key to maintain growth performance, feed utilization 
as well as improve protein and amino acids retention of juvenile Jian carp, when dietary protein could be reduced from 
37.84 % to 29.9 %. The advantage of such strategy is sparing expensive protein resources, reducing feed cost as well as 
minimizing environmental impact, and overall benefiting for economic and sustainable production of Jian carp. 
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Land animal proteins are a sustainable source of nutrients for animal feed, including aquatic feeds. They have favorable 
amino acid profiles and digestibility is good to high, depending on the type of ingredient. Some of the land animal proteins 
can bring functionality on top of their nutritional value. This can be techno-functional properties – like pellet binding, and 
bio-functional properties that improve the immunity and health of the fed animals. 

The presented study focusses on Spray-dried Plasma (Proglobulin), this is a high quality protein derived from blood.  The 
relatively mild drying processes that are used during production preserve the functionality of the proteins present in plasma 
and is critical to maintain the studied additive effects of these components. 

A study was performed to elaborate the positive effect of Proglobulin in relation to the high level of immunoglobulins and 
other immune mediators contained in the Proglobulin. The immunoglobulins bind bacteria and viruses. They subsequently 
cannot invest the gut wall. As a consequence intestinal villi stay longer, and less energy is needed for inflammation processes 
in the gut wall. 

Because IgG is a heat sensitive molecule additional assessment were done to determine the effect of heat on the functionality  
of the immunoglobulins. Therefore feeds were tested with Proglobulin either mixed together with the other ingredients (and 
undergoing the heat treatment of the pelleting process) or Proglobulin added after pelleting at low temperature through 
coating. 

The presented experiment consisted of a control without plasma included in the diet. And 4 groups with plasma included 
in the diet; for 3 weeks or 6 weeks and added during mixing or after pelleting.

The results show an effect of Proglobulin on the performance in shrimp and the effect on the gut wall. After 6 weeks the 
performance in the groups on Proglobulin were improved and intestinal villi were longer. No difference was found in the 
way the Progobulin was included in the diets. This shows that both ways of production preserve the functionality of the 
Proglobulin.

No difference in survival was between the groups.

It is concluded that Proglobulin is an excellent example of an functional land animal protein that can improve quality of 
shrimp feed. Results are in line with result in other aquatic species.
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The increasing trend in intensification and commercialization of shrimp seed production has exacerbated the epizootics of 
several larval and post larval infections and diseases in shrimp hatcheries in Indian context. Towards this end, an extensive 
survey was made to study the emerging larval health issues in Litopenaeus vannamei (Boone, 1931) by organizing surveys 
in major shrimp hatcheries located in Tamil Nadu, Southeast coast of India. Collection of primary and secondary data was 
done based on the following factors: status of brood stock, samples of shrimp larvae from respective hatcheries, information 
on occurrence and history of larval infections and diseases, data on major water quality parameters, information on the 
broodstock and larval feed. The survey revealed that several bacterial infections are found to predominant. The shell 
degrading bacteria like Vibrio spp., Pseudomonas spp., Aeromonas spp., Flavobacterium spp. etc. are known to cause 
necrosis of body and appendages among the shrimp larvae. Bacterial septicemia in shrimp larvae, caused by Vibrio spp., 
was also reported to occur. Apart from these bacterial infections, in recent time, the prevalence of Zoea-2 Syndrome 
in shrimp hatcheries is known to occur in various hatcheries causing impairment in the nutrient absorption leading to 
delayed molting and mortality of larvae at Zoea 2 stage.  Larval and post larval shrimps are commonly affected by fungal 
species Lagenidium spp. and Serolpidium spp. Besides, protozoan parasites like Zoothamnium sp. (ecto-commensals) and 
Voritcella sp. (microsporidia) and gregarines (endo-commensals) had also been reported to cause infection.  Added to 
the above, incidence of Larval Deformities Syndrome (LDS) has also become a major problem in shrimp hatcheries, 
occurring from Nauplius to Post Larval stages. The specific causative agent is still unknown behind this syndrome. Another 
nutritional problem, known as Swollen Hindgut Syndrome (SHG) had been reported to cause digestive problems in post 
larvae. Among the various larval diseases and infections listed above, it was found that the most dominant are Zoea-2 
Syndrome and Larval Deformities Syndrome followed by bacterial necrosis in shrimp hatcheries disrupting the normal 
seed production activities and further studies are on.
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In recent years, the use of light emitting diodes is gaining increasing attention due to its potential antimicrobial activities 
without adverse effects. Besides, previously studies clearly indicated that the effects of light wavelength are probably 
species specific. Since data related to light wavelengths and olive flounder are still few, the aims of this study were to 
determine the effects of LED with different wavelengths on growth performance of olive flounder, the most economical 
fish species in Korea.

Six hundred fish (34.3±4 g) were randomly divided into 4 
groups (exposed to ambient light, 405 nm, 520 nm, and mixed 
lights (simultaneously exposed to 405 nm and 520 nm) for 12 
weeks under 12L: 12 D photoperiod with light intensity of 
10 and 20 μ.mol.m-2.s-1 for 405 nm and 520 nm, respectively. 
Fish were hand-fed to satiation every two days. Fish weight 
were measured at 0, 4, 8, and 12 wpe for calculating growth 
performance. At 0 and 12 weeks, 10 fish were sacrificed for 
determining the expression level of growth hormone (GH), 
stress (HSP70), and immune-related genes (SOD, caspase-3, 
and catalase).

Present results show that all growth parameters in fish 
exposed to 520 nm and mixed lights groups was significantly 
higher than those of fish in the control group (Table 1). The 
expression level of growth hormone in fish under 520 nm 
was significantly higher than other groups (Figure 1). There 
were no significant differences in expression levels stress 
and immune-related genes (SOD, caspase-3, and catalase). 
In addition, fish exposed to LED did not induce any change 
in serum glucose level and histological in eye compared to 
the control group. Present results indicate that olive flounder 
under 520 nm and mixed lights had favorable effects on fish 
growth without effect on their immune system. In addition, 
growth hormone would play an important role on enhancing 
the growth of olive flounder. 
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Introduction
The trend in Norway is to produce the salmon in recycling aquaculture systems (RAS) and to keep the salmon longer on 
land before transport to sea cages. The reasons for keeping the fish longer on land are many, but in most cases, it is due to 
the advantages of transferring a bigger and more robust fish to the sea, reducing the time in the sea, and keeping a steady 
and optimal temperature for growth throughout the year. The most significant reasons for farming fish in RAS compared 
to the more traditional flow-through systems (FT) is the reduced water consumption, and the increased control of the water 
quality, rearing environment and temperature. Recently some challenges have emerged, such as sudden sulfur gas (H2S) 
production in the farm from sludge accumulation and unfavorable hydrodynamic conditions as the tank sizes increases. 

From fluid mechanics’ viewpoint, the culture tanks with several hundred m3 in size offer heterogeneous environment with 
a wide range of spatial variations. The presence of uneaten feed pellets and fecal matter changes the water quality quite 
rapidly and therefore a quick removal of the solid particles is of paramount interest. This necessitates a better understanding 
of tank hydrodynamics. 

Methods
This project investigated the internal hydrodynamics of an octagonal culture tank and quantified the velocity and turbulence 
with different design and operating conditions of the tank. Computational fluid dynamics (CFD) was used to investigate the 
flow pattern in the tank with second order accuracy and was performed by MericWave Computanics. The tank models are 
developed with steady flow conditions. 

Results
From the computational fluid dynamics investigation on the flow in an octagonal tank, several conclusions were made and 
will be presented at the conference. The key findings of the project include the effect of flow split between the central outlet 
and wall drain, and the effect of tank’s diameter-depth ratio.  Furthermore, it was shown that the flow boundaries had a 
significant impact on the overall hydrodynamics of the tank.

Discussion
It is crucial that the RAS supplier has good knowledge of the various processes that can occur and the risks that may arise in 
a land-based facility. It is very important that the supplier hands over a farm that is properly dimensioned and constructed, 
and that demonstrates optimal rearing conditions throughout the whole water column.
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The large yellow croaker Larimichthys crocea is a commercially important marine fish and is mainly farmed in the southeast 
coast of China. We used Illumina high throughput sequencing platform to sequence the V4 region of 16S rRNA gene of the 
bacterial community in the intestine. 

The gastric caecum, pyloric stomach, pyloric caecum, rectum, small intestine and other digestive tissues from 8 fish 
cultured in the same cage were collected and analyzed. There existed obvious differences of the bacterial communities 
between the small intestine and other tissues, especial the gastric cecum. Analyses of molecular variance and principal co-
ordinates showed that the diversities of intestinal bacterial communities between the cultured group and wild group were 
significantly different. The classes of Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, Clostridia and the 
genus Bacteroides were the dominant bacterial communities. 12 species of bacteria were identified as the core intestinal 
bacterial community, the occurrence probability of which exceeded 60% in each group (Fig.1). 
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Zebrafish (Danio rerio) are an excellent model for assessing the beneficial effects of probiotics before applying them 
in aquaculture. This study evaluated the effects on zebrafish of dietary supplementation with the probiotic Bacillus 
amyloliquefaciens R8, which heterologously expresses xylanase from rumen fungi. Nutrient metabolism, hepatic oxidative 
stress, and innate immunity against pathogen infections were investigated. Treated zebrafish received feed supplemented 
with B. amyloliquefaciens R8 and then were compared to zebrafish that were fed a control diet. Results showed that 
the administration of B. amyloliquefaciens R8 can potentially improve nutrient metabolism and hepatic stress tolerance, 
and enhance immunity and disease resistance against A. hydrophila and S. agalactiae in zebrafish. The beneficial effects 
of probiotics were also validated in tilapia (Oreochromis niloticus) and demonstrated that dietary supplementation with 
xylanase-expressing B. amyloliquefaciens R8 improves growth performance and enhances immunity and disease resistance 
in Nile tilapia.

The livers of the probiotic-treated fish showed increased mRNA expressions of glycolysis-related genes and enzyme 
activities that are associated with fatty acid β-oxidation and mitochondrial integrity; decreased mRNA expressions of 
oxidative stress-related genes and an apoptotic tp53 gene (tp53). The probiotics-treated fish had increased expression of 
innate immune-related genes. Following challenge with A. hydrophila and S. agalactiae, probiotics-treated fish showed 
increased a higher survival rate than control fish. Growth and immune parameters were significantly increased in Nile 
tilapia fed probiotics for 2 months. In the present study, a probiotic with   multiple functions was shown to have practical 
applications in aquaculture.  
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There are many dilemmas in current aquaculture. Since the environment deteriorates and new diseases, the industry is 
facing more and more impacts and challenges. There are many new solutions developed in this industry, such as a variety of 
probiotic applications. The demand for the boost of disease resistance, the growth of aquatic organisms, and the efficiency 
of feed has generated the use of probiotics in practices and achieved good results. 

Probiotics have been used in aquaculture for more than 30 years. They were used to increase the growth rate of organisms 
in the early stage. Nowadays, they were developed into environmental control and improvement. The probiotic products 
had been progressed into multiple application models.

Currently, there are commercial probiotic products prepared from diverse bacterial species (Photosynthetic bacteria, 
Bacillus, Lactobacillus), and their usage is administrated by careful management and prudent recommendation. Through 
the improvement of the new varieties and the usage methods, it can effectively help aquaculture in the future.

NUMERICAL MODELLING OF CYCLONE LEHAR AND ITS ASSOCIATED SURGE BY 
USING MIKE 21 HD AND SW MODEL

Hamid Hussain V1 and  Balaji S2 

1, 2 Department of Coastal Disaster Management,
Pondicherry University
Port Blair 744112
disasterhamid@gmail.com

It is very imperative to study and analyse the significance of coastal hydrodynamics, offshore and near shore wave 
characteristics viz., significant wave height (Hs), Peak wave period (Tp) for any planning and development of coastal 
infrastructure and other offshore activities. In this paper with the help of numerical modelling techniques, we developed a 
hydrodynamic and a wave model for Bay of Bengal and the near shore characteristics of the west coast of South Andaman. 
A storm surge model was also created where the cyclone lahar that hit Port Blair on 23rd November 2014 that stand as the 
reference for the wave model. The hydrodynamic model for the simulation of current speed, direction and surface elevation 
were simulated using DHI’s MIKE 21 HD FM and the significant wave height peak period were simulated using DHI’s 
MIKE 21 SW module.
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I.S. Bright Singh1*, Ambadi Kannan M.S.,1 Boobal, R.,1 Jayesh, P1., Rosamma Philip2 and Valsamma Joseph1
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Introduction
Genetically improved farmed tilapia (GIFT) of the species Oreochromis niloticus is a popular food fish all over the world. 
In India, this species got in-to aquaculture a decade back and registered steady growth in terms of production. However, a 
foolproof technology for high density culture was lacking. In this context, comparatively less expensive high-density GIFT 
culture under RAS mode has been developed and transferred to field successfully.

Methods
The technology has three major components, Pond designed to have 6.7m length 6.7m width x 2m depth to accommodate 
90m3 water, and the bottom made conical with 18° slope and a central pit of 30cm diameter and 30cm height to facilitate 
easy and steady accumulation of detritus (slurry) removable with slurry pump and diverted for vegetable cultivation,  
Mechanism of circulation of water combined with heavy aeration through air injectors operated with a 0.5hp centrifugal 
pump creating swirling motion and concentration of the slurry at the central pit and nitrification and denitrification 
established by installing specially designed three activated trickling filters using nitrifying bacterial consortium having in-
it denitrifying bacterial components as well. The system is exposed to sunlight to facilitate micro-algal growth generating 
much of the oxygen needed during day time. Fishes are stocked in three cages having 30m3 water columns and each to hold 
a minimum of 1500 fishes.

Results
Within a period of four months fishes registered growth from 5 to 400 grams having FCR 0.98 suggesting that they eat on 
microalgae in the form of periphyton attached to the cage nets.  During the culture period consistent water chemistry could 
be maintained.

Discussion
The system which facilitates regular stocking and continuous harvest and sale can be operated by homemakers, and a 
mini integrated water testing laboratory facilitates regular monitoring of water chemistry with adequate corrections using 
dolomite. This system has been adopted by National Fisheries Development Board, Ministry of Agriculture and farmers 
Welfare Hyderabad named as “Backyard RAS” for nationwide dissemination.
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Study of the length – weight relationship (LWR) and condition factor (K) of African mud fish in Lapai – Agaie Reservoir, 
Niger State was carried out between April 2018 – July, 2018. Two hundred and fifty one (251) samples were collected from 
fishermen catches and used for this study. This comprises 0f one hundred and ten (110) males and one hundred and forty 
one (141) females. There were variations in the standard length, total length and weight of males and females, which were 
not significantly different (P>0.05) from each other. Females were bigger than males, although smaller in size compared to 
other water bodies within the zone. The parameter “b” that describe growth pattern was obtained from the linear regression 
of the growth equation, W = aLb when transformed to log length and log weight of fish respectively. The b values of C. 
gariepinus for male (2.8), female (2.39) and pooled (2.56) indicated negative allometric growth pattern , which implies that 
the length and weight of fish did not grow at the same proportion. Condition factor (K) of male (0.75±0.18) revealed that 
the environment is not conducive for the survival of the fish. It is recommended therefore, that there is need to carryout 
similar study for the month of the year, other aspects of the biology should be studied, water quality parameters of the 
reservoir assessed and catching  of  C. gariepinius at this period should also be discouraged. 

GROWTH AND SURVIVAL RATE OF BLOODWORM, Marphysa sp. FED WITH ROTIFER 
(Brachionus sp.) IN TREATED 

Ainulyakin H. Imlani*, Cherry T. Nian, Delia T. Pejana, Rizal Jhunn F. Robles and Sheyada J. Jani

Aquaculture Department, College of Fisheries
Mindanao State University-Tawi-Tawi College of Technology and Oceanography
Sanga-Sanga, Bongao, Tawi-Tawi, Philippines
Ainulyakinimlani296@gmail.com

The study was conducted to determine the effects of different amounts of rotifer (Brachionus sp.) on the growth and 
survival rate of early juvenile bloodworm, Marphysa sp. in treated seawater at Multi-Species Hatchery, College of Fisheries 
of the Mindanao State University Tawi-Tawi College of Technology and Oceanography, Sanga-Sanga, Bongao, Tawi-Tawi. 
Bloodworm larvae were fed with three (3) different amounts of rotifer, namely, 5ml (T1), 10ml (T2) and 15ml (T3) and 
the feeding trial lasted for 45 days. The results of the growth trial showed that final setigers (FS) and setigers gain (SG) of 
bloodworm juvenile fed with rotifer in 10ml (T2) seawater obtained higher than those fed with rotifer in 5ml (T1) and 15ml 
(T3). Survival rate showed that T1 with 8.89 ± 2.2% and T2 with 7.78 ± 1.1% were significantly higher than T3 with 1.11 
± 1.1% but T1 and T2 has no significant difference (p < 0.05). Feeding of 30 juvenile with rotifer in 10ml seawater could 
be a preferred amount for early juvenile that could promote better growth and survival. 
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The study was performed to investigate the effects of the different graded levels of  horse radish Moringa oleifera on the 
growth and survival rate of GET EXCEL tilapia fry at the Mindanao State University Multi-species Hatchery, Sanga-
Sanga, Bongao, Tawi-Tawi, Philippines. There were four (4) treatments used in this study where T1 labeled negative 
control having 0% content of powdered M. oleifera, T2 with 15%, T3 with 30% and T4 with 40%. Each treatment was 
replicated three times using a Completely Randomized Design (CRD) for a duration of 45 days.

The results showed no significant differences among treatment diets (p>0.05). Higher Final Weight (FW)  of 12+4.2g, 
Weight Gain (WG)  of 11.67+4.3, Feed Intake (FI) of  0.20+0.05, Specific Growth Rate SGR of 2.39+0.6% and Protein 
Efficiency Ratio (PER) of 34.86+21.1 although lower in  FCR which was 0.03+0.02 and a survival rate of 14.67+10.7%.. 
The diet in T4 (40% M. oleifera ) powder could be a preferable graded level that could promote better growth and feed 
conversion efficiency of GET EXCEL tilapia fry.

Further studies on different inclusion levels of Moringa oleifera kg-1
 diet for growth and survival rate of GET EXCEL 

tilapia are recommended to compare results. Feeding ration must be increased higher than 10% to avoid cannibalism. 
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GROWTH AND SURVIVAL RATE OF DONKEY’S EAR ABALONE, Haliotis asinina 
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A study was conducted to determine the effects of the different graded levels of Gracillaria sp. in commercial feeds on the 
growth and survival of donkey’s ear abalone, Haliotis asinina juvenile at Multi-Species Hatchery, College of Fisheries, 
Mindanao State University Tawi Tawi College of Technology and Oceanography Sanga-Sanga, Bongao, Tawi-Tawi for a 
duration of 45 days. The juveniles were fed with four (4) prepared diets containing graded levels of Gracillaria sp., namely:  
0% as negative control (T1), 10% (T2), 20% (T3), 30% (T4) and live Gracilaria sp. as positive control (T5). Each treatment 
was replicated three (3) times using a Completely Randomized Design (CRD).

The results showed that the highest final weight (FW) of 47.37+13.4g, weight gain (WG) of 15.65+12.5g, final shell length 
(FSL) of 54.99+7.6 mm, shell length gain (SLG) of 8.84+2.4 mm and specific growth rate (SGR) of 0.37+0.8% were 
obtained from abalone juveniles in T2. The highest survival rate was also obtained from T2 of 23.33+3.3%. However, these 
results further revealed that treatments are not significantly different from each other (p>0.05). 

The diet containing 10% of Gracilaria sp. could be preferable to be used as feed for abalone juveniles that could also 
promote better growth performance and survival rate.
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The 2004 great Sunda-Andaman earthquake (Mw- 9.3) accompanied with unprecedented catastrophic tsunami caused 
significant crustal deformation or vertical land level changes in its rupture zone manifested by broad uplift and subsidence, 
that severely affected the groundwater regimes in the South Andaman Island. In the regions of principle coseismic 
subsidence such as in the western and eastern coast of South Andaman, tsunami wave trains with run up height of ~ ≤ 10 
m inundated most of the land surface and contaminated the aquifer system by direct infiltration during the first flooding 
waves and later percolation of ponded seawater. Corollary to this significant changes in physiography and hydrology of the 
subsided areas were observed and most parts remain permanently inundated owing to flow of sea water into fresh water 
facilitated by interlinked fracture zones. Consequently, a systematic geophysical survey was conducted using Schlumberger 
configuration encompassing 12 vertical electric soundings (VES) and profiling at four potential coats of South Andaman 
to map the vertical and lateral resistivity contrast of the fresh and contaminated aquifer zones respectively. Besides 
groundwater samples are taken at VES locations during dry and monsoon season from dug and bore wells according to the 
standard procedures to ascertain the periodic analysis geochemistry of groundwater.The integrated analysis is compared 
with island lithostratigraphy, borehole data and nearby well inventory for precise interpretation of the subsurface fresh/
saline aquifer geometry. The integrated analysis shows that low-lying coasts are found more vulnerable to seawater 
intrusion than east coast owing to its gentle topography, macro porosity of the upper soil formation and highly brecciated 
bedrock formation which interlinks the existing extensional and shear fractures and greatly facilitates the movement of 
seawater into freshwater formation.
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The family Channidae present 49 valid species, comprises two genera: Channa, with 46 valid species distributed from 
the Middle East to Asia, and Parachanna with 3 species restricted to Africa. Channa sp. popularly known as snakeheads 
are medium-sized to large predatory freshwater teleosts belonging to the family Channidae. From India, there are 21 
valid species of snakeheads, 19 of which are known from the Eastern Himalayan region. The colorful ones are popular in 
the aquarium fish trade and are exclusively exported from India and fetch a good price ranging from 750 - 50,000 INR /
fish Many of this species demonstrate phenotypic plasticity and makes one hard to identify at species level. Hence, DNA 
barcoding is the important tool for species discrimination, identification of cryptic species, and indirectly plays a key role 
in conservation of endangered species.

In the present study, DNA barcoding of the ornamental snakeheads of Indian origin were done to synthesis DNA barcodes 
for accurate species identity. DNA extraction was done from one individual of Channa bleheri, C. andrao, C. lipor, C.  
stewartii, C.  pomanensis, C.  gachua, C. bipuli, C. quinquefasciata and C. royi, by using QIAGEN blood and tissue 
kit. Partial cytochrome oxidase unit I (coxI) gene of about 630 bp were amplified by PCR conditions. The amplified 
PCR products were sequenced. Gene sequences were aligned using MUSCLE (Edgar 2004). The maximum likelihood 
(ML) phylogenetic tree was constructed using MEGAX. Based on the lowest BIC (Bayesian Information Criterion), the 
best fit nucleotide substitution model (out of  24 models) for the 41 COI dataset is TN93+G+I given by Tamura & Nei 
(1993) (Tamura-Nei + Gamma distribution with 5 rate categories + certain fraction of sites are evolutionarily invariable). 
Reliability of the phylogenetic tree was estimated using bootstrap values run for 1000 iterations.

The cytochrome oxidase unit 1 gene sequences clearly discriminated the intraspecific genetic variations among the 
snakeheads by means of the phylogenetic analysis (Fig1.). The generated barcodes for 10 species of snakehead can be used 
for BLAST analysis confirmation for accurate species identity (Fig. 2). 



258

INFLUENCE OF DIFFERENT SALINITIES ON BREEDING AND LARVAL DEVELOPMENT 
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A 90 days study was conducted to explore the possibilities of breeding and seed production of Cyprinus carpio using inland 
saline water of different underground salinities (0, 5, 10 and 15 ppt) in earthen ponds as C. carpio is widely distributed 
and being a hardy fish able to tolerate salinities of various degree. In the present study, juvenile fishes (30±5.0g) were 
reared. At the end of trial, the highest weight of matured brooders was found 370±20.00g at 0 ppt followed by 342±26.05g, 
275g±15.0g 167.5g±17.50g at 5, 10 and 15 ppt, respectively. The brooders in the ratio of 2 female: 1 male from the different 
ponds of different salinities were selected, and were placed in spawning tank of salinity regimes for artificial breeding 
through hypophysation by carp pituitary extract. The rearing medium osmolality and serum osmolality of male and female 
fish were found to be significant across all treatments at different salinities. The osmolality revealed a gradual increase 
with an increase in salinity. Maximum growth rate of broodstock, gonad weight, reproductive performance, fecundity, 
eggs and larvae development were observed at 0 and 5 ppt. The results showed that stripping response, fertilization and 
hatching rate were significantly (P<0.05) reduced at 15 ppt. Larvae showed high levels of deformity at salinity above 10 
ppt (71.21±5.34%). The overall results of the experiment provide an insight that highest larvae survival percentage was 
74.28±2.22% at 5 ppt followed by 69.40±1.76%, 49.98±2.04% and 28.78±5.34% at 0, 10 and 15 ppt, respectively. Thus it can 
be concluded that using 5 ppt of inland saline groundwater can provide the best results for the production C. carpio seed.
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The number of ornamental fish hobbyists was only 0.1% at the beginning of 21st century in India. It was estimated at about 
1.25% of the total number of 7.88 crore urban house-holds during 2015. It is projected to attain a level of 5% before the 
end of next decade with present trend of growth. It will be the highest number of aquarium hobbyists in any single country 
of the world. Although, the percentage of aquarium hobbyists to the total population of a country may continue to remain 
highest in developed countries but in terms of number it will be highest in India. As per a simple method of economic 
analysis, the increasing demand or number of consumers of a product could be judged to a great extent by estimating the 
number of suppliers of that product at different time intervals. In case of aquarium trade, it is an aquarium shop which 
is serving as a supplier and providing products to aquarium hobbyists i.e. consumer. It is observed that the numbers of 
aquarium shops have grown manifolds in the country during the present decade. Now days, an aquarium shop can be found 
not only in large cities but also in smaller towns of the country. It indicates that the hobby of aquarium keeping is becoming 
popular even in semi-urban or rural regions. 

The domestic aquarium industry is following a cyclic relationship of demand and supply. The increasing number of aquarium 
hobbyists are triggering the opening of new aquarium shops which in turn adding many more naive aquarium hobbyists. 
The adding of a new shop increases competition among the suppliers that reduces cost of basic aquarium products. As 
a result aquarium keeping hobby is becoming less expensive and affordable to large number of families. The process of 
cyclic relationship between demand and supply may remain continue for many more years in domestic aquarium industry. 
The change in social structure from joint to nuclear families, increasing average per capita income, changes in spending 
behavior, faith in feng-shui & vastu, promotional schemes of government etc. are some of the other important factors that 
are promoting the hobby of aquarium keeping and make India “A home to largest number of aquarium hobbyists”. 
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The present study deals with the efficacy of modified panchagavya for production of zooplankton in reference to water 
quality. The experiment was carried out with five different doses of liquid organic manure modified panchagavya at the 
different levels viz. 0.15 % (T1), 0.20 % (T2), 0.25 % (T3), 0.30 % (T4), 0.35% (T5), besides one control (T0) using fresh 
cow dung at the rate of 50g/ tank of 50 l. Each treatment was with three replicates. The experiment was conducted in a 
glass aquarium of 56 litre capacity for six weeks. The zooplankton production and water quality were observed at weekly 
intervals and some parameters like water temperature, pH and DO (dissolved oxygen) were observed every day. During 
the experimental period, the water quality parameters were found congenial for zooplankton growth. Range of  water 
quality parameters were: water temperature: 23.39 - 23.53℃, pH: 7.4-8.5, Electrical conductivity (EC): 1.26-1.47 mS/cm, 
DO:  6.11- 6.92 mg/l, total alkalinity: 109-151.05 mg/l, total hardness: 770.68-962.83 mg/l, TDS: 806.40-942.93 mg/l, 
nitrate-nitrogen: 1.49-2.66 mg/l, orthophosphate: 0.36-0.68 mg/l. Significantly (p<0.05) higher plankton population and  
zooplankton biomass were found in T4 (748.43 No’s/l & 17.12 g/tank). The trend of  best dose of modified panchagavya 
based on zooplankton production (population and biomass) in descending order in the present study are T4 (0.30 %) > T3 
(0.25 %) >T5 (0.35%) > T2 (0.20 %) > T1  (0.15 %) . The trend of dominant zooplankton categories observed by percent 
contribution in all treatments are Cladocerans (33%) followed by Copepods (30%), Nauplii (21%) and Rotifers (16%). 
Consequently, from the results obtained it can be concluded that the use of 0.30% modified panchagavya is most useful for 
zooplankton production to get good performance with aqua friendly effects on the rearing environment.
Key words: Panchagavya, Zooplankton, Water quality, Biomass and Environment.

INDIGENOUS FISH PROCESSING AND PRESERVATION PRACTICES IN DHAMTARI 
DISTRICT OF CHHATTISGARH
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Fish are highly perishable food commodity due to high protein content, presence of unsaturated lipid, hence essential to 
sale or process and preserve immediate after harvest. A field survey was carried out in Dhamtari District of Chhattisgarh to 
assess the traditional fish preservation methods applied by artisanal fish farmer of Chhattisgarh. Primary data were collected 
by random selection of fish processors and interviewing them using a semi- structured questionnaire. Instead of high costs 
and lack of technical guidance, the fish processor of Chhattisgarh use age old, simplest and easy operating traditional fish 
processing and preservation methods. Sun drying, smoking (Half burning) and smoke drying are mainly employed curing 
methods by the fish processor of Chhattisgarh. The fifteen fish species were found to be used for fish curing process and 
Puntius spp. was contributed highest with 72.72%, followed by Mystus spp. with 59.09% and the minimum contribution 
was made by Ambylopharyngodon mola (4.54%). The study indicated that smoke dried method was found most preferred 
(64%) followed by drying (27%) and half burning (9%). The results of present study also indicated that female was found 
actively involved (70%) in fish processing and preservation. The processing of fish in Chhattisgarh will definitely thrive 
and will become a boom for the source of income of fishermen and fisherwomen if training in the aspect including fish 
handling, hygenicity, technical skills for drying and smoking is provided. 
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World over Recirculatory aquaculture systems is considered as an advanced high efficient system that not only reduced the 
impact of aquaculture practices on environment but also helped in attaining an high yield on low resource utilization laying 
the path to sustainable future in aquaculture practices. There are still researches and innovations taking place in multiple 
fronts in order to make the practice more efficient and economical. For a market like India which is established globally but 
still emerging locally the subjects on which this investments are made plays a key role in identifying the returns.

There are very few species that maintain the steady demand throughout which can be considered commercial crop for 
Indian market conditions, to name Asian Seabass, Snake head murrel, Ilish (Tenualosa ilisha), Trout etc among some with 
high market values.

Major challenge in culture of these species as standalone subject is heterogeneity and cannibalism. At the earlier stage 
proper innovative nursery practices need to be followed that would avoid cannibalism and making sure of availability of 
feed for all fingerlings will help to minimize uneven sizes. This would help in increasing the high survival of fingerlings 
and on due course making them adaptability to confined culture practices. 

Aquatick consultants has domesticated and built freshwater RAS facility including the multistage water filtration, 
nitrification and disinfection process as per Indian Farming conditions.The facility being established at Madhavaram is 
designed to accommodate for nursery and grow out culture of Seabass.Nursery consists of a 70 m3 – 1 tank (D Edged 
Raceway) which can hold a total stocking of up to 30,000 seeds. Major challenge in this setup is to achieve an high survival 
rate of 60 Percentage before these fingerlings are transported to respective grow out ponds that are designated as per the 
sizes of juvenile. Even at a survival rate of 30 Percentage (half of expected) grow out will be having juveniles sufficient for 
a 100 m3 (3 Circular Tanks) system at harvest stocking density of 50 kg/m3. 

As culture process for nursery and grow out are maintained separately the duration of culture period can be distributed in 
a way that the regular harvest period at marketable table sizes can be reduced by up to 5 months. As juveniles in grow out 
ponds are evenly distributed based on the size Cannibalism will be reduced. Expected harvest in one such system is 5 Tons 
per harvest and can be increased based on changing aeration and nitrification apparatus. 
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The objective of this study was to evaluate the effects of Saccharomyces cerevisiae cell wall and nucleotide source on 
survival rate and resistance against Vibrio parahemolyticus (Early Mortality Syndrome agent) in juvenile white shrimp 
(Litopenaeus vannamei).

The shrimps were distributed in a completely randomized design, with 5 treatments: 1- Control; 2- 0.5% of Saccharomyces 
cerevisiae as a source of nucleotides (YNU - Hilyses®, ICC Brazil); 3 - 1% of YNU; 4 - 0.5% of Saccharomyces cerevisiae 
cell wall (YCW - ImmunoWall®, ICC Brazil); and 1.0% of YCW, with 8 replicates each. These included 4 replicates for 
growth performance (28 days) and 4 replicates for immunity (bacteria challenge). Each replicate consisted of 100L fiber 
tank with stocking density of 360 pieces/m3 at 20 ppt salinity. Shrimps PL 8 were purchase from a commercial hatchery 
and were acclimated for 5 days, and then allocated to treatment tanks. The growth parameters measured were total feed 
intake (TFI, g/tank), feed intake (FI, g/ind.), daily feed intake (DFI, g/ind./d), body weight (BW, g/ind.), body weight gain 
(BWG, g/ind.), average daily gain (ADG, g/ind./d), length (cm), specific growth rate (SGR, %/d), feed conversion ratio 
(FCR), survival rate (SR, %) at 14 and 28 days. Also the shrimp size was evaluated (large, medium and small) at 28 days. 
Shrimp was challenged by Vibrio parahaemolyticus immersion or orally at of 1.0-2.9x1012 CFU/mL under normal and 
salinity stress condition (35 ppt). The immunological parameters were evaluated weekly and daily for mortality rates. The 
data were analyzed using the GLM (SAS), and means were compared by Ducan’s test (P=0.05).

There is no significant difference 
(P<0.05) among treatments for growth 
and performance results, except for FI 
parameters, were the supplementation of 
YNU and YCW decrease (P<0.05) the FI 
compared to control group; and for shrimp 
size, were all feed additives increased 
compared to control (Table 1). The 
additives supplementation also increased 
(numerically) the survival rates compared 
to control (Table 1). For V. parahemolyticus 
challenge via oral, both YNU and YCW 
decrease the hepatopancreas Vibrio ssp. 
count (P<0.05). However, for immersion 
challenge and/or with salinity stress, YNU 
and YCW improved survival rate and 
decrease the Vibrio spp. count (P<0.05) 
(Table 2). 

In general, the inclusions of 0.5 to 1% of 
YNU and YCW were able to improve the 
shrimp Litopenaeus vannamei disease 
resistance against virulent bacteria, Vibrio 
parahemolyticus, mainly under high salinity 
conditions.
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Shrimp immunity and disease control are now considered priorities for shrimp aquaculture. The prevention and the 
control of diseases are the vast majority of shrimp producer in many countries. Shrimp aquaculture has been dramatically 
affected by many pathogenic diseases, vibriosis, microsporidia, virus and parasite.  The disease problem mainly caused by 
microsporidia;EHP, and  viruses; IHHNV, YHV, TSV, WSSV, IMNV and SHIV. Shrimp immunology is a key element in 
establishing strategies for disease control in shrimp aquaculture. Thus, research on the development of assays for evaluating 
and monitoring the shrimp immune state must be emphasized. Performing regular immune “check-ups” would permit 
not only the detection of shrimp immunodeficiencies, but also the control and improvement of environmental quality.  
As invertebrates, shrimp’s natural immunity acts as a fast and efficient defense mechanism against the pathogens. Their 
immune system involves hemocytes (for encapsulation, nodule formation and phagocytosis), several plasma components 
(antimicrobial peptides, histones, lysosomal enzymes, lipopolysaccharide, β-1,3-glucan binding proteins, and recognition 
molecules), and multimeric systems (clotting protein cascade, prophenoloxidase system). When these defense mechanisms 
fail to protect the shrimp against bacteria, viruses, fungi, protozoa and their products, disease develops and a negative 
impact takes place in the shrimp culture system. Studying the shrimp immune system is attractive for the advancement 
of a basic knowledge on invertebrate and vertebrate general immunity, because it offers various possible alternatives for 
disease management in shrimp aquaculture. To do this, immune effectors must be identified and characterised. Many 
materials can enhance shrimp immunity (be immune stimulant) like vitaminC, vitaminE, VitaminD, selenium, zinc, copper, 
antimicrobial peptide, antivirus peptide, small peptide from marine protein hydrolysate, sulfate polysaccharide from 
seaweed extract, biological antioxidant like essential oil, herb extract, polyphenol, acidifier, prebiotic such as β-1,3-glucan, 
Mannanoligosacchride(MOS), fructooligosaccharid(FOS), yeast cell wall, autolyzed yeast, nucleotid,  probiotic, etc. The 
other key point of view for sustainability of shrimp aquaculture is reduced stress especially environmental stress such as 
density stress, water quality stress; low oxygen level, high ammonia, high nitrite, high organic matter which will effect on 
shrimp growth performance and suppress immunity. However, the future sustainability of shrimp aquaculture will not only 
focus on shrimp immunity and disease control but also depend greatly on the selection of disease-resistant animals, making 
parallel research in immunology and genetics essential including ecological control or improvement. 
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The human population has increased considerably. As of the end of 2018, the world population has reached 7.6 billion 
and in 2050, it is expected that the Earth’s population would attain 10 billion. Due to being a good source of protein and 
omega-3, fish and shrimp farming are one of the focuses of food production increase worldwide. The need for a sustainable 
sourced marine ingredient has never been higher. 
 
Antarctic krill (Euphasia superba) is one of the most abundant species on Earth and, at current levels, is one of the world’s 
underexploited marine stocks. It is an excellent source of proteins and lipids, and is a sustainable alternative, low in the 
food chain, used to replace fishmeal in diets for marine species. By using krill in fish feed, one does not compromise the 
food for other species. It increases the quality of feeds, it is scientifically well documented - helping fish farming world 
over. Krill contributes to growth, health and quality of fish and shrimp.  

Aker BioMarine since the beginning worked continuously to make sure our fishery makes as little footprint as possible when 
we make our krill products. To achieve this we work with several stakeholders, like environmental NGO’s, governments, 
scientists and customers. Aker BioMarine do not only want to be a standard setter in the krill fishing industry, we want to 
be a standard setter in the global feed sector in general. Aker BioMarine was awarded the title “Europe’s most innovative 
company” in 2018 due to our forward leaning approach to developing the fishery and the markets for our product.  
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IMTA aims at an ecosystem management that considers site specifications, operational limitations, food safety guidelines 
and regulations. The goals include environmental sustainability through biomitigation, social acceptability through 
economic stability and product diversification, reduction of risks, and better management practices. In IMTA the wastes 
generated from one species are recycled to become inputs for another as fertilizers, feed and energy. In IMTA the fed 
species like finfishes and shrimps are integrated, in the right proportions, with species which are suspension feeders, 
deposit feeders or herbivorous fish and species which are extractive(e.g. seaweeds). Multi-trophic implies incorporation of 
species from different trophic or nutritional levels in the same system. It involves intensive cultivation of different species 
in proximity of each other, connected by nutrient and energy transfer through water by a balance of the biological and 
chemical processes. This balance is achieved by selection of appropriate species in the right proportions to meet with the 
different ecosystem functions. A successful IMTA should result in better production from the farming system, based on 
mutual benefits to the co-cultured species and improved ecosystem health, even if the individual production of some of the 
species is lower compared to what could be reached in monoculture practices over a short term period (Neori et al., 2004). 
In India, the scope of IMTA is very high because of the diversity available in species that can be farmed, the tropical climate 
prevalent which is conducive for farming both fed and non-fed species and the increasing demand for a variety of farmed 
species for domestic consumption as well as export. In any variety of the IMTA systems, the co-cultured species should 
be more than just biofilters and should be of commercial value (including in terms of biodiversity). Finfishes like cobia 
Rachycentron canadum, Asian seabass Lates calcarifer, Orange spotted grouper Epinephelous coioides etc. for which 
hatchery technology of seed production available in India, are the major maricultured species in India.  Capture based 
mariculture of mangrove snapper Lutjanus argentimaculatus and giant trevally Caranx ignobilisare is also practiced in 
several pockets of the Indian coast. Non- fed bivalve species like green mussel Perna viridis and edible oyster Crassostrea 
madrasensis are also farmed to a greater extent in the country. Extractive species farmed are some red and brown sea weeds 
like Gracilaria edulis and Kappaphycus alvarezii are having good market demand for non-edible purposes. However, 
IMTA is not being practiced in a commercial scale in India. Since mariculture is considered as the future of Indian seafood 
industry, IMTA has greater scope and prospects. Once the mariculture policy is implemented, the strategy should be more 
towards enhanced production in a sustainable manner based on lessons learnt in other countries where mariculture has 
come to a standstill due to many reasons including eutrophication leading to pollution, diseases and parasites and loss of 
suitable sites. If IMTA is taken as the new and innovative approach for mariculture in India, it is expected to revolutionize 
production in a sustainable manner in the country. 
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Cage aquaculture is the technology of the millennium aiming increased production of commercially important quality 
fishes in for domestic and export markets, in healthy natural water resources while being enclosed in net cages which allow 
free flow of water. The new cage design and efforts of CMFRI during the last decade has considerably boomed cage fish 
farming in the open waters of Kerala especially in Ernakulum, Thrissur and Alleppey districts.  A comparative study was 
conducted in two coastal cage farms one in Moothakunnam (T1) and another in Kottappuram (T2).  Studies were conducted 
in both sets of cages for duration of one farming i.e. around one year and evaluated the growth of sea bass in two different 
locations and its economics till the harvest.

Juvenile Asian Seabass with an average weight of 8 gm and length 6.5 cm were randomly stocked in GI cages (4 × 4 m) 
in triplicates in both the places. The fishes were fed with low value fishes at 6-8 % of body weight twice daily. The water 
quality parameters monitored were observed within suitable ranges. First sets of fishes harvested after 9 to 10 months 
of stoking whereas the second sets of fishes harvested only after one year of culture.  Results of Growth, Survival, and 
Production along with Water quality parameters monitored and recorded for further analysis. The growth parameters in 
terms of body weight, length, weight gain, survival rate etc. were measured and presented.   The results were analyzed and 
found significant difference in growth.   The net profit value was found higher in T1 than T2.  Significant differences were 
also observed in the profit percentage as well as in the MSY.  FCR value is comparatively low in T2.  The water quality 
parameters studied are nitrate (0.631+1.57), nitrite (0.0951+0.0765), ammonia (0.0174+0.0618) and orthophosphate 
(0.067+0.06342).

Therefore it can be concluded that the growth performances of Sea bass is directly proportional to feeding and time 
however, the net profit is found decreasing as the culture duration exceeds a period. 
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Fishery and biology of the giant trevally, Caranx ignobilis landed along the southern coast of India was monitored. 
Yong ones of the species enter the backwaters during saline phase and with the lowering of salinity following onset 
of monsoon they move back to sea for further growth. However they remain in shallow coastal waters and support 
coastal fishery by traditional gears including shoresiens almost round the year.  Biological observations and presence 
of young ones in the backwaters and coastal fishery indicated that the species spawn almost round the year with peak 
during November-December. Growth estimates show that they grow fast and attain 58, 91, 115, and 126 cm in total 
length by first, second, third and fourth year. The weight increment was also fast and attains 4.6 kg, 10.3 kg, 18.6 kg 
and 25.4 kg respectively with the same period.

Short rearing trials in FRP tanks showed that they are adaptable to confined rearing, including good food acceptability, 
high survival and growth. Juveniles of the species which enter the traditional tide fed prawn farms were found to grow 
fast, but being a predator they cause serious threat to the stocked prawns. Seeing their growth performance juveniles 
which are caught in the dip nets and that culled out from prawn farms were stocked in bottom set netlon cages and 
fed with low value catches from local fishing. Growth performance and survival in the cage was monitored and found 
quiet satisfactory.  Seeds were fed with low vale fishes and trashes obtained from these dip nets.   Fishes were grown 
well and reached 1.5 to 2 kg with 5 - 6 months. Distribution and biology of the species, their growth and survival under 
different confined rearing conditions indicated that the species is ideal for farming in coastal ponds, pens and in open 
sea cages. 
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The recent flood in Kerala severely affected the open water cage culture activities in the central districts of Alapuzha, 
Ernakulam and Thrissur.  The flood completely washed off majority of the coastal cages along with the cultured fishes.  
The loss was in terms of cage structure and nets, harvest size fishes and juvenile fishes stocked in cages. Loss in the terms 
of fishes were almost complete in all cages either died due to heavy water flow, poor water qualities including the muddy 
waters, damaged nets or escaped in a lower extent.  Many farmers lost their entire cage structures and investments.  Some 
cases cages along with the produce disappeared overnight as the flow rate was increased unexpectedly.  The farmers were 
unable to do anything to protect their cages even though they saw their cages are getting damaged.  Some tried to protect 
their cages but huge trees or other structures damaged their cages completely or partially.  The loss in terms of money 
varied from 2 to 25 lacks per person depending on the number of cages, fishes stocked and size of the fishes in the cages 
during the time of disaster.   Most of the farmers were distressed as they were either in their initial stages of farming or 
might have done for one or two years after having a good investment for this new technology and the entire things were 
lost.  The condition of the new youth and the women farmers are very severe because they have started cage farming either 
with loan or spending their entire savings expecting that they could develop it as an entrepreneurship.  Lack of policies and 
insurance coverage in the cage farming sector has become a major impediment in the situation and the issue needs to be 
seriously addressed in the wake of this extreme situation.

However, none of the real farmers doesn’t wanted to leave the cage farming activities as it is very lucrative and sound 
technology for the poor, middle and high end-entrepreneurs and they approached CMFRI for further assistance and with 
the support of CMFRI and other Govt. agencies the coastal cage farming activities in these areas started and it is blooming 
unlike any other type of farming.  Another interesting observation made is that many of the farmers have adopted the new 
floating GI cages instead of the old small artisanal types of fixed or floating cages made with PVC pipes. The advantages 
they are finding is the longevity, high stocking capacity, steadiness of the cages  and the easy way of operation of the 
new cages even though the cost is little high. The banks and other financial agencies are also ready to support these 
farmers further as they are also convinced with the new cage farming technologies with the short period of one or two 
years.  Present study revealed that combined efforts of all these groups are making the cage farming activity again a great 
entrepreneurship in these areas and it is growing very fast in a steady manner.  This reveals the strength of the cage culture 
technology and its impacts on farmers. 
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Nile tilapia (Orechromis niloticus) is the second most important aquaculture species in the world, supported by commercial 
production in more than 120 countries. Most of the commercially farmed tilapia originate from the GIFT strain of tilapia, 
formed by crossing of 4 African wild strains and 4 farmed Asian strains back in 1990s. GenoMar Supreme Tilapia (GST ®) 
originates from this GIFT population and has continued the breeding program commercially and is currently in generation 
28. Genomic selection has shown to increase the predictive ability and genetic gain, across all the species, including the 
aquaculture. With the availability of the genomic resources for Nile tilapia and the results showing increase in predictive 
ability and unbiased estimates of breeding values, genomic era for Nile tilapia is inevitable. 

The experimental population was obtained from the generation 26 GST® strain. Animals were reared in 8 different 
batches in the GenoMar Breeding Centre in the Philippines and was harvested after 11 months in the ponds using standard 
commercial practices. The phenotypes were available for five important traits: body weight at harvest (BW), fillet weight 
(FW), fillet yield (FY), trash belly (TB) and trash head (TH). DNA was extracted from the fin clips and was genotyped 
using Onil50 Affymetrix array. The raw dataset contained 58,466 SNPs. After quality control (selection of high quality 
“PolyHighResolution” and “NoMinorHom” SNPs, maf filtration <0.05, individual call rate <0.9), 48,960 SNPs (83.74%) 
was available for 2549 animals. Genomic relationship matrix was constructed using Gmatrix software using VanRaden 
method and the multivariate GBLUP models (with batch, difference of age during harvesting, filleter for the traits FW, FY, 
TB and TH as the fixed effects; and genetic effect as the random effect) and were run in DMUv6, assuming genetic and 
residual covariances between the five traits. 

These are the first estimates using multivariate genomic models in Nile tilapia. All the five traits were found to have 
moderate heritability ranging from 0.09 ± 0.02 for FW to 0.21 ± 0.03 for TH (Table 1). FY was found to be negatively 
correlated with all the traits, whereas the correlation between other traits were very high, meaning selection for one trait 
will inevitably lead to selection for other traits because same genetic mechanism may be controlling these traits. The future 
strategy in GST® Nile tilapia will be to find the QTLs for these traits and utilise it in genomic selection. Besides these 
universal traits, genomics will help in efficient selection for different disease resistance traits.
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Corbiculid black clam Villorita cyprinoides is traditional seafood among the coastal populace of southwest coast of India. 
These were reported for bioactive functionalities with respect to anti-inflammatory properties. Biochemical investigation of 
V. cyprinoides resulted in the characterization of two O-spirocyclic derivatives (1-2). The structures were elucidated through 
comprehensive spectroscopic methods (Fourier transform infrared, mass and nuclear magnetic resonance experiments). In 
vitro inhibitory properties of the O-spirocyclic analogues determined their anti-inflammatory potentials. These specialized 
metabolites were demonstrated potent anti-inflammatory activities against cyclooxygenase-2 (COX-2 IC50 < 0.75 mg/
mL) and 5-lipoxygenase (5-LOX IC50 0.75-0.80 mg/mL) enzymes. Molecular docking simulations described the effective 
interactions of the spirocyclic compounds in the COX-2 and 5-LOX inflammation models. The spirocyclic derivative, 2 
registered lowest binding energy and docking score of -8.98 and -10.85 kcal/mol, respectively compared to those exhibited 
by 1 (-8.72 and -10.26 kcal/mol, respectively) against COX-2 enzyme. Similarly, spirocyclic derivative, 2 registered lesser 
binding energy (-7.58 kcal/mol) and docking score (-9.20 kcal/mol) against 5-LOX followed by 1 (-5.06 and -8.54 kcal/mol, 
respectively). The lowest binding energy/docking score along with greater number of hydrogen bonding interactions in the 
active sites of COX-2 and 5-LOX manifested towards the greater anti-inflammatory properties of spirocyclic derivative, 2 
compared to 1. Thus, the oxygenated spirocyclic metabolites derived from V. cyprinoides were found to be dual inhibitors 
of pro-inflammatory COX-2 and 5-LOX enzymes. In particular, the spirocyclic derivative, 2 displayed significantly greater 
anti-lipoxygenase properties compared to other homologue, and therefore, could be used as potent anti-inflammatory leads 
in the pharmaceutical preparations.
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The isolation of solvent extract of V. cyprinoides characterized three previously undisclosed specialized abeo-pregnane-
type sterol derivative 19 (10→5) abeo-20-methyl-pregn-10-en-3β-yl-hex-(3′E)-enoate (1) along with two cholestenols 
(22E),(241E)-241,242-dihomocholesta-5,22,241-trien-3β-ol (2) and (22E)-241-homocholesta-5,22-dien-(3β,241β)-diol 
(3). The in vitro anti-inflammatory (anti-cyclooxygenase-2) activities of 1 were considerably higher (IC50 < 1.10 mg/
mL) than 2-3 (IC50 > 1.10 mg/mL). Structure-activity relationship studies demonstrated that bioactive potentials of the 
titled compounds were linearly related to their electronic factors along with optimum hydrophobic factors. In addition, 
the molecular docking calculations of sterol analogues, 1-3 were performed against pro-inflammatory COX-2, and their 
RMSD results were evaluated. In silico docking analyses of candidate compounds with COX-2 receptor suggested that 
the docked ligands were potentially bound to the target site. The compound 1 recorded lowest binding energy of -8.53 
kcal/mol followed by the compounds, 2 and 3 (-7.78 to -7.89 kcal/mol). Similarly, compound 1 registered lowest docking 
score of -9.71 kcal/mol followed by 2 and 3 (-8.79 to -9.04 kcal/mol). The enzyme inhibition constants, Ki was found to 
be lesser for compound 1 (0.55 μM) followed by those of 2 (1.63 μM) and 3 (1.97 μM). Also, torsional free energies and 
intermolecular energies were found to be lesser for 1 (1.19 and -9.73 kcal/mol, respectively) followed by those recorded 
with 2 (0.89 and -8.79 kcal/mol, respectively) and 3 (1.19 and -8.98 kcal/mol, respectively). The lower docking parameters 
(inhibition constant, binding energy and docking score) recorded for 1 was appeared to be coherent with its potent in vitro 
anti-COX-2 assay (IC50 1.05 mg/mL).
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Tilapias are cultured globally and are rising in acceptance as the most important freshwater aquaculture species. Amongst 
several issues that affect the tilapia production, one critical factor which is often overlooked is parasitic infections and 
diseases. Parasites have direct effect on the growth, vulnerability to predation, marketability and overlay means for 
secondary infections. Emamectin benzoate (EB) is an anti-parasitic agent used under the trade name Slice® in some 
countries under an “Emergency Drug Use” basis for controlling sea lice at the recommended dose of 50 µg EB/kg biomass/
day (X) in coastal finfish aquaculture. The effect of EB on the safety, growth, survival and functioning of vital organs of 
tropical fish are scanty. The present study examined the dietary influences of EB administered to Nile tilapia Oreochromis 
niloticus at 0 (0X), 50 (1X) and 500 (10X) µg/kg biomass/day for 7 consecutive days. Mortality, behavioural changes, feed 
consumption, biomass, levels of serum glucose, alanine aminotransferase and creatinine were determined at scheduled 
intervals as indicators of stress, liver and kidney functioning, respectively.

The dosing trials were conducted in 12 rectangular tanks with 
360 healthy O. niloticus (11.80±1.55 cm and 14.40±1.50 g). 
The top dressed EB-medicated feeds were offered to 7 days 
acclimatized tilapia as the sole ration for 7 consecutive days 
during the dosing period. During the post-EB dosing period 
(45 days), the tilapias were fed with control feed. 

There existed significant dose-dependent reduction in the feed 
intake and tilapia biomass. Mortalities were recorded in EB-
feed fed tilapia at 1X-dose [2.23%] and 10X-dose [4.43%] 
(Table 1). The serum glucose, alanine transaminase (ALT) 
and creatinine levels of tilapia increased significantly on day 
7 EB-dosing, which subsequently reduced with time. On day 
45 post-EB dosing, the biomarker levels were significantly 
high compared to day 0 (Figure 1), indicating the long-term 
effect of EB. The data on tilapia mortality, reduction in feed 
intake and growth and elevated serum biomarker levels, 
except ALT (1X) even on day 45 post-EB dosing, thus, raise 
queries on the practicality of oral EB-dosing in tropical 
conditions.
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Large scale Ornamental fish breeding and marketing companies are on an increase in India. Ultimate aim of such large scale 
units are production of high quality fish for the quality conscious, premium markets in the country and the world. Quality 
management of the processes inside the system has its real impact on the quality and quantity of the fish. The enhanced 
production of ornamental fish rely on the management practices including water quality, feed quality , biosecurity, disease 
diagnosing and quarantine, human interferences and so on. Total quality management consists of quality management tool 
and technique where the former is used as a single tool that has a specific role and latter one has a wider application.

To initialize quality system management in the ornamental fishery system, the first step is to recognize the varied ornamental 
fish systems. Fish bone diagram /Ishikawa diagram is a single total quality management tool used to identify all possible 
causes and sub causes inside a system that create changes to a specific effect. The ornamental fish farm entrepreneurs in 
Kerala are brainstormed for the entire processes flow of the system. The areas found with the most disparities are noted and 
a fish bone diagram is constructed Effect is denoted on the main bone and causes creating changes to the effect is denoted 
on the serrated bones.  These serrated bones are again bifurcated into smaller bones where sub causes are denoted. In this 
paper, the production area which is the core area of the ornamental fish breeding system is focused. The effect (Quality and 
Quantity of the ornamental fish) is directly affected by facility demarcation, biosecurity, water quality, sorting of fish, feed 
and workers. The sub causes noted are back up, conditioning, breeding, fry sections, roofing materials, labels, and separate 
accessories, characteristics of sorted fish, water quality management, and worker skill, feed type which triggers the main 
causes. Fish bone tool in the study shows that, the impact of the causes and sub causes gradually lowers from demarcation 
and biosecurity to feed unit and workers i.e. from head to tail. 

The causes presented in fish bone diagram can be controlled using proper management practices so that the effect (quality 
and quantity of the ornamental fish) is enhanced resulting in the continuous improvement of the ornamental fish production 
system.
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The transport of live fishes has become an important 
aquaculture practice. Because of live fish trade, especially 
the live ornamental fish is emerging as a major business 
venture. Use of anaesthetics with optimum concentration 
could mitigate the stress and its related harm in fish, by 
increasing fish welfare, production and profitability.
                                                                                                                                                                                                                                               
Efficacy of 2-phenoxyetyhanol for koi carp fingerlings 
exposed to four concentrations (100µlL-1, 200µlL-

1, 300µlL-1 and 400 µlL-1) were evaluated. The time 
periods necessary for induction and recovery of each 
concentration were recorded. Water quality parameters 
were recorded in all the four concentrations and 
control: Temperature (27.6±0.19°C), DO (5.54±0.52 
mg/l), CO2 (5.44±0.93 mg/l), Salinity (1.12±0.50) 
and pH (7.36±0.10). Results showed that, there was 
significant difference (P<0.05) of induction time 
between concentrations of 100µlL-1, 200µlL-1, 300µlL-

1 and 400 µlL-1. The induction time was decreased 
with the increased concentration of 2-phenoxyethanol. 
Recovery time also showed concomitant difference 
(P<0.05) with the concentration of 100µlL-1, 200µlL-

1, 300µlL-1 and 400 µlL-1. Concentration of 300µlL-1 
(induction time: 4.07±0.03 seconds and recovery time: 
15.03±0.01seconds) was determined as the minimum 
effective concentration that induced anaesthesia and 
transportation of koi carp fingerlings (Table 1 & 2). 
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The major humoral component of adaptive immune system is Immunoglobulins (Igs) of which Immunoglobulin M (IgM) 
is the major isotype among teleost Igs and is involved in systemic and mucosal immunity. IgM heavy chain molecules 
are present in two different forms namely, secretory and membrane IgM. The information on structural and functional 
properties of immunoglobulin genes in rohu and other Indian Major Carps is lacking. Knowledge on the adaptive immune 
system including structural and genetic organization of immunoglobulins is of potential importance to devise effective 
prophylactic measures to manage diseases in cultured fish. The present study was aimed to explore IgM heavy chain gene 
and its expression profile in healthy rohu and fishes challenged with bacteria. 

Full-length IgM heavy chain cDNA of rohu was sequenced using RACE PCR. The IgM gene consists of 1994 bp encoding 
a polypeptide of 576 amino acid residues including a leader peptide, variable (VH) and constant (CH1-CH2-CH3-CH4) 
domains confirming the secretory form of IgM. The sequence carries conserved residues such as cysteine, tryptophan and 
amino acid motifs. The predicted 3D model confirmed various domains of rohu IgM heavy chain (Fig. 1). Phylogenetic tree 
analysis revealed that rohu IgM shared the same cluster with that of other cyprinid fishes.  

ssue distribution analysis was carried out using quantitative real-time PCR which showed the predominant level of IgM 
heavy chain gene expression in kidney followed by spleen and intestine (Fig. 2). Further, IgM heavy chain gene expression 
in rohu kidney was found to be upregulated and reached maximum at 7 days post-challenge with Aeromonas hydrophila 
(Fig. 3). This is the first report of full-length secretory IgM heavy chain gene of rohu. Besides, IgM heavy chain gene was 
highly expressed in major lymphoid tissues and bacterial challenge upregulated its expression thus confirming its role in 
adaptive humoral immune response. 
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Aquatic animal disease surveillance is currently being conducted in Andaman and Nicobar Islands (ANI) to detect prevailing 
diseases and infestations. The study reported several new diseases and infestations, which proved that comparatively less 
number of diseases reported earlier might be due to lack of intensified research on aquatic animal disease surveillance in 
ANI (Table 1). 

A serious issue concerning biosecurity 
to be addressed is the introduction of 
invasive species. Freshwater carp seeds 
were brought from the mainland India 
to meet out the local demand which had 
mainly contributed for the introduction 
of exotic fishes and amphibians which 
in turn became invasive in these Islands. 
Around 57 freshwater species were 
recorded during our survey reports of 
which 23 species were introduced and 
34 species were native to these Islands. 
Besides, carnivorous invasive fishes such 
as catfishes, murrels, anabas and pacu 
also fetch very high market price and are 
in greater demand. The extent of invasive 
species could also be recorded in the 
remotest Islands such as Great Nicobar 
and Car Nicobar.  

Invasive species can offer a tough 
competition for food and niche with native 
species and pose a threat to the fate of 
biodiversity hotspot of Island ecosystem. 
Besides, invasive aquatic animals are 
accompanied with the risk of establishing 
exotic diseases in the Island ecosystem 
and local transportation of seeds may 
spread the disease among the  Islands and 
perhaps collectively lead to the extinction 
of endemic species in near future. With 
this background, suggested measures to 
control the deleterious effects of invasive 
species in ANI are provided in Fig. 1. 
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Seaweeds and trash fish are rich in macronutrients and micronutrients. In Gulf of mannar coast, brown seaweed of 
Sargassum sp is the major stranding seaweed which are underutilized. The landings in the fishing harbour located in 
Thoothukudi (8.7884° N, 78.1592° E),  produces trash fish contributes more than 20% from by catches and it is considered 
as major environmental problem. Against this background, the present study was aimed utilize the seaweeds and the trash 
fish to develop organic liquid seaweed extract and fermented trash fish fertilizer respectively to be used in fish ponds to  
enhance plankton productivity as an alternative to inorganic fertilizer.

Seaweed extract was prepared (Rama rao ,1990) and fermentated for 4 weeks. Fish fertilizer was prepared by mixing the 
trash fish with jaggery and fermented for 14 days(Vincent etal. 2014). Nutrient was analysed for both seaweed extract and 
fermented trash fish in ICP-OES instrument.

The results showed that both seaweed extract and trash fish have enough macro and micro nutrients that they are suitable 
to be used as organic fertilizers. Their decreased pH prevents their spoilage during storage. In trash fish phosphorus level is 
more(63.86 mg/l) than seaweed extract( 2.26 mg/l) it indicates that fermented trash fish can be used as a fresh water organic 
fertilizer, since phosphorus is a freshwater limiting nutrient. Though, both seaweed extract and fermented trash fish have 
both macro and micronutrients, it theortically shows that combination of both seaweed extract and fermented trash fish are 
recommended for complete organic fertilizer.
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The Clupeiformes fishery in India is important resource for livelihood of fisherman, and there is vast scope for meat 
and oil, both at national and international markets. The present study emphasize Clupeiformes fish species diversity and 
its catch rates was assessed on the basis of fortnightly random sampling during June 2015 to May 2016 from different 
landing centers viz., Tuticorin (Lat. 8°47′26″N, Long. 78°10′07″E) and Kanyakumari (Lat. 8°05′52″N, Long. 77°33′50″E), 
Colachel (Lat. 8°10′17″N, Long. 77°15′11″E) and Vizhinjam (Lat. 8°10′17″N, Long. 77°15′11″E) in Southern coast of 
India. In total 28 Clupeiformes fish species belongs to 5 families under 17 genera were documented during the study period.

The fishes comes under the families Clupeidae (12 species) dominates followed by Engraulidae (10 species), Pristigasteridae 
(3 species), Chirocentridae (2 species) and Dusumeridae (1 species) mentioned in Figure.1. The most dominant species 
encountered are Sardinella longiceps followed by S. gibbosa and Thryssa mystax were represented in more in numbers. 
Among the landing centre, Tuticorin dominates with (25 species) followed by Chinnamuttom (23 species) and Vizhinjam 
(21 species). The catch was found to be high in Colachel (3400 tonnes) followed by Tuticorin (8250 tonnes) and Vizhinjam 
(3100 tonnes) mentioned in Table.1.

The study revealed that among the 28 species the Oil sardines and lesser sardines catch were drastically decreased 
compared to the last year. The numbers of species recorded was higher during the post monsoon followed by summer, pre 
monsoon and monsoon. The result on the taxonomic and phylogenetic diversity details using the PRIMER v6 software was 
elucidated in the paper.
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A study was conducted for development of the captive broodstock of Asian catfish, Clarias batrachus and protocol for the 
cryopreservation of the spermatozoa. The brooders were fed with commercial fish pellet feed twice a day. Spermatozoa of C. 
batrachus were cryopreserved for a period of 56 days in liquid nitrogen. In this study, the colour of the milt was creamy white 
uniformly in all the conditions. The mean pH of milt was 8.12±0.074 and the average sperm density was 6.74±0.147x108 

nos/ml of milt. The mean percentage of live spermatozoa was 78.69±2.084 in the milt. Five different extenders such as 
NaCl (0.6 %), TRIS, BWW, HBSS, MCM, with two different cryoprotectants such as glycerol and DMSO at 10% were 
evaluated for their suitability in preserving spermatozoa of C. batrachus. Out of the five extenders studied, NaCl (0.6 %) 
was found to be the best for spermatozoa cryopreservation based on the post thaw motility percentage (72.6±4.2). Glycerol 
at 10% concentration with NaCl (0.6%) gave the maximum post-thaw motility duration (166±7 sec) when compared with 
DMSO at 10%. The frozen spermatozoa were thawed at different thawing temperatures (25, 30, 35 and 40°C) and thawing 
at a temperature of 25°C gave the maximum post-thaw motility rate. The average fertilization rate with control spermatozoa 
was 33.46±1.74%. Out of five extenders, the highest fertilization rate with cryopreserved sperm in NaCl (23.66±1.25%) 
with 10% glycerol. The average hatching rate of C. batrachus eggs with control spermatozoa was 30.3±2.03% and with 
cryopreserved spermatozoa the highest hatching rate with cryopreserved sperm in NaCl (23.66±1.25%) with 10% glycerol. 
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Induced breeding of C. batrachus was done by injecting Ovprim at a dosage of 1.5 ml/kg intramuscularly.Testes were 
surgically removed from the matured males and sperm suspension made in Hanks balanced salt solution (HBSS). In vitro 
fertilization was done by stripping the females and mixing the sperm suspension. The sex ratio for in vitro fertilization 
was 2 females: 1 male. The fertilized eggs were incubated in plastic trays and fertilization and hatching percentages were 
calculated. The length, weight of the injected brooders, latency period, fertilization and hatching percentage were presented 
in Table 1. A summary of the timing of the important ontogenetic events were photographed using Nikon Zoom Stereo 
Microscope and the details are presented in Table 2.
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We know that the body metabolism of animals work efficiently at optimal body temperature. Recently, the changing 
climatic pattern has left a question mark on the different physiological processes of aquatic organisms in general and 
cultured aquatic species in particular. Among cultured freshwater species, tilapia Oreochromis niloticus is a global species 
contributing nearly 8% to the total production in 2016 (FAO 2018). It is cultured in more than 87 countries with an annual 
growth rate of 3.1% (since 2000) in per capita fish consumption. Here, this study was conducted to evaluate the growth 
performance, feed utilization patterns and haematological changes of Nile tilapia, Oreochromis niloticus reared at different 
water temperatures.

A 60 days study using O. niloticus fingerlings was conducted in glass tanks. A total of 80 fingerlings (5.63 cm in length 
and 2.85 g in weight) were used in this study. Fingerlings were stocked in tanks having 150 litre capacities each at four 
water temperatures i.e. 28 °C, 30 °C, 32 °C and 34 °C. For each temperature treatment two tanks were used. The stocked 
fingerlings were fed with commercial floating diet (35% crude protein) twice daily. The faecal matter was collected daily to 
check the feed utilization efficiency. Water of each experiment unit was changed (50%) once in week. Length and weight of 
the fingerlings from each treatment was measured scale (nearest to 1 mm) and digital electronic weighing balance (nearest 
to 1 mg). The organ indices and haematological parameters were measured as per the standard protocols.

The weight gain, weight gain percent, specific growth rate, condition factor and yield were significantly (P<0.05) greater 
at 34°C than 28 °C, 30 °C and 32 °C.  Better condition factor was noticed at 32 °C than other tested water temperature. 
Improved food conversion ratio was noticed at 34°C followed by 32 °C, 30 °C and 28 °C. However, 30°C is the elite 
temperature to rear the tilapia which was evidenced from the organ indices. The haematological parameters such as RBC, 
WBC, MCV and PCV were significantly (P<0.05) higher at 34 °C compared to the other tested temperatures. But, the MCH 
and MCHC were significantly higher (P<0.05) at 34 °C and 30 °C respectively. This study suggests that increasing water 
temperature upto 32°C does not significantly affect haematological parameters and growth. However, the feed utilization 
rate was more at 34 °C as seen from FCR.
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The application of phytotherapy is a new method of disease control in aquaculture. The phytobiotics have a wide variety of 
properties such as antioxidant, antimicrobial, anticarcinogenic, analgesic, insecticidal, antiparasitic, anticoccidial, growth 
promoters, appetite enhancement, stimulant of secretion of bile and digestive enzyme activity. Herbal compounds such as 
phenolics, polyphenols, alkaloids, quinones, terpenoids, lectines and polypeptides have been shown to be very effective 
alternatives to antibiotics and other synthetic compounds. Cinnamon is a common spice used by different cultures around 
the world for several centuries.  The bark of cinnamon contains 1% to 2% volatile oils, with cinnamaldehyde as the main 
constituent (65-80%) with strong antibacterial properties and also containing cinnamic acid, coumarin, tannins, cinncassiols 
and melatonin. The present investigation was undertaken to study the effect of cinnamon (Cinnamomum verum) on growth 
and disease resistance of Indian major carp, rohu (Labeo rohita).

Five practical diets containing 0% (control), 0.5%, 1%, 1.5% and 2% cinnamon powder were used to feed fish. After 90 
days of feeding, fishes were injected with intraperitoneally with 0.1ml of Aeromonas hydrophila (LD50 = 2.3×107 CFU/
ml). The relative percentage survival was 100% in cinnamon fed fishes compared to control. Hematological parameters 
were examined pre-challenge and post-challenge. Results showed that there is a significant increase (p<0.05) in erythrocyte 
count, leucocyte count and hemoglobin at 1.5% inclusion level. After challenge with Aeromonas hydrophila hematological 
parameters were significantly decreased (p<0.05) in control group compared to treated groups. 

It could be concluded that incorporation of cinnamon (Cinnamomum verum) at 1.5% level enhanced all hematological 
parameters as well as resistance to Aeromonas hydrophila infection. 
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One of the major constraints for the intensification of fish farming is the scarcity of proteinaceous ingredients in fish feeds.  
As an alternative source of protein, leaf meal could be an ideal source as plants are wide spread on earth. Chromolaena 
odorata (siam weed) is an invasive terrestrial weed and a source of quality protein which could serve as a potential feed 
ingredient.

A 60-day feeding trial was conducted to evaluate growth response and digestive enzyme activities of Labeo rohita fingerling 
fed with Chromolaena ordata leaf meal (COLM). About 180 fingerlings (average weight 3±0.13 g) were randomly 
distributed in the four distinct experimental groups in triplicates. Four purified iso-nitrogenous diets (330 g Kg-1 CP) with 
different combinations of COLM and de-oiled rice bran (DORB) such as T1 (control diet with 30% DORB + 0% COLM), 
T2 (diet with 20% DORB + 10% COLM), T3 (diet with 10% DORB + 20% COLM) and T4 (diet with 0% DORB + 30% 
COLM) were prepared and the fishes were fed to satiation level for sixty days.

Among the various groups T3 exhibited higher (P<0.05) growth performance compared to T1, T2 and T4 group. However, 
weight gain of T2 and T4 were similar (P>0.05) to control group (T1). Digestive enzymes like amylase, protease and 
chymotrypsin activities were significantly higher (P<0.05) in the T3 group compared to control group. Overall results 
revealed that COLM can effectively replace DORB up to 66.6% and it could be used as an alternate ingredient in the diet 
of Labeo rohita fingerlings.
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The nomenclature Astronotus ocellatus includes a large number of varieties of oscar due to its differences in colouration 
and patterns over the body, but all of them have been reported to be under a single genus and species. There has been no 
report on the phenotypic variation of colour with culture periods and the exact taxonomic status of the reported varieties of 
oscar. In this context, an experiment of 90 days duration was conducted to assess the colour variation in different varieties 
of oscars (albino, common and red oscar), fed on non-carotenoid based feed and their subsequent molecular differentiation, 
The different dimensional characteristics of colour appearance (hue - H˚ab and chroma – C*ab) were calculated from the 
pectoral and caudal regions of each variety at 30 day intervals, wherein, no significant (p≤0.05) differences were recorded in 
the parameters throughout experimentation in albino oscar indicating stability of the yellow spectrum. However, common 
oscar recorded significant variation (p≤0.05) in the chroma and hue angle values between initial and subsequent period 
of experimentation. Red oscar recorded increasing trend in chroma and hue values, indicating decrease of red spectrum 
with time. Therefore, yellow spectrum in wild phenotypes may be concluded to be more stable than the red spectrum and 
such varieties having a larger proportion of the yellow spectrum (such as the albino) may be profitably cultured on non-
carotenoid based diets. Stability of colour for longer periods without the supplementation of carotenoids is a subject for 
future research. 

The molecular differentiation of different strains (albino, common and red oscars) using barcode and RAPD reveals genetic 
distance among the strains. The albino and common oscar show similar GC3 value (39.2) and red oscar shows variation 
from these values (38.6).  The Nei’s genetic distance clearly indicate that the red oscar is a different strain and genetically 
distant from both albino and common oscar (0.6161 and 0.5007 respectively). The present molecular study helps to resolve 
the ambiguity over the pure strains and hybrid varieties in this high value ornamental cichlid and will be helpful during 
selective breeding programs. The study shows that RAPD and barcoding can be used up to a considerable extend for 
identifying different strains. However, further researches using more specific markers will establish the exact taxonomic 
position of the fish. 
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The usage of plastics for commercial purposes is increasing day by day and about 8 million tonnes of plastics were dumped 
in to the ocean. Microplastics possess a serious threat to all aquatic life .Gulf of Mannar Biosphere Reserve is highly 
productive area both in species and habitat bio-diversity. Monitoring of microplastics in the marine environment is of great 
concern in protecting our aquatic resources and to formulate mitigating measures.Hence, occurrence of microplastics and 
its quantification in the marine environment needs to be highlighted.  

Water samples were collected from Threspuram 
and SPIC Nagar coastal waters of Thoothukudi.The 
collected water samples were subjected to digestion 
and density separation and the microplastics were 
extracted. The physical characteristics of microplastics 
such as size, colour, shape were analyzed. The polymer 
characterisation of microplastics was carried out by FT-
IR spectroscopy.

The average microplastics concentration in Threspuram 
coastal water was 12microplastics/100m3 and in SPIC 
Nagar coastal water, it was 8  microplastics/100m3.The 
majority of microplastics in Threspuram coastal water 
were of  fragments type, where as in SPIC Nagar, most 
of them were fibrous type. The size of microplastics 
found in Threspuram and SPIC Nagar coastal waters 
were less than 500µ which shows that microplastics can 
easily ingested by  all forms of aquatic life found in the 
environment. The polymers of microplastics  identified 
were polyamide, polyethylene and polypropylene. This 
study will provide database to formulate mitigation 
measures for microplastics and their impacts on the 
marine environment, thereby protect marine biodiversity 
and natural resources.
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Tilapia (Oreochromis niloticus) farming is one of the most important aquaculture industries and Streptoccocus agalactiae 
is a highly pathogenic bacterium of farmed tilapia. In this study GIFT tilapia were used to see their susceptibility to 
Streptoccocus agalactiae using three different concentrations of the bacteria, 6.2 x 108, 6.2 x 106, 6.2 x 104 cfu/ml. For each 
concentrations, eight healthy fish of 3-5 inch size of average weight 20-25 g were used. All groups were exposed to the 
different concentrations of S. agalactiae by intraperitoneal injection at the rate of 0.1 ml of the inoculum and observed for 
any signs of abnormalities due to the infection. Throughout the experiment, eye abnormalities, erratic swimming behavior, 
caudal fin damage, swollen abdomen and body lesions were observed in most of the experimental fish. Kidney, brain and 
eye samples were collected and screened for the bacteria and the histopathological lesions are also being investigated. 
From the experiment, GIFT tilapia was observed to be susceptible to S. agalactiae at concentrations of over 6.2 x106 CFU/
ml causing death. The result showed that LD50 of the bacteria to GIFT tilapia was found to be 6.2 x 106 CFU /ml. 
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Soybean meal (SBM) is a widely available protein source with nearly sufficient digestible protein, high energy content and 
good amino acid profile and used as a cost effective replacement feed ingredient to fish meal in aquafeeds. Increase in the 
use of soybean meal results in steady increase in its cost. Rapeseed meal is relatively less costly than soybean meal and the 
amino acid content is comparable well with that of soy bean meal.

The evaluation of the efficiency of rapeseed meal (RSM) as an alternative protein source by replacing soybean meal (SBM) 
in the diets of GIFT strain of tilapia was carried out in cages installed at Poondi reservoir, Tamil Nadu. Five isonitrogenous 
(30% protein) and isolipidic (7% lipid) diets were formulated incorporating RSM protein by replacing SBM protein at 0 
(control diet), 25, 50, 75 and 100% level (0RSM, 25RSM, 50RSM, 75RSM and 100RSM). Each diet was fed replicate 
groups of GIFT tilapia with a mean initial weight of 20.38 ± 0.0678 g for 60 days in cages. GIFT tilapia fishes fed with 
75RSM diet attained maximum SGR (3.22), best FCR (1.03) and maximum PER (3.23). The fishes fed with 0RSM, 
50RSM and 100RSM diets showed no significant difference (P > 0.05) in MWG, SGR, FCR and PER. It was concluded 
that, rape seed meal is an efficient fish feed ingredient that can be used to replace soybean meal in the diets of reservoir cage 
cultured GIFT tilapia without compromising growth, feed conversion ratio and whole body composition.



288

GLOBAL BIG SHIFT – A NEED FOR THE TRANSFORMATION IN SHRIMP FARMING AS 
A STRATEGIC BUSINESS 

S. Kalugasalamurthy
  
Chief Merchandising Officer
KASBACK, Kemia Industries Limited
Q8/1, 4th Main Road
14th Street, Annanagar 
Chennai 600040, INDIA

Transformation means a marked change. The five global mega-trends, the Big Shift, which are macroeconomic and geo-
strategic forces that are shaping the world, such as demographic shifts, shifts in economic power, accelerating urbanization, 
climate change and resource scarcity and technological breakthroughs, fundamentally disrupt all businesses.  Many 
companies configured to operate in the scale-based, efficiency-driven models of the 20th century are now struggling to 
create value in the rapidly changing world of these global mega trends.

Author of this paper feels that at this juncture the transformation in the shrimp farming as a strategic business at global level 
also very essential. Globalization become the dominant business paradigm of the century in any competitive industries and 
similarly in the shrimp farming industry (and allied industries) too and the need for globalization is inevitable and need of 
the hour and it must happen if not today in near future.

As Larry Elder expressed that outsourcing and globalization of manufacturing allows companies to reduce cost, benefits 
consumers with lower cost goods and services, causes economic expansion that reduces unemployment, and increases 
productivity and job creation.

Jagdish N. Sheth et al., in the paper titled “The Globalization of Markets and the Rule of Three”,  proposed the new theory 
called “The Rule of Three” in the next stage of  globalizing, which suggests that cyclical and systematic market forces make 
it possible to predict the evolution of competitive industries. According to the theory, the Rule of Three structure is optimal 
because the big three act as the tripod that stabilizes the industry against hyper-competition or collusion or in other words, 
it offers optimal mix of competition (innovation, quality), collaboration (efficiency, profitability), customer satisfaction 
(variety, affordability, accessibility, value co-creation); the theory has fundamental corporate, marketing and investment 
implications and provides profound guidance for crafting strategy and positioning in a global world. 

In this context of the new globalization phenomena of  the “Rule of Three” and also the global experiences from the other 
competitive manufacturing industries, the author of this paper deeply analyses and discusses in detail, the realities of future 
global shrimp farming business, nature of globalizing the shrimp business, essentials strategies for such transformation in 
the global shrimp farming business, mechanisms and implementation processes for successful globalization, larger and 
longer benefits, implications, etc. 

Author also discusses in detail the scalability in adopting the technological innovations and other advancements such as 
Artificial Intelligence (AI), Machine Learning, Big Data Analysis, Enhanced Lot Control System and many others, in 
implementing the uniform GMP/GFP and also marching towards zeroing the risks of production, financial and marketing 
with the multi-dimensional shared approach. As viewed by the author the best use of biotechnological advancements in 
commercial scale resulting improved efficiency in productivity also will be an advantage. Above all this may resolve many 
problems of existing complexities in the global shrimp farming business, he strongly believes. 
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Fish protein hydrolysate (FPH) was prepard from Tilapia fish wastes using optimised conditions of 50°C, pH 6.5 ± 0.2 and 
hydrolysis time of 1 h. Papain E / S using papain enzyme.  The prepared FPH was incorporated at 0, 5, 10 and 20% levels 
in the sausages that were prepared from Mugil cephalus. The prepared fish sausage was stored in refrigerated condition at 
2ºC ± 1ºC for 20 days. During the storage, initial proximate composition biochemical, microbial and organoleptic changes 
in fish sausage were analysed. The analysis of Bio-chemical quality indices include, Total Volatile Base-Nitrogen (TVB-N), 
Thiobarbituric Acid (TBA), Trimethylamine (TMA), Free Fatty Acids (FFA), Peroxide Value (PV) and pH value. Total 
Plate Count (TPC) was estimated to study the microbial quality. The sampling was carried out on FPH treated and untreated 
raw fish sausage periodically for every 4 days during refrigerated storage period and sensory analysis performed after 
frying raw sausage periodically for every 4 days.

A decrease in PV, TBA, TVBN, FFA and TPC was observed with the increase in the concentration of FPH. The PV values 
of sausages incorporated with 0, 5, 10 and 20% of FPH were 14.33, 11.26, 10.49 and 10.11 mg of hydro peroxide/kg of fat 
respectively at refrigerated temperature storage for 20 days. The TBA values of sausages incorporated with 0, 5, 10 and 
20% of FPH were 3.34, 2.06, 1.61 and 1.19 mg of malonaldehyde/kg of fat respectively during refrigerated storage for 20 
days. The FFA values of sausages incorporated with 0, 5, 10 and 20% of FPH were 7.49, 2.47, 2.25 and 2.08 % as Oleic 
acid respectively at refrigerated storage for 20 days. The TVB-N values of control sample were 18.67 mg/100 g and the 
FPH treated samples were 16.33, 15.16 and 14.31 mg N/100 g at refrigerated storage for 20 days. The TPC of the control 
sample is 6.84 log cfu/g and the FPH treated samples at 5%, FPH 10% and FPH 20% have the TPC values of 4.74, 4.06 and 
3.35 log cfu/g respectively on 20th day of refrigerated storage. The control sample was deteriorated at the 12th day and the 
samples with FPH were acceptable till the end of storage and the acceptance was in the order, FPH 10% > FPH 5% > FPH 
20% (Table 1). So it is concluded that the incorporation of FPH prepared from Tilapia waste can enhance the shelf life of 
the product at 10% incorporation of FPH.
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A short term study was conducted to compare the survival and growth of mud crab in floating cages with different 2 feeds 
in lined pond. Two cages of size 1.52 m × 1.22 m × 0.5 m partitioned into 12 compartments were set in 300 m2 lined pond. 
The 12 compartments of the cages were stocked individually with Non gravid female and Male crabs with a mean weight 
of 247.00 ±0.7g and 246.78±1.09g in cage 1 and cage 2 respectively. The crabs in cage 1 were fed with chopped trash fishes 
and the other crabs in cage 2 were fed with clam meat at 10% of their body weight twice daily. This trial was done for a 
period of 40 days. The survival rate of the crabs in both the cages were observed to be 83.3 % and 91.6 % respectively. The 
mean weight gain in cage 1 & 2 was 336.47± 2.29 and 391.05 ±1.41. The present study reveals that mud crab fattening in 
lined pond using clam meat has shown better growth and survival compared to the crabs fed with chopped trash fish. 
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Limnological studies involving different approaches and varied objectives for determining trophic status and potential fish 
yield of the reservoir by important physico-chemical and biological parameters as they play a vital role in enhancing fish 
production, besides better fisheries management. Sardar Sarovar Reservoir (21.827675 N, 73.772147 E) in India, occupies 
an area of 37,030 ha with a linear stretch of 214 km of water at an average width of 1.77 km. The Full Reservoir Level 
(FRL) of the dam is 138.68 m. With the increase of 16.79 m of the FRL (from 121.89 m to 138.68 m) on 17th June 2017, vast 
area of the catchment was submerged thereby enhancing the fertility due to “Trophic Burst”. During April 2018 to March 
2019, reservoir has been studied for assessment of the trophic status and fish yield potential based on hydro-biological and 
morphometric features. Carlson Trophic State Index (CTSI) has been used for evaluating the trophic status of the reservoir. 
During the study period, it was observed that Madhya Pradesh part of the reservoir was classified as Oligotrophic to 
Eutrophic in nature (CTSI: 33.23 – 52.76), whereas Gujarat part of the reservoir was classified as Mesotrophic to Eutrophic 
nature (CTSI: 48.82– 65.63). Mean value (178.2 kg/ha/year) of six fish production models viz., primary productivity model 
(Waldichuk, 1956), Trophodynamic model (Melack, 1976), Toews and Griffith model (1979), Ramakrishniah (1990) MEI 
and MDI model and Crul model (1992), was considered as fish production potential of Sardar Sarovar Reservoir. It is well 
known that the actual fish production from a water body is usually lesser than its potential yield. Therefore, estimation of 
potential fish yield is useful to decide the regulations of the fishing effort as well as the rate of fish stocking in the reservoir 
to improve the fish yield in targeting potential.



292

CONCERNS FOR CLIMATE-SMART ENCLOSURE CULTURE IN INLAND OPEN WATERS
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The vibrant inland fisheries and aquaculture sector has crossed its infancy with 43 folds increase in fish production during 
the past 68 years starting its beginning in 1950-51 from a meagre production of 0.20 million tonne (MT) to 8.57 MT 2017-
18 (GoI, 2019). Even the contribution from inland open water fisheries also surpassed 1.2 MT with more visibility being 
perceived every year. Looking towards immense potential of fisheries and aquaculture sector, Govt. of India has opened up 
a New Directorate under ‘Ministry of Agriculture and Farmers’ Welfare’ in February, 2019 with immediate budget layout of 
more than Rs. 10,000 crores. The very potent sector has been tremendously metamorphosed from a mere age-old traditional 
to enterpreneural scale adopting the new culture practices like enclosure cultures (cage & pen), especially in reservoirs and 
deeper floodplain wetlands. Even the derelict water bodies like deeper canals, open coaliary pits etc.  Also are being brought 
under cure. In India, cage culture begins its journey from Ghorajan beel in Assam in seventees (1972-76) under AICRP 
on Air-breathing fish culture. The cage culture in India has gained momentum during 2006-09 under CGAIR-CPWF-34 
project executed by ICAR-CIFRI in Central Indian reservoirs (Dahod, Bhopal & Pahuj, Jhansi) targeting production of 
stocking materials of carps with a gain of strong foothold in this technology. Subsequently, raising table fishes in cages has 
been standardised at Maithon reservoir, Jharkhand under NFDB sponsored ‘Cage Project’ with Pangas (Pangasianodon 
hypophthalmus) culture, which has been spread across 12 States of India in ‘Mission Mode’ under ‘National Mission for 
Protein Supplement’ (NMPS) project with able fund support by DAHD&F, Govt. of India. CIFRI has been spear heading 
in disseminating the technology in 20 states including A&N Islands with functioning of 18,000 numbers of cages having 
robust knowledge support to make the technology sustainable and economically viable. More numbers of cages have been 
sanctioned by NFDB during 2017-19 being installed by different States having good reservoir resources. Diversification of 
candidate species in cages beyond Pangas is in progress. Even the NGOs, private players are venturing with cage culture. 
The technology has been geared up with acceptance of newer design utilizing hardy cage materials with more ruggedness 
and sturdy functioning than its beginning. A modest start-up with a simple single cage structure followed by bamboo-made 
cage frame transforming to Galvanised Iron (GI) and Pontoon frame (Polyethyelene) cages dictating its importance and 
accessibility to the stakeholders across India with a glorious future. The predominating States culturing fishes in cage are 
Jharkhand, Chhattishgarh, Madhya Pradesh, Gujarat and Maharashtra with newer additions are U.P., Andhra Pradesh, 
Telangana State, Odisha, Bihar and North-Eastern (NE) States etc. Enormous generation of man-days associated with 
cage culture technology including fabrication, production, feeds, marketing and value addition etc. targeting towards good 
livelihood assurance has been the ultimate goal. Numbers of entrepreneurs in cage frame making, net making, extruded 
feed industries have made their strong foothold for this sector during the last decade in India. Now, the greatest concern 
is to how far the technology remains eco-friendly so far as trophic status of the water bodies is assured and maintained 
keeping biodiversity intact. The go green cage culture system looking towards climate-smart ecological conditions of 
reservoirs, floodplain wetlands and other inland waters has been formulated by CIFRI with active support from NFDB in 
developing ‘Model Cage culture Policy’ where only 0.1% of the water spread may be fruitfully utilised for cage culture, 
without impacting on ecology and ecosystem of the water body vis a vis eco-functioning of the system in a sustainable 
manner. Pen culture also, though an age-old practice, has been transformed many folds in its size, shape, materials of pen 
construction, candidate species suiting with ecology and ecosystem of inland waters of India during the last three decades, 
mostly suited in floodplain wetlands. ICAR-CIFRI has designed, patented and marketed the eco-friendly climate-smart 
cage and pen structures including ‘Cage–Grow Feed’ during 2017-18. Our Indian reservoirs are multi-stake holders and 
ICAR-CIFRI, being custodian of inland open water fisheries including reservoirs, has to be vigil enough in maintaining 
the eco-sanctity of these very important inland open water resources with spreading of more numbers of cages across India 
associated with diversified candidate species to be grown in cages other than Pangas also. 
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A significant number of advances have been made in the field of fisheries and aquaculture along with enhancement 
protocols with the development of some new technologies got introduced in the late sixties. Existence of a number of 
proven protocols of culture is available, which could be used for enhancing production through horizontal and vertical 
expansion of technology. A large amount of basic information on new protocols of culture has been accumulated through 
continued and sustained on-field research program during the last few decades, resulting in their application in commercial 
production, being carried out in several parts of the world. Among those, Cage and Pen culture are outstanding examples, 
though such systems of culture have been existed since 18th century, particularly in South-East Asia, China and the Far-
East. A number of modifications or changes have been made with the time passing by in relation to the design, fabricating 
materials, cage frame, mooring devices, anchoring, hapas, installation and operation, together with the preparation of 
suitable feeds, including extruded ones, have made these technologies capable of being widely adopted in other regions 
of the world. The present day application of cage culture technology got revived from 1970 onwards in freshwater sector 
especially in Asian countries viz., China, Indonesia, Thailand and Bangladesh including India. ICAR-CIFRI has gained 
strong foothold in development and disseminating cage culture technology for raising stocking materials in situ installing 
low cost cages in reservoirs as well as floodplains with the success story of more than 70% recovery for IMC as well as 
grass carp and common carp. Now, it is high time to develop cage culture technology for producing table fish or food 
fish especially for medium and large reservoirs which will address towards the issues like poverty alleviation of the stake 
holders, increase in water productivity to manifold and prioritizing good quality nutrient supply in a regular manner to the 
most weaker section of the society as well. Harvesting of fishes in some of the gorgy reservoirs in India is at times very 
difficult, where water productivity can be fruitfully enhanced through the production of food fish in cages. The success of 
this technology has been well documented in China, Thailand, Indonesia, even in Bangladesh. In India, it is high time to 
apply this technology, though already late, where other Asian countries have advanced successfully.

In India, with its vast resource of reservoirs (>3.51 million ha) under different geographic locations are under exploited with 
huge untapped potentials which could be properly manifested to enhance fish production by manifolds from the existing 
yield. The reservoirs in Himachal Pradesh (H.P.), seven in numbers are no exception to that though located in temperate 
and sub-tropical eco-condition. Pong reservoir (Area at FRL. 24,000ha, Mean depth: 26m) situated on Beas river in Kangra 
district of H.P. is basically a ‘Cat Fish’ dominated reservoir, where ICAR-CIFRI has attempted cage culture for production 
of Pangas (Pangasianodon hypophthalmus) during 2016-18 with a production target of 2t fish per cage of dimension 6 x 4 
x 4 m. A battery of 24 numbers Pontoon make cages were installed where two crops of Pangas were raised during the period 
with production. The production of table fish from fingerlings is being followed during May to mid-November maintaining 
initial stocking density with advanced fries at 150 nos.m-3 of size around 2.54 g, with subsequent thinning after two months 
at 40 nos.m-3 at size group of 70-90 g each.. The feeding protocol includes high protein feeds 32% and 5-6% fat, initially 
10% at BW with mesh size 0.8 mm of extruded pellet followed by 2 - 4mm pellet during grow-out period applying 7% at 
BW feed with successive reduction of feed content upto 2% BW during October till final harvest. Due prophylaxis measure 
in time to time with the cleaning of netlon hapsa for more exchange of water has been given priority. The FCR encountered 
1.2-1.6 with a production of 34.471 tone (1.4t per cage) in 2016-17 and 45.816 tone (1.90t per cage) in 2016-17 were 
achieved. The main impediment faced was low water temperature below 24°C even in end of May also. The B:C ratio at 
1.3-1.5, a reasonably sound technology to be applicable in other such type of water bodies across India. 
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Climate change has been recognized as the foremost environmental problem of the twenty first century and has been a 
subject of considerable debate and controversy. It is predicted and proved to lead adverse, irreversible impacts on the earth 
and the ecosystem as a whole. Although it is difficult to connect specific weather events to climate change, increase in global 
temperature has been predicted to cause broader changes, including glacial retreat and worldwide sea level rise. Interaction 
with climate by humans occurs at all levels but research has focused on industries, technological and demographic aspects. 
But now there is a strong prerequisite to study about the factors that influence perception and decisions making at the 
individual level since it has received less attention so far. The perception of the fishers will play a significant role in the 
development of fisheries. Therefore, a research has been undertaken to find out the perception of fishers’ about the climate 
change on fisheries. The study was conducted in Ramnathpuram and Kanyakumari districts and from each district two 
fishing villages were selected for conducting the survey.  A total of 120 fishers were selected randomly from these villages 
proportionate to its population size. The fishers were interviewed and their responses to the climate change were collected. 
The data revealed that about 85% of the fishers perceived that climate change are likely to be catastrophic in the years to 
come. About 70% of the respondents reported from their experience that changing the current seasonal patterns, previously 
available fish has been affectedand many valuable seasonal fish species have declined in the recent past. Almost 65% of 
the fishers indicated that due to climate change the overall number of fishing days has declined and such decline has put 
additional pressure on crew to work hard to get more catch per fishing trip. Over 90% of them opined that investments in 
fishing have increased recently which is presumably leading to high level of indebtedness among the fishers. About 94% of 
the fishers expressed that the fishing duration has also been increased which is causing a lot of conflicts among the fishers 
and also with other neighbouring fishing villagers.Further, sea safety concerns, inefficient source of communication during 
fishing, lack of coverage of mobile signals at sea, inconsistent prices of diesel and petrol and improper marketing facilities 
to sell their catches are some of the constraints encountered by the fishers. This article explains the fishers’ perception of 
climate change on fisheries, their constraints, etc. 
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India is endowed with vast reservoir resources to the tune of 3.5 million ha having huge potential for fisheries enhancement. 
Cage culture is a potent technology to augment fish production from open waters and cater to increasing demand for animal 
protein in the country. At present, Pangasianodon hypothalamus is the major species under monoculture in inland open 
water cages in India. In this scenario, there is an urgent need for diversification emphasizing on indigenous species for better 
adoption and profitability of cage farming at regional level. In addition, prospects of polyculture also need to be explored 
in cages. The present study was conducted to assess feasibility of polyculture of high value indigenous species Indian 
butter catfish Ompok bimaculatus and L. bata in cages at Maithon reservoir, Jharkhand. Ompok bimaculatus 7.25±0.93cm, 
2.18±0.78g, and L. bata 8.8±0.67cm, 6.18±1.32g were stocked at the rate 50 per cubic meter (O. bimaculatus: L. bata::3:2) 
in triplicate. in galvanised iron cages having effective volume of 50 cubic meter each. The fishes were fed twice a day with 
a combination of extruded floating and sinking feed at the rate of 5% of the body weight. The survival in L. bata and O. 
bimaculatus was 78% and 60% respectively at the end of 150 days. At the end of 150 days, average weight attained by L. 
bata and O. bimaculatus was 31.61±1.45g and13.9±0.18g respectively. The study indicated that both the species can be 
successfully reared in polyculture system in cages. 

OPTIMISATION OF STOCKING DENSITY OF Labeo bata FOR GROW OUT IN CAGES

G. Karnatak*, T. Tayung, P. Mishal, S. Kumari, Y. Ali, S. Das, B. Naskar, A. K. Das, U. K Sarkar and B.K. Das

*ICAR-Central Inland Fisheries research Institute, Barrackpore - 700120
gunjankarnatak87@gmail.com

India is witnessing rapid growth of inland cage culture to realize fisheries potential and at present around 14000 cages are 
in operation in reservoirs of India. Inclusion of species from the indigenous pool in cage culture remains as a challenge at 
commercial scale. Package of practices need to be developed for prioritized indigenous species for diversification of inland 
cage culture. The standardization of stocking density is a prerequisite for developing culture protocol for any species. The 
present investigation was carried out to optimise stocking density of Labeo bata for grow out in cages at Maithon reservoir, 
Jharkhand. Labeo bata 8.80+0.67cm, 6.18±1.32g were stocked in three stocking densities of 50m-3, 75m-3, 100m-3 for a 
period of 180 days in Galvanised Iron (GI) cages having effective water volume of 75m3. The fishes were fed with extruded 
floating feed at the rate of 5-3% of body weight twice a day. The growth and survival of L. bata at stocking density of 50m-3 

was significantly higher (p<0.05) compared to other treatments. There was no significant difference in growth between the 
treatments 75m-3 and 100m-3. Weight gain percentage, specific growth rate, feed utilization and efficiency was significantly 
higher (p<0.05) in lower stocking densities i.e. 50m-3 as compared  to 75m-3 and 100m-3 . Stocking density of 50m-3 was 
found better in terms of enhanced growth, survival and feed efficiency. 
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Live feed contribute major role on ornamental fish diet. Blood worms are larval stage of the Chironomus midge fly. 
It contains more haemoglobin content & active chemicals than tubifex. Chironomid larvae contain pigments such as 
carotene, canthaxanthin, lutein,astaxanthin and xanthophyll. It serves good nutritional source for fishes. By enriching 
the bloodworm with HUFA the various improvements are absorbed. A bloodworm cultured either by pond cultivation or 
artificial cultivation. In pond a bloodworm are cultivated by adding fertilizers such as yeast, mineral fertilizer (ammonium 
nitrate), wheat or rice bran, Chicken manure, Baker’s Yeast and Spirulina powder. The temperature is maintained at 17-
28ºc. Algae cultured in the pond are controlled by the addition of adequate nitrogen, phosphate potassium, and soybean by 
–products such as fertilizer. Several weeks later the water forms a darker green suggesting that plenty blood worms. Blood 
worms are cultured in the pond, in algae containing high essential fatty acid (HUFA’s) necessary for sustained reproduce of 
ornamental fishes Enriched blood worms are fed with 8-10% of body weight of total brood stock fish /day.

To conclude, The parameters such as growth rate,fecundity,larval survival are found better in fishes which fed by enriched 
bloodworms.

DESIGN OF F0 CALCULATOR FOR THERMAL PROCESSING OF SHRIMP PRODUCT
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F0 value is the most important factor that needs to be calculated for all Ready To Eat  thermally processed shrimp product. 
Processing at optimum F0 value ensures the absence of any pathogenic micro organism in the retort processed product 
in addition to preserve the processed product sensory attributes. In the study, raw shrimps were beheaded, deveined and 
blanched in 6%-8% brine solution for 2-3 minutes. Blanched shrimps were then packed in 250 ml retort pouch made up 
of 12µm aluminium foil, 12µm nylon/polyester, 12µm of polypropylene with brine solution (wet sample) and without 
brine solution (dry sample) and processed for 10, 15, 20 minutes at 1150C, 1180C, 1200C and 20, 35, 50 minutes at 1150C, 
1180C, 1200C respectively using 26 experimental combinations. F0 values were computed using standard formula for the 
all 26 combinations of experiment from the heat penetration data. In addition to that the quality of processed shrimp were 
evaluated using five responses viz., broken percentage, volume of juice after processing, whole prawns after processing, 
texture and colour. From the study it was found that the dry samples which processed at 1150C for 35 minutes (F0=26.13) 
and at 1180C for 2 minutes (F0=12.911) and wet samples which processed at 1150C for 20 minutes (F0=19.40) and 1200C 
for 10 minutes (F0=15.49) were found to have more acceptability. Using the experimental data, F0 value calculator was 
designed by coding the formula used for calculating the Thermal Death Time and lethality.
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Global Fish production worldwide came to approximately 174 million metric tons in 2017 (Statista 2018). For instance, 
fisheries sector provides food for millions of people, in this circumstance, globally 18 million tons of human consumable 
fishes such as sardine, mackerel, herring and squid are used annually as baits in fishing (UNO, 2014). This leads to over 
exploitation of human consumable fishes which in turn affect the food sustainability of marine ecosystem. Apart from this, 
Global fishery industrial wastes is 20% in the total fish production. It is therefore, the principal objective of the invention 
to provide a prepared fish bait avoiding all of the objections mentioned and solving all of these problems. With this view, 
three types of baits were prepared using Tuna Red Meat (TRM), Poultry Intestinal Muscles (PIM) and Fish Gelatin 
(FG) as the prime ingredients apart from that shrimp head waste was used as a common attractant in all the baits. Finally, 
the study revealed that artificial bait could be a better substitute to human consumable fishes which are used as baits in 
fishing as well as it shows higher catching efficiency compared to the later one and maximize the fish waste utilization, via 
industrial pollution can be minimized. Also, the present invention will be a big breakthrough in global seafood security 
through reducing the use of human consumed fish as a bait. 

The baits were tested for sea water stability, fish acceptability, protein leaching and dry matter loss in the laboratory. 
Protein leaching rate (TRM- 4.82 mg/g/h; PIM- 11.71mg/g/h; FG-22.5mg/g/h) was found to be correlated with 
bait acceptability and dry matter loss (TRM- 36.6mg/g/h; PIM- 40.12mg/g/h; FG-33.15mg/g/h). Further, the 
artificial baits were tested for their catch efficiency in the commercial traps in comparison with natural baits. The traps 
baited with different experimental baits and natural baits showed significant variation with respect to catch rate (P<0.05).
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Saurida tumbil (lizard fish) have been considered as a potential raw material for low cost fish, high grade surimi due to 
their high yield, high protein, low fat, low cholesterol, white in colour, high gel forming ability and it can be used for the 
preparation of seafood analogue products. The technologies for such formulations are expensive and it needs large scale 
machineries and investments. It has been therefore planned to develop an indigenous fish products like curry using the 
analogue shrimp products. However, no work has been carried out in India to process the analogue shrimp products in 
retortable pouches. 

The main objective of this study was to develop analogue shrimp products from lizard fish (Fig.1). Prepared Kerala style 
analogue shrimp curry in retortable pouches processed in steam – air retort (Fig.2). Determined biochemical analysis, 
textural, colour and sensorial changes of retort pouched analogue shrimp curry in retortable pouches. The results showed 
that biochemical parameters like protein, fat, moisture, ash, free fatty acid, total volatile base nitrogen, pH results were 
slightly increasing and decreasing trend and the other parameters such as peroxide value and trimethylamine was absent, 
thiobarbituric acid (TBA) and free fatty acid values were slightly increased during storage for four months (Fig.3). Upon 
thermal processing textural changes slightly increase in hardness, gumminess, stiffness and chewiness (Fig. 4) were 
observed for ready to eat analogue shrimp curry in retortable pouches. The product was found to be commercially sterile 
throughout the period of storage for four months.

Output of this study
Analogue shrimp curry was suitable for processing in retortable pouches.
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Consumers are looking for high quality and ready to eat convenient products. In order to extend the shelf life of such 
products, they are usually processed thermally. Thermal processing is one of the effective methods by which convenience 
foods are preserved and made available to the consumer. Saurida tumbil (lizard fish) is a low cost fish used for preparation 
of seafood analogue products. It has been therefore planned to develop an indigenous fish products like curry using the 
analogue shrimp products. However, no work has been carried out in India to process the analogue shrimp products in 
retortable pouches. 

The main aim of this study,  ready to serve analogue shrimp masala in retortable pouches was developed from lizard fish 
surimi, by thermally processing in an steam air retort processed at 121.1ºC, F0 value was 12.51min (Fig. 1 and 2). Process 
optimization was done by evaluating the samples for  biochemical analysis such as protein, fat, moisture, ash, free fatty 
acid, total volatile base nitrogen, trimethylamine, thiobarbituric acid,  pH, peroxide value, free fatty acid, commercial 
sterlity, textural, colour and sensorial changes of analogue shrimp curry in retortable pouches (Fig. 3, 4, 5, and 6). The 
results showed that analogue shrimp masala in retortable pouches was found to be acceptable based on these quality 
evaluations, 12.51min was found to be good, with cook value of 122.16min and the total process time was 50.93min.

Project output
Analogue shrimp curry was suitable for processing in retortable pouches.  

This product was highly nutritive.
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There is an increasing consumers demand for high quality convenient ready to eat products and has lead to an increase in 
the commercial production of ready to eat products.  Thermal processing is one of the methods by which convenience foods 
are preserved and made available to the consumer. Saurida tumbil (lizard fish) is a low cost fish used for preparation of 
seafood imitated products. It has been therefore planned to develop an indigenous fish products like curry using the imitated 
shrimp products. However, no work has been carried out in India to process the imitated shrimp products in retortable 
pouches. 

The main aim of this study, ready to serve imitated shrimp curry was developed from lizard fish (Saurida tumbil) by 
thermally processing in retortable pouches at a temperature of 121.1ºC. Based on the evaluation of samples for texture, 
colour, commercial sterility, biochemical and sensory analysis in all the samples were found to be acceptable based on the 
quality. The samples processed at 121.1ºC, F0 value of 10.48min, cook value 108.81min and total process time 43.81min 
were found to be good. Thermally processed ready to serve imitated shrimp curry was developed and its keeping quality 
was studied at ambient temperature. During storage, there was no significant changes in the contents of protein, fat, 
moisture and ash.  Total volatile base nitrogen, thiobarbituric acid and free fatty acid were slightly increased during storage. 
Trimethylamine was absent. Imitated shrimp curry processed at 121.1ºC, F0 value of 10.48min was commercially sterile 
and this product fit for human consumption even after a period of four months storage in retortable pouches.
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Seaweeds grow abundantly along the Indian coastline particularly in rocky shore regions. Rich seaweed beds occur around 
Visakhapatnam in the eastern coast; Mahabalipuram, Gulf of Mannar, Tiruchendur, Tuticorin and Kerala in the southern 
coast; Veraval and Gulf of Kutch in the western coast; Andaman and Nicobar Islands and Lakshadweep. In Tamil Nadu 
302 species of seaweeds were recorded which comprised of 33 Chlorophyta, 31 Phaeophyta and 35 Rhodophyta groups. 
Human consumption of green algae (5%), brown algae (66.5%) and red algae (33%) is higher in Asia, mainly in Japan, 
China and Korea. Around 150 species of seaweeds are well consumed as human food. This study was aimed to evaluate the 
nutritional and functional property of brown seaweeds of Gulf of Mannar.

Brown seaweeds were collected from Seeniyappa dharga (9º26’08.72”N and 79º06’75.52”E) and Vadakaadu (9º32’12.60”N 
and 79º29’49.90”E) of Ramanathapuram district in Gulf of Mannar during the month of September 2016. Six varieties of 
seaweeds collected were identified up to species level using the standard identification keys. Seaweed were washed with 
clean freshwater and shade dried for five days. The protein, fat, fiber and minerals of the collected seaweeds were estimated 
by standard methods. FTIR Analysis and DPPH radical scavenging activity were carried out to assess functional property 
of collected seaweeds. 
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The nutritional value of seaweeds is really great and they are used as human food in different countries. There are many 
industries all over the world that are manufacturing seaweed based food products. The present study was undertaken to 
develop seaweed based baked product of nutritional importance and to examine the storage stability of the seaweed product 
with respect to safety, nutritional and functional quality. 

Seaweed cookie was prepared with ingredients like wheat flour (41.66%), sugar (29.17%) and butter (29.17%) by replacing 
10 and 20% of wheat flour with seaweed powder. Air packaging and vacuum packaging of cookies were carried out and 
stored at room temperature. 

Among the two types of seaweed cookies, air packaged seaweed cookies with 10% seaweed was found good due to its 
crispiness and the shelf life was assessed as 100 days based on various biochemical, microbiological and sensory quality 
parameters.
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The present study was carried out in the fish landing centres of Nellore, Andhra Pradesh to know the marketing profile of 
selected marine fishes landed in Nellore. The selected varieties of fish groups landed in Nellore were lethrindis, barracudas, 
seer fishes, carangids and sardines. Two fish marketing channels were identified. They were Fishermen – Auctioneer – 
Retailer – Consumer (Channel-I) Fishermen – Auctioneer – Vendor – Consumer (Channel-II). The Fishermen’s share was 
more (above 80%) for low value fishes where as it was comparatively low for seer fihes, lethrinids, carangids and barracudas. 
High marketing cost on the part of intermediaries considerably decreased the share of fishermen in consumer rupee. The 
marketing efficiency in Channel-II was comparatively higher for all the selected marine fishes as per Shephred’s and 
Acharaya and Agrawal’s methods. By applying Garret technique while ranking the constraints, high degree of dependency 
on middlemen for financial support followed by high marketing cost and low landing price were found to be the main 
constraints of fishermen. 
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The white spot syndrome virus (WSSV) continues to be the major pathogen to shrimp aquaculture. The WSSV has been 
a difficult pathogen to contain from commercial culture environments even more than two decades after its first report 
and more than fifteen years after its genome fully deciphered. A unique feature of WSSV genome is that it does not show 
similarity to any other pathogen and hence was placed in a new Genus Whispovirus under Family Nimaviridae. The WSSV 
genome has been annotated differently for coding sequences (CDS) without uniformity. Except for few features, many CDS  
were annotated numerically with a common prefix like WSSV (AF440570), wsv (AF332093), ORF (MF768985) etc. in the 
order in which they were assembled and submitted as linear sequence at GenBank. As the annotation nomenclature varies 
across genomes, the results inferred on a WSSV genome could not be easily comparable to other genomes. Therefore, we 
had adopted a strategy to find the deleted CDS, while comparing all isolates to a reference genome. This strategy helped 
us in finding two major deleted regions like the region between wsv479 and wsv499 and the region between wsv237 and 
wsv246. Of 15 WSSV isolates, a region of about 8 Kb containing CDS wsv481 to wsv499 was lost in 7 isolates. Another 
region of about 3 Kb containing wsv489 to wsv499 CDS was lost in 9 isolates. The WSSV isolates from Australia, China, 
Ecuador and India share an identical deletion profile for wsv237 to wsv242 region and in contrast the other isolates do not 
contain even a minor deletion in this region. The deleted CDS in several isolates sequenced over a period of time provided 
new insights on CDS important for WSSV infection.

TROPHIC STATUS ASSESSMENT OF NIGEEN LAKE, KASHMIR (INDIA)

Amardeep Kaur*, Adnan Abubakr**, Lakshmi.V.V.***

Sher –e-kashmir University of Agricultural Sciences and Technology, Kashmir 
Faculty of Fisheries, Ganderbal, Srinagar, Kashmir , India
amardeepk09@gmail.com

The purpose of the study was to evaluate the trophic status of Nigeen Lake, through the interaction of nutrient concentration 
based on Carlson’s TSI. In order to determine the trophic status of Nigeen Lake, surface water samples from six different 
sites of the lake were collected from December 2015 to May 2016. Monthly as well as seasonal variation among different 
parameters was observed during the study period. Highest temperature was recorded during spring season along with 
higher values of depth, conductivity, ortho-phosphate, total phosphorous and chlorophyll-a during this season. However, 
dissolved oxygen, transparency and pH values were minimum during spring and maximum in winter season. The data 
analysis from Carlson’s TSI indicates that the average TSI(SD) value was in the range of 47.19 to 56.26, TSI(TP) ranged 
from 84.63 to 85.6 and TSI (Chl-a) was in the range of 58.24 to 61.37. The overall results of the study showed that the 
Carlson’s TSI (Total) of Nigeen Lake ranged from 65.7 to 67.7 indicating that the lake is in hyper-eutrophic condition. The 
myriad ways in which people use the lake along with the numerous pollutant-generating activities have stressed the lake 
ecosystem in diverse ways. The study suggests that managers and policy makers should take action to slow down or halt 
eutrophication by applying best management practices for the conservation of Nigeen Lake.
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REPORTED IN GLOBAL AQUACULTURE? A SYSTEMATIC MAP PROTOCOL

Justin O.G. Kemp*, Renée Larocque & Armando Heriazon

International Development Research Centre (IDRC)
Ottawa, Ontario 
Canada K1P 0B2
jkemp@idrc.ca

Despite global capture-fishery production having plateaued since the late 1980’s, global per-capita fish consumption has 
continued to rise over the last 30 years. This increase was supported by the rapid growth in aquaculture over this period and 
aquaculture remains the fastest growing food production system globally. In parallel with the growth in total production, 
there has also been a shift in the modalities of culture, with a growing trend of intensification in aquaculture. Fish kept 
under increasingly crowded and potentially physiologically stressful conditions are susceptible to disease emergence, often 
resulting in the application of antimicrobials (AM) in an attempt to mitigate pathogen outbreaks. 

The inappropriate use of AMs creates selective pressures that favour the emergence of antimicrobial resistant (AMR) 
bacteria. Given the essential role that antimicrobials, and particularly antibiotics, play in human and veterinary medicine, 
AMR has been identified as a significant threat to global public health and food security. In parallel to the growing awareness 
of issues around AMR driven by recent initiatives in the World Health Organization, the World Organization for Animal 
Health and the Food and Agriculture Organisation, global research-funding partnerships and initiatives such as the IDRC’s 
InnoVet AMR (a partnership with the UK Department of Health and Social Care’s Global AMR Innovation Fund) have 
begun to mobilize funding resources to address AMR in livestock systems, including aquaculture. 

AM use in aquaculture is the result of the interaction of multiple and often interacting biological, geographical, operational, 
social and regulatory characteristics and drivers (see Henriksson et al 2018 Sus Sci 13:1105-1120). However, effectively 
directing research resources for maximum impact, particularly in low- and middle-income countries, requires new ways of 
unpacking, integrating and visualising these factors at the country level to identify areas of greatest risk for AMR in global 
aquaculture. This paper presents the process and outcomes of a systematic mapping process to understand the prevalence 
and geographical distribution of bacterial genes known to infer AMR associated with aquaculture facilities.  These data 
serve as a baseline of the reported distribution of AMR genes in global aquaculture to date, as well as potentially signal 
areas of concern for further research investment. 

The systematic review will be limited to finfish and crustacean aquaculture, excluding extractive plant/algae and mollusc 
production systems. This paper will detail the protocol for the systematic review, including topic identification, study 
components, search string development, search strategy, article screening and study inclusion criteria and study mapping, 
and will share preliminary results. 
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The adulteration of fish and seafood products, in general, is a global challenge that is constantly increasing. Seafood fraud 
usually involves adulteration or substitution of a type of species with the meat of lower nutritional value and quality, and 
therefore of the lower price, aiming for economic profit. For these reasons, sensitive, fast, simple, inexpensive and effective 
analytical methods is required to confirm the species origin of seafood based products. In this study, we developed species 
specific molecular markers such as PCR-RFLP, PCR-AFLP, and SSCP for the authentication of commercially important 
seer fish (Scomberomorus commerson), which is often substitute by the meat of cobia (Rachycentron canadum) and catfish 
(Pangasius). For this, PCR was performed using specific primers C-CB285Df and C-CB431R that amplified successfully 
a fragment of 147bp of the target cytochrome b gene. The amplified product was further used for developing RFLP, AFLP 
and SSCP markers. The developed markers give distinct band pattern and for the seer fish the unique pattern was remained 
same in the processed products without any degradation or alteration in the major fragments. The method was validated 
with 20 commercial fish products. The developed protocol can be performed within 8h to authenticate seer fish commonly 
adulterated seafood restaurants with cheaper catfish and cobia.
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Fisheries especially small-scale fisheries and aquaculture are a globally significant source of employment and livelihoods. 
It makes critical contributions to development in the areas of employment, with over 41 million people worldwide, the 
vast majority of whom live in developing countries. According to the Labour Bureau Statistics, India today has become the 
nation of the most unemployed in the world. One of the best ways to provide jobs is developing the entrepreneurship. A 
study was done with a view to evaluate the entrepreneurship development of the students in Nagaland as it is reported that 
educated unemployed youth in Nagaland are around 70,422. Focusing on 200 students, this study,  after normalization of 
data and bringing the values to a range of 0 to 1, low values being <0.33, medium values being < 0.34-0.66 and high values 
being >0.66 , finds that attitude towards entrepreneurship (80.5%), awareness about entrepreneurial opportunities (82%),  
entrepreneurial environment within the university (73.5%), and Nagaland’s entrepreneurial environment (86%) falls within 
<0.34-0.66. Spearman’s rank correlation between personal factors and factors namely attitude towards entrepreneurship, 
entrepreneurial opportunities, entrepreneurial environment within the university and the Nagaland entrepreneurial 
environment was carried out. It showed that age, college, participation in literary activities, educational level of father and 
mother had a positive correlation with the entrepreneurial environment within the university. Parents owning business had 
a positive relationship with attitude towards entrepreneurship, whereas, a negative correlation was found between gender 
and entrepreneurial environment within the university and entrepreneurial opportunities. Factor analysis was conducted 
to see which factors had the most impact on the perception and attitude towards entrepreneurship. Results shows that 
subject factors (11.301 %) contributed highest to the total variance (56.89 %). The entrepreneurial skills selected for the 
study were self-awareness, networking skills, environmental scanning and critical evaluation skills where majority of the 
respondents’ displayed moderate levels of self-awareness (64.5%), networking skills (81.5%), environmental scanning 
(65%) and major critical evaluation skills (61.5%). Teachers’ response to the situation of entrepreneurship showed us that 
67 % of the respondents mentioned entrepreneurship as a career choice, examples of entrepreneurship related activities 
are included in classes by 67 % of the respondents and 92% of the respondents agree that having a mentor and business 
sector interactions will encourage more students to take up entrepreneurship.  Inorder to improve the present infrastructure 
to promote entrepreneurship in fisheries in the state, Rank Based Quotient was employed to assess the teachers’ responses. 
Creating awareness and hands on training was found to be the most important factor. To improve the syllabus to facilitate 
entrepreneurship in fisheries, including a course on the importance of entrepreneurship and fisheries was ranked the best 
solution. The reasons for students not starting their own businesses after college was due to lack of finance, followed by 
knowledge and exposure in the field of entrepreneurship. Short courses/ trainings in campus about business setups and 
seed money was suggested to be the solution to these problems. Other studies also suggests that individuals who took 
entrepreneurship courses have a higher tendency to start their own businesses in comparison to those that didn’t. Therefore, 
for students lacking the required entrepreneurship development perception and skills, entrepreneurship courses in their 
curriculum is recommended and advisable. 
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White Spot Syndrome Virus (WSSV) is a major shrimp disease in South East Asia. It causes high mortality rates and 
enormous economic losses to the major shrimp farming countries. In the present study, shrimp samples from three trap 
and hold shrimp farming systems in Pyapon Township, Ayeyarwady Region, Myanmar, were selected as study sites and 
occurrence of WSSV in the farms were scanned from December, 2018 to March, 2019. Ten samples of Penaeus monodon 
were collected monthly from each study site before they were harvested to the market. Pleopods from each individual 
were collected and preserved separately in 1.5ml micro-centrifuge tubes with 70% ethanol. They were transported to the 
Laboratory of Aquatic Bioscience, University of Yangon to scan forWSSV virus using nested PCR. No positive samples 
were detected in December 2018 and January 2019. However, in February, 6 out of 10 samples from Farm 1 and 4 out of 
10 samples from Farm 3 were positive in 2nd step PCR. Typically, the positive in 2nd step PCR means infected shrimps were 
in the latent or carrier stage. The result in the present study indicated that WSSV in Pyapon shrimp farms have only carrier 
stage.

PRODUCTION OF YEAST-BASED VACCINE FOR GROWTH ENHANCEMENT IN 
AQUACULTURE

Karim M. Khalil

Faculty of Veterinary Medicine
Cairo University
Giza Square, Giza 12211, Egypt
Karim.Khalil@vet.cu.edu.eg

Oral administration of recombinant DNA vaccines represents a promising vaccinating method for aquaculture 
species. Recombinant yeast (Saccharomyces cerevisiae) has been proved to be a safe and efficient vehicle for 
delivering antigen DNAs and proteins to some species in vivo. Myostatin (MSTN), or growth and differentiation 
factor 8, is one of the well-known examples of economically important genes. Mutations linked with the double-
muscled phenotype in many farm animal species were found in the MSTN gene, resulting in a significant increase in 
muscling compared to conventional strains. Myostatin is a key regulator of skeletal muscle growth in all vertebrates 
and regulates myoblast differentiation in vitro. Altering myostatin gene/protein prominently increases muscle mass. 
The growth could be also promoted by activating the immune response against MSTN in vivo by oral administration 
of recombinant S. cerevisiae. 

In our study, catfish were orally administrated with recombinant yeast harboring muscle suppressor gene, myostatin 
MSTN, to promote the muscle mass growth in fish. Oral administration was performed with three different doses, 
and the MSTN-specific serum antibody was detected in all the experimental groups by western blotting and enzyme 
linked immune sorbent assay (ELISA). We aim to use the recombinant yeast as a potential carrier for oral DNA 
vaccines and help to develop more practical approaches to prevent and control infectious diseases in aquaculture.
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The rainbow trout, Oncorhynchus mykiss (Walbaum) is a species of salmonid native to tributaries of the Pacific Ocean in 
Asia and North America. The species has been introduced for food or sport to at least 45 countries, and every continent 
except Antarctica. The introduction of trout in India was attempted simultaneously in Kashmir in the north and in the 
Nilgiris in the South in 1899 and in 1906 a well-established hatchery built in Harwan, Kashmir which started producing 
seed of this species. 

The reproductive biology of Rainbow-trout (Onchorhynchus mykiss) were studied in Balkhela river (tributaries of river 
Alakhnanada) for the period from 2012-2014. Rainbow-trout breeds from December to February. The maturity stages of 
both the sexes were obtained in gradual development from stage III (September) to stage VII (December). Few male trout 
were observed in oozing stage during the month of November. Most of their female breeders showed maximum gonado-
somatic indices (GSI during December to February while peak value were observed in the month of February. GSI in 
male trouts showed higher values during October to January while peck value was observed in November. The oocytes of 
Rainbow-trout (Onchorhynchus mykiss) ovary were observed in various phases. The oocyte development of this fish was 
divided into seven stages (I.,Immature,  II. Early maturing, III. Maturing, IV. Late maturing. Mature or pre-spawning, VI. 
Spawning, VII. Spawning). 

COMPARATIVE GENOME ANALYSIS AND RE-IDENTIFICATION OF Edwardsiella 
SPECIES

Nameun Kim*, and Do-Hyung Kim

Department of Aquatic Life Medicine 
Pukyong National University 
Republic of Korea 
skansl123@gmail.com

Edwardsiella tarda has been regarded as s a notorious fish pathogen affecting diverse fish species around the world. Recent 
studies showed that E. tarda was phylogenetically re-classified as E. anguillarum, E. piscicida and E. tarda based on 
average nucleotide identity. In this study, we performed comparative genome analysis using hitherto sequenced genomes 
of strains belonging to the genus Edwardsiella. Thirty five hitherto sequenced genomes consisted of total of 10,002 
protein-encoding genes, only 14.1% of the genes (1,443) were core genes, and the remaining 85.9% were dispensable and 
singleton genes within the genus. Pan development plot analysis showed that E. piscicida and E. anguillarum had open 
pan-genome, indicating that Edwardsiella spp. are adaptable to a variety of environments, and it is expected that the genes 
shared by species may be related to adaptation ability and species specificity. In addition, we attempted to re-identify 52 
Korean isolates belonging to the genus Edwardsiella using our developed specific primers. As a result, 41 and 11 isolates 
were identified as E. piscicida and E. anguillarum, respectively. Serotyping were also performed with anti-sera that were 
prepared in rabbit with E. tarda ATCC15947, E. piscicida ETW41 and E. anguillarum EET61. Strains of E. piscicida and 
E. anguillarum were serologically grouped well, but E. tarda strains exhibited very low agglutination with all 3 anti-sera. 
This study shows that 3 Edwardsiella species were clearly distinguished from others, and most strains that were known 
as E. tarda were re-identified as E. piscicida or E. anguillarum. This result would provide very valuable information on 
species-specific control measures against Edwardsiellosis.
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We isolated and identified Aeromonas salmonicida subsp. masoucida RFAS1 from diseased black rockfish (Sebastes 
schlegeli Hilgendorf) showing ulcer lesions on their body during winter of 2008 and spring of 2009. In this study, we tried 
to understand physiological responses occurring in black rockfish infected with RFAS1 through co-expression and DEG 
analysis from head kidney RNA-seq data. Black rockfish (average B.W.=19g, n=100/group) were intraperitoneally injected 
with low (7.7 x 105 CFU/fish; L-group) and high (3.4 x 107 CFU/fish; H-group) concentration of RFAS1. From iso-seq 
(PacBio) data, 78,142 unigenes were produced and used as reference and thus about 90% of reads generated from Illumina 
Hiseq 2500 were mapped on those unigenes. Mortality in each group were 5% and 30% over 7 days, respectively. For 
transcriptome analysis, head kidney samples (n=3/group) were selected from each group at dpc 1 and 5 based on proportion 
of leukocytes through flow cytometry; control-dpc0 (0D), low-dpc1 (L-1D), low-dpc5 (L-5D), high-dpc1 (H-1D) and 
high-dpc5 (H-5D). Co-expression analysis was performed using the WGCNA (weighted gene co-expression network 
analysis) package with 34,370 unigenes (FPKM > 0.1). Significant modules (|GSvsMM| >0.5, p-value <0.05) were selected 
and analyzed using KEGG and GO. Protein processing in endoplasmic reticulum and adipocytokine signaling pathway 
were up-regulated in H-groups. Genes involved in TNF signaling pathway, C-type lectin receptor signaling pathway, and 
apoptosis were up-regulated only in H-5D. However, genes in platelet activation, lysine degradation, focal adhesion were 
down-regulated in H-groups, and cell cycle and human T-cell leukemia virus 1 infection were up-regulated in L-1D and 
H-5D. genes in peroxidase activity and MHC class I protein complexes were up-regulated at late stage in L-group. And, 
apoptosis, necroptosis, complement cascades activities were up-regulated, but peroxidase activity and MHC class II protein 
complex and binding activities were down-regulated at late stage in H-group. And in addition to all these pathways, NOD-
like receptor signaling pathways were changed significantly higher compared to L-group. This transcriptome approach 
facilitates new insights into understanding of global fish-pathogen interactions including immune responses. 
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Soy Protein Concentrate (SPC) is a product resulting of soybean process by an alcoholic extraction, increasing protein 
concentration above 60% and reducing anti-nutritional factors, which improves protein digestibility and provide an 
excellent profile of amino acids. A study aimed to evaluate growth performance of juvenile white shrimp, Litopenaeus 
vannamei, feeding four diets containing increasing levels of replacement of fishmeal (FM) by SPC, to categorize, in 
terms of livestock (survival factor, feed conversion rate, growth, body weight and productivity) and economic, feeding 
different diets for juveniles of the species under controlled conditions of cultivation. The study was conducted at the 
Nutrition Laboratory of Aquatic Organisms Labomar/University Federal Ceará, located in the municipality of Eusébio, 
Ceará. Shrimp (70 shrimps/m2; 40 shrimps/tank) were distributed into twenty tanks (four groups X five replicates) and 
fed with the four experimental diets for 73 days. The diets were produced: an FM-based reference diet (100% FM, CP00); 
three experimental diets (CP05, CP07 and CP10) prepared by replacing FM with SPC NON-GMO commercially by CJ 
Selecta (Araguari, Brazil). All diets were designed to contain a minimum of 36.0% crude protein, ether extract 7.9% and 
a maximum of 12% moisture. No statistically significant difference of body weight of shrimp between diets evaluated 
(P>0.05). The growth of shrimp reached values close to 1.0 g/week (P>0.05). Fishmeal replacement by SPC in diets CP05 
and CP07 was more advantageous in terms of productivity of shrimp than the CP00 control diet without SPC. As the 
difference between the cost of formulating these diets was less than 0.6%, the use of SPC becomes more economically 
competitive, even considering the DL-methionine supplementation with fish oil, squid meal and inorganic phosphate. 
Although in terms of cost, the formulas have remained very similar values (CV=0.52%), the advantage of using SPC 
instead of other animal ingredients is its availability and constant nutritional quality. The average daily food consumption 
by the shrimp reached 17.5 ± 0.01 g/shrimp. There was no detectable difference in food intake of diets (P> 0.05). The 
shrimp feed the experimental diets did not differ from each other (P> 0.05). The FCR averaged 1.81 ± 0.01, consistent 
with recent achieved in previous studies performed in the laboratory. These results show that SPC is beneficial to shrimp 
feeding, not only on a nutritional perspective but also on an economical perspective. SPC is a sustainable protein source, 
providing less environmental impact to the shrimp farming, and its use strategy can be combined with other amino acids 
and nucleotides such as inosine monophosphate (IMP), which can improve shrimp feed intake in higher vegetable protein 
inclusion diets.
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There are many approaches utilised to empower women in aquaculture, most entail formal education and training to increase 
the skill set of women. This approach is based upon the social construction of gender that shapes us from birth through to 
adulthood. We describe the wonderful traits that every person possesses as a baby and toddler such as unconditional love, 
curiosity, creativity, courage and compassion that provide a sense of ‘Iam ness’. Every child is shaped by the patriarchal 
people and institutions starting with the family or caregivers, the ‘big magical people’ around them, which is referred to 
as the ‘tribal cycle’. Every child in a family plays a role to keep the family together. Some may play the role of surrogate 
parent, hero, good girl/boy or another role which, continues to play out throughout adulthood unless conscious awareness 
is created to change the situation. 

A child’s ‘Iam ness’ continues to decline as they are exposed to patriarchal institutions such as education, religious, 
workplace and political systems. This process also entrenches cultural norms and values related to gender identity. The 
result is that children’s needs are unmet, emotions, thoughts and voices are shut down to a lesser or greater extent. As a 
child is unable to language or process such experiences, they internalise emotions such as anger and sadness, which can 
cause problems as they enter adulthood and hinders their ability to reach their full potential. As a result, ‘Toxic shame’ 
follows where a person’s false-self replaces their true-self (Iam ness) and a ‘mask’ is used to convince the community that 
all is well on the outside even though they may be experiencing pain as a consequence of their inner world. It must be noted 
that the parents are not to blame as they are repeating the behavioural patterns of previous generations, the main objective 
is to create awareness around this so functional behaviour can replace dysfunctional or damaging ones to the benefit of 
future generations.

Reconnecting a person to their true-self means embarking on a journey towards self-love and the guiding framework to 
achieve this is called the self-esteem triangle. It consists of three main pillars       1) Needs 2) Emotions 3) Boundaries. This 
framework forms part of the comprehensive program ‘Your Ultimate Self’, which has been proven to transform the lives 
of women and men. It can be used by individuals or as a resource for teachers who are empowering people. As a result of 
the program, women are able to heal from the past, enjoy better relationships with themselves and others, and have the 
confidence to be able to assert themselves in society so they can create a healthier and wealthier future. 
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The coastal hunchback locust lobster Petrarctus rugosus (H. Milne Edwards, 1837) is a very small species which can be 
easily domesticated and bred in captive conditions. The life expectancy of the animal is 2-3 years. It is a good candidate 
for marine aquaria. Captive breeding and larval rearing of this species was first achieved in CMFRI’s Kovalam field 
laboratory (Tamil Nadu) in 2004. The larvae progress through eight planktivorous phyllosomal stages before settling into 
the non-feeding nisto (post-larval) stage. The phyllosoma are sensitive to high stocking densities, light, water quality and 
availability of feed. This paper discusses broodstock development, incubation, larval rearing and techniques for artificial 
propagation of the hunchback locust lobster.  

COMPARATIVE ASSESSMENT OF COPEPODS AND ROTIFERS AS LIVE FEED FOR 
LARVICULTURE OF SILVER POMPANO Trachinotus blochii  ( Lacepede, 1801)

K.K.Anikuttan*, A.K.Abdul Nazar, R.Jayakumar, G.Tamilmani, M.Sakthivel, P.Ramesh Kumar, M.Sankar, 
G.Hanumanta Rao, Tinto Thomas, N.Krishnaveni and C.Sathiya

ICAR- Central Marine Fisheries Research Institute
Mandapam Regional Centre, Mandapam Camp
Ramanathapuram, Tamil Nadu, India -623520 
Email: dranikuttan@gmail.com

A study was undertaken to assess the effectiveness of using copepods in larviculture of silver pompano (Trachinotus 
blochii), which is a candidate species for mariculture and coastal aquaculture. Newly hatched larvae of silver pompano 
were reared in three groups such that, one group received rotifer (Brachionus plicatilis & B rotundiformis) as live feed, the 
second group received copepod nauplii (Parvocalanus crassirostris) and the third group were fed with a combination of 
both rotifer and copepod. The stocking density of larvae was 10 nos per litre. In all the three sets, the total live feed density 
was maintained at 10-15 nos/ml. Microalgae (Nannochloropsis occulata and Isochrysis galbana) were also added to all 
the larval rearing tanks to maintain a cell density of 2 – 2.5 x 105 cells/ml. Water quality parameters during the experiment 
were: salinity: 33-35ppt, Temperature: 28-30 ,pH: 7.8 -8.2, D.O: 4-6ppm. Routine management protocols established for 
pompano larviculture was followed for all the tanks which include daily bottom siphoning to remove settled matter, water 
exchange, daily addition of required quantity of live feeds to maintain the desired live feed density etc. The experiment was 
continued till final metamorphosis of the larvae to juveniles. 

Growth, survival and metamorphosis rate of the larvae were recorded to assess the impact of different live feeds used in the 
experiment. It was observed that, a combination of rotifer and copepod could yield better survival and growth; whereas the 
larvae fed with copepods exhibited a faster rate of metamorphosis.
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Order Tetraodontiformes consist of ten families in which tetraodontidae (puffer fish)  consists of 28 genera 192 valid 
species and diodontidae (porcupine fish) consists of 7 genera 18 valid species. Among 192 species in tetraodontidae only 
two species in Lagocephalus has been eaten as food in several Malaysian region. As a mobile non-selective fishing gear, 
the bottom trawl net collects every organism in its path and the incidental capture of non-target species bycatch has become 
a major concern allied to trawling. In this study the contribution of tetraodontiformes in the bycatch of trawl net from 
Chennai coast was estimated. Sampling were done at Royapuram fishing harbour bimonthly from the period of June 2018 
to January 2019.

In this present study 9 Species of puffer fish belonging to 4 genera and 3 species of porcupine fish from 2 genera has 
been collected and identified. Totally 328 specimens were collected between June 2018 and January 2019. The species 
in tetraodontidae are Canthigaster petersii  (Bianconi, 1854)- P1, Arothron hispidus (Linnaeus 1758)- P2, Torquigener 
brevipinnis  (Regan, 1903)- P3, Lagocephalus suezensis  (Clark & Gohar, 1953)- P4, Arothron stellatus  (Anonymous, 
1798)- P5, Arothron immaculates ((Bloch and Schneider, 1801)- P6, Arothron reticularis  (Bloch & Schneider, 1801)- P7, 
Takifugu oblongus (Bloch, 1786)- P8, Chelonodon patoca  (Hamilton, 1822)- P9 and diodontidae species are Cyclichthys 
spilostylus  (Leis & Randall, 1982)- P10, Cyclichthys orbicularis  (Bloch, 1785)- P11, Diodon liturosus  Shaw, 1804- P12 
(Fig.1). From the 12 species a single specimen of A. hispidus was collected at the month of July and L. suezensis shows 
the dominance in puffer fish group from the Chennai region with size ranging from 24.3 cm to 1.2 cm in length. Thus the 
minimum size of L. suezensis shows that trawl net operated in the Chennai region has very small mesh size in cod end. The 
number of fish (species richness) was maximum in the month of September and November while minimum in the month 
of July with occurrence of only L. suezensis and followed by January with three species of puffer fish.
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Among over 100 species of the genus Vibrio, a few such as V. cholerae, V. parahaemolyticus and V. vulnificus are known 
human pathogens. Several other potentially pathogenic Vibrio spp. are not well understood with regards to their virulence 
characteristics. Similarly, V. harveyi and V. parahaemolyticus are important pathogens of farmed shrimp. In the present 
study, the occurrence and virulence properties of some of the common Vibrio spp. were tested in fresh fish and shellfish.  A 
total of 50 seafood and environment samples comprising of 11 finfish, 13 shrimp, 12 water and 12 sediment samples were 
collected from landing centres, retail markets and shrimp farms in and around Mumbai. Altogether, 432 strains of Vibrio 
were isolated after selective isolation and biochemical characterisation. The isolates were subjected to further identification 
by PCR using species-specific primers for V. cholerae, V. parahaemolyticus, V. harveyi, V. mimicus and V. alginolyticus.  
V. cholerae and V. parahaemolyticus were identified by toxR and tlh specific PCR, respectively while V. harveyi,  
V. mimicus and V. alginolyticus were distinguished by 16SrRNA-specific PCR. All the isolates were screened for the 
presence of Vibrio-specific virulence genes ctxAB, tdh and trh by PCR. Overall, 380 isolates were confirmed to be Vibrio 
spp., of which 216 were V. parahaemolyticus harbouring one or more virulence genes. The remaining were V. harveyi (94),  
V. alginolyticus (38), and V. mimicus (4). V. cholerae was not isolated from any of the samples. A few isolates of V. harveyi 
showed the presence tl (thermolabile hemolysin) of V. parahaemolyticus. Sequences of toxin genes such as tdh and ctxAB 
were found in some non-V. cholerae, non-V. parahaemolyticus isolates suggesting wider distribution of virulence gene 
sequences among Vibrio spp. None of the V. parahaemolyticus isolates belonged to the Acute Hepatopancreatic Necrosis 
Disease (AHPND)-causing clonal group. 

FISH FAUNA IN THE SEONATH RIVER BASIN AND THEIR CATCHMENT AREA OF 
RAJNANDGAON DISTRICT OF CHHATTISGARH

Prvej Kumar, Dushyant Kumar Damle, M.S. Chari, Sandeep Kumar Sahu and H K Vardia

Department of Fisheries
Govt. of Chhattisgarh
pravejkolhe0298@gmail.com

Rajnandgaon district has many hilly forests, plateau areas and varied natural aquatic resources suitable for agriculture 
and fisheries. Because biodiversity is important for sustainable ecosystem conservation so this district was selected for 
the study purpose. Fish diversity studies were done in the Seonath river basin. The fishes were collected during the period 
November 2011 to May 2012. 

Total of 59 species belonging to 36 genera, 20 families and 7 orders were recorded from 4 sampling sites respectively 1. 
Mongara reservoir (Seonath basin) 2. Rajnandgaon fish market 3. Ambagarh Chowaki Anicut 4. Ranisagar & Budhasagar 
talab with six new species: Crossocheilus latius, Colisa lalia, Labeo dero, Labeo dyocheilus, Pseudambassis lala, and 
Ompok pabda which were not recorded earlier studies in Chhattisgarh.  The family Cyprinidae with 26 species forms the 
largest single group in the fish fauna of Seonath river basin and their catchments. Likewise 09 species were assessed for 
threat as per NBFGR criteria, there  are one endangered species and eight vulnerable species. 
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The increased demand for seafood such as octopus and lobster over the past decade has resulted in efforts for further 
research and development into octopus and lobster aquaculture. Whilst closing the life cycle of species with planktonic 
larvae stages has yet to be achieved on commercial scale, the ‘ranching’ of octopus and lobster has increased in popularity 
and developed into a potential solution to fill the shortfall in supply. 

Octopus
Commonly, the grow-out systems involve the use of ‘hides’, usually PVC pipes that provide shelter to individual octopus. 
Although positive growth has been achieved and marketable individuals obtained, these grow-out methods have several 
limitations including attainment of relatively low biomass (up to 15 kg/m3), difficulty to clean and harvest, and promotion 
of territorialism and cannibalism amongst individuals.

During the past five years, advanced systems and ranching protocols for Octopus tetricus juveniles on commercial scale 
have been developed. These systems and protocols have eliminated the need to use shelters in tanks, which has significantly 
reduced cannibalism and territorialism, subsequently tanks are extremely easy to clean and harvest. These advances have 
resulted in the ranching of octopus juveniles from as little as 50 gr at a biomass upwards of 54 kg/m³. New and easy to use 
solutions were developed to retain the octopus in the tanks, thus, eliminating escaping events, while reducing the need for 
caging or fencing the tank. 

Commercial Return on Investment (ROI) was developed for the ranching of O. tetricus and a commercial project involving 
artesian fisheries in several countries are currently in development.

Lobsters
Tropical rock lobster (Panulirus ornatus and P. homarus) ranching is already established in several South-east Asian 
countries including Vietnam, Indonesia, Philippines, Malaysia. The industry relies on wild caught puerulus (post larvae).

Lobsters are grown in shallow submerged cages and are grown to 1kg (P. ornatus) or 500g – 1kg (P. homarus). Lobsters are 
fed ‘trash fish’ caught nearby. Survival varies significantly between 5-70%. There are large variations in systems, methods 
and returns between countries. In some countries, poor handling, holding and transport resulted in high mortality of wild 
caught puerulus (up to 70%). Some of the issues for lobster ranching include:
 • Trash fish feeding issues (poor nutrition and increase in disease outbreaks).
 • Availability of sea cage sites.
 • Availability of puerulus collection sites.
 • Lobster grow-out techniques in some of the countries are under-developed.

Ranching of ‘hard to breed’ organisms such as octopus and lobsters can present new, successful and sustainable opportunities 
– if developed properly and can bridge between traditional fishing and aquaculture.
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Shrimp farming has been substantially progressing in India following the introduction of Penaeus vannamei in 2009. 
Production of vannamei in India has been consistently increasing and crossed 550,000 tonnes during 2018. Apart from the 
export earnings the fish and shellfish brings in, aquaculture activity supports about 14 million farmers in India. Despite 
the significant progress in scientific farming technology and strong import biosecurity measures of vannamei brooders, 
the sector still suffers from infectious aetiologies. Most important pathogens that currently plague the culture of whiteleg 
shrimps are white spot syndrome virus (WSSV) and Enterocytozoon hepatopenaei (EHP). While there are no effective 
therapeutic methods for the diseases due to these pathogens, the control measures mainly depend on BMPs and early 
diagnosis of infections. With the current understanding of the conceptual change in the induction of diseases and the 
paradigm shift from the one pathogen one disease model to a pathobiome scenario, the role of microbiome associated with 
the host and the environment, especially in case of aquatic animals, has become of paramount importance.          

In the current study, we have investigated the variations in the pond water microbiome using Illumina sequencing technology 
by sampling across the culture period in a healthy crop cycle from different ponds and also from ponds that were infected 
with EHP and WSSV. Principal coordinates analysis (PCoA) based on unweighted Unifrac and Bray-Curtis methods have 
shown that there is strong clustering of bacterial communities in a temporal manner across the progression of the culture 
period in normal vannamei culture pond water (Fig.1). While Proteobacteria predominated in all the ponds investigated, 
Gammaproteobacteria reached almost 67 to 82% towards the end of the crop of 105 and 120 DOC respectively. Analysis of 
WSSV and EHP infected pond microbiome also showed characteristic clustering specific to the aetiology. Further studies 
with more samples are being investigated to delineate the inferences.        
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The success of aquaculture is dependent on the water qualities Parameters (physical, chemical biological) such as 
temperature, pH, color, BOD, ammonia, nitrite, nitrate, primary productivity.  In the present study we reviewed that the 
water quality management in the aquaculture.  Aquatic animals are stressed and disease outbreaks occur after a sudden 
temperature change and cause high mortality when moved from one environment to another, the optimum temperature 
between 25°C - 35°C.   The salinity 10-25 ppt is suitable for euryhaline species.  The optimum turbidity from 30-60 cm, 
less turbidity prevents the plankton growth and high turbidity increase algae growth.  Light greenish or greenish color of 
water is suitable, dark brown and dark great is not deal. Minimum DO should be greater than 5 mg/L for growth of warm 
water fish and 6 mg/L coldwater fishes.  The pH occurs in the range of 7.5 to 8.5 is the optimum.  The CO2 level 5-8 ppm is 
need for photosynthesis.  Ammonia is produced from wasted food, fecal and dead animals, it maximum limit 0.1 mg L-1.  
The calcium ranges 40 – 100 mg L-1(100 – 250 mg L-1 as CaCO3) are good for certain fishes.   The acceptable level of 
nitrite not exceed 0.5 mg L-1 and nitrate 0.1 – 4 mg L-1 .  Phosphorus in water is in the form of phosphate (PO4) and the 
desirable level 0.06 mg L-1.The productivity 1.5 – 10 mg C L-1 and. Plankton population 2000-4500 nos. L-1 as optimum. 
The water quality parameters influence health of a pond and are required in optimum values to increase the production.  



320
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India continues to be the second largest farmed aquatic animals producing country with an annual production exceeding 
5.0 million tonnes (MMT) of finfish, crustaceans and molluscs. India’s industrially produced feed has  grown to a tune 
of 2 to 2.3 MMT in the year 2018, in which the share of shrimp feed alone is 1.4 MMT. The principal classes of feed 
ingredients of Indian aquafeed basket can be classified as fish meal and other marine protein sources, vegetable protein 
sources and cereals and its by-products.  Usage of fishmeal in formulations in shrimp feed  has been substantially reduced 
compared to the earlier days . Indian Council of Agricultural Research- Central Institute of Brackishwater Aquaculture 
(ICAR-CIBA) as nodal agency in research and development of coastal aquaculture is involved in developing indigenous 
aqua feed technologies for different life stages of fish and shrimp and successfully commercialized the cost effective 
shrimp feed Vanami Plus. Extensive research has been carried out to reduce the cost of feed through newer and sustainable 
feed ingredients.

Indian aquafeed sector judiciously manages the fishmeal trap to ensure sustainable aquaculture.  The strategies adopted are 
use of by product fish meal from the processing wastes, mantis shrimp, steam sterilised shrimp head, sun dried low value 
fish and sergisted shrimp. Soybean meal is the principal plan ingredient for aqua feeds. India being a major agriculture 
based economy; there are plenty of ingredient resources spread across the country in a patchy manner. An array of  other 
important plant protein sources available for feed usage viz., ground nut cake, cottonseed meal,  sesame cake, mustard/
rape seed cake,  sunflower cake meal, coconut cake, corn gluten meal and rice gluten. Energy sources such as  wheat, rice, 
maize, sorghum and other millets are available for use in aqua feeds.Rice bran and wheat bran  heat bran are conventionally 
used in aqua feed. The newer and novel resources have been explored by CIBA for its nutritional potency for use in aqua 
feeds and paved the way for cost effective feed for shrimp and this approach would help in making the Indian aqua feed 
industry as a sustainable one in the longer run. 
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Formic acid is known to improve growth performance and prevention of disease in fish by reducing the pathogen load 
in feed and in animal gut. A cross country farm level experiment was conducted in Vietnam to evaluate the efficacy of 
Amasil® NA (buffered formic acid) on growth performance and prevention of diseases caused by and bacteria in red tilapia 
(Oreochromis sp.). This experiment was conducted in three provinces in Mekong Delta, Vietnam from 10th July 2016 to 
08th June 2017. Twelve floating cages were used for the experiment in three sites, each site has four floating cages, which 
were divided into two groups: 1. control group (C) was fed on commercial fish feed and 2. treatment group (T) was fed 
with commercial fish feed supplemented with 3kg/ton of Amasil® NA. Three provenances viz. Vinh Long stocked 28,000 
& 50,000 fish each in control and treatment; Ben Tre stocked 39,956 & 39,966 fish each in control and treatment, An Giang 
stocked 31,000 & 29,000 fish each in control and treatment. 

The results clearly demonstrated that Amasil® NA at 0.3% in feed had an overall positive effect on the fish weight gain 
and final fish weight (Table 1). 

Amasil® NA 0.3% application significantly lowered FCR compared to the Control (1.78 ± 0.35 vs. 2.26 ± 0.66) in An 
Giang province. . Survival rates were numerically higher in Amasil NA supplemented group than control in Vinh Long 
and An Giang provinces. The total aerobic bacterial population in liver, kidney, and spleen of the experimental fish were 
significantly lower in Amasil® NA group than in the control due to the fish affected by the harmful bacteria as Streptococcus 
and Aeromonas (p<0.05). 

In conclusion, under practical field condition supplementation of fish diet with Amasil NA at 3kg / ton could improve the 
growth performance and reduce the pathogen load in red tilapia.
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Newly emerging bacterial diseases in aquaculture due to bacteria like Flavobacterium and Edwardsiella sp. in marine and 
freshwater fish and shellfish are becoming topic of interest due to their pathogenicity potential. This study describes the 
isolation and characterization of Flavobacterium species and Edwardsiella tarda from infected fish and environmental 
samples (water and soil samples). Samples were collected from different places of Tamilnadu and Nellore, Bhimavaram, East 
Godavari districts of Andhra Pradesh. Samples were screened for the isolation of the bacteria Flavobacterium species and 
Edwardsiella tarda on tryptone soya agar (TSA) and selective media.  Typical yellow coloured colonies of Flavobacterium 
and black coloured colonies for E.tarda were isolated for further biochemical and molecular characterization. Edwardsiella 
tarda has been isolated from one of the soil samples and has been further confirmed by biochemical and molecular 
characterization by PCR. Presumptive Flavobacterium strains were further characterised by 16s rRNA amplification and 
sequence analysis. Experimental infection studies are undertaken for their pathogenesis and infectivity potential assessment 
in carps.
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RAJASTHAN
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The Research study was conducted by Krishi Vigyan Kendra Sawai Madhopur during kharif-2017 under National Mission 
on Oilseed and Oilpalm (NMOOP) Project to enhancement the productivity and profitability of sesame by transfer of 
improved technology. The result revealed that the maximum seed yield of sesame was obtained under demonstrated plots 
ranged between 6.27 q/ha to 6.72 q/ha with an average of 6.45 q/ha which was 25.97 percent higher as compared to 
local check with an average of 5.12 q/ha. Extension gap between demonstrated plots and local check was found with an 
average of 1.33 q/ha. The maximum average net returns (Rs. 31190 ha-1) and benefit cost ratio (2.70) were recorded under 
demonstrated plots as compared to local check (Rs. 22603 ha-1 and 1.87 respectively). 
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Fisheries education has been in the informal domain longer than other agricultural sciences and even the formal education 
in the initial years was largely about imparting skills related to capture fisheries. In India, successful induced breeding of 
the Indian major carps by Chaudhuri and Alikunhi in 1957 marked an indelible milestone on the food-fish domestication 
map and today Indian aquaculture comprises of 37 finfish and 8 shrimp species, although some of these species are yet to 
be completely domesticated. 

After being established as a training centers in 1961 to train the officers of State Fisheries Departments and empowering 
them with the knowledge of the sector; the institute was conferred Deemed University status and became the first National 
Fisheries University offering Masters and Doctoral programs with a centralized entrance exam and the students community  
is representative of mini - India with perfect setting for a seat of higher learning and cultural exchange. The institute 
provided an ideal setting for overseas students from neighbouring countries viz. Nepal, Sri Lanka, Bangladesh, Vietnam, 
Nigeria, Eritrea, etc.; their number is increasing every year. Recent years have also witnessed increased participation of 
CIFE students in international events and this trend is best encouraged by forging new ties, MoUs, student exchange 
programs and sandwich degrees for which interaction provides an ideal opportunity.

Fisheries take the third position in the nation’s drive for self-sufficiency in food, and India’s most high value shrimp 
production systems are export oriented and need to be compliant to international standards. Inspecting compliance to the 
specific standards of every importing country is an emerging aspect of the Economy. There also exists the possibility of 
enhancing indigenous consumption of fish through better availability of processed frozen fish products and other ready to 
eat items in supermarkets. This too presents a scope for future entrepreneurs. Such lucrative opportunities of employment, 
self or otherwise, must be highlighted to attract talented and dynamic students to this sector. Success stories of alumni 
currently owning their own enterprises and interaction with them can be structured into the curriculum for retaining 
graduates in the sector. Further, more meaningful tie-ups with the Industry are the need of the hour for reorienting higher 
fisheries education.

With its eye on the future, CIFE has expanded its range of specializations and currently offers Masters and Doctoral 
degrees in 11 disciplines. Several of these specializations are being taught only as courses under a broader discipline, at 
almost all institutions of higher fisheries education across the world and the student might get an opportunity to delve 
deeper into these areas only during doctoral research. In addition, in several countries including India, faculty and students 
of the overarching discipline of Zoology are contributing significantly to basic research in fish taxonomy, biology and 
physiology. It would be particularly interesting to learn how various countries attract talent and promote entrepreneurship 
in the fisheries sector, and how they can shape their curricula to cater to job opportunities beyond their own borders. This 
would be a most desirable scenario for cultural exchange and closer ties among the countries, hopefully leading to a more 
peaceful, prosperous and sustainable economy in the region.



324

ANESTHETIC ACTIVITY OF ETHANOLIC EXTRACT OF Datura stramonium LEAF IN 
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The present study investigated the sedative effect of ethanolic extract of Datura stramonium leaf on freshwater fish in 
Cyprinus carpio. The study consisted of seven groups, including control with doses ranging from 0 (control group) and 
0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 ppm in treatment groups. The results manifested the statistical difference between various 
groups subjected to D. stramonium leaf extract (p<0.05). The treated fish were anaesthetized within 15.43 minutes and 
recovered in the short time of 14.30 minutes (p<0.05). The induction time tends to decrease in response to increase in 
the concentration of ethanolic extract of D. stramonium leaf (p<0.05). The findings of the present study displays that  
D. stramonium plant extract could be used as a natural sedative to fish as they are cheaper and have little hazardous effect 
on fish. The results suggest that ethanolic extract of D. stramonium @ 2-3ppm could be used as a sedative with negligible 
mortality in common carp (C. carpio). 
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The current study determined the nutritional parameters of selected species of edible marine molluscs viz., - Indian squid 
Uroteuthis duvaucelii, veined octopus Amphioctopus marginatus, neglected ocellate octopus Amphioctopus neglectus, 
spineless cuttlefish Sepiella inermis and edible oyster Crassostrea  madrasensis from the Arabian Sea and estuarine systems 
of the south-west coast of India. The selected species demonstrated balanced essential to non-essential amino acids ratio 
(1.04-1.52). U. duvaucelii exhibited greater quantities of sulfur comprising amino acids (0.102 g 100 g-1 wet weight) and 
lysine (1.566 g 100 g-1). Among polyunsaturated fatty acids (PUFAs), eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) were found to be prominent in edible portion of the molluscs studied (7.6-10.3 and 8.7-17.4% respectively).  
A. neglectus exhibited significantly greater n-3/n-6 PUFA (~7, p<0.05) than other molluscs. Lower thrombogenicity and 
atherogenicity indices (<0.45 and <0.85, respectively) make the mollusc studied during the present investigation valuable 
food items for cardio-protection and anti-platelet aggregation. Higher content of vitamin D3 (489 IU) and vitamin K1 (1.84 
µg 100 g-1) in C. madrasensis signified their importance in preventing osteoporosis. The results reveal that these species 
are good sources of essential elements and toxic metals were below threshold limits of recommended standards for human 
consumption.
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In this study, the waste water from different industry is been treated by the algae (Chlorella vulgaris, Anabaena 
subcylindrica, Anabaena ambigua). The waste water is been primarily treated from the industries. In this waste water, the 
main problem is to treat the chemical oxygen demand and the biological oxygen demand. The algae were used to reduce 
the COD, BOC, nitrogen and phosphate concentration level in the industrial wastewaters. Initially algae are grown in the 
conical flask containing BBD medium and the Fog medium. Then it is transferred in the reactor. Using these algae biomass 
concentration was screened, and the biomass concentration growth curve was obtained. The growth kinetics based on the 
growth curve of the three algae was determined using Gompertz model. Specific growth rate and the biomass productivity 
was also determined and compared with each other. Maximum biomass productivity was obtained in Chlorella vulgaris. 
As the algae contain high lipid content it grows  rapidly in the bubble column photo bioreactor.

PROFITABLE SHRIMP FARMING: NEED FOR COST EFFECTIVE MEASURE

Dr.Santhanakrishnan

S.K. Marine Technologies Pvt. Ltd.
Chennai
skmaritech@gmail.com

Shrimp aquaculture has a major role in economic development by providing an alternative source of income to the 
farmers. Shrimp culture practices have gained attention for its food supply and became a major contributor towards foreign 
exchange earner. With this fact, many countries have given a higher priority for the shrimp farming industry. The demand 
for shrimp in the various international markets has been increased with positive signs and gave significant revenue. The 
increased demand for shrimp and shrimp products with over- exploitation leads to the generation of a wide gap between the 
demand and supply which in turn enhanced the possibility to explore other avenues for increasing the shrimp production. 
In India, the suitable brackish water area for shrimp culture is approx. 11.91 lakh ha. which has spread over 10 states and 
a union territory. Around 1.356 lakh ha area is currently under shrimp farming which signifies the increased scope for the 
entrepreneurs to venture into the field of shrimp farming. 
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Sustainable Aquaculture is critical at this juncture when India is expanding in to culturing many species using different 
aquaculture systems in different production levels. Sustainability of aquaculture system depends upon the species, site, 
type, levels and integrations. Sustainable aquaculture refers to practicing aquaculture in the most responsible manner 
preserving the natural resources, protecting the environment, applying the right technologies efficiently with economic 
viability and social acceptance. 

An aquatic system can be termed sustainable if all the adverse changes created to the system in the process of the culture 
activity can be nullified by proper removal /treatment process using appropriate advanced aquaculture systems. The 
different types of waste created in the aquatic system are 
 1. Settled solids of uneaten feed, faeces, decayed algae and other organic matter 
 2. Suspended Particles of uneaten feed and faeces
 3. Change in water chemistry due to production of Total Ammoniacal Nitrogen, addition of Co2, reduction of dissolve 

oxygen, dissolution of nutrients (Protein, fat, oil, vitamin and minerals, etc) from the feed in to the water 

These changes if left untreated and drained as such in to the natural ecosystem will definitely alter the biological carrying 
capacity of the open water bodies and this practice if continued by all the aquaculturists adjoining the water body, the water 
quality detioration will be faster and will ultimately make the waterbody unsuitable for the activity, especially in enclosed 
water bodies where the natural restoration rate is far below the pollution rate. 

So, it is very much required that all the aquaculture systems must adopt suitable innovative technologies as below to 
achieve sustainability in aquaculture production systems 
 I. Installation of Effluent Treatment System for the outdoor open aquaculture system 
 II. Constructed wetlands in the case of freshwater aquaculture 
 III. Recirculating Aquaculture Systems for the closed outdoor pond culture / closed outdoor raceway culture.  
 IV. Indoor Recirculation Aquaculture Systems for intensive and super intensive production of high value species. 
 
This paper will explain the design process of the components of the above-mentioned system by adopting suitable aquaculture 
engineering measures to achieve aquaculture activity with efficient production, economic operation and maintenance. 
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Cage farming of fishes is a promising enterprise in open waters. Asian countries are concentrating in this farming method 
than other parts of the world. It is carried out in freshwater, brackishwater, as well as marine inshore areas. Now-a-days, 
cage culture is seen as an alternative livelihood for persons displaced by the construction of reservoirs. Cage culture 
is helpful in all sorts of aquaculture activities like, fry to fingerling production, fingerling to table size, or table size to 
marketable size production. This is an enclosed space that maintains free exchange of water with the surrounding water 
body. Although the cage farming of fishes assures production and profit, the capital investment in terms of cages and often 
make the farmers to rethink their investment. Therefore, low cost cages are thought to provide an answer to the increasing 
capital cost in the cage culture. The aim of the present study is to develop low cost cages that can be sued in the open waters.

Cage farming was done in iron frame cages in the reservoir of the FCRI, Thoothukudi, Catla was stocked at the rate of 
0.5 kg/m3 and for Common carp it was 0.3 kg/m3. Cages were fabricated using iron frames with 3 basic designs and the 
details are given in Table 1. The iron frames were coated with an anti-corrosive paint to prevent rusting of the frame. Poly 
Propylene net screen was used. In all the cages an opening was provided in the upper part to stock and remove the fishes. 
Knotless nets and nylon screens have been used in the cages

Cages were fixed in bamboo rafts and PP drums were fixed for floating. Each large raft is made with 8 drum buoys and the 
smaller one was fitted with 4 drum buoys. The rafts were checked for their ruggedness, floatation and stability in the water. 
The rafts were also moored in the water and their worth for the currents in the water was also checked before installing the 
cages.

Wet balls were made with Ground Nut Oil cake, Rice bran, Wheat bran and Spirulina mix were sun dried and supplied to 
the fishes in the cages. The bio-growth parameters were assessed once in fortnight and the details are presented in Table 2.

From the present study it was found that, knot less nets of 10 mm are more suitable for the cages than knot nets that 
may cause the damages to the fishes. Square iron rods of 8mm size are stronger and durable in cages than 10mm MS rod 
frame as the later can be easily damaged by the water current. The cage farming operations have proved worthy with the 
production of minimum 4 kg/m3 water space with a very moderate stocking density of 0.5 kg/m3 which can be scaled up 
by increasing stocking density.
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The present study was carried out in the fishing grounds off Mangalore coast. The observations made on a total of 2748 
Rastrelliger kanagurta individuals ranging in size from 9 to 29 cm total length (TL) comprising 1442 male and 1306 female. 
Fortnightly samples were collected from Mangalore fish landing centre during the period from September 2014 to March 
2016. Qualitative and quantitative analysis were carried out to study the food and feeding habits of R. kanagurta. In the gut 
content of R. kanagurta approximately 19.59% phytoplankton, 55.82% zooplankton, 6.02% algae, 6.41% semi-digested 
and 12.17% miscellaneous items were recorded. Zooplankton was the most dominant in all the size groups ranging from 
56.94% (9-11cm) to 66.98% (27-29cm). The feeding intensity was higher during November to March but poor feeding was 
recorded during September to October. From the results it was clear that the poor feeding was noticed during spawning 
season i.e. monsoon period. Feeding intensity was found to be good in immature fishes, while in maturing intensive was 
observed and when matures, feeding was poor and feeding may be restricted during spawning season. 

FACTORS DRIVING AQUACULTURE TECHNOLOGY ADOPTION

Ganesh Kumar

Thad Cochran National Warmwater Aquaculture Center, Delta Research and Extension Center
Mississippi State University, PO Box 197, Stoneville, Mississippi 38776, USA

Technology adoption has played a key role in the global development and increase in agricultural productivity. However, the 
decision to adopt a new technology on farms is complex. While the factors that drive the adoption of new technologies have 
been well studied in agriculture, less attention has been paid to drivers of technology adoption in aquaculture. Aquacultural 
technologies have developed and advanced rapidly in recent decades, but not all technologies have been adopted readily 
by farmers. This review paper summarizes some of the critical factors that influence aquaculture technology adoption 
decisions such as: (1) method of information transfer, (2) characteristics of the technology, (3) farm characteristics, (4) 
economic factors, and (5) sociodemographic and institutional factors. Fish farmers have tended to adopt technologies that 
are perceived to be more advantageous than others in terms of productivity, cost efficiency, and ease of management. Price 
of aquaculture products and profit expectations from business ventures were key economic factors influencing adoption 
decisions. Given the wide array of species, production practices, and global nature of aquaculture, the intensity and the 
extent of adoption of technologies depend on the nature of the industry in which they are adopted and their economic, 
social, political, and regulatory environments.
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Careful management is essential for the success of any aquaculture business. Developing a structured business plan is 
vital towards achieving this goal. A business plan begins with the development of specific short- and long-term goals for 
the business. It is the future of the business on paper which tests dreams against expected challenges and opportunities. 
Essential components of sound business plan will include 1) description of the proposed business and production practice, 
2) marketing plan, 3) financial analysis, and 4) resume of borrower for the lending institutions. The owner/manager should 
take time each year to do a careful assessment of the past year’s performance, determine which goals were achieved, and 
identify the factors that contributed to the accomplishments and deficiencies of the business, while laying out new goals 
for the upcoming year. While financial management is a complex topic, a sound business plan will provide the financial 
position of the business. Careful monitoring and assessment of business goals throughout the year will maximize the 
chances of the business being successful.

BLOOD GLUCOSE LEVELS IN AN INDIAN MAJOR CARP: CONSIDERATIONS OF 
ANESTHETIZATION AND FASTING IN SAMPLING PROTOCOL

Munish Kumar1*, Gyandeep Gupta3* and Tincy Varghese2**
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Versova - 400 061, Mumbai, India
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**Corresponding author; Tincy Varghese
Scientist, Fish Nutrition Biochemistry & Physiology Division, ICAR- Central Institute of Fisheries Education
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Phone: 8848077546
Email; 4tincy@gmail.com

Glucose plays a key role as energy source in the majority of mammals including fish. Glucose is the most sensitive indices 
of the stress state of an organism. Its high concentration in blood is indicate that the fish is in stress and intensively using 
energy reserves i. e. glycogen in liver and muscle. An experiment was conducted to evaluate the effect of feeding and 
anesthetization on the glucose level of Labeo rohita fingerlings (average weight 8.0 ± 0.20 g).   After feeding, blood 
samples were collected at different time interval such as 0, 2, 4, 8, 12, 16, 20 and 24 hr from feeding without anaesthesia 
and feeding with anaesthesia groups respectively. Blood glucose level was immediately analysed by using Glucometer (Dr 
Morepen Glucose Monitor BG-0). Glucose level reach to maximum after 8 hr of feeding and decreased towards 12 hr to 
the normal levels in both groups. After 24 hr of starvation the glucose level reaches to normal value. The 24 hr starvation is 
sufficient for any sampling procedure. Feeding have significant effect on glucose level respective to anesthetization. Clove 
oil is best anaesthesia did not affect significantly glucose level. Thus anaesthesia method could be used for experiment 
requirement glucose level.
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Marine Polychaete Worms, both wildly collected and farmed are used as live bait for fishing and majorly as live broodstock 
feed in Shrimp hatcheries. In this study naturally collected polychaete worms were freeze dried and added as an ingredient 
in formulated shrimp broodstock diet. The experiment was carried out for fourty five days. Ten L.vannamei brooders of 
which five males and five males were made into a batch. Four such batches were stocked in individual tanks and fed with 
four different types of pellet diet,  with six time feed intervals in a day. Feed is formulated using base ingredient as 30%, 
60% and 100%  freeze dried polychaete meal replacing proportionate quantity of fish meal. Growth characteristics, feed 
acceptability and FCR were tested and the experiment shown that the feed formulated with 60% of polychaete meal has 
shown a better growth rate compared to other formulations.
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Cronobacter sakazakii, an emerging food borne opportunistic pathogen that can survive in very dry environment. Although 
Cronobacter sakazakii has been a health significant in infant food products and there is a paucity of such studies in 
fisheries sector. The present study was aimed at determining the prevalence of Cronobacter sakazakii in fish and fishery 
products, molecular confirmation and characterizing the pathogen for its antibiotic resistance pattern with special reference 
to determining of epidemiological cut-off. 104 fresh /dry seafood samples which comprise of fish, including shellfish, 
mollusks, water and ice from retail markets, fishing landing centers, supermarkets of Ernakulum district, Kerala were 
screened. The prevalence of Cronobacter sakazakii is 8.6% and nine isolates were confirmed biochemically for Catalase & 
MGP (methyl-alpha-D-glucopyranoside), Oxidase reactions. Molecular confirmation was performed using PCR targeting 
C. sakazakii three genes (SAKA), (CRONO) and (ESS) producing amplicon size of 952bp, 199bp and 469bp respectively. 
Identified 9 C. sakazakii were tested for antibiotic sensitivity by disc diffusion method with an array of 20 antibiotics 
and determined epidemiological cut-off Antibiotic sensitivity test revealed that 66.6% of the isolates were multiple drugs 
resistant with resistance to carbapenams and 3rd &4th generation cephalosporins which need further confirmation either 
quantitatively or molecularly. The order of antibiotic resistance observed in this study were Imipenam & Cefpodoxime 
(88.9%) < Nitrofurantoin (77.8%) < Cefoxitin (44.4%) < (Aztreonam, Ceftazidime, Ceftriaxone, Colistin, & Moxifloxacin) 
at 22.2% followed by Levofloxacin & Co-trimoxazole at 11.1%. The study also revealed all the C. sakazakii was sensitive 
to Aminoglycosides & quinolones. The findings receives a special attention that the first report of C. sakazakii in the fish 
and fishery products in India and possible presence of ESBL production including carbapenamase producers. 
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A study evaluating water quality and nutrient dynamics in inland saline water was carried out using biofloc technology 
with different C/N ratios employed to raise Litopenaeus vannamei juveniles. The ionic composition of the water prior to 
experiment initiation were analysed and fortified with Potassium Chloride (KCl) and Magnesium Chloride (MgCl2). The 
study was carried out for 60 days in FRP with no water exchange. The 18 FRP circular tanks (500L) with one control C (clear 
water) and five treatments (with different C/N ratios) T1 (10:1), T2 (15:1), T3 (20:1) and T4 (25:1) were filled with fortified 
15 ppt inland ground saline waters. Input C/N ratios were calculated based on the carbon nitrogen contents of the feed and 
the carbon content of the Rice bran. The nitrogen content of feed estimated by the Kjeldahl method and accordingly each 
gram of feed, carbon source as Rice bran added into each treatment tank for maintain the C/N ratio. Salinity, temperature, 
Dissolved oxygen, pH, nutrients, Biofloc Volume and Total Suspended Solids were monitored. All biofloc units indicated 
reduction in alkalinity at 40th day except the treatment with highest (25:1) C/N ratio, pH and alkalinity was not significant 
different among various treatments. Dissolved Oxygen was found to be significantly decreasing with increasing C/N ratios. 
The least Dissolved Oxygen was recorded at higher C/N ratios of 20:1 and 25:1 at the end of experiment. The Total 
Ammonical Nitrogen (TAN) and NO2–N in C/N ratios 15:1 and 20:1 were found to have a significantly decreasing in trend 
after 20th  and 18th day respectively. The NO3–N,PO4

3-–P ,BVF and TSS in biofloc were shown an increasing trend in all the 
experiments. The present study elucidates the suitability of optimum C/N ratios in biofloc for maintaining the water quality 
to raise L. vannamei in inland ground saline water. The finding could help in reducing the environmental concern saline 
waste water discharge from the shrimp pond to the land.
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Vibriosis is a major challenge in shrimp hatcheries and often associated with 100% mortality in mysis and early postlarval 
stages of penaeid shrimp. It is also a major pathogen of marine and brackishwater finfish culture. Vibrio harveyi has been 
implicated as a primary causative agent of vibriosis in shrimp hatchery. In recent times, several closely related species such 
as V. campbellii, V. owensii, V. jasicida, V. rotiferianus etc. have also been frequently associated with vibriosis. These species 
share high level sequence similarity in 16S rRNA gene and DNA-DNA homology and hence kept together as the part of 
Vibrio harveyi clade. V. harveyi represents the most characterized species under the harveyi clade. Several virulence factors 
such as chitinase, hemolysin, serineprotease, metalloprotease, quorum sensing, lysogenic bacteriophages etc. have been 
described as pathogenic determinants. However, the virulence of V. harveyi is still an enigma. Further, little information is 
available regarding the virulence of other species. Hence, to understand the virulence of harveyi clade species, a pangenome 
analysis comprising 60 genomes; V. harveyi (23), V. campbellii (14), V. owensii (9), V. jasicida (6), V. rotiferianus (4) and 
V. natriegens (4 isolates) was carried out using Roary pipeline. These genomes were further analyzed for toxins, secretion 
systems and quorum sensing using bioinformatic tools such as standalone BLAST and T346Hunter. The study revealed 
that harveyi clade has 1710 core genes (present in all isolates) against the pangenome size of 29,411 genes. Further, 23,001 
genes were present in less than 15% isolates. The core gene based phylogeny revealed that the six species belonged to 
six separate clusters. However, six isolates of V. harveyi have been reclassified as V. campbellii (KC13.17.5), V. owensii 
(CUB2, 1DA3) and V. jasicida (BSW5, BSW7 and MOR3). Three parallel quorum sensing systems have been reported in 
V. harveyi. This includes luxM based AI-1, luxS based AI-2 and cqsA based cholera autoinducer 1. Bioinformatic analysis 
revealed that all the three systems were present in V. harveyi, V. campbellii, V. jasicida and V. owensii. However, luxM 
system was absent in V. natriegens and V. rotiferianus. Among the six types of secretion systems, the T1SS and T2SS 
were present in all the isolates of Harveyi clade, irrespective of species and their virulence behavior. However, the T3SS 
and T6SS showed species specific and T4SS strain specific pattern. Apart from these several novel effector toxins were 
characterized and their importance in virulence of harveyi clade species is under further investigation. The present study 
signified that secretion systems could be playing a significant role in deciding the virulence pattern of harveyi clade species.   
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Aquaculture boom has taken place across the globe including India, however, it is only just beginning and there is strong 
reason for this development. With an estimated population of 9 billion by 2050, the world is likely to face a global shortage 
of animal protein. Since aquaculture has already demonstrated a more efficient feed conversion and lower carbon footprint 
than that of livestock, it is becoming imperative that we prioritize efforts to invest in expansion of aquaculture research, 
human resources development and commercialization today to meet the nutritional needs of the future.

Sustainable aquaculture development will also help in enhancing food and nutritional security, creating employment, 
alleviating poverty and inclusive economic growth. It can be an important complement to other food production systems. 
Its role has also become increasingly important as the yields from inland and ocean fisheries having reached or exceeded 
maximum sustainable yields over the past 25 years throughout the world while the demand for aquatic products continues 
to rise. With the right partners, stakeholders, technologies and responsible practice aquaculture can deliver its potential to 
transform lives and feed the planet. 

In order to avail emerging opportunities and to push the momentum of aquaculture, we need to get prepared to provide 
adequate number of adequately qualified and skilled professionals required at different levels. To commensurate with the 
future course of development the sector needs specialised professionals at various levels including sectoral management 
(policy, planning and governance), research, professional education, extension, training, industries, marketing, exports, etc. 
While projecting our human resources development requirements, often we have underestimated the needs at production 
unit level, community and ecosystem levels, floor supervision level, marketing and other important links along the entire 
fish value chain. Managers are generally not able to perform all the tasks required at all levels and facilities. Envisaged 
growth in aquaculture and fisheries sector would require a huge number of para fisheries professionals or technicians of 
various categories. Aquaculture technicians perform the daily tasks and go by various job titles, farm managers, hatchery 
managers, RAS unit managers, breeding technicians, live fish food production technicians, etc., are typical examples.

Public-funded fisheries extension services have been often blamed as poor and responsible for the slow pace of aquaculture 
development in India. An study revealed that 90% of aqua farmers depend on private extension sources for information. 
The main reason for this poor state of extension is the absence of para fisheries extension personnel which is critical for 
strengthening the link between a large number of small or family farms and the department of fisheries led extension services. 
A lot of work related to technology transfer, organising farmers and facilitation of farmers’ organizations, mainstreaming 
concept of sustainability and responsible fisheries and aquaculture  across the farming / fishing communities are expected 
to be provided by such field level technicians. 

One of the greatest challenge in the rapidly growing aquaculture field is to determine the diverse technical skills and 
services needed in para fisheries workforce, the education necessary to ensure these skills, what educational and training 
programmes currently exist and what education refinements are needed to expand the workforce and produce deliverable 
services. The irony is that on one side we have failed to highlight the need for such informed and skilled para fisheries 
professionals and their services while on the other we tried their jobs to be done by professional graduates and post-
graduates who are not educated, trained and oriented for the purpose.  Based on the preliminary assessment the paper 
outlines the need for various fisheries para workers / technicians and their services to harness the growth potential of 
aquaculture and fisheries sector. 

1  
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Flavobacterium columnare causing columnaris disease is an important freshwater fish pathogen worldwide. Saprolegnia 
ferax is generally considered as opportunistic pathogen and affects many wild and cultured fish. The present study 
describes the concurrent infection of F. columnare and S. ferax in Piaractus brachypomus, popularly known as pacu in 
India. During early winter, mortality was observed in cultured pacu. For investigating the disease, moribund pacu showing 
typical clinical signs, including namely erosion of fins, prominent discoloration of gills, and cotton-like growth on body 
surface were collected. The long bacterial rods were observed in gill squash preparation, whereas, wet mount of skin 
revealed aseptate hyphae. Histologically, extensive necrotic changes and loss of architecture of gill filaments, detachment 
of epithelial cells and loss of cartilaginous tissue with haemorrhages were observed in adjacent filaments. Importantly, 
an amplicon of 1193 bp was amplified in gills using F. columnare species-specific primers (FvpF1/FvpR1), suggesting 
infection with F. columnare. The sequencing of PCR amplicon revealed that F. columnare belongs to genomovar group 
II. Additionally, oomycete was isolated from the skin lesions, followed by ampification using primers ITS1/ITS4 and 
sequencing of amplicon of ITS region identified the oomycete as S. ferax. To our knowledge, this is the first report of 
coinfection of F. columnare and S. ferax in cultured pacu. 
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revealed aseptate hyphae. Histologically, extensive necrotic changes and loss of architecture of gill filaments, detachment 
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Gene silencing by RNA interference (RNAi) is a widely used approach for target-specific knockdown of gene expression. 
RNAi has become a powerful research tool in gene function studies nowadays. The basic aim in this study was to construct 
a novel shRNA construct which is named pSh-IRAK4 for the purpose of studying IRAK4 gene silencing effect and its 
response generated on the immune mechanism of Penaeus monodon. 

The target region of IRAK4 gene was selected and its sense and antisense strands were synthesized and were cloned in 
pSUPER vector (Fig.1). Its transcript can form a short hairpin RNA (shRNA) with inverted, repeated sequence separated 
by a short loop sequence. The shRNA then was processed into functional siRNA to degrade target IRAK4 mRNA and 
silence its expression. This recombinant construct was identified by enzyme digestion (Fig.2) and DNA sequencing. 

The recombinant vector inhibited transcription of the IRAK4 gene. Quantitative real-time PCR analysis revealed that pSh-
IRAK4 construct suppressed IRAK4 mRNA production to more than 80% of that in the control cells (Fig.3). Selection of 
an effective target sequence is the key point of RNA interference. On the basis of these results, we selected IRAK4 which 
is an essential factor for TLR-mediated activation of the host’s immune functions subsequent to the pathogen contact. 

Our result support that sequences designed and cloned efficiently into pSUPER vector could be used to reduce the expression 
of the target gene. Thus, this study could be projected to set benchmark on role of IRAK4 in shrimp immune system and 
could also help in developing strategy for disease defence in shrimp. 
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Cage culture is an emerging area of employment for people living in the vicinity of the reservoirs. In Jharkhand, cage 
culture was started by the Department of Fisheries (DoF), in 2011 under the scheme of National Mission for Protein 
Supplements (NMPS) under Rashtriya Krishi Vikas Yojana (RKVY) with an objective of utilizing large water bodies for 
fish culture, creating employment opportunities and improving socio-economic status of the targeted group. This study was 
done with an objective to analyse how cage culture in reservoirs in Jharkhand has led to emergence of new employment 
opportunities. It was reported that cage culture is practiced in 17 districts of the state in 25 reservoirs amongst which major 
are Chandil, Maithan, Patratu, Tillaiya, Tenughat, Konar, Hatia and Kanke reservoirs. Chandil reservoir was selected for 
the study because it is the largest reservoir of the state and maximum number of cages have been installed in this reservoir. 
Interview schedule was used to collect information from 120 members of the Chandil reservoir fisheries cooperative society 
‘Chandil Bandh Visthapit Matsyajivi Swavlambi Sahkari Samiti’ and ‘Mahisada Dhiwar Sahkari Samiti’. Chandil reservoir 
is situated at Sarikela-Kharsawan district of Jharkhand and is spread in four blocks i.e., Chandil, Ichagarh, Nimdih and 
Kukru. The total area of the reservoir is 18,000 hectare in which around 1,174 cages are installed with a size of 6x4x4 m. 
Species cultured are Pangasius, Tilapia and Carps. Main source of fish seed is from Naiyahati, West Bengal. Under best 
management practice average fish production from each cage is 3.5-4.5 tonnes per year and has been showing an increasing 
trend since 2011. It was reported by the members, that cage culture has created employment for about 400 people. Average 
monthly income of the members was reported to be Rs. 6,700. Cleaning of cage nets of cage is done fortnightly. Feeding 
is done twice a day based on the body weight of the stocked fish. A small feed mill is established in Chandil which can 
produce around 2 tonne feed per day. Marketing of fish is done by members of cooperative society and sold to local markets 
and transported to other cities such as Jamshedpur, Ranchi, and to nearby states such as Bihar and Uttar Pradesh. In addition 
to the members of the cooperative society, who do fish farming, cage culture have created employment opportunity in other 
ancillary activities. One of these activities is cage fabrication, where about 5 people are required and with 1,174 cages 
installed in Chandil reservoir, cage fabrication has emerged as a good employment opportunity. In addition, feed mill, 
feed manufacturing, transportation, fish selling also creates employment opportunity. About 50 people have also opened 
small snack/food shops nearby. It was reported that directly and indirectly, cage culture in Chandil reservoir is providing 
employment to a total of 400 people. It is important to note that the area of the Chandil reservoir is 18,000 ha and cages are 
installed in less than 1% area of the reservoir. Cage culture has created new employment opportunities also to the people 
whose livelihoods were displaced due to the reservoir construction. As per reports of DoF, there are 4,122 cages installed in 
different reservoirs of the state which has created employment for more than 2,000 people. Thus, it can be concluded that 
cage culture in reservoirs has emerged as a new employment opportunity for people in Jharkhand.
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Argulosis is currently one among the serious health issues in aquaculture worldwide, cause significant fish health problem 
and economic loss. Various chemotherapeutics and phytotherapeutics has been used successfully to treat the adult stage 
of Argulus sp. however, no detailed study have been conducted to treat the different larval stages of the parasite. Since 
the parasite is prolific breeder, treating its larval stages could bring significant reduction of Argulus from the aquaculture 
system. In this aspect the present study was carried out to evaluate the antiparasitic efficacy (AE) of ethanol and methanol 
extract of neem (Azadirachta indica) leaf on hatchability of eggs, copepodid and adult stages of Argulus japonicus under in 
vitro condition. The eggs and copepodid stages were exposed to ethanol and methanol extract of neem leaf at concentration 
of 1.0 to 1.5 g L-1 for the duration of 15 days and 6 h respectively. The adult A. japonicus were exposed to various 
concentrations ranging from 1.0 to 2.0 g L-1of ethanol and methanol extract for 6 h. The control group containing 2 % 
DMSO was maintained for all the life stages of A. japonicus during each of the experiment. The results showed a significant 
reduction in cumulative hatching percentage of A. japonicus eggs exposed to ethanolic (8-13 %) and methanolic (12-17 
%) extract of neem leaf at the concentration of 1.5 g L-1 in comparison to control group (50-73 %). The AE of ethanolic 
and methanolic extract of neem leaf against copepodid stage was found to be 100 % and 91.66 % respectively on 6 h at 
1.5 g L-1. Further significant lower median effective concentration (EC50) was observed for ethanolic extract (0.92 g L-1) 
in comparison to methanolic extract (1.11 g L-1) for copepodid stage. The AE of ethanolic and methanol extract against 
adult A. japonicus was found to be 100 % and 75 % at 2.0 g L-1 in 6 h with EC50 of 1.056, 1.554 g L-1 respectively. The  
histological study of treated eggs and copepodid stage with ethanolic extract of neem leaf at 1.5 g L-1 showed deformed 
embryo development with undifferentiated mass of cells inside the eggs whereas, in copepodid stages, severe degenerative 
changes in gills (branchial region) and damage in the eye cells were observed. In the present study, ethanolic extract of 
neem leaf was found to be more effective against all the life stages of A. japonicus in comparison to methanolic extract. 
Therefore, the results obtained in this study shows the potential of ethanolic extract neem leaf against A. japonicus under in 
vitro condition; and this may warrant further in vivo research to evaluate the efficacy of the extract under farming condition. 



340

INFLUENCE OF CAGE CULTURE ON PHYTOPLANKTON COMMUNITY STRUCTURE 
AND ABUNDANCE IN A TROPICAL RESERVOIR, INDIA

S. Kumari*, G. Karnatak, Mishal P., T. Tayung, Y. Ali, B. Naskar, A. K. Das, U. K. Sarkar and B. K. Das

ICAR-Central Inland Fisheries Research Institute, Barrackpore-700120
sumankumari.icar11@gmail.com

The cage culture of planktivorous fish is influenced by natural productivity at culture site. The nutrient input to the system 
through feed and fecal matter influences the phytoplankton density and composition. The optimum utilization of available 
natural food would help in better feed utilization and thereby profitability of culture. In this connection, we investigated 
the impact of cage culture of Labeo bata on the phytoplankton community structure and abundance in Maithon reservoir, 
Jharkhand. Monthly samples were collected at cage site, 50meter away from cage site and 100meter away from cagesite 
during May, 2018 to November, 2018. A total of 59 species and 28 genera belonging to four groups (Bacillariophyceae, 
Chlorophyceae, Cyanophyceae, and Dinophyceae) were recorded during the study. Filamentous algae Oscillatoria sp. 
and Lyngbya sp. and colonial algae Microcystis sp. of Cynophyceae group were dominant throughout the study period. 
Phytoplankton abundance and Shannon wiener diversity index was significantly higher inside the fish cages during summer. 
Significant differences were also observed in total Phytoplankton and Cyanophyceae abundance (p<0.001). There were no 
significant differences in the spatial phytoplankton composition and diversity. Community structure analysis indicated that 
seasonal changes rather than cage farming mostly determined phytoplankton composition at site.
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In the present investigation, effect of manuring on growth 
and survival of Indian major carp juveniles was studied 
by considering optimum water quality parameters. For 
the experiment, four ponds from two different places 
(Khairbanakala and Bodla) of Kabirdham district with an area 
of 0.0483 ha were selected. The experiment was conducted 
for a period of one month. In the experiment, control ponds 
(T0) was kept without manuring and provided with daily 
ration (rice bran, groundnut oil cake) at 8% of body weight 
showed less survival (63%) and growth rate (2.0 g) while the 
treatment ponds (T1) were fertilized with cow dung (200 kg), 
single super phosphate (250 g), urea (1 kg) showed higher net 
growth rate (2.2 g) and survival rate (73%) of fish juveniles 
with same daily ration. The physiochemical parameters of 
control ponds evaluated showed lesser dissolved oxygen 
level (4.14±0.13 mg/L) and conductivity (0.18±0.16 m mho) 
while the parameters from fertilized ponds showed acceptable 
levels with saturated oxygen level at (5.65±0.78 mg/L), slight 
alkaline pH (7.7±1.2) and optimum conductivity (0.25±0.41 m 
mho). The plankton concentration was comparatively higher 
in fertilized ponds (144.54±12.78 indi./mL) compared with 
control (92.14±10.71 indi./mL). The major phytoplankton 
included Eiglina, Spirulina, Spirogyra, Chlorella and Volveox 
while the zooplankton group included Cyclops, Copepods, 
Rotifers and Diaptomus. The results concluded that 
fertilization of juvenile rearing ponds with optimum dosages 
played important role in providing nutritious natural diet. The 
aim of the study has been fulfilled and the methodology can 
be adopted by small fish farmers to reduce huge loss during 
earlier fish developments.
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Aquariculture  is recognized not only  as an alternative livelihood option of rural and urban communities  but also production 
of  low volume high value export trade commodities.  Many reef systems are endowed with bright multi coloured export 
oriented ornamental fishes in India. Despite the enormous species availability, ornamental fish culture is not flourished in 
India due to various hindrance factors when compared to South East Asian countries. The  trade of marine ornamentals 
has been expanding in recent years and has grown into a multimillion dollar enterprises mainly due to the emergence 
of   improvised breeding technologies, setting and maintenance of miniature reef aquaria,  modern aquarium gadgets, 
and  aquarium fish keeping has also  become the second most  popular hobby in the world. However, India’s contribution 
is  negligible, more than 90 % marine ornamental fishes are still collected from the wild during the  last three decades. 
Many ecosystems are also deteriorated due to illegal collection practices, global warming, etc. Even though the seeds 
are available in the nature, collection in large quantity in right time is a problem, and overdependence may also lead to 
depletion of the stock in the long run. In order to escalate marine ornamental fish production for this  multi stakeholder 
industry, series of issues to be addressed in the fields of collection, rearing under controlled conditions, wholesalers, 
transhippers, retailers, hobbyists, researchers, government resource managers and conservators, policies, etc. Among these, 
breeding and seed production under controlled conditions are the top most part which involve Collection and transportation 
of fishes, pairing,   broodstock management and  development, breeding system  setup and  management, provision of 
substrate for egg deposition (in the case of  attached eggs), feed formulation and broodstock feeding and  feeding schedule,  
induced spawning through hormonal and manipulation of environment cues and social structure or natural spawning, 
incubation  of eggs , parental care and management of parameters. morphology and embryology of eggs, egg hatching and 
larval collection  and handling techniques, tank set up for larval rearing, Larval rearing, nursery rearing, growout culture 
and  quarantine. Apart from these, allied sections to substantiate larval rearing are micro algae stock and mass culture, 
Zooplankton stock and mass culture  (rotifers, copepod and cladoceran), zooplankton harvesting and handling, artemia 
cyst hatching  and harvesting and live zooplankton bio enrichments.  In addition to these, harvest of juveniles, packing 
and transportation are need to be conducted  for trade and other purposes. In these backdrop, many private, public and 
government research organisations like  CMFRI have  initiated breeding and seed production which is the sole alternative 
solution for livelihood option as well as  ecosystem conservation through sea ranching. Effort made by CMFRI in this line 
has resulted in the development of breeding technologies for more than 22 species of marine ornamental fishes,  and  many 
other ornament species are in progressing in the hatchery of CMFRI . 
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Fish farming in Recycling Aquaculture Systems (RAS) requires control and management of the culture environment itself, 
in addition to posing the whole spectrum of challenges of farming a fish stock and keeping it healthy. RAS culture is 
therefore inherently more technically complicated than open culture systems. Whether farming robust, low-cost species 
from a food security perspective, or sensitive, high-value species for a highly paying niche market, the risks of failure 
and unwanted environmental and epidemiological issues need to be managed with care when RAS culture is brought to 
industrial scale.

In Norway during the last decade, using the highly sensitive Atlantic salmon as focal species, a robust and innovative 
system for intensive RAS culture has been developed. Central to this concept is the use of Independent Production Units, 
where each grow-out tank is a stand-alone RAS system with minimal connectivity with one another. The benefits of this 
approach include reduced investments, the ability to develop projects in stages without excessive up-front investments, 
and, importantly, allowing capacity building among key personnel at an early stage so that projects do not grow out of 
hand. The high degree of isolation among IPUs reduces the potential fall-out of technical malfunctions and reduces risk 
of internal spread of infection. By offering a high degree of independence and spatial resolution of both input (effect)  
and output (response) data, the IPU approach is also preadapted to for effective utilization of data acquired for machine 
learning, both to automate real-time control of the sensitive culture environment and for resolving complex and time-
lagged influences on fish health and productivity. 

The move from research-funded, experimental scale culture to commercially viable, industrial scale aquaculture culture 
is a difficult and risky stage of aquaculture development, posing a major barrier for nations to nations make use of their 
domestic biodiversity and genetic resources. The compartmentalized technical- and disease risk, the flexible scaling 
options, and the built-in comparative science benefits of IPU based farm design may offer a comparably safe and fast track 
towards introducing new, demanding species to RAS culture, and farming familiar demanding species in new locations. 
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Aquaculture has been recognized as one of the major industry in the world, which provides not only economic income and 
high – quality food product, but also provides employment to hundreds of thousand skilled and unskilled workers. Due to 
intensive aquaculture there is an increase of disease in fish farms which leads to the use of antibiotics. Use of antimicrobial 
agents in aquaculture has resulted in the emergence of antimicrobial – resistant bacteria in fish and other aquatic animals 
and aquatic environment. Now –a – day’s enrofloxacin and ciprofloxacin which belongs to fluoroquinolone family has been 
recently used in ornamental fish farms for treating bacterial infections. However, it was banned to be used in food fish, 
their use as antibiotics continuous in ornamental fish farms. This study aims for monitoring enrofloxacin and ciprofloxacin 
residues in Gold fish by High Performance Thin Layer Chromatography. HPTLC has an advantage of economical and a 
simple analytical tool that can be used for the analysis of antibiotics in fish. 

Gold fish samples were collected from ornamental fish farms in Chennai region. The samples were stored in a deep freezer 
until it is further used. The muscle + skin were separated from fish and weighed. The samples were extracted as per the 
standard method of enrofloxacin and ciprofloxacin. All samples were examined for the presence of residues by microbial 
screening. The bacteria E.coli was the sensitive microorganism for enrofloxacin and ciprofloxacin which was used for 
microbial screening. Then the samples were detected and quantified by HPTLC.

Totally 260 gold fish samples were collected and extracted. Form that, 11 were positive for enrofloxacin and 12 were 
positive for ciprofloxacin. However the concentrations of antibiotic in the positive samples were below 60 ppb which is 
below the MRL set by EU. 
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The variability in the jaw morphology in relation to the hard prey crushing ability (durophagy) among fishes was studied by 
comparing the pharyngeal jaw microstructure of two durophagous teleosts and their non- durophagous relatives. The first 
pair comprised of members of order Anguilliformes (durophagous Gymnomuraena zebra, and piscivorous Muraenesox 
bagio) and the other, by the members of Order: Perciformes (durophagous Trachinotus blochii, and piscivorous Megalaspis 
cordyla). The Scanning electron micrographs showed long, strong , re-curved and bluntly pointed teeth in the 5th 
ceratobranchial (Lower pharyngeal jaw) of  G. zebra as the major durophagian adaptation over the  broad pharyngeal 
plate with numerous fine conical teeth in M. bagio. The durophagous T. blochii possessd blunt and robust molariform teeth 
in the broad pharyngeal plate attributed for its crushing ability in contrast with M. cordyla that showed both conical and 
small molariform teeth that unevenly distributed in the tooth plate. The histological sections of the pharyngeal tooth plates 
revealed thick dentine architecture with numerous porous spaces and very narrow pulp cavities in durophagous species 
as their major adaptation. The canonical discriminant function analysis for the pharyngeal jaw variables showed 99.6% 
and 99.2% of variability between durophagous and non-durophagous species pairs of Anguilliformes and Perciformes 
respectively. The maximum DFA coefficient was recorded for the lower pharyngeal jaw length between G. zebra and M. 
bagio (49.71)and Lower pharyngeal depth between T. blochii and  M. cordyla (46.03) and hence indicating the significance 
of these variables in discriminating the two species based on their feeding performances. The present study gives reasonable 
evidences of functional diversification of the secondary feeding apparatus (pharyngeal tooth plates) even among closely 
related fish species for advanced prey processing capabilities. 
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With the scarcity of freshwater in Saudi Arabia, mariculture 
production (such as in the Red sea) is considered an integral 
strategy to achieve the country’s future fish-food demand. 
In this research we tested the culture of Asian seabass Lates 
calcarifer, Sobaity seabream Sparidentex hasta and Gilthead 
seabream Sparus aurata using the hypersaline seawater from 
the Red sea to determine their growth performance, baseline 
FCR, and nutrient retention efficiency. For each experiment, 
the fish were cultured for 10 weeks in 1-ton capacity tanks with 
flow-through set-up (temperature: 27-28°C). Fish were cultured 
at a stocking density of 10 kg ton-1 to follow the stocking in 
commercial fish farms. The fish were fed to satiation with 
different commercial diets as treatments: 42% protein, 12% lipid 
(diet A); 44% protein, 13% lipid (diet B); 43%, 12% lipid (diet 
C). Our results showed that the daily growth rate (DGR) (diet 
A=7.2, diet B=6.6, diet C=6.3 g day-1) and FCR (diets A, B, C 
=1.5) of Asian seabass were not significantly different between 
treatments. For Gilthead seabream, the DGR was significantly 
higher in diet C (2.4 g day-1) as compared to diet B (2.1 g day-

1). Likewise, FCR was significantly lower in diet B (1.95) and 
C (2.0) as compared to diet A (2.2). For sobaity, DGR was not 
significantly different between treatments (diets A & B=3.3, 
diet C=3.2 g day-1). However, FCR was significantly lower in 
diet B (1.4) as compared to diets A (1.6) and C (1.6). Comparing 
the performance of the three fish species, our results suggest 
that Asian seabass is the most promising species for culture 
in the Red sea considering its highest growth rate and lowest 
FCR observed, followed by Sobaity.  The lowest performance 
was observed in Gilthead seabream. Furthermore, we also 
determined the temperature tolerance/ growth performance 
of these fish species cultured at different temperatures (24, 28 
and 32°C). The results will be presented during the conference, 
including the data on nutrient retention efficiency in the fish.
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GUT MICROBIATA AND HISTOPATHOLOGICAL CHANGES ASSOCIATED WITH WFD 
IN JUVENILES Litopenaeus vannamei AND THE MODULATING EFFECT OF A MULTI-
STRAINS YEAST FRACTION PRODUCT 

Eric Leclercq*a, Caroline Acharda, Stéphane Ralitea, Loc Tranb and Mathieu Castexa
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White Feces Syndrom (WFS) is a widespread digestive disease of farmed shrimp causing severe economic losses across 
Asia. Recent works have confirmed the infectious nature of the disease (Tran, 2017) and documented a marked shift in the 
intestinal microbial community of clinically diseased shrimp (Hou et al., 2018) exhibiting severe damages of the HP and 
mid-gut (Sriurairatana et al., 2014). The aim of the trial was to assess the potential of a novel multi-strains yeast fraction 
product (MsYF) against WFD-induced intestinal microbial shift, histopathological damage and performance loss.

The trial lasted 26 days with a standardized per os WFS-challenge at day 14 using juvenile whiteleg shrimp (0.75g; 
30 shrimp/tank) with a total of 3 test groups and 8 replicate / group (24 tanks of 120L). The trial tested the effect of 
supplementation with MsYF at 1 kg/T of feed (Lallemand SAS, Blagnac, France) against a positive (challenged) and a 
negative (not challenged) control fed the non-supplemented diet. For gut microbiota and histopathological assessment of 
the gastrointestinal-tract, 3 shrimp/group were sampled immediately prior and 48h after the WFS-challenge corresponding 
to the peak of mortality.

Results indicate a better maintenance of the crop performance and a lower severity of the WFS outbreak associated with 
clear benefits of MsYF on GI-tract histopathology. Two days after the challenge, intestinal α-diversity indexes were not 
affected but the β-diversity shifted and was more consistent between shrimps indicating shaping of the gut microbiota 
by the infectious agent. In particular, the relative abundance of Shewanella sp. and Tenacibaculum sp. but not Vibrio sp. 
was markedly increased at the expense of more minor but expected beneficial genus. The test compound increased the 
consistency of intestinal microbial diversity prior and after the challenge with, in particular, a reduction in the relative 
abundance of Vibrio sp. 

The shift in intestinal microbiota documented here under a controlled WFS-challenge suggests a role of the commensal 
microbiota in the pathogenesis of the WFS. The study raise credible hypothesis on the etiology of the disease and highlights 
the potential of reinforcing the intestinal microbiota equilibrium against Vibrio sp. induced disruption that could mediate 
WFS.
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STUDY ON PATHOGENICITY OF Streptococcus parauberis IN OLIVE FlOUNDER, 
Paralichthys olivaceous

Yoonhang Lee* and Do-Hyung Kim
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This study attempted to understand pathogenicity of Streptococcus parauberis by comparing genomes of five S. parauberis 
strains and global gene expression profiling of this pathogen exposed to olive flounder serum. In this study, serotyping 
of 75 S. paraberis strains was performed. Pathogenicity of 15 strains was evaluated in olive flounder by subcutaneous 
injection. Whole genome sequencing of three high and two low virulent strains was conducted using PacBio RSII (Pacific 
Biosciences) single-molecule real-time (SMRT) technology. Total RNA was extracted from samples of S. parauberis 
SPOF3K cultured in the serum and BHIB (+1% NaCl) for 1, 2 and 4 h. RNA sequencing was performed using Illumina 
hiseq 2500 platform, and differential gene expression (DEG) was analyzed using Limma/Voom package. As a result, the 
genome of two strains of serotype Ia contained a 12 Kbp sized plasmid harboring tetracycline resistance and Internalin J 
gene, known as a virulence factor. Importantly, only serotype Ia strains were found to contain bacterial cellulose synthase, 
which would be of importance in bacterial biofilm formation and peptidoglycan O-acetyltransferase, which is reported 
to bring resistance against lysozyme. In our transcriptome analysis, in line with this, these genes were significantly up-
regulated. Gene expression profiling showed fifteen important virulence- and nine stress-related genes significantly up-
regulated in serum, indicating their crucial role in adapting hostile environment and in pathogenicity. In conclusion, our 
findings would provide a comprehensive view toward adaptive strategy and pathogenesis of S. parauberis, which would 
provide fundamental knowledge for further development of control measures in the future.
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DIVERSIFIED LIVELIHOODS AMONG SMALL SCALE FISHERS: A PRINCIPAL 
COMPONENT ANALYSIS
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In the phase of dwindling marine fisheries resources, fishers tend to practice diversified livelihood portfolios which 
are mostly intertwined with the available ecological niches which shape these livelihood landscapes. Often diversified 
livelihoods form an integral component of the household economies of small scale fisher communities. The following study 
examines the contribution of these diversified livelihoods to the main occupation ie marine fishing, among fishers drawn 
from a representative sample of traditional fishing villages of Andhra Pradesh State, India. The results of the investigation 
revealed that, among the diversified livelihoods enlisted, non-fishery related enterprise namely cashew picking in leased 
out plantations fetched a 312 percent increase in annual income over and above the annual income from marine capture 
fisheries. 

Data was collected by administration of structured interview schedules, participant observation focus group methods 
andanalyzed using Principal Component Analysis followed by Equamax rotation. Out of the 23 socio-personal/ socio-
economic/socio-psychological variables studied, 8 underlying factors which governed diversified livelihoods wereextracted, 
whichcumulatively captured 67.23% of the total variation in the practice of diversified livelihoods by the marine fishers. 
Equamax rotation yielded 8 distinct factors governing practice of diversified livelihoods among marine fishers which were 
labelled as Entrepreneurial characteristics, Achievement motivation characteristics, Economic characteristics, Exposure 
characteristics, Personal characteristics, Family characteristics, Confidence building characteristics and Development 
characteristics. 
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FEEDS AND FEEDING IN INTENSIVE SHRIMP FARMING

Dr. Wee Kok Leong
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The primary function of the feeds is to supply critical nutrients for optimal growth performance. In intensive shrimp 
farming, the feed provided supplies most if not all of the nutrient requirements. However, because of the unique feeding 
habits of the shrimp - being primarily a benthic feeder with a relatively slow feeding activity, if the feeds are not presented 
properly, it can be a source of pollution in the pond environment. Poor water and pond bottom quality can seriously impact 
the health leading to physiological stress and/or disease and overall lower pond productivity. Therefore, in addition to the 
availability of a nutritionally complete feed, the feeding method employed becomes equally important.

This presentation discusses the role of feed in supporting shrimp productivity and the role it plays in contributing to pond 
environment quality. Feeding methods to reduce feed wastages and improve feed conversion efficiency and reducing 
pollution will be highlighted.

MUCOSAL IMMUNE RESPONSE STUDIES: Labeo rohita IMMUNIZED WITH 
BICISTRONIC DNA VACCINE CONJUGATED PLGA/CHITOSAN NANOPARTICLE 
AGAINST Edwardsiella tarda

Tasok Leya*, Megha Kadam Bedekar, Rupam Sharma, Gayatri Tripathi, Pani Prasad Kurcheti and K.V. Rajendran

ICAR-Central Institute of Fisheries Education, Mumbai-400061
*E-mail of Corresponding author: tasoknleya@gmail.com

The aquatic animals including fish face many challenges from microorganisms and pathogens while living in aquatic 
environment. Mucosal surface act as the first line of defence against pathogenic microbes’ entry into the internal organs. 
Therefore, mucosal immune response plays crucial role in combating any external infectious pathogenic intrusion in the fish 
biological system and limited literature is available on mucosal immunity. In this study, bicistronic vaccine (pGPD+IFN) 
construct prepared previously was cloned and bulk vaccine plasmids were isolated for vaccination in Labeo rohita against 
E. tarda. The vaccine was then conjugated with PLGA/Chitosan nanoparticle designated as PLGA/Chi NPs- pGPD+IFN. 
The vaccine was delivered through the immersion method and experiment were conducted for 70 days. Tissues were 
collected at 0, 2,4,7,15, & 30 days from mucosal associated tissues (Gill, Gut & Skin/epidermal). Total RNA was isolated 
from respective tissues and cDNA was synthesized for expression studies of Immunoglobulin gene (IgM, IgD & IgZ) 
using qRT-PCR. A significant up-regulation of the mRNA expression of IgM, IgD and IgT was observed in gill, gut and 
skin respectively in immunized fish compared to control fish. The highest expression of IgM was observed in gill followed 
by gut tissues at 15 day whereas IgD and IgZ highest expression was observed in gut and skin at 30 and 15 day post 
vaccination (PV) respectively. The remaining fish after sampling were challenge with virulence E. tarda strain at 30 Day 
PV and morbidity and mortality rate were recorded. The relative percentage survival (RPS) results showed significant 
(p < 0.05) difference between vaccinated group (60 %) and control group (20%) respectively. This concludes that DNA 
conjugated PLGA/Chi NPs induce adaptive mucosal immunity and enables effective protective immunity in fish against 
E. tarda.
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USES  OF RENDERED ANIMAL PROTEINS AS SUSTAINABLE SOLUTIONS OF FISHMEAL 
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US rendering industry has been dedicated in developing rendering technologies and optimizing uses of various rendered 
protein meals, singularly or in combination, as the most sustainable solutions to supply safe and highly digestible proteins 
for world aquaculture. National Renderers Association International Program (NRA) and Fats and Proteins Research 
Foundation (FPRF) have been working with aquaculture nutritionists, analytical biochemists, professionals in rendering 
and aquafeed industries to define nutrient profile and functional components in fish meal of various origins, marine proteins, 
land animal proteins and plant proteins. The profile of cholesterol, an essential nutrient for shrimp and crustaceans, and 
free nucleotides in major ingredients for aquaculture were determined. In addition, semi-essential amino acids such as 
taurine, glycine, proline, hydroxyl-proline (shown in the figure) were also found mainly in marine proteins and rendered 
land animal proteins. NRA and FPRF also determined nutrient digestibility of rendered animal proteins, evaluate efficacy 
and efficiency of various animal proteins in diets of various aquacultured species at various growth stages. Most recent 
findings in optimization of uses of rendered animal proteins with stickwater hydrolysate, showed desirable preservation 
of functionality of marine proteins and significantly reduction of uses of fishmeal for aquaculture. All the efforts of NRA 
and FPRF in the past decades,  have led to develop new strategies to enhance efficiency of rendered animal proteins in 
aquaculture production. Because of the similarity of marine proteins and rendered animal proteins in nature, continuous 
development of rendering technologies to enhance nutrient availability and preservation of functional molecules inside 
meats and visceral as well as the research in understanding nutrition of aquatic animals and ingredients, rendered animal 
proteins will gain more extensive uses in aquafeeds as the sustainable solutions for expansion of world aquaculture. 
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TECHNOLOGICAL ADVANCEMENT IN RESERVOIR FISHERIES DEVELOPMENT  
FOR SUSTAINABLEPRODUCTION, NUTRITIONAL AND LIVELIHOOD SECURITYS IN 
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India is having a vast area (3.5 million ha) of reservoir resources for fish production to meet the increasing demand of fish 
and also to meet the livelihood and nutritional security. During the past decades considerable attempts have been made for 
the development of reservoir fisheries. Recent studies conducted in selected reservoirs of India revealed vast gap between 
the fish yield (11-318 kg/ha/yr) and potential (72-430 kg/ha/yr) due to lack of proper technological and management 
interventions (Table 1). Development and application of new technologies, innovations and suitable management 
interventions would be required to attain the fish production potential of the reservoirs and incurring the production. 

Culture based fisheries or the practice of stocking and 
recapturing of fish is the most important and widely used 
technology for the enhancement of fish production in 
reservoirs. Our study indicated that fish yield of Indian 
reservoir through CBF has increased significantly. In a 
large reservoir of MP the fish yield increased from 12.1 kg/
ha/yr in 2004-05 to 80.8 kg/ha/yr in 2013-14 (Fig 1). 

Vast reservoir resources have tremendous potential for 
cage culture of fast growing and highly prized fishes. 
Pangasianodon hypophthalmus, GIFT Tilapia (Monosex), 
Jayanti rohu (genetically improved variety of Labeo 
rohita), Puntius javanicus, Labeo bata, freshwater prawn, 
air breathing fishes, murrels and ornamental fishes have 
been attempted in cages with an encouraging results in 
terms of growth and survival. Cage culture is one of the 
feasible options for raising fry to fingerling of Indian Major 
Carp for CBF and table fish production.

Trophic structure of tropical reservoirs are susceptible to 
a wide array of anthropogenic activities, including species 
introductions or invasions, stock supplementation and 
other management measures. Thus ecosystem based model 
have been developed in a few reservoirs for formulating 
stocking strategies and management of exotic species.

The development of region/species specific models an 
important approach for sustainable enhancement of fish 
production in reservoirs. The present study recommends 
adequate value chain management and addressing several 
other issues for doubling farmer’s income and more 
profitability. 
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MOLECULAR ANALYSIS OF HEAT-INDUCED MASCULINIZATION IN TELEOSTS 
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For aquaculture species that have desirable sexual dimorphic traits, manipulation of the sexual development is beneficial. 
For example, a male tilapia grows almost twice as fast as a female, which translates into shorter culturing time and more 
uniform harvest size. The commonly used method for getting an all-male tilapia population is by oral administration of the 
synthetic male sex hormone (17α-methyltestosterone). Alternative hormone-free masculinization method is being explored 
to increase the product value due to consumers preconception of 17α-methyltestosterone impacts on environment and 
human health. Heat-induced masculinization, which is a common phenomenon in many teleost species, is a hormone-free 
alternative but its underlying mechanism is unclear. Using the model organism zebrafish, we established the conditions 
for heat-induced masculinization and performed in-depth gonadal transcriptomic analysis. It was observed that the 
degree of masculinization varied among different zebrafish families, indicating interactions between the genotype and the 
environment (GxE). Major gonadal transcriptomic reprogramming was observed in juvenile zebrafish after exposure to 
elevated temperature and in some fish this effect persisted for a prolonged period of time even after temperature returned 
to normal. These findings in zebrafish can serve as reference for the implementation of heat-induced masculinization for 
aquaculture species.
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EFFECTS OF FISH MEAL REPLACED BY FERMENTED FEATHER MEAL ON GROWTH, 
HEALTH STATUS AND NUTRIENT DIGESTIBILITY OF GROUPER, Epinephelus coioides
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The present study evaluated the effects of fish meal replacement by fermented feather meal on growth, health status and 
nutrient digestibility of grouper (Epinephelus coioides). Fish meal protein was replaced by Bacillus fermented feather 
meal at 0, 50, 100, 200 and 300 g/kg in the basal diet. Total of five experimental diets were each fed to triplicate groups of 
juvenile grouper (initial weight: 3.24 ± 0.03 g) in a closed recirculating system with seawater for 8 weeks. Grouper fed diets 
with 0-100 g/kg fish meal protein replacement by fermented feather meal had better (P<0.05) weight gain, feed efficiency, 
protein retention and protein efficiency ratio than fish fed the 200 and 300 g/kg replacement groups. The parameters 
for health status of grouper, including hematology, plasma lysozyme activity, immunoglobulin concentration and hepatic 
oxidative status, showed no significant difference among all dietary treatments. Apparent dry matter digestibility was the 
highest in fish fed 0 and 50 g/kg replacement diets, followed by fish fed 100 and 200 g/kg replacement diets, and the lowest 
in fish fed the 300 g/kg replacement diet. Fish fed 0and 50 g/kg replacement diets had the highest protein digestibility, 
followed by fish fed the 100 g/kg replacement diet, then fish fed the 200 g/kg replacement diet, and the lowest in fish fed the 
300 g/kg replacement diet. Lipid digestibility was higher in fish fed 0-100 g/kg replacement diets than that in fish fed 200 
and 300 g/kg replacement diets. Results indicated that the fermented feather meal can be used to replace fish meal protein 
up to 100 g/kg without any negative effects on growth and health status for grouper.
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CRAYFISH, A REPLACEMENT CHOICE OF Litopenaeus vannamei IN CHINA 
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Crayfish (Procambarus clarkii), which originated from the Mississippi River region in the United States, found their way to 
China through Japan in early 20th century. Biologically, crayfish are more homologous with crab than they are with shrimp. 
But in China, crayfish are called “Xiao Long Xia”, which literally means “small dragon shrimp”. The Chinese counterpart 
of the name lobster is “Long Xia” which literally means “dragon shrimp”. Therefore, in Chinese, crayfish, lobster and 
white-leg shrimp fall into the shrimp category. With their similar appearance and similar market price, Chinese consumers 
think crayfish and shrimp are of the same species.   

Challenged by disease outbreaks, China’s production of Litopenaeus vannamei decreased rapidly from 1.5 million tons to 
0.7-0.8 million tons, according to data released from the industry. And the prices of Litopenaeus vannamei remain very low 
because of imports and smuggling. However, the challenges along with the unsatisfactory amount of meat from crayfish 
and the trouble involved in the preparation of it do not prevent the crayfish from becoming the “new king” of aquatic 
crustacean in China. 

The production of crayfish climbed from 0.6 million tons (year 2013), 0.72 million tons (2015), 0.85 million tons (2016), 
to 1.1 million tons in 2017. And the production of crayfish has been increasing faster - more than 10% in the past two years, 
replacing shrimp as the number one aqua crustacean product with no near rival. For people who frequently eat out for 
supper, the crayfish is a popular dish on the menu, and even those who have never tried crayfish are aware of its popularity. 
According to some experts, the consumer demand for crayfish is more than two million tons, which means the consumption 
gap is approximately 0.8 million tons per year.

In China, there are more than one million hectares of aquaculture farms, of which 80% are of the rice-cum-fish culture type. 
But there are less than 0.5 million tons of crayfish feed supplied per year. The supply of crayfish feed is insufficient for the 
rice-cum-fish culture model. With the rapid increase of demand, some technical challenges also rise. Besides, there is still a 
high-value potential market for functional feed to enhance immunity. The “crayfish plague” in May hits China’s aqua farms 
every year. It is still unknown what causes this plague. Some experts point out that the pathogen is WSSV; other experts, 
however, think it is triggered by vibrio; and some people think it is bad water environments, where remnants and feces of 
living organisms or rotten water plants cause the disease. Others hold that it is caused by enteritis. 

Kemin AquaScienceTM is conducting some trials to fight “crayfish plague”. The trials are arranged in Hubei, Sichuan, and 
others. Some products— BactotreetTM, Aleta®, Lysoforte®, OrsentialTM and ColostaTM, for example— will be tested on 
crayfish.
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Feasibility studies on the cage culture of orange spotted grouper, Epinephelus coioides was undertaken in 6m dia. GI cage 
in the marine farm at Karwar and studied the growth performance in marine waters of west coast, India. Nursery reared 
groupers were stocked in 6 m dia. steel cage with an initial biomass of 0.2 kg m-3. Growth and environmental parameters 
were monitored at regular intervals for a period of 300 days. The study revealed a high growth rate and attained an average 
marketable size of 0.5 kg in 6 months culture period. The final biomass at 300 days of culture was 8.5 kg m-3. The study 
indicated that the Epinephelus coioides is a potential mariculture species for cage farming along west coast of India.
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Aquaculture in Myanmar has great potential due to its geographical and abundance of natural resources. However, 
traditional extensive fish farming is practiced and the production is generally low. To improve the aquaculture sector in 
a sustainable way, one important obligation is to develop the capacity of human resources who have strong knowledge 
in aquaculture and fisheries.Therefore, universities and vocational training centres play an important role in support of 
developing a sustainable aquaculture and fisheries sector. Until 2013, specialization for fisheries and aquaculture had not 
been established in Universities in Myanmar. In most universities, curricula regarding ichthyology  are extremely limited 
and embedded in the Departments of Zoology. 

In 2014, USAID’s project ‘Developing a Sustainable Seafood Industry Infrastructure in Myanmar’ had been launched. 
The partnerships between the University of Arizona, Auburn University, University of Yangon (UY), Pathein University 
and the other institutions were designed to expand the capacity of higher education institutions in Myanmar to support the 
development of a intensive marine and inland fisheries sector. During the three years of project, we developed Seafood 
Safety Laboratory in UY. That laboratory has been established not only for teaching and research laboratory, but also for 
training and laboratory service for faculty, students and farmers. 

In 2017, according to the country needs, Ministry of Education and Ministry of Agriculture, Livestock and Irrigation have 
selected UY to established a new undergraduate study program for Bachelor of Science (BSc) in Fisheries and Aquaculture 
within the Academic Year 2018. This is the first Fisheries and Aquaculture program in tertiary education in the country. 

Based on the needs of Government and private sector, German International Cooperation (GIZ) launched the ‘Myanmar 
Sustainable Aquaculture Programme (MYSAP)’. Main targets of MYSAP in education sectors are the promotion 
of vocational and university education and universities research capacities. Thus, it supports the development and 
establishment of a  (BSc) degree curriculum in Fisheries and Aquaculture and a Master of Science (MSc) degree curriculum 
for Aquaculture. Within the 4 years implementation phase (2018-2021), the program has assisted a series of workshops to 
selected faculty members to facilitate future fisheries and aquaculture bachelor and master degree classes. The program 
also set up the Aquaculture Campus in UY that includes lecture and laboratory facilities. 

In March 2019, the laboratory has been upgraded to Departmental level, Department of Fisheries and Aquaculture, as one 
the 22 departments of University of Yangon. In near future, globally competent faculty and students from UY coordinate 
research, teaching and service activity to develop the sustainable fisheries and aquaculture sectors in Myanmar.
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IMPACT OF DIFFERENT SALINITIES ON THE HATCHING PERCENTAGE AND 
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The present study was carried out to know the hatching percentage and survival rate of the Artemia salina (Brine shrimp) 
in different salinity which ranges between 0-40 ppt and freshwater (0 - 1 ppt), brackish water (25 - 28 ppt) and seawater 
(35 - 40 ppt) were used for this experiment. To conduct this experiment, 1.0 gram of Artemia cyst was taken to hatch out 
the artemia larvae with the various salinity concentrations viz., freshwater, brackish water and seawater and its pH range 
between 7.7-7.9, 7.2-7.5 and 7.2-7.5 respectively and the water temperature of these waters recorded as 27.5-28 oc. The 
experiment result reveals that higher hatching percentage observed in Brackish water (66%) followed by seawater (60%) 
and Freshwater (48%) and the higher survival rate was observed in brackish water (32%) followed by Seawater (17%). The 
ANOVA value shows that salinity influence (p>0.05) the survival rate of artemia nauplius. 

MATERIALS AND METHODS
The present investigation was undertaken to study the hatching and survival rate of Artemia salina in the different salinities. 
In this experiment three different salinity waters were taken from different sources viz., Freshwater (0-1ppt) and (Seawater 
35-40ppt). The brackish water (25-28ppt) was prepared by diluting the freshwater and seawater.The experiment was 
conducted with 1g of artemia and it was hydrated and aerated for 1 hour to soften the cyst. These soften Artemia cyst was 
further decapsulated with Sodium Hypochlorite (1gm cyst /15ml). Once the cyst colour changes from brown or grey to 
orange, then the cysts were filtered with 125 µm mesh screen and rinsed well with tap water and 1.0 % sodium thiosulfate 
used to neutralize the residual chlorine in the cysts. After the cyst encapsulation, encapsulated cysts were taken and stocked 
for decapsulation of cysts in different salinity tanks with 1 gram. The environmental parameters like salinity, temperature 
and pH were estimated 4 times per days and observed the survival and hatching percentage in different salinities until the 
survival of artemia nauplii. 

(Continued on next page)
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RESULT 
The result of the experiment shows that higher hatching and survival was observed in the brackish water which provides the 
high survival rate of 66% ie., 1.65x105 than that of seawater (60% ie., 1.50 x 105) and Freshwater (48% ie., 1.20x105). The 
survival and hatching rates are similar in the seawater and freshwater and these can be considered for artemia hatching. The 
Artemia nauplii once hatched are getting declined based on the period of the experiment. In the freshwater, it is observed 
that the percentage of survival rate 48%, 28% and “0” during 1st, 2nd and 3rd day of the experiment respectively and there 
was no survival of Artemia after 3rd day of hatching. The similar pattern of survival rate was observed in brackish water 
which shows 66%, 52%, 41% and 32% during 1st, 2nd, 3rd and 4th days of hatching respectively and it indicates the highest 
rate of survival than the freshwater and seawater and hatching percentage declined gradually and achieves 32% of survival 
after 3rd day. It shows that the preference has to be given to brackish water to hatch out the artemia cyst in the confined 
environment to get a better survival rate. The result of the survival and hatching rate of Artemia salina with different 
salinities and water quality parameters maintained in the experiment are shown in Table 1 & 2. The experiment result was 
tested with one-way ANOVA test to obtain the significance of survival rate (p>0.05) between the various salinities. It shows 
the significant difference in survival and hatching of Artemia salina in brackish water (p>0.05)  than the freshwater and 
seawater. 
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Cephalopods (including cuttlefish) are highly perishable like fishes and crustaceans and require suitable treatment to maintain 
the quality for export. It is reported that more than 58% of export rejections were related to bacteriological quality. Hence, 
the bacteriological quality of frozen cuttlefish (Sepia pharaonis, Ehrenberg 1831) treated with commercial food grade 
chemicals was studied. Dressed cuttlefish were treated with two chemicals Hidratech_4A (0.4%) and Whitech_3 (0.25%) 
dissolved in chilled freshwater and chilled saltwater. Chilled cuttlefish not treated with any chemical served as control. 
Cuttlefish were then quick frozen at -40ºC in contact plate freezer and stored at -18±1ºC. Samples were tested after pre-
processing, treatments and freezing and during cold storage at monthly intervals for 7 months. The bacteriological quality 
evaluation included Total Plate Count (TPC), Escherichia coli, Staphylococcus aureus, Vibrio cholerae and Salmonella. 
Study revealed a better quality of treated samples than control. Bacteriological quality of cuttlefish treated with salt water 
was better than the one treated in freshwater and control. Salmonella and V. cholerae were absent.

Materials and Methods 
Pharaoh Cuttlefish (S. pharaonis, Ehrenberg 1831) procured from Tuticorin fishing harbour was pre-processed into Cuttle 
Fish Whole Cleaned (CFWC) style at an EU approved seafood processing plant and divided into three lots, first lot was 
treated with Hidratech_4A (0.4 %), Whitech_3A (0.25 %) and common salt (2%) in 30 Kgs of potable freshwater chlorinated 
to a level of 2 ppm available chlorine. Second lot was treated similarly but in saltwater (2 ppt) and third lot without any 
chemical treatment was kept as control and were frozen in horizontal contact plate freezer in commercial condition (-40ºC, 
90 min.) at an EU approved seafood freezing plant. Samples were tested for Total Plate Count (TPC), Escherichia coli and 
human pathogenic bacteria such as Staphylococcus aureus, Vibrio cholerae and Salmonella. The bacteriological quality of 
cuttlefish was evaluated after pre-processing, treatments and freezing and during storage at monthly intervals for 7 months. 

Results and Conclusion
The results are given in the table below.The bacteriological quality of cuttlefish (CTCF and CTCS) treated with commercial 
food grade chemicals (Hidratech_4A and Whitech_3) was found better than that of control (CNTC). 
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Marine protected area is an effective tool for conservation and sustainable management of resources in the ecosystem. 
Aichi biodiversity targets from Convention of Biodiversity calls for the conservation of at least 10% of coastal and marine 
areas by 2020. Total area under protection is frequently used to track conservation progress. Indian MPAs contributes to the 
5% of the protected area network of India and less than 0.3% of the total area of India which is a smaller area than Aichi 
Biodiversity targets 11. From 1967 to 2015, 131 marine protected sites with an area of 9800.685 km2 were established. 
Over the time, size class distribution of MPAs shifted towards larger MPAs (> 100 km2). The overall MPA size increased 
from 172.16 km2 (1965-70) to 1843.04 km2 (2011-2015). MPAs of 1000-10000km2 size cover about 49% of the total MPA 
area. The protection level of Indian MPAs varies from Category II and Category IV. None of the Indian MPAs has been 
classified under any of IA, IB, III, V and VI Categories.  Nearly, 89% of the MPAs belong to category IV. There has been 
almost no growth in the area within Category II after 1991-1995. The given study has found that Indian MPA network needs 
to have a greater number of large size MPAs to enable protection and sustainability of marine resources. Further, attention 
is required on research on the trend in management effectiveness, connectivity and pressures on the MPA network.

ROLE OF METHYL FARNESOATE IN REPRODUCTION OF Macrobrachium rosenbergii 
SUB ADULTS

Neethu. M*., Kiran Dube Rawat.,Virendra Kumar Tiwari., Nalini Poojary
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628008
Email: maritherineethu@gmail.com

Effect of exogenous methyl farnesoate supplementation on maturation of freshwater prawn Macrobrachium rosenbergii 
was studied with different doses of methyl farnesoate (0.25, 0.5, 0.75, 1.00 and 1.25ᶙg of MF/20g prawn). The prawns 
which didn’t receive any injection were served as control while the prawns which got an injection of distilled water were 
regarded as concurrent control. Female prawns of 30±2g and male prawns of 45±2g were reared separately in triplicates for 
60 days duration. None of the animals stocked into the tank had gonadal development at the beginning of the experiment. 
The gonado-somatic index was assessed on the 1st and last day of the experiment. Histology of both ovary and testes were 
done at the end of the experiment to understand the maturity stages of the prawn. The histological observations revealed the 
difference among the treatment was only visible in the thickness of the interstitial space as well as the density of spermatids 
in the tubule. Similarly the female prawns also attained the maturing stage with abundant vitellogenic ova in the follicular 
as well vitelline membrane. From the experiment it is revealed that, even though all the animals in the experiment reached 
maturity at the end of 60th day, there were no significant differences between the treatments.  Hence it is revealed that 
methyl farnesoate hormone doesn’t have an influence on maturation in sub adults of fresh water prawn.
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In fishes, the expression of steroidogenic enzyme genes and their related transcription factors are critical for the development 
of the gonads and the regulation of steroidogenesis. The early stages of steroidogenesis is important for biosynthesis of 
testosterone and estradiol. In this study, three steroidogenic enzyme genes cyp19a1, 11βhsd (11β-hydroxy testosterone) and 
3βhsd (3β-hydroxy testosterone) expression in various stages of gonad development has been analysed. As this is the first 
recordical study of steroidogenic enzyme genes in L. thermalis, the primers of Air breathing catfish  Clarias gariepinus for 
the genes cyp19a1, 11βhsd and 3βhsd  has been used to find the expression level at various stages.Based on the previous 
studies in catfish in these genes, cyp19a1 is an ovarian aromatase found abundant in differentiating female gonads. 11βhsd 
has higher expression in the spawning phase of reproductive cycle and transactivates to regulate male reproduction in 
teleost. 3βhsd is important in both spermatogenesis and oogenesis. From similar experimental methods performed in C. 
gariepinus the expression level of these genes in L. thermalis is observed.

From the graph, it is evident that in L. thermalis, higher expression level by cyp19a1, 11βhsd and 3βhsd is in medium sized 
testis than in the other. Hence these genes play a vital role in spermatogenesis in L. thermalis.
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Scylla serrata is the common mud crab occurring in the estuarine and mangrove areas and is commonly called as “green 
crab” that prefers to live in low saline waters. This study aimed to assess the growth and survival rate of mud crab (S. 
serrata) larvae cultured in sea water fed with different micro algae as live feeds. In the present study the growth gain was 
higher in the crabs offered with enriched Nannochloropsis sp. (3.13%) fed live feeds of Rotifers and Artemia. Five different 
types of rearing systems using microalgae Nannochloropsis sp.,Isochrysis sp.,Chlorella sp.,Tetraselmis sp. and Dunaliella 
sp. were maintained for early larval stages to later stages resulted in the best overall performance of the Mudcrab larvae. 
The crab stocking density (80 no’s/l) and rotifer (15-30no’s/ml) and Artemia density (10no’s/ml) were observed. Rotifers 
were enriched with micro-algae before being fed to the crab larvae. Enrichment with micro algae species was performed 
at a density of 300 rotifers/ml. The water in the enrichment tank was maintained 29-300C to avoid exposing the rotifers 
to thermal shock when they were added to the larval rearing tanks. Before being fed to the larvae, enriched rotifers were 
rinsed in clean seawater at the same temperature as the crab-rearing tanks. Both newly hatched and enriched Artemia 
nauplii were used in the experiments of this study. The density of Artemia during enrichment was 200no’s/ml. Although 
results showed it is possible to rear S. serrata larvae through enriched with Nannochloropsis algae to Rotifers and Artemia 
nauplii exclusively, larval performance  was enhanced by the inclusion of rotifers as a first feed. Significant difference 
in performance was recorded between larvae fed on the five strains of Algae. Larvae fed on enriched with Duneliella sp. 
(0.21%) in treatments performed poorly, but there were enriched with other algae like Isochrysis sp.(0.95%),Chlorella 
sp. (2.85%),Tetraselmis sp. (0.42%) strains are performed well .The survival rate was higher in Nannochloropsis sp. fed 
animals (3.13%) and lowest survival (0.21%) was observed in animals fed with Duneliella sp.  The survival rate was 
reasonable for other strains. But higher survival rate was reported in the animals fed with Nannochloropsis sp. algae may 
have potential as supplements to live food in the rearing of S. serrata larvae.
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As one of the youngest nations, India has more than one-third of its total population between 15 to 35 years age group.  
Home to largest share of fishers in the world, 35% of marine fishing population are of less than 15 years of age. With 
structural changes in the economy as well as in the marine fishing industry during last two to three decades, the aspirations 
and values of today’s youth are bound to be different as compared to those a generation ago. A study was undertaken in 
coastal Tamil Nadu to analyse the career aspirations of youth in fishing communities. One urban and one rural fishing 
village (Kasimedu in Chennai and Tharuvaikulam in Thoothukudi districts) were selected for to understand career choices 
as well as the effect of urbanization and geographical on it. Primary data were collected from 100 fisher youth and 50 
non-fisher youth. Descriptive statistics and tests of significance were employed to analyse data. Results indicated that two 
thirds of youth from Kasimedu (urban) fishing village (67%) aspire for higher education while the proportion dropped 
significantly in the rural fishing village of Tharuvaikulam (48%). the lack of educational facilities in the vicinity as well as 
better economic prospects from fishing in the later and hence less interest for higher education.

The likelihood of attaining educational aspiration also was found to be far higher among Kasimedu youth as compared 
to Tharuvaikulam youth. This indirectly reflects the lack of employment opportunities for higher educated youth in 
Thoothukudi region. Interestingly, for Kasimedu fisher youth government job (45.3%) and self-employment (20%) were 
primary career options while for Tharuvaikulam youth it was Government job 41.3%) and fishing (28%) (Table 1). Contrary 
to the assumption, in Tharuvaikulam, youth considered fishing as the most profitable business and the majority preferred to 
go for fishing. The scenario is different in the urban Kasimedu in spite of their proximity to a large Chennai market where 
the fisher youth were more educated and hence wish to shift out of fishing preferring a career in government. Kasimedu 
youth also had a higher likelihood of achieving what they aspired for. The study has found that urbanization with its 
attendant opportunities on one side and the declining fisheries on the other have influenced significantly the career choices 
of new generation of youth. This is an encouraging sign in view of need to reduce fishing pressure.
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Presently, In India there are more than 360 fish processing units, 500 preprocessing units are available from which roughly 
50 % of their processing capacity has been disposed as solid wastes. An effective waste management strategy is generally 
comprised of three parts including waste minimization, waste characterization and waste utilization. In the present study the 
effective waste utilization strategy has been adopted. Based on the waste characterization mainly considering engineering 
aspects on waste utilization will be focused in the present study. Presently, economics of commercially available fish waste 
management system are not suitable at small scale level. Hence, a farmer friendly, an integrated approach towards the waste 
utilization techniques considering the sustainability of aquaculture production system at gross root level will be considered. 
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Photobacterium damselae (formerly Vibrio damsela) is an important pathogen, causing potential devastation to fish and 
shellfish aquaculture. Photobacterium damselae ssp. damselae has been reported to cause wound infections and fatal 
disease in human and a variety of marine animals. We have isolated this strain for the first time in the east coast of India 
from cage cultured cobia that was undergoing heavy mortality during 2016. 

The objective of this experimental study was to investigate pathogenicity of Photobacterium damselae subsp. damselae 
in pompano fish. Pompano fingerlings collected from CMFRI, Vizhinjam was maintained at indoor glass tanks under the 
laboratory conditions for three days for acclimatization. Three groups of fish in duplicate were intraperitoneally administered 
with 50 ul of bacterial culture having inoculum strength of 2.75x107, 2.75x106 and 2.75x105 per fish after tenfold serial 
dilution. In the 7 day observation period, 85 and 80 % mortality was observed in the first two higher concentrations and no 
mortality was noticed in the control tanks and in lowest concentration administered tank. Bacterial reisolation from dead 
pompano fish tissues such as kidney, spleen, gill and liver was carried out. Reisolated bacterial colonies were identified by 
standard biochemical tests and 16S rRNA sequencing and ureC multiplex PCR.  Tissues such as kidney, spleen, liver and 
gill from moribund fish samples were subjected to histopathological analysis. 

Results indicated bacterial clustering and increased melanomacrophages in spleen, focal necrosis of spleen and 
glomerulonephritis in the kidney.
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A study was conducted to investigate the probiotic potential of the bacterial species from biofloc reared GIFT Tilapia 
using invitro quantitative assays. Based on the morphological, biochemical and 16S rRNA sequencing analysis, isolated 
bacterial species from GIFT Tilapia gut were identified as Bacillus infantis, Exiguobacterium profundum, Bacillus subtilis 
and Bacillus megaterium. The invitro probiotic properties such as bile salt hydrolase activity, bile tolerance, growth at 
different bile concentrations, antibiotic susceptibility test, antimicrobial activity, auto aggregation test, bacterial adhesion to 
hydrocarbons and resistance to gastric acidity were performed. All the isolates showed higher resistant to bile tolerance test 
and growth of cultures were observed from 0.5 to 8% bile salt concentrations. The distinct zone of hydrolysis was marked in 
the tested isolates in bile salt hydrolysis activity. Except B. infantis all the other three isolates were predominantly resistant 
to the tested antibiotics. Antimicrobial activity against three pathogens viz. Vibrio parahaemolyticus, Vibrio harveyi and 
Aeromonas hydrophila were observed in all the isolates. E. profundum and B. subtilis showed improved auto aggregation. 
Enhanced resistant to bile salt adhesion to hydrocarbon and invitro gastric acidity (pH 3) was seen in B. megaterium. It 
is one of such unique studies confirming the probiotic effect of Bacillus sp. isolated mainly from GIFT Tilapia biofloc 
culture. B.subtilis and B. megaterium exhibited remarkable invitro probiotic properties and thus can be recommended as a 
successful probiotic strain for fish farming.
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The present study aimed to isolate and characterize the Sulphur oxidizing bacteria from biofloc reared GIFT Tilapia ponds. 
Distillery spent wash was used as a carbon source to maintain the C: N ratio at 10:1 in the fish culture ponds and screening 
of bacteria were done fortnightly in 180 days culture. Out of 40 bacterial isolates, 11 isolates were found to reduce the 
colour of the bromocresol purple as an initial screening of sulphur oxidizing bacteria (Dye reduction test).  Based on 16s 
rRNA sequence analysis the isolates were identified as Bacillus subtilis, B. megaterium, B. infantis, B.cereus, Pseudomonas 
balearica, P.mendocina, P. alcaligenes, Klebsiella pneumonia, Atlantibacter hermanii Exiguobacterium profundum and 
Staphylococcus gallinrum. The highest sulphate prodution was recorded in Pseudomonas balearica (1.6mM) followed by B. 
infantis (1.56 mM). The sulphide reduction ability was checked for the 11 isolates by inoculating in the broth supplemented 
with 5ppm of sodium sulphide. The sulphide reduction was checked once in 24, 48, 72 and 96hrs for all the 11 isolates. B. 
infantis showed the highest reduction percentage of 43.08%. The study proved the presence of sulphur oxidizing bacteria 
in the biofloc culture ponds of GIFT Tilapia and are identified as sulphide reducers as a mode of bioremediation of excess 
hydrogen sulphide in the culture ponds.
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The study was conducted to evaluate the flocculating potential of spentwash as a carbon source enriched with the consortium 
of four Bacillus species such as Bacillus subtilis, Bacillus megaterium, Bacillus infantis and Bacillus cereus isolated 
from biofloc culture water of GIFT Tilapia. Bacterial cultures after 24hrs of incubation were centrifuged at 5000rpm and 
the resulting cell pellet was resuspended in saline buffer. Bacterial suspension was adjusted to 1 OD and the bacterial 
consortiums were mixed with spentwash. The study was conducted in 150 litres FRP tanks for a period of 45 days. The 
experimental group includes spent wash enriched with bacterial consortium (T1), Spentwash supplemented with yeast and 
bacterial consortium (T2), spentwash and rice bran (T3) and spentwash (T4) as control. The C/N was maintained at the ratio 
of 15:1 for floc development throughtout the experiment. pH, ammonia, dissolved oxygen, temperature; nitrate, nitrite, 
magnesium and calcium were found to be significantly different between the experimental groups. Floc parameters like floc 
volume, porosity, settling velocity, TS, TSS and TDS were monitored on weekly basis along with total bacterial count and 
were significantly different between control and treatments. The rapid increase in floc volume was found in T2. The total 
heterotrophic bacterial count was significantly higher in T2 followed by T1. The findings of the present study confirmed 
that the distillery spentwash enriched with yeast and bacterial consortium (T2) found to have higher flocculating ability for 
the maintenance of optimum water quality parameters with a denser heterotrophic bacterial load. 
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Asian sea bass Lates calcarifer is a euryhaline carnivorous fish which can be a potential candidate species for the sea cage 
farming. Sea cage farming is an alternate livelihood activity being carried out by the fishermen in the Gulf of Mannar and 
Palk Bay region. The present study was undertaken to evaluate the growth and survival of Asian Sea bass Lates calcarifer 
(Bloch, 1790) cultured in sea cages at Gulf of Mannar and Palk Bay. A total of 5400 numbers of Sea bass fingerlings were 
collected from the wild and transported to CMFRI nursery facility at Mandapam till they attained the stockable size. The 
fingerlings were stocked in six cages (three each in Gulf of Mannar and Palk Bay) of 6 m diameter with a net-cage depth 
of 4 m.  The stocking density was 8 Nos. per m3 with the average initial body weight of 23 g. The feeding was carried out 
with low value fishes @ 8-10% of biomass up to 90 days of culture and 5-8% thereafter. Periodic samplings were carried 
out to assess the growth rate. The farming was carried out for a period of 9 months. 

The final growth in terms of mean length and body weight were 48.06 ± 0.59 cm and 1643.64 ± 44.12 g, respectively in 
Gulf of Mannar and 50.56 ± 0.66 cm and 1771.58 ± 49.36, respectively in Palk Bay. A total harvest of 3.3 and 3.7 tons of 
fish with a mean survival of 72.5 and 77.3 per cent were obtained in Gulf of Mannar and Palk Bay, respectively.
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Human intelligence – A marvel. It is considered superior than other higher animals because of our ability to use language 
and problem solving skills. Artificial intelligence is the next step in human evolution. It is an attempt to create machines 
that are capable of performing tasks and solve problems that are only reserved to humans and improve themselves. It is 
changing the world in every field including medical science. Medical diagnostics is in urgent need of improvement because 
of time limitations and diagnostic errors by human pathologists. This leads to the emergence of several strategies which 
utilises AI to improve diagnostics and leads to proper treatment. Today’s state-of-the art clinical pathology consists of 
molecular techniques and omics technology, although these are not digitalized completely. Digital pathology is the hot 
topic in fundamental research which involves the digitalisation of slides along with combination of different data sources. 
AI has even surpassed human pathologists in diagnosis of several diseases. In fisheries, automation of disease diagnosis 
is not successful because of lack of data and expertise. Any attempt of developing the system and to overcome various 
difficulties in it has still not met any extraordinary success. Remote diagnosis system, image based automation system, 
expert systems were the three approaches involved in the AI of fish disease diagnosis which has a future scope for aquatic 
animal health management. AI combined with digital pathology has the key to realising the full potential of personalised 
healthcare. It follows a multi-resolution approach which helps in understanding the dark data in diagnostics and augments 
the pathologists in diagnosis, research and education.
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The common problems arising from the lack of planning and management of aquaculture are environmental issues, diseases, 
production issues, social conflict, post-harvest and marketing issues, and lack of resilience to climate change. Considering 
the present land use, extent of utilization of resources, carrying capacity (CC) of the source water bodies and site specific 
water quality parameters, there is a need to identify the suitable zones for aquaculture. The type of culture system and the 
magnitude of intensification permitted should be clearly defined for each zone based on the CC. Case studies conducted by 
ICAR-CIBA indicated that CC of few water bodies exceeded and it is necessary to regulate the intensity of farming. CIBA 
developed CarryCap an online web tool for the estimation of CC of water sources for shrimp aquaculture. This helps state 
governments and organisations to regulate the level of shrimp farming activity for each water body. 

Aquaculture zone is an area dedicated to aquaculture, recognized by planning authorities that would be considered as a 
priority for local aquaculture development. Aquaculture zonation has multifarious benefits which include better regulation 
in the zoning area for eco-friendly and sustainable aquaculture, reduce the conflicts among aqua farmers and other land 
users, easing of aquaculture registration / license process, expand aquaculture in the identified potential areas. The concept 
of CC based Aqua Zonation has been initiated by Govt. of Andhra Pradesh and CIBA to prevent the conversion of fertile 
agriculture fields into aquaculture and to promote aquaculture in the low lying, prone to water logging and agriculturally 
unproductive lands.

Criteria have been identified which impact the development of coastal/low saline aquaculture technology such as elevation, 
soil and water parameters, vegetation and land use, user conflicts, access to infrastructure for locating aquaculture and other 
activities in order to define broad zones suitable for different activities or mixes of activities. Village has been considered 
as unit for notification of the aquaculture area. The existing aquaculture farms in brackish and fresh water areas and the 
potential lands suitable for aquaculture in water were geo tagged with survey numbers along with maps and declared 
as Aquaculture Zone. Aquaculture management areas (AMAs) with a defined number of individual farms that share a 
common water supply are being identified within the zones so that disease and water quality are best managed collectively 
rather than by individual farms.  
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Better management practices (BMPs) targets at improved shrimp health, profitable farming, environment protection, 
improved food safety and socio-economic sustainability. BMPs should be simple, practical, cost-effective and applicable 
by all especially small-scale farmers. Systematic pond soil and water management helps in reducing the chances of disease 
occurrence. This can be achieved by monitoring of soil and water parameters starting from the site selection, culture 
period and discharge of wastewater. Location specific BMPs vary based on the geographical/seasonal variations, species 
requirements and culture practices being followed. Geographical and seasonal variation has influence on water salinity and 
temperature. 

First time in the country, ICAR-CIBA distributed soil and water health cards (SWHC) in fisheries sector to brackishwater 
aquaculture farmers. The information provided in the cards is useful to farmers in understanding the nutrients status of 
the soil and water quality which will help in managing the pond soil and water parameters in optimum levels. Since 2015, 
CIBA has issued about 1200 SWHCs in different geographical locations including AP, TN and Gujarat. The database from 
SWHCs was used to understand the variation trends in soil and water parameters and to formulate the location specific 
BMPs.

Diversified culture Practices such variation in water source, age of pond, use of reservoir, stocking density, water exchange, 
pond bottom sludge removing and drying has influence on pond dynamics affecting water and soil quality and physiology 
of animal. The results indicated variation in soil fertility due to ageing of shrimp culture ponds. New ponds had lower 
organic matter than older ponds. Irrespective of the pond age, effective pond management practices followed over the years 
maintained soil quality of the pond.  There is a need to fine tune the BMPs with scientific basis so as to evolve site and 
system specific BMPs suitable for adoption by small farmers.
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The quality of fishes available in the market is assessed by simple sensory evaluation of gill and odour. The undesirable 
odour of spoiled fish is due to evolution of total volatile amines. However, the sensory evaluation technique fails in the 
case of packaged fish since consumer can neither touch the fish nor sense the odour. In this study, a bionanocomposite 
that exhibit halochromism is developed for monitoring spoilage of packaged fish. At first, a natural dye was extracted 
and used to prepare metal nanoparticles via an in situ method. Then the nanoparticles were blended with 5-10 wt% of 
polymers of natural origin and casted into thin film.  These thin films were characterized by UV-visible spectroscopy, FT-
IR spectroscopy, X-ray diffraction, Scanning Electron Microscopic (SEM) techniques. The halochromic behaviour of the 
thin films was examined at different pH.

The UV-visible spectrum of the bionanocomposite exhibited a brand band at 420 nm. Several peaks were observed in the 
region of 1750 – 1640 cm-1 in FT-IR spectrum of the bionanocomposite. SEM morphologies of the bionanocomposite 
showed presence of nanoparticles having average size of 70 ± 15 nm. The nanocomposite developed different colors for 
different pH ranging from 1 – 14.

The UV-visible and FT-IR spectral analyses indicated the successful incorporation of the natural dye into the thin film. 
The presence of silver nanoparticles was indicated by the SEM and X-ray diffraction analyses. The CIE L*a*b and RGB 
values of the colors developed at different pH by the nanocomposite suggested that the developed halorchmic sensor could 
be used to monitor fish spoilage.
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Vibrio spp. are common pathogens in fish and shellfish aquaculture with global estimates of economic loss due to vibriosis 
reported as high as US $3 billion per year. Acute hepatopancreatic necrosis disease (AHPND) is one of the most devastating 
vibrio infections affecting shrimp aquaculture. AHPND is caused by a toxin-producing strain of Vibrio parahaemolyticus 
that harbors the pVA1 plasmid encoding toxins PirAVp and PirBVp. Non-AHPND strains of V. parahaemolyticus are found 
to be involved in white gut/white fecal syndromes in Litopenaeus vannamei, along with other known/unknown causative 
agents. Other significant pathogenic Vibrio spp. in shrimp culture systems include V. harveyi., V. alginolyticus, V. vulnificus 
and V. mimicus. This paper details the research on addressing vibriosis in general and on specific evaluation of potential 
solutions for AHPND and associated syndromes. 

In vitro antimicrobial assays were conducted to screen selected phytobiotic compounds for their activity against AHPND 
and non-AHPND strains of V. parahaemolyticus and against V. harveyi. Studies were conducted using response surface 
methodology with standard as well as field isolated strains, and prototype formulations were prepared using optimized 
blends of shortlisted compounds. An in vivo experimental challenge with V. parahaemolyticus (XN89AHPND) after a 42-day 
feeding period was conducted in white leg shrimp, L. vannamei, to evaluate the effect of supplementation of a prototype 
formulation on the growth performance and survival under normal and AHPND challenge conditions. The trial design 
comprised of four groups including the product prototype (0.5 % inclusion in feed), uninfected control, infected control and 
an antibiotic control. There was no significant difference in growth observed among the treatments after 6-weeks of feeding 
period (p>0.05). Subsequent to the feeding period, the shrimp was challenged with a virulent isolate of V. parahaemolyticus 
(XN89) at 105 CFU/mL (LC-50). Survival rates after challenge were significantly different (P<0.05) among the treatments, 
with a mortality rate of 83.34% in the infected control group. Supplementation of the product prototype improved the 
survival rates (60%) to be comparable to that of the antibiotic control, 120 h post-challenge. Bacteriological analysis of 
the gut and hepatopancreas of dead and moribund shrimp in all the treatment groups showed the presence of positive V. 
parahaemolyticus colonies. Histopathological analysis showed hepatopancreatic tissues with normal tubule epithelia in 
the uninfected group and thin collapsed hepatopancreatic tubule epithelia in the antibiotic, prototype and infected control 
groups indicative of AHPND.

The selected product formulation based on phytobiotic compounds was tested in conditions of suspected vibriosis 
and associated syndromes in commercial shrimp culture systems. Sixteen studies were conducted in shrimp farms at 
various locations with characteristic symptoms of white gut and/or white fecal syndrome. Trials demonstrated significant 
improvement in recovery from the vibrio infections based on survival (p<0.05) and clinical symptoms. The results indicate 
the potential of phytobiotic compounds in addressing AHPND, white gut and other vibrio associated syndromes in white 
leg shrimp. 
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Aquaponics is mishmash of hydroponics and aquaculture following recirculating aquaculture concept. In this system 
nitrifying bacteria plays crucial role like a bridge for nutrient circulation from fishes to plants. In aquaponics, pH is one 
of the important factors as plants need slight acidic pH for uptake of nutrient from the water by their roots. In contrast, 
fishes and bacteria prefers slightly alkaline for their optimal metabolic activity. Due to nitrification process the nitric acids 
produced in the aquaponic system, reduces pH below the neutral level (pH < 6.8) causing huge loss of energy by fish 
resulting lower production. Therefore, the optimal range of pH for aquaponic narrows from 6.8 to 7.2 for its sustenance. 
Hence, a 20 days experiment was conducted to investigate the effect of shell grit on pH stabilization in aquaponic system. 
The aquaponic model used for experiment was media bed based aquaponic system. A half cutted plastic barrel was filled 
with LECA (media bed) and a circular FRP tank with 300 litres of water. The tank was stocked with 30 nos. of fishes 
(tilapia) weighed averagely 30-40 g. The fishes were fed with pelleted feed at 3-4% of average body weight twice in a 
day. The plants cultivated were mint (Mentha sp.) and Mexican mint (Plectranthus amboinicus). Water circulation was 
maintained at 5 L min-1 with the help of peristaltic pump. Normal filter bed with the charcoal and sand (lined by white cloth 
for both sides) below the LECA layer, resulted to form acidic pH (6.5) within 20 days. On the other hand, after addition of 
coarsely gritted molluscan shell layer (lined by white cloth for both sides) below the charcoal layer, reduced pH and was 
maintained to its neutral (7.1). Results of the experiment concluded that the pH of the system was increased from acidic 
level (10th day) to neutral (7.0-7.2) and remained stagnant on 20th day. In the experiment, calcium carbonate, the major 
compound in mollucan shell, played important role by slowly leaching out into water during acidic condition resulted in 
increase and stagnancy of pH by buffering action. To conclude, the mollucan shell grit is one of the cheaper and organic 
means of pH stabilizer in aquaponic system and can be utilized by small farmers to reduce loss during culture.
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The piezo-electric film was developed from bio-waste Prawn Shells (PS). The absorption peak of the PS film was observed 
at 266 nm and 377 nm, respectively. The structural and crystallographic features of PS were studied by FT-IR spectroscopy. 
The co-existence of intra and inter-molecular hydrogen bonds is also evident from the vibrational bands 3145 cm-1 and 
3011 cm-1, respectively. The cross-sectional scanning electron microscopy (SEM) image of the PS shows hierarchically 
organized and specially arranged layer structure of chitin nanofibers (ChNFs). 

In particular, naturally abundant piezoelectric materials 
are the suitable choice for designing bio-medical sensors/
nanogenerators that can function without any adverse reaction 
or toxicity. After cellulose, the second most abundant natural 
piezoelectric biopolymer is the chitin [poly-b-(1,4)-N-acetyl-
d-glucos-amine], chitin is mechanically robust, nontoxic, 
biocompatible, and biodegradable. It naturally occurs as 
supramolecular crystalline nanofibers which are further held 
by strong hydrogen bonds to form fiber bundles of larger 
scales called chitin nanofibers (ChNFs).

The absorption spectrum of PS was studied by UV-Vis 
absorption spectroscopy as shown in Fig.1. The maximum 
absorption was observed at a wavelength of 266 nm and 377 
nm, respectively. The structural and crystallographic features 
of PS were studied by FT-IR spectroscopy (Fig.2). The co-
existence of intra and inter-molecular hydrogen bonds is 
also evident from the vibrational bands 3429 cm-1 and 3251 
cm-1, respectively. The detailed surface morphologies were 
investigated by SEM operated at an acceleration voltage of 
20 kV (Fig.3). In the X-ray diffraction (XRD) pattern, two 
diffraction peaks are observed at 2θ ~ 19.82º and 39.56º, 
respectively in the range of 15º-40º.
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Photobacterium damselae (formerly Vibrio damsela) is an important pathogen, causing potential devastation to fish and 
shellfish aquaculture. Photobacterium damselae ssp. damselae has been reported to cause wound infections and fatal 
disease in human and a variety of marine animals. We have isolated this strain for the first time in the east coast of India 
from cage cultured cobia that was undergoing heavy mortality during 2016. 

The objective of this experimental study was to investigate pathogenicity of Photobacterium damselae subsp. damselae 
in pompano fish. Pompano fingerlings collected from CMFRI, Vizhinjam was maintained at indoor glass tanks under the 
laboratory conditions for three days for acclimatization. Three groups of fish in duplicate were intraperitoneally administered 
with 50 ul of bacterial culture having inoculum strength of 2.75x107, 2.75x106 and 2.75x105 per fish after tenfold serial 
dilution. In the 7 day observation period, 85 and 80 % mortality was observed in the first two higher concentrations and no 
mortality was noticed in the control tanks and in lowest concentration administered tank. Bacterial reisolation from dead 
pompano fish tissues such as kidney, spleen, gill and liver was carried out. Reisolated bacterial colonies were identified by 
standard biochemical tests and 16S rRNA sequencing and ureC multiplex PCR.  Tissues such as kidney, spleen, liver and 
gill from moribund fish samples were subjected to histopathological analysis. 

Results indicated bacterial clustering and increased melanomacrophages in spleen, focal necrosis of spleen and 
glomerulonephritis in the kidney.
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The Picnic seabream, Acanthopagrusberda (Forskkal, 1775) is an important commercial sparid fish because of its 
recreational value, excellent meat quality, high economic value, tolerance to wide variations in salinity and temperature, 
strong resistance to diseases, easy adaptation to captivity and fast growth rate. They are locally exploited by artisanal 
fisheries using cast net and hook & line and are sold fresh in Indian markets @ Rs.400-500/ Kg. 

Broodstock of A. berda were collected from 
Korapuzha estuary, Calicut using cast net during 
the spawning season (August to December). 
Males and females were maintained separately in 
circular tanks (1000 L) and were fed with fresh 
squid and oyster @ 5% body weight. Female 
fishes weighing 650 to 1200 g and male fishes 
weighing 200 to 350 g were selected for injection. 
Males were examined for free milt. Females with 
more than 600 µm ova diameter were selected 
for inducement. A total of 28 breeding trials were 
conducted with different treatments (Table. 1). 
The inducing agents (Ovatide, HCG, LHRH, 
WOVA- FH) were administered either intra-
muscular or intra-peritoneal, either individually 
or in combination. 

The individual dose of WOVA FH (1.5 ml Kg−1 
& 3.5 ml Kg−1) and combination of WOVA -FH 
(1.5 ml Kg−1) and LHRH (20 µg Kg−1) are found 
effective in inducing spawning in female A. berda. 
A. berda did not show spawning response to hCG 
(500 &1000 IU Kg−1), ovatide (0.5, 2.5 & 3.5 ml 
Kg−1) and LHRH (10 & 20 µg Kg−1). But injection 
of high dose of WOVA-FH, Ovatide and LHRH 
made the possibility of hand stripping of ova from 
the females after 48 hours of injection. The hand 
stripped ova and milt were mixed thoroughly 
using feather for 2 minutes and are maintained at 
different salinities (15, 25 and 35 ppt) and kept 
undisturbed for 2 hours. Fertilization was observed 
in all the salinity treatments. This indicates the 
possibility of breeding A. berda under A. berda 
is a potential mariculture candidate species and 
the present study is the preliminary effort in 
developing a captive breeding technique for this 
species. 
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Shrimps constitute a dominant key item in the export basket of India. About 70% of India’s total seafood export revenue 
to the tune of $7.08 billion dollars was contributed by shrimps, in the year 2017-18.   The major   species that are being 
exported from the country is an indigenous shrimp, the Pacific White (Penaeus vannamei). India adopted commercial 
culture of P. vannamei in the year 2009 after the establishment and commissioning of a dedicated aquatic quarantine 
facility, called the AQF-Aquatic Quarantine Facility for L. vannamei. The facility was established and is being operated 
by the Marine Products Export Development Authority-Rajiv Gandhi Centre of Aquaculture (MPEDA-RGCA). Currently, 
AQF is the one and only centralised aquatic quarantine unit in India and one of its kind in Asia. The present paper details 
on the decade long operation of the facility and highlights on the importation of P. vannamei broodstock to India, from 
different regions across the globe. 
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The present investigation was carried out to study the immunostimulatory effect of ulvan of Ulva fasciata on Litopenaeus 
vannamei through oral administration against Vibrio parahaemolyticus. The polysaccharide Ulvan from green seaweed 
Ulva fasciata was extracted and it was supplemented with pellet diets at three different concentrations (0.1, 0.2 & 0.3%). The 
ulvan supplemented diets were fed to shrimp Litopenaeus vannamei for 90 days and the growth performance was assessed. 
The weight gain and SGR of various concentrations (0.1-0.3%) of ulvan supplemented diets fed groups of shrimp were 
significantly (P< 0.05) increased than control group. After 90 days of feeding experiment, the L. vannamei were challenged 
with Vibrio parahaemolyticus and the mortality percentage was recorded daily up to 21 days. During the challenge test, 
the control group showed 80% mortality, but in the experimental groups, the mortality percentage was decreased from 51 
to 26% in V. parahaemolyticus considerably (P< 0.05) with respect to the concentrations of ulvan. During the challenge 
experiment, the immunological parameters such as THC, prophenoloxidase activity, respiratory burst activity, superoxide 
dismutase activity, phagocytic activity, bactericidal activity and bacterial clearance ability of experimental groups were 
significantly (P < 0.05) increased than control group during the challenge study. The expression of immune genes such as β, 
1, 3-glucan binding protein (ΒGBP), Prophenoloxidase, Peroxinectin (PE), Cytosolic superoxide dismutase (Cyt-SOD), 
Penaeidin-5 (PA-5), Single WAP domain protein (SWDP) and β-actin were significantly (P< 0.05) increased than control 
group during the challenge experiment. The V. parahaemolyticus load was enumerated from the infected shrimp at every 10 
days intervals during challenge experiment. In control group, the Vibrio load was increased in hepatopancreas and muscle 
tissues from 10th to 21st days of challenge test. But in the experimental groups, the Vibrio load in both the tissues decreased 
positively from 10th to 21st days of challenge duration. It is concluded that the U. fasciata ulvan had enhanced the innate 
immunity and increased the resistance to pathogenic infection in shrimp L. vannamei.  
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The need and the desire for aquaculture researchers to shift away from synthetic drugs in aquaculture, has prompted a search 
to find alternative additives in fish diets. The current study was therefore designed to test the effect of a commercial herbal 
product, Aquapro®on the growth performance and gut morphology of the South African juvenile dusky kob, Argyrosomus 
japonicas (Sciaenidae) in a seven week feeding trial. Four isonitrogenous diets, consisting of three Aquapro®-containing 
diets at rates of 0, 50, 100, and 150 g/kg DM (Aqua0, Aqua50, Aqua100 and Aqua150, respectively) were formulated. 
Forty five fish (14.44 ± 0.27 g) were randomly distributed into each of the 12 experimental tanks in preparation for the 
commencement of the experiment. 

Each dietary treatment was randomly allocated to three tanks and offered to fish at a rate of 2.8% body weight. A total 
of 10 fish from each tank were randomly sampled once a week for length and weight measurements to monitor weekly 
growth performance. At the end of the experiment (week seven), three fish from each tank were humanely sacrificed to 
sample distal intestinal tissues for histology preparation. Repeated measures analysis revealed a non-significant (P > 0.05) 
interaction between the diets and the fish age (weeks) on both the weight and caudal length of the experimental fish. The 
fish weight gain decreased significantly with an increase in Aquapro® inclusion in the diets (Table 1). The highest weight 
gain of 36.97 ± 1.57 g and caudal length gain of 5.47 ± 0.09 cm were recorded for the control diet after seven weeks. The 
highest Aquapro® inclusion level diet produced the least weight gain of 24.57 ± 2.44 g and caudal length of 4.01 ± 0.33 
cm. Normal distal morphological structure was observed for all treatment groups. In conclusion, the results show that 
the Aquapro®product, up to 100 g/kg kob diet does not negatively affect juvenile dusky kob growth. The product at the 
investigated level of inclusion does not cause gut inflammation. 
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Macro-algae can be cultured in high volumes and would represent an attractive source of potential compounds useful for 
unconventional drugs able to control new diseases or multiresistant strains of pathogenic microorganisms. Tropical algae 
have established to supply a really effective antioxidant defence system due to the strong Ultra Violet radiation within the 
tropical surroundings. Sargassum tenerrimum is a brown marine macro algae (seaweed) used in folk medicine and applied 
for thousands of years in Asian countries. The present study was aimed to determine the antibacterial activity, biochemical 
constituents and antioxidant activity of marine macro algae Sargassum tenerrimum from Rameshwaram, Tamilnadu.

Crude extract was prepared using the solvent methanol from S. tenerrimum was evaluated for antibacterial activity 
by well diffusion method against both Gram positive bacteria (Staphylococcus aureus and B. subtilis) Gram negative 
bacteria (Klebsiella pneumonia, P. putida and E. coli) by using three different concentrations viz., 25, 50, 75µg/mL. 
The standard drug as commercial antibiotic Ampicillin. The maximum inhibition of antibacterial activity was observed 
in B. subtilis (75µg/mL). S. tenerrimum had high content of protein (12.27±0.82 %) followed by 21.93±0.72% Ash, 
32.44±1.35 % Carbohydrates and 1.53±0.14 % lipid content.  The antioxidant activity was found by means of the Total 
phenolic content, Total antioxidant (TAA), De-oxyribose radical scavenging activity and DPPH radical scavenging 
test using different fractions of methanol extract. Result from these methods express that the antioxidant activity of  
S. tenerrimum of methanol extract was time and concentration dependent. TPC exhibited higher activity in the methanolic 
extraction (6.26±0.45 mg GAE/g). TAA of methanolic extract were noted higher activity (0.77±0.17). The Deoxy-ribose 
radical scavenging activity (3.02±0.02% inhibition) of total methanolic extract and fractions of S. tenerrimum. The results 
were highest DPPH scavenging activity (1.53±0.44 %) hexane.
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In the marine eco system, algae (seaweeds) are directly exposed and are susceptible to ambient microorganisms such as 
bacteria, fungi and viruses. There is an increasing need for new antibiotics and other bioactive compounds that control the 
spread of disease not only in human but also in other animals evolving resistance for microbes to existing antibiotics. They 
are known to synthesize bioactive secondary metabolites which have antimicrobial activities. The aim of the present study 
was to identify seaweeds, which possess antibacterial activities against fish pathogenic bacteria and could be an alternative 
to the commonly used antibiotics in aquaculture.

Crude extracts were prepared using the solvent of methanol from the six marine macro-algae viz, Ulva lactuca and 
Chaetomorpha aerea (Chlorophyta), Sargassum tenerrimum (Phaeophyta), Kappaphycus alvarezii, Gracilaria edulis 
and Gelidiella acerosa (Rhodophyta) species using methanolic extracts were evaluated for antibacterial activity 
by Well diffusion assay and Broth dilution assay against both Gram Positive bacteria (Staphylococcus aureus and  
B. subtilis) Gram Negative bacteria (Klebsiella pneumonia and E. coli) by using three different concentrations viz., 
25, 50, 75 µg/mL. The standard drug as commercial antibiotic Ampicillin. The maximum inhibition of antibacterial 
activity was observed in Gelidiella acerosa (Plate: 1) followed by Chaetomorpha aerea, Ulva lactuca, Gracilaria 
edulis while Sargassum tenerrimum and Kappaphycus alvarezii showed comparatively low inhibition recorded 
of antibacterial activity. G. acerosa (75µg/mL) showed a maximum activity against B. subtilis (21 mm) and  
S. aurues (20 mm). Minimum inhibitory concentrations (MIC) for the selected six seaweeds were carried out the better 
performing solvent extracts in the broth dilution method using methanolic extract. MIC antibacterial activity against in 
B. subtilis (from well diffusion assay) was ranging from 25µg/mL to 100µg/mL. The commercial antibiotic of Ampicillin 
with B. subtilis showed a maximum activity against 75µg/mL concentration (77.05%) and minimum activity against 25µg/
mL (67.65%). Observation made G. acerosa with B. subtilis showed a maximum activity against 50µg/mL concentration 
(80.56%) and minimum activity against 25µg/mL (75.26%) of the tested selected seaweed Gelidiella acerosa.
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The conventional financing of industrial projects as well as business proposals are undergoing several innovations and 
Aquaculture projects are no exception. However, an analysis of financing of Aquaculture projects in the last decade does not 
indicate severe disruption as in the case of other industries. This may be due to large number of unorganised entities in this 
segment and also on account of popular misconceptions. Banks, as per RBI mandate, treat financing aquaculture projects 
as Priority Sector Lending and provide all incentives as applicable to Agricultural projects. Several industry associations 
such as FICCI, CII, ASSOCHAM also organise seminars and conferences to highlight the importance of Aquaculture in 
improving livelihood of masses and also in promoting entrepreneurship. The respective Ministries of State and Central 
Governments also provide special incentives and subsidies to fisheries projects. Still in respect of Aquaculture enterprises, 
India remains in second place globally with China far ahead of it both in terms of volume and exports. Since Finance plays 
a crucial role in promoting aquaculture projects in a big way and contributes significantly to increase in GDP and per capita 
income with minimum investment, recent path braking developments in this direction are discussed in this paper .

Many of the several thousands of aquaculture projects require corporatisation to avail the benefit of liberal and cheap 
finance available internationally in the form of External Commercial Borrowings, Foreign Currency Convertible Bonds, 
ADRs, GDRs, Euro Bonds, etc. They need to be educated on the advantages of converting into public limited companies 
or LLPs so that they can reap the benefits of privatisation, liberalisation and globalisation of Indian economy by accessing 
global financial markets. Special Aquaculture Zones may be established in large numbers to derive the advantage of zero 
GST and low cost borrowings. Industrial Clusters also need to be established to derive synergy, marginal and opportunity 
cost benefits.

Several small enterprises have taken advantage of accessing capital in SME platforms in BSE and NSE recently and 
Aquaculture projects need to take advantage of such large scale funding for achieving economies of scale and for 
increasing India’s output significantly. There are immense opportunities to form Joint Ventures with companies abroad and 
access funds through FDI route and also technical and market collaborations. The author of this article was personally and 
successfully associated in one such JV for a marine food company.

While MUDRA Bank has liberalised availability of finance under Mudra Loans Scheme for aquaculture projects as well, the 
availment  is not significant. This needs to be popularised among the existing beneficiaries and prospective entrepreneurs. 
Similarly availability of collateral free loans under CGTMSE Scheme needs to be brought to the notice of beneficiaries 
through seminars etc and workshops organised by all stake holders.

Further  procedural guidelines have to be developed to cover a a large number of beneficiaries under Fisheries Infrastructure 
Development Fund announced by the Govt of India which is available at an interest rate of 6%pa with repayment period not 
exceeding 12 years. A Compendium of technically feasible and economically viable Project Profiles in aquaculture needs to 
be published with several projects with an outlay not exceeding Rs 50 lakhs as lack of information on viable and profitable 
aquaculture projects is cited as main bottleneck.

In sum, Aquaculture projects with very high IRR and immense potential for achieving CAGR of minimum 15% annually 
need to take advantage of new innovative strategies in financing them to achieve all round development both from domestic 
and global financial markets.
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The conventional financing of industrial projects as well as business proposals are undergoing several innovations and 
Aquaculture projects are no exception. However, an analysis of financing of Aquaculture projects in the last decade does not 
indicate severe disruption as in the case of other industries. This may be due to large number of unorganised entities in this 
segment and also on account of popular misconceptions. Banks, as per RBI mandate, treat financing aquaculture projects 
as Priority Sector Lending and provide all incentives as applicable to Agricultural projects. Several industry associations 
such as FICCI, CII, ASSOCHAM also organise seminars and conferences to highlight the importance of Aquaculture in 
improving livelihood of masses and also in promoting entrepreneurship. The respective Ministries of State and Central 
Governments also provide special incentives and subsidies to fisheries projects. Still in respect of Aquaculture enterprises, 
India remains in second place globally with China far ahead of it both in terms of volume and exports. Since Finance plays 
a crucial role in promoting aquaculture projects in a big way and contributes significantly to increase in GDP and per capita 
income with minimum investment, recentpath braking developments in this direction are discussed in this paper.

Many of the several thousands of aquaculture projects require corporatisation to avail the benefit of liberal and cheap 
finance available internationally in the form of External Commercial Borrowings, Foreign Currency Convertible Bonds, 
ADRs, GDRs, Euro Bonds, etc.They need to be educated on the advantages of converting into public limited companies 
or LLPs so that they can reap the benefits of privatisation, liberalisation and globalisation of Indian economy by accessing 
global financial markets. Special Aquaculture Zones may be established in large numbers to derive the advantage of zero 
GST and low cost borrowings. Industrial Clusters also need to be established to derive synergy, marginal and opportunity 
cost benefits.

Several small enterprises have taken advantage of accessing capital in SME platforms in BSE and NSE recently and 
Aquaculture projects need to take advantage of such large scale funding for achieving economies of scale and for 
increasing India’s output significantly. There are immense opportunities to form Joint Ventures with companies abroad and 
access funds through FDI route and also technical and market collaborations. The author of this article was personally and 
successfully associated in one such JV for a marine food company.

While MUDRA Bank has liberalised availability of finance under Mudra Loans Scheme for aquaculture projects as well, the 
availment  is not significant. This needs to be popularised among the existing beneficiaries and prospective entrepreneurs. 
Similarly availability of collateral free loans under CGTMSE Scheme needs to be brought to the notice of beneficiaries 
through seminars etc and workshops organised by all stake holders.

Further  procedural guidelines have to be developed to cover a alarge number of beneficiaries under Fisheries Infrastructure 
Development Fund announced by the Govt of India which is available at an interest rate of 6%pa with repayment period not 
exceeding 12 years.A Compendium of technically feasible and economically viable Project Profiles in aquaculture needs to 
be published with several projects with an outlay not exceeding Rs 50 lakhs as lack of information on viable and profitable 
aquaculture projects is cited as main bottleneck.

In sum, Aquaculture projects with very high IRR and immense potential for achieving CAGR of minimum15% annually 
need to take advantage of new innovative strategies in financingthem to achieve all round development both from domestic 
and global financial markets



387

EFFECT OF IN-SITU AND EXTERNALLY ADDED BIOFLOC SYSTEM ON WATER 
QUALITY AND GROWTH OF ROHU, Labeo rohita

Mahanand S S*1, Moulick S2, Rao P S3 and Pandey P K4

1 Assistant Professor, College of Fisheries (CAU), Lembucherra, Tripura (W)
2 Associate Dean, School of Civil Engineering KIIT University, Bhubaneswar, Odisha
3 Professor, A.G.F.E Department IIT, Kharagpur, West Bengal
4Dean, College of Fisheries (CAU), Lembucherra, Tripura (W)
Email: papuiitkgp@gmail.com

Biofloc technology is a technique of enhancing water quality in aquaculture through balancing carbon and nitrogen in 
the system. The technology has recently gained attention as a sustainable method to control water quality, with the added 
value of producing proteinaceous feed in- situ. The present study was conducted to compare the effects of in-situ produced 
biofloc and externally added biofloc on the growth and production of rohu under different stocking densities Experiments 
were carried out in twenty seven cemented tanks (700 L each) for a period of 90 days. The experimental design included 
in-situ biofloc, externally added biofloc and control treatments conducted at three different stocking densities (STD) - 1.3, 
2.6 and 3.9 denoting 1.3, 2.6 and 3.9 no. fish m-2 of surface area of tank respectively with each experiment replicated 
thrice. Mixed sex rohu (Labeo rohita) of individual average weight 50 ± 1.6 g was reared in all treatments. In in-situ 
biofloc treatment, low protein (20%) commercial fish feed was added initially. Further, organic carbon in the form of 
wheat flour was added daily to maintain the C:N ratio at 10. The amount of feed and extra carbohydrate required in biofloc 
process varies with time as biomass density varies with time. Around 60% extra carbohydrate to be applied in a typical 
in-situ biofloc tank. In externally added biofloc treatment, 50% of fish feed and 50% wet floc was added. The biofloc was 
produced in a 25 m3 cemented tank using aquaculture effluent from a nearby carp culture pond and maintaining the best 
C:N ratio of 10. In control treatment, high protein (30%) commercial fish feed was added. The harvested weights of fish 
in all treatments with different STD were found to be significantly different among each other (p < 0.05). Net fish yield 
was highest (2003 ± 24 kg ha-1 90 day-1) in externally added biofloc tank with highest stocking density (STD 3.9). Fish 
survival was 100% in all the treatments. The FCR values in in-situ biofloc treatment and externally added biofloc treatment 
were less compared to control treatment Fish survival was 100% in all the treatments. Frequency of water exchange 
was significantly less in externally added biofloc treatment compared to in-situ biofloc treatments and control treatments. 
The nutritional quality of biofloc was found to be quite suitable for Rohu. The images of 3-week-old biofloc captured in 
scanning electron microscope (SEM) indicated the presence of different types of bacteria, algae, protozoa, rotifers, etc. in 
different sizes ranging from 10 to 100 μm. 
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North Eastern India is gifted with vast freshwater resources in the form of rivers, streams, beels, lakes, ponds, swamps 
etc along with rich in native fish fauna under Barbs, Danio, Gouramy, Glass fish, Loach and Snakeheads. About 250 fish 
species have been found to have ornamental value with various attractive characteristics, which are kept as pets in confined 
space of garden pool or an aquarium for fun and fancy. The fish species of NEH states are treated as Indian Aquarium 
Fish due to their different ornamental value like Beautiful colour (e.g. Channa barca, Trichogaster lalius, Pseudecheneies 
sulcatus, Botia berdmorei, Tetraodon cutcutia), Transparent body (e.g. Parambassis lala, P. ranga, Pseudambassis baculis), 
Attractive appearance (e.g. Chitala chitala), Keeled abdomen (e.g Chela laubuca), Stripes and banding pattern (e.g. Botia 
rostrata, B. dario, Brachydanio rerio, Schistura reticulofasciatus), Peaceful nature and calm behaviour (e.g. Ctenops 
nobilis, Nandus nandus), Hardiness (e.g. Danio dangila, Danio rerio, Anabas testudineus), Compatibility (e.g. Puntius 
shalynius), Beautiful jumping behaviour (e.g. Esomus danricus, Chela laubuca, Salmostoma bacaila), Chameleonic habit 
(e.g. Dario dario, Badis badis, Puntius shalynius), longevity (e.g, Anabas testudineous, Channa stewarti) and Charming 
predatory habit (e.g. Channa  gachua, C. striatus,  C.marulius, Glossogobius giuris). Some of regularly exported freshwater 
indigenous ornamental fishes are Dario dario, Badis badis, Botia striata, Channa aurantomaculatus, Danio rerio, Esomus 
danricus, Puntius shalynius, Pethia gelius etc.  

Domestication of the wild collection has been done through manipulation of habitat requirement, food type and water 
quality parameter. Study revealed that dietary intervention plays an important role and triggered for enhancing captive 
maturity. For breeding under captivity healthy mature fish with proper identification and sexing are important. Manipulation 
in rearing environment also plays important role for successful domestication, maturity and breeding under captivity. Some 
important parameter includes suitable substratum, water flow, water depth, water area, water quality parameter including 
pH, temperature and hardness, body weight, right food and feeding, number of male vs. female etc. The database on 
breeding in captivity would help for conservation of the fish stock and development of ornamental fishery of NEH region 
along with diversified option for livelihood improvements. 
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In this study, we investigated the seasonal changes in key eco-physiological traits of a wild population of snow trout, 
Schizothorax richardsonii from river Gola in the Indian Himalayan region over a one year period. Live specimens (12.7±4.5 
g) were electro-fished from their natural habitat during representative months of four seasons with notable differences in 
water temperature, oxygen concentration and saturation. After a brief laboratory acclimation, the fishes were examined for 
upper and lower critical thermal limits (CTmax and CTmin), critical and incipient lethal oxygen thresholds (ILOC and ILOS), 
routine and maximum oxygen consumption rates (MO2rout and MO2max), and blood haemoglobin-haematocrit. Across the 
seasons, mean CTmin and CTmax values ranged from ~0 to 34.7°C, suggesting a good acute thermal tolerance range for this 
predominantly cold-water fish. The changes in the habitat’s thermal condition during winter to summer was reflected in 
the CTmin (~0 to 2.4°C) and CTmax (31.7 to 34.4°C) estimates, while the highest thermal scope (CTmax-CTmin; 33.2°C) was 
noted in autumn. 

ILOC was higher in winter (0.59±0.2 mgO2/L) as compared to autumn and summer (0.19 and 0.34 mgO2/L), which is 
apparently due to the low oxygen carrying capacity of blood (haemoglobin-haematocrit content) during winter. Concerning 
metabolic oxygen consumption, the rate of routine MO2 was found to increase in a temperature-dependent manner from 
63.1±18.9 mgO2/kg0.8/h at 12oC to 137.4±7.7 mgO2/kg0.8/h at 26oC. Whereas, MO2max was high in autumn (652±134 mgO2/
kg0.8/h) and intriguingly low in spring (416±70 mgO2/ kg0.8/h), suggesting an inverse relationship with ambient oxygen 
saturation levels.

Collectively, these data form the first information report on the seasonal plasticity in thermal and respiratory physiology of 
a Schizothoracine fish species, bearing significance for their conservation, aquaculture and habitat monitoring.
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The conservation, sustainable use and development of aquatic genetic resources (AqGR) are crucial for the continued 
development of aquaculture. Accelerating and expanding genetic improvement of key AqGR represents a major opportunity 
to enhance the efficiency of aquaculture and sustainably grow production. FAO has been working with member countries 
to develop the first comprehensive report on the State of the World’s Aquatic Genetic Resources for Food and Agriculture 
and has also developed a Framework of Essential Criteria for the development of these resources. In response to this report 
the Commission on Genetic Resources for Food and Agriculture has requested FAO to develop a global plan of action on 
AqGR. 

This presentation will report on some of the highlights of the State of the World report for which ninety-two countries 
provided extensive information on the status of their AqGR, through a structured reporting process, covering farmed 
aquatic species and their wild relatives in areas within national jurisdiction. This report provides a truly global perspective 
as these reporting countries account for more than 96 percent of total global aquaculture production. This process has 
enhanced engagement, built capacity and strengthened information systems related to AqGR in many member countries. 

The report highlights the wide diversity of species are used in aquaculture  There are drivers for consolidation of commercial 
production around a small number of major aquaculture species, which seems to be occurring, but also drivers for continuing 
diversification into new species. It is also evident that aquaculture still depends to a large extent on wild types and that 
there is strong and important interactions between farmed AqGR and their wild relatives. Further, it is evident that, despite 
the many options available, genetic improvement is still having a relatively limited impact on aquaculture production. The 
small number of recognised and distinct strains currently used in aquaculture is in strong contrast to the huge diversity of 
breeds and varieties used in terrestrial agriculture.

Current data on aquaculture production is reported to FAO at the level of species (or species items). While these data are 
comprehensive they do not fully reflect the broad diversity of AqGR in use today. The process of developing the State of the 
World Report has thus highlighted the need to record information on AqGR for a broader range of species but specifically to 
record additional information at the level of the “farmed type”, i.e. below the level of species. The Report further recognises 
capacity building needs for future assessment and characterisation of AqGR. 

The presentation highlights some of the issues and challenges around the development of information systems for AqGR 
including the standardisation of terminology, the definition and characterisation of farmed types, the appropriate role 
of molecular genetic data and the design of efficient and sustainable reporting systems and the challenge of ensuring 
sustainability and on-going expansion of the information system. 
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A 60-day feeding trial was conducted to optimise the dietary inclusion of Hygrophila spinosa leaf meal (HSLM) by replacing 
de-oiled rice bran (DORB) (30% inclusion) in the diet of Labeo rohita fingerlings based on growth performance, nutrient 
utilisation and physio-metabolic responses. Eight 
iso-nitrogenous (30% crude protein) and iso-caloric 
(300 Kcal DE/100g) practical diets were prepared 
with graded level of HSLM by replacing DORB 
viz- control (0% HSLM, 30% DORB), LM10 (10% 
HSLM, 20% DORB), LM20 (20% HSLM, 10% 
DORB ), LM30 (30% HSLM, 0% DORB), CEE 
(control diet with 0.1% of xylanase and cellulase), 
LM10EE (LM10 diet with 0.1% of xylanase and 
cellulase), LM20EE (LM20 diet with 0.1% of 
xylanase and cellulase) and LM30EE (LM30 diet 
with 0.1% of xylanase and cellulase). Two hundred 
and eighty eight fingerlings (average b.wt 3.52 ± 0.08 
g) were randomly distributed in eight experimental 
groups in triplicates. Feeding of fish was done to 
satiation by using respective experimental diet 
throughout the experimental period. Highest (p < 
0.05) growth performance (Fig 1), RNA content 
and RNA:DNA ratio were observed in LM10 and 
LM10EE group (10% HSLM containing diet with 
or without exogenous enzyme), while fish fed with 
20% and 30% HSLM containing diets did not 
show any significant variation (p > 0.05) on growth 
performance with  control. Though amylase activity 
(Fig 2) was found to be significantly higher in fish of 
LM10, LM20, CEE, LM10EE and LM20EE groups, 
the fish of LM30 and LM30EE did not show any 
significant variation with control. Supplementation 
of exogenous enzymes significantly increased the 
muscle ALT and AST activities in LM10EE and 
LM20EE groups. Hence, it can be concluded that 
100% replacement of DORB (30% inclusion level) is 
possible with HSLM without any detrimental effect 
for a period of 60 days. However, the combination 
of 10% HSLM and 20% DORB is better than DORB 
based diet (control).
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In recent times, antimicrobial resistance (AMR) is a serious threat to global public and animal health due to development 
of resistance of antimicrobial drugs used in aquaculture. In this study, antimicrobial resistance in micro-organisms of 
brackishwater shrimp farms of Maharashtra was assessed. Sampling of P. vanamei was done from 30 brackishwater farms 
in Thane district of Maharashtra for a period of three months. Targeted Bacteria (E.coli, Staphylococcus spp. and Vibrio 
spp.) were isolated from shrimp samples, characterised by biochemical tests and test for AMR through antibiotic sensitivity 
test (AST) by using various antibiotics. Results of AST were interpreted by comparing the zone diameter referring to 
breakpoint tables based on guidelines of the Clinical and Laboratory Standards Institute M45-A2 (CLSI, 2010) and was 
further analysed in WHONET software. 
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The Moontail bullseye, Priacanthus hamrur, is an unusual species found in outer reef slopes and deep sea waters ranging 
from 8 m to at least 80 m, in small aggregations, sometimes schools in oceanic locations. Also found under ledges or 
hovering next to coral heads during the day. In the present study, 279 specimens were collected from Kakinada, Kolkata, 
Cochin and Mumbai to investigate the stock differentiation among the populations. A total of 14 morphometric traits, 11 
landmark points with 14 truss variables and ten meristic counts were studied. 

PCA of morphometric traits, first and second principal components explained the variation of 34.43% and 21.23% 
respectively. Factor analysis of truss variables revealed that shapes belonging to a middle portion of the body, dorsal fin, 
anal fin and caudal fin region, and head portion, are important in differentiating the stocks. 

The clear separation of the stocks was observed between the four stocks. The discriminant function analysis of truss 
measurements within the stocks revealed correct classification of 82.16%. The current study will provide the baseline 
information on the stock characteristics of P. hamrur from Indian waters, and also it can be utilized for the sustainable 
management of this resource.
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Bacterial diseases are a major threat to shrimp industry that could induce significant economical and production 
losses in many countries.  Some specific pathogenic bacteria are better known than others, including strains of Vibrio 
parahaemolyticus that cause Acute Hepatopancreatic Necrosis Disease (AHPND), or more commonly referred to as Early 
Mortality Syndrome (EMS).  It is also reported by few aqua research scientists that bacteria, especially Vibrios, also play 
an important role in White Feces Syndrome (WFS), which is causing a great damage to shrimp production in recent years.

Many feed additives and technologies have been introduced and tested through the years to address such bacterial problems 
in aquaculture, with one of the most effective solutions being the use of formic acid in either fish or shrimp feed to directly 
reduce the feed and gut pathogenic bacteria load, or the use of astaxanthin in shrimp aquaculture to improve the animal’s 
immune parameters to fight against diseases.

One of the recent innovations includes the use of monoglycerides of short to medium chain length fatty acids that combines 
the antibacterial benefits of respective organic acid, with enhanced growth performance improvement. Further extending 
the benefits of organic acids, the composition of fatty acids is optimized in the monoglyceride technology to deliver a more 
specific efficacy towards different bacterial pathogens, reducing stress factors and thus increasing animal resilience, to 
improve performance and yield.

Numerous In vivo tank trials and commercial pond trials on monoglycerides have been conducted across many countries 
and monoglycerides have shown promising results for shrimp.  With a recommended dosage of 1% (10kg/mt of feed) 
for liquid form of monoglyceride, meta-analysis results show that a typical survival rate improvement was as high as 10 
percentage points.  With improved shrimp resilience, FCR was approximately improved by 8%, allowing ultimately a 
greater productivity and economical return for shrimp farmers.
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Vitamin E is a fat soluble vitamin which plays an important role in growth, immunity and survival of fish. A sixty-day feeding 
trial was conducted to determine the dietary vitamin E requirement for growth of Indian butter catfish, Ompok bimaculatus 
fingerlings. Five iso-nitrogenous (35%) and iso-energetic semi-purified diets with different levels of α-tocopherol acetate 
such as control (0), D1 (100), D2 (150), D3 (200) and D4 (250) mg kg-1 of diet were fed to O. bimaculatus fingerlings 
(average weight 2.21 ± 0.02 g; 30 healthy fish per replicate) in triplicate groups following a completely randomized design. 
Each group was fed to satiation twice a day for 60 days. Significant differences were observed in growth performance with 
different dietary vitamin E levels (P<0.05). Maximum weight gain (386.21±2.63%), specific growth rate (2.64±0.01% 
day-1) and protein efficiency ratio (PER) (2.42±0.05) were found in fishes fed with 100 mg α-tocopherol acetate per kg 
diet, supported by best feed and protein intake per fish (P<0.05) and lower Feed conversion ratio (FCR) value (Table 1). 
Hence, it may be concluded that the vitamin E requirement of O. bimaculatus fingerling is 100 mg kg-1 diet as indicated by 
better growth performance and feed utilisation. However, using broken line regression analysis, the maximum growth was 
found to be at 104.5 mg α-tocopherol acetate per kg diet. Our results will be helpful for the formulation of cost-effective 
α-tocopherol acetate incorporated diets for Indian Butter catfish, O. bimaculatus.
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Aquaculture has grown steadily in the last few decades playing an increasing role in meeting the demand for fish of a 
growing world population. One of the biggest challenges in aquaculture are disease caused by viruses, bacteria or fungi. 
The gills are the most susceptible organ in teleost fish exposed to various pathogens, parasites and pollutants. Thus, a 
healthy gill is essential to fight against any environmental insult. To investigate the barrier function of trout gill epithelia 
against bacterial infection, the cell monolayer was infected with Aeromonas salmonicida subsp. salmonicida, a pathogen 
of rainbow trout where the cell monolayer was found to allow a low percentage of bacterial cells to invade until one hour 
of infection which then increased at 3 and 6h of infection. Viral and bacterial PAMPs were found to upregulate the cellular 
integrity and reduce the percentage of bacterial cells to invade the monolayer to a significant level (Figure 1). Expression of 
innate immune genes were found to be upregulated upon bacterial infection and PAMP stimulation. Moreover, expression 
of a couple of antimicrobial peptides (AMPs) were also investigated where the expression was not induced significantly. 
The findings of the present study suggest a defense response to an infectious stimulus by modulating barrier function and 
by activating innate immunity. Overall, the findings of this study could facilitate developing antimicrobial drugs or vaccine 
conducive to the aquaculture production.
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The role of dietary ratios of docosahexaenoic acid (DHA, 22:6n – 3), eicosapentaenoic acid (EPA, 20:5n – 3) and arachidonic 
acid (ARA, 20,4n – 6) on early growth and survival of pearl spot larvae was studied. Rotifers were enriched with lipid 
emulsion containing nine different percentage of PUFA (DHA - 5%, 10%, 15%, of total fatty acids, EPA - 5%, 10%, 15%, 
of total fatty acids, ARA - 5%, 10%, 15% of total fatty acids). And control emulsion containing only olive oil (no DHA, 
EPA and ARA). Larvae were fed differently enriched rotifers thrice a day. At the end of 15 days of feeding the larvae fed 
with 10% DHA inclusion diet were significantly shows higher weight gain (20.5ab±0.50mg), followed by 5%EPA inclusion 
(20.3ab±0.33 mg) and 5%ARA inclusion(20.1ab±0.16 mg). The maximum survival rate (100a±0.00%) was obtained in 
treatments T2 (10% DHA), T4 (5% EPA) and T7 (5% ARA). Hence the present study could draw a conclusion that the 
inclusion level of (10%) DHA, (5%) EPA, (5%) ARA was optimum for pearl spot. The (10%) DHA, (5%) EPA, (5%) ARA 
inclusion level was chosen to achieve the better growth and survival showed a highly significant difference among the 
treatments (p<0.05). 

A STUDY ON AMYLASE ENZYME ACTIVITY IN PEARL SPOT LARVAE FED WITH DHA, 
EPA AND ARA ENRICHED LIVE FEED
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The role of dietary ratios of docosahexaenoic acid (DHA, 22:6n – 3), eicosapentaenoic acid (EPA, 20:5n – 3) and 
arachidonic acid (ARA, 20,4n –6) on amylase enzyme activity in pearl spot larvae was studied. Rotifers were enriched 
with lipid emulsion containing nine different percentage of PUFA (DHA - 5%, 10%, 15%, of total fatty acids, EPA - 5%, 
10%, 15%, of total fatty acids, ARA - 5%, 10%, 15% of total fatty acids). And control emulsion containing only olive oil 
(no DHA, EPA, and ARA). Larvae were fed differently enriched rotifers thrice a day. Initial amylase enzyme analysis was 
carried out on the first day of rearing and after 15 days of rearing larvae fed with enriched rotifers (Brachionus plicatilis). 
The maximum amylase activity was recorded in treatments T3 (4.11b±0.00 U/mg protein), T6 (4.12b±0.00 U/mg protein) 
and T9 (4.22a±0.00 U/mg protein) with inclusion level of 15% - DHA, 15% - EPA, 15% - ARA. Hence the present study 
could draw a conclusion that the inclusion level of (15%) DHA, (15%) EPA, (15%) ARA will, in turn, increases the enzyme 
secretion in pearl spot larvae and showed a highly significant difference among the treatments (p<0.05). 
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The role of dietary ratios of docosahexaenoic acid (DHA, 22:6n – 3), eicosapentaenoic acid (EPA, 20:5n – 3) and arachidonic 
acid (ARA, 20,4n – 6) on lipase enzyme activity in pearl spot larvae was studied. Rotifers were enriched with lipid emulsion 
containing nine different percentage of PUFA (DHA - 5%, 10%, 15%, of total fatty acids, EPA - 5%, 10%, 15%, of total 
fatty acids, ARA - 5%, 10%, 15% of total fatty acids). And control emulsion containing only olive oil (no DHA, EPA, and 
ARA). Larvae were fed differently enriched rotifers thrice a day. Initial lipase enzyme analysis was carried out on the first 
day of rearing and after 15 days of rearing larvae fed with enriched rotifers (Brachionus plicatilis). The maximum lipase 
activity was recorded in treatments T3 (5.64b±0.01 U/mg protein), T6 (5.76a±0.01 U/mg protein) and T9 (5.54c±0.00 U/mg 
protein) with inclusion level of 15% - DHA, 15% - EPA, 15% - ARA. Hence the present study could draw a conclusion 
that the inclusion level of (15%) DHA, (15%) EPA, (15%) ARA will, in turn, increases the enzyme secretion in pearl spot 
larvae and showed a highly significant difference among the treatments (p<0.05). 

A STUDY ON PROTEASE ENZYME ACTIVITY IN PEARL SPOT LARVAE FED WITH 
DHA, EPA AND ARA ENRICHED LIVE FEED

Naveen Raj Manickavel1*, S. Felix1** and S. Aruna1

1 Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Nagapattianam, Tamil Nadu, India
1** Corresponding Author mail ID: felix@tnfu.ac.in ; Ph No: 9443131025
1* Presenting Author mail ID: soudarnaveen@gmail.com ; Ph No: 9994044398

The role of dietary ratios of docosahexaenoic acid (DHA, 22:6n – 3), eicosapentaenoic acid (EPA, 20:5n – 3) and arachidonic 
acid (ARA, 20,4n – 6) on protease enzyme activity in pearl spot larvae was studied. Rotifers were enriched with lipid 
emulsion containing nine different percentage of PUFA (DHA - 5%, 10%, 15%, of total fatty acids, EPA - 5%, 10%, 15%, 
of total fatty acids, ARA - 5%, 10%, 15% of total fatty acids). And control emulsion containing only olive oil (no DHA, 
EPA, and ARA). Larvae were fed differently enriched rotifers thrice a day. Initial protease enzyme analysis was carried 
out on the first day of rearing and after 15 days of rearing larvae fed with enriched rotifers (Brachionus plicatilis). The 
maximum protease activity was recorded in treatments T3 (5.01c±0.01U/mg protein), T6 (5.11b±0.01U/mg protein) and T9 
(5.21a±0.01 U/mg protein) with inclusion level of 15% - DHA, 15% - EPA, 15% - ARA Hence the present study could draw 
a conclusion that the inclusion level of (15%) DHA, (15%) EPA, (15%) ARA will, in turn, increases the enzyme secretion 
in pearl spot larvae and showed a highly significant difference among the treatments (p<0.05). 
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Brachionus plicatilis were mass cultured in brackish water using 2.4 ton capacity FRP tanks.  Utilization efficiencies 
for different food combinations using baker’s yeast, chlorella sp and mixed algae for rotifer production were evaluated. 
Once the chlorella sp and mixed algae reached 4.5–5 x 106cells/ml the rotifers were inoculated into the treatment as (T1), 
and the baker’s yeast was added to the treatment (T2) at the rate of 1 gram per liter followed by mixed algae as treatment 
(T3). An experiment was carried out in triplicate. Under optimum conditions, rotifer density was reached 290.00a±0.77 
cells/ml at chlorella sp fed tank on eight days, Baker’s yeast fed tanks 216.67b±0.08 cells/ml followed by mixed algae 
fed treatment was found to be around 180c±0.26 cells/ml. After eight days of culture, it was noticed that the cell density 
got a reduction in all treatment tank. Hence the present study could draw a conclusion that the chlorella sp can be used 
as feed for rotifer (Brachionus plicatilis) to attain maximum cell density followed by baker’s yeast. And showed a highly 
significant difference among the treatments (p<0.05). 
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Centre of Advanced Study in Marine Biology, Faculty of Marine Sciences, Annamalai University
Parangipettai 608 503, TN

Nursery rearing of Litopenaeus vannamei post larvae (PL) for grow out pond has received considerable attention nowadays. 
In these aspects, very little data available with regards to growth and other parameters like disease and culture duration etc. 
This study was performed to investigate the influence of nursery phase on survival and growth of Litopenaeus vannamei 
stocked in the grow out pond. In the present attempt, a single population of high health PL were procured from a commercial 
hatchery and reared for 30 days at the density of 5.8/lit. Simultaneously, another grow out pond was also stocked at the 
density of 40/m2.   On 31st DOC (Days of culture) the shrimps were harvested, counted from the nursery tank and stocked in 
the grow out pond at the density 40/m2. Both the ponds were harvested on 90th DOC, the nursery reared seed stocked pond 
showed a survival of 97.6% and the direct stocked pond showed a survival of 95.9%.  In the case of nursery reared pond 
the ABW on harvest (90 DOC) was 2.54g and in the case of direct stocked pond it was 18.10g. During the study period, 
other parameters like FCR, count, rate, water quality parameters analyzed. 
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This research is conducted to evaluate the optimum processing conditions required for obtaining good quality minimally 
processed prawn packed in the retort pouch with brine solution. Fresh water prawns were purchased, stored at 4oC 
transported to processing unit, cleaned with good quality water, peeled (removing the heads, shells) and deveined. After 
repeated cleaning with running water, the cleaned prawns were balanced in 2.5% brine solution for 5 min. Blanched prawns 
(50 g) were packed in a retort pouch with 2.5% brine solution (200g). Retort pouches were subjected to two processing 
conditions viz., 115oC for 35 min (F0: 10.75) and 121oC for 12 min (F0:6.30). The experiments were conducted in triplicate 
to minimize the error. Processed samples were stored in the atmospheric temperature for six months and analyzed for 
storage qualities. 115oC for 35 min found to be the optimum processing condition for producing good quality prawns 
acceptable by the consumers. 

Ready To Cook (RTC) prawns were prepared, packed in 2.5% brine solution in 1:4 ratio in a retort pouch and processed 
in two different retort conditions to study the effect of processing on the biochemical, microbial and sensory properties of 
processed prawns. Biochemical properties viz., pH, salt content (%) of brine solution and the sample, Acid value, FFA (%) 
and 

Total Plate Count (cfu/g). pH value of 5.93±0.32, 5.6±0.41; FFA value of 1.76 ± 0.72 and 1.35±0.38% and Total plate count 
of 2.2±1, 1.6±2 X 105 cfu/g was observed with the sample processed for  115oC/ 35 min and 121oC/12 min, respectively. 
Decreased pH, FFA (%) and TPC were noticed in the product processed at 121oC for 12 min. The pH changes during 
heating may be caused by charge changes or hydrogen bonding or both, taking place within myofibrillar proteins, by 
splitting of hydrogen bonds, which releases additional positive charges.
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Shelflife extension of fish and fishery products are often improved by using the various food supplements during the 
processing cycle. But due to the prospective health risk caused by using the various synthetic antioxidants, additives of 
organic nature are being used because of increasing consumer preference. Plant extract of different sources have shown 
antioxidant activity due to the presence of phenolic compounds. White Radish (Raphinus sativus) solvent free extract 
was used for the enhancement of shelflife of mahseer (Tor khudree) steaks under chill conditions. Based on the in-vitro 
antioxidant activities viz., Total phenolic content (181.64±29.61mg/100g) and 2, 2- azinobis (3-ethylbenzothiazoline-
6-sulfonic acid) DPPH activity (93.49%), 20% concentration of the extract was used for the dip treatment of mahseer 
steaks stored under chill conditions (0-2oC) for 15 days. Based on the biochemical analysis (PV, FFA, TBA, TVB-N, 
TMA), microbilogical parameters (TPC) and sensory analysis. It was concluded that the both the control (CT) samples and 
whole radish extract (WRE) treated sample showed the increasing trend of values for biochemical and other parameters 
with respect to the days of interval for taking sample. On the day of sensory rejection for control sample, the formation 
of trimethylamine and total volatile base nitrogen were within the acceptability limit 8.58 mg/100g and 22.47mg/100g 
respectively, for WRE treated sample whereas the control sample crossed the limit of acceptability on the 9th day. The dip 
treatment of WRE increased the shelflife of mahseer up to 6 days during chill storage. Therefore, it can be concluded that 
whole radish extract (WRE) can be used as a promising natural preservative and a substitute to the synthetic counterparts.
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Nutrition plays a critical role in the growth and development of mussel larvae. Investigation of the appropriate algal diet 
for the larvae is needed to optimize production in the hatchery. In this study, three species of tropical microalgae were 
investigated to determine their efficacy as feed source for green mussel (Perna viridis) pediveliger (SH=256.7±5.05µm; 
SL=275.2±4.60µm). Pediveliger larvae (2 larvae mL-1) were given monoalgal diets of golden brown flagellate Isochrysis 
galbana (Iso), diatom Chaetoceros calcitrans (Cc), and green alga Tetraselmis tetrahele (Tt) at a feeding ration of 100,000 
cells mL-1 (1:2.5:0.1 cell volume basis, respectively). Survival was high on larvae fed Iso but not significantly different from 
the Cc and Tt-fed larvae. Cc promoted maximum growth in terms of final shell height (SH) and shell length measurements 
(SL) as well as instantaneous growth rate (k). Ingestion rate was significantly high in both Cc and Iso-fed larvae, compared 
to larvae fed with Tt. Moreover, all diets examined were readily ingested and digested by larvae based on epifluorescence 
microscopy. Digestion of cells by the larvae was faster in Cc followed by Iso, then Tt algae.  The results indicate that 
both Iso and Cc were easily ingested and digested by the green mussel pediveliger larvae which promotes better larval 
performance, thus both algae are recommended as algal diets for hatchery culture of green mussel. 
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This study aimed to evaluate the effects of fucoidan as a dietary supplement administered orally to red sea bream Pagrus 
major for 5 days. Two diets were formulated without (Diet 1) or with fucoidan (Diet 2). Each diet was fed to five groups 
of 15 fish each with a mean weight and length of 36.42g±2.05 g and 11.36±0.26 cm, respectively. Hematocrit and arginine 
profiles were assessed at the start of the feeding experiment. Results revealed that hematocrit levels in both fish fed Diet 1 
and  2 were within the normal range at 1, 3, 6, 12 and 24 hours after feeding (haf). On the other hand, arginine absorption 
of Diet 2 peaked at 1 haf, then declined for the successive sampling period.  The small number of samples might be the 
reason for the erratic trend of fish fed Diet 1. At the end of feeding trial, a stress test (hypoxiation) was conducted for 5 
minutes followed by a 1 hour recovery time. Collection of blood samples was done before and after the test. Interestingly, 
fucoidan supplementation improved the blood characteristics of fish. Blood hematological response of Diet 2-fed group 
was not altered after stress exposure. Total serum protein of Diet 1 was enhanced and was higher compared to Diet 2-fed. 
Meanwhile, an increase in triglycerides, glucose and cholesterol levels were observed in both diets. Other blood parameters 
(blood urea nitrogen, bilirubin and glutamic pyruvate transaminase) was not affected. This shows that fucoidan is a good 
source of arginine which is important in synthesizing proteins and improve immune functions. As a supplemental diet, it 
could positively affect fish health condition and help protect red sea bream against a physiological stressor even when given 
for a short period of time.  
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An experimental trial of 45 days was conducted to optimize Nile tilapia (Oreochromis niloticus) to spinach (Spinacia 
oleracea) ratio in a recirculating aquaponics system using inland saline groundwater of salinity 3 g l-1. Different fish 
to plant ratios, T1 (1:0.7), T2 (1:1), T3 (1:1.3) were assigned as treatments, whereas C1 (aquaponics without plants) 
and C2 (without hydroponic component) were assigned as control groups. Average weight of O. niloticus (23.46±0.24 
g), spinach yield (1.42±0.02 Kg/bed) and percentage removal of nitrate (50.43±0.11%), phosphate (47.62±2.20%), 
potassium (54.26±1.23%) from the effluent (Figure 1) was found to be significantly (P < 0.05) higher in T3. The daily water 
requirement of T1, T2, T3 and C1 (1.16-1.29%) was significantly (P < 0.05) lower compared to C2 (20.33%). Findings 
of the experiment suggest that aquaponics is feasible with low saline undergroundwater and a ratio of 1:1.3 (Nile tilapia : 
spinach) is optimum for balancing nutrient generation and removal for the best fish and plant production. 
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The present study was conducted to evaluate the effect of two microalgal species viz.  Chlorella Vulgaris and Spirulina 
platensis on mass production of copepod (Thermocyclops hyalinus) in indoor and outdoor culture systems. The experiment 
was conducted in 1000-liter capacity fiber reinforced plastic (FRP) tanks. The algal samples were collected from natural 
ponds, identified and isolated using the microscope and pure strain cultured using agar plating method.

Copepods were also collected from natural ponds, identified and isolated using the microscope and stocked in one-liter 
plastic bottles to use as the stock inoculum. Two separate tanks were fertilized using media GNOC, Urea, and SSP at the 
standardized ratio of 250gm, 10gm and 5gm respectively. The pure strains of C. vulgaris and S. platensis were inoculated 
on the same day into the tanks. Copepods were introduced at the rate of 50 to 100 individuals per liter of water in all tanks. 
The animals were fed daily with C. vulgaris and S. platensis at the rate of 25000 ±500 cells s/ml. The experiment was 
conducted following completely randomized design (CRD) showing maximum mean population growth on the 12th day 
reaching up to 16.66±0.57 individuals/mL fed with C. vulgaris and 13.66±0.57 individuals/mL fed with S. platensis in an 
indoor culture system. The duration of trials was 30 days for both the treatments. The present study envisages that in indoor 
culture system copepod, Thermocyclops hyalinus fed with C. vulgaris can be mass cultured and the present study is useful 
in the mass production of copepods enabling larval rearing in aquaculture and aquariculture.
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In fishes, the expression of steroidogenic enzyme genes and their related transcription factors are critical for the development 
of the gonads and the regulation of steroidogenesis. The early stages of steroidogenesis is important for biosynthesis of 
testosterone and estradiol. In this study, three steroidogenic enzyme genes cyp19a1, 11βhsd (11β-hydroxy testosterone) and 
3βhsd (3β-hydroxy testosterone) expression in various stages of gonad development has been analysed. As this is the first 
recordical study of steroidogenic enzyme genes in L. thermalis, the primers of Air breathing catfish  Clarias gariepinus for 
the genes cyp19a1, 11βhsd and 3βhsd  has been used to find the expression level at various stages.Based on the previous 
studies in catfish in these genes, cyp19a1 is an ovarian aromatase found abundant in differentiating female gonads. 11βhsd 
has higher expression in the spawning phase of reproductive cycle and transactivates to regulate male reproduction in 
teleost. 3βhsd is important in both spermatogenesis and oogenesis. From similar experimental methods performed in C. 
gariepinus the expression level of these genes in L. thermalis is observed.

From the graph, it is evident that in L. thermalis, higher expression level by cyp19a1, 11βhsd and 3βhsd is in medium sized 
testis n in the other. Hence these genes play a vital role in spermatogenesis in L. thermalis.
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Gambusia affinis are of economic importance because they feed on mosquito larvae and pupae. It plays a positive role 
in the integrated control measures in which the fish functions as suitable alternative to pesticide. The present study is the 
comprehensive report on food and feeding habits of Gambusia affinis and also to have dietary evaluation of Gambusia on 
mosquito larvae. In the present study the maximum water temperature (28.3), pH (7.5), dissolved oxygen (5.7), biochemical 
oxygen demand (3.6), chemical oxygen demand (1.8), total hardness (118), total alkalinity (116), nitrate (0.27), nitrite 
(0.034) and ammonia (0.07) were recorded in female fish culture tank. Maximum water temperature (28.4), pH (7.5), 
dissolved oxygen (5.6), biochemical oxygen demand (3.5), chemical oxygen demand (1.7), total hardness (116), total 
alkalinity (115), nitrate (0.25), nitrite (0.032) and ammonia (0.06) were recorded in male fish culture tank. The analysis 
of stomach contents of mosquito-fish G. affinis revealed that the food of the fish consists of aquatic phytoplankton (12%), 
zooplankton (26%), detritus (22%) and larvae (34%) and others materials (6%). The highest percentage (34%) of larvae 
was observed in female culture tank. The analysis of stomach contents of mosquito-fish G. affinis revealed that the food of 
the fish consists of aquatic phytoplankton (10%), zooplankton (25%), detritus (19%) and larvae (31%) and others materials 
(15%). The highest percentage (31%) of larvae was observed in male culture tank. The results of the present study are 
in accordance with the reports from experiments using mosquito-fish for mosquito control all over India. This species 
potentially could be utilized as a biological control tool for mosquito control in particular ecosystems. 
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Dramatic growth of aquaculture production in the past two decades has significantly contributed to meet the growing 
demand for seafood consumption. Sustainable growth of aquaculture industry is challenged by raising production cost 
and increasing environmental impact. Tilapia are the second most cultivated finfish group. Cost of aqua feeds, including 
tilapia feed, is largely dictated by dietary protein levels and sources. Supplemental amino acids provide an opportunity 
to reduce excess dietary protein level by formulating diets that match close to ideal amino acid profile. Reducing excess 
dietary protein allows minimizing diet cost as well as reducing nitrogen output. In this context, the aim of this study was to 
evaluate performance of juvenile Nile tilapia (Oreochromis niloticus, ~ 6 g, initial body weight) to reduced dietary protein 
levels, using supplemental crystalline amino acids. Furthermore, metabolic trials were performed aiming to obtain an in 
vivo snapshot of protein utilisation in Nile tilapia juveniles as a function of dietary protein content. A growth trial was 
performed using five isoenergetic plant protein-based diets (without fish meal or fish oil inclusion) with decreasing levels 
of crude protein: 36, 34, 32, 30 and 28%. All the diets were formulated to meet the minimum requirements of amino acids 
for juvenile Nile tilapia based on NRC and AMINOTilapia® software (Evonik Nutrition & Care GmbH) recommendations. 
Dietary protein utilisation was also assessed by metabolic trials using a radiolabelled amino acid mixture. Triplicate tanks 
were randomly assigned to one of the five dietary treatments. Fish were fed to visual satiety by hand, three times a day 
(09h30, 12h30 and 16h30) for approximately eight weeks (59 days). Performance of fish fed experimental diets is shown 
in Table 1. Fish in all treatments showed similar growth performance and feed intake. Tilapia fed 28%-protein diet showed 
significantly higher feed conversion ratio relative to those fed the 36%-protein diet, while no differences were found in 
fish fed other diets. However, fish fed 30%-protein diet showed significantly better protein retention than those fed the 
36%-protein diet.  Metabolic trials showed that amino acid catabolism increased in fish fed the 36%-protein diet, while no 
significant differences were found in amino acid retention in muscle. This study demonstrates that dietary protein levels 
can be reduced to 30% without hindering tilapia growth and feed conversion ratio, while reducing nitrogen and phosphorus 
losses to the environment.
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Probiotics have been increasingly used in aquaculture to improve gut and overall health of fish and shrimp, as well as to 
provide optimal water quality by removing toxic metabolites. However, fish and shrimp are farmed under wide range of 
temperature and salinity conditions, which can influence the efficacy of probiotic strains. The objectives of the present 
study were to evaluate (i) the effects of temperature (15 and 27C), pH (2, 3, 5, 7 and 8) and salinity (0 and 20 ppt) on the 
germination and growth of Bacillus amyloliquefaciens CECT 5940 (Ecobiol®) under in-vitro conditions, (ii) the time it 
takes for the in vitro germination and growth of B. amyloliquefaciens spores under optimal growing conditions, and (iii) the 
bacteriostatic activity of B. amyloliquefaciens probiotics against various common fish and shrimp pathogens. The bacteria 
grew better at 27 °C versus 15 °C with recorded growth being 9.05E+08 and 7.20E+06 cfu/ml, respectively. However, 
between 0 and 20 ppt salinity, bacterial growth did not differ significantly with the recorded growth being 8.8E+08 and 
9.5E+08 cfu/ml, respectively. Among the pH values tested (2, 3, 5, 7, and 8), B. amyolliquefaceans did not grow at pH 2 and 
3. However, at pH 5, 7 and 8, they grew increasingly well with increasing pH: values of germinated spores were 8.09E+08, 
8.9E+08, and 1.01E +09 cfu/ml at the pH 5, 7 and 8, respectively. The evaluation of the kinetics of growth provided 
evidence that B. amyloliquefaciens spores seeded in culture medium at the start of the experiment were mostly germinated 
in 1 hour under optimal growing conditions. This suggests that B. amyloliquefaciens can start acting in the digestive 
system of the target species in a rather short time. Bacteriostatic activity measured by zone of inhibition test showed 
that B. amyloliqufaciens inhibits the growth of various fish and shrimp pathogens including Vibrio parahaemolyticus, V. 
penaecida, V. alginolyticus, V. harveyi, V. anguilarum, Streptococcus agalactiae, S. iniae, Aeromonas hydrophila. Our 
study provided key evidences that Bacillus amyloliquefaciens CECT 5940can be used in aquaculture under a wide range 
of culture conditions to control common fish and shrimp pathogens. 
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In the recent decades, global production of farmed tilapia has grown exponentially. Further expansion and intensification of 
tilapia farming bring some challenges including raising feed cost and environmental impact. These specific challenges are 
directly related to feed composition and nutritional quality, and need to be addressed by formulating diets more efficiently. 
Swine and poultry industry have made significant advancements in precision nutrition approach by formulating diets on 
digestible nutrient basis, following ideal protein concept and metabolizable or net energy system. Feed cost is largely 
influenced by dietary protein levels and sources. Quality of the dietary protein is determined by its amino acid composition 
and digestibility in relation to the requirements of fish. Efficient use of various protein sources and improvements in protein 
utilization require more precise understandings of raw material digestibility and amino acid requirements of tilapia. This 
paper aims to give an overview of data generated on nutrient digestibility of raw materials and the amino acid requirements 
of Nile tilapia. 

Considerable work have been done on the raw material digestibility of tilapia in the past years. Our recent work (G. 
Konnert and K. Masagounder 2017) critically reviewed 46 papers published on raw material digestibility. Over the years, 
improvements have been made on standardizing methodology for determining nutrient digestibility of raw materials in 
fish. Considering this, we carefully evaluated and excluded data that may have produced erroneous values. Finally, our 
summary data included amino acid digestibility of 24 raw materials derived from 10 papers, and crude protein and energy 
digestibility of 35 raw materials pooled from 15 papers. Briefly, raw materials such as fish meal, soybean meal, soy protein 
concentrate, and corn gluten meal  showed very high (>90%) apparent digestibility coefficients (ADC) for protein and 
amino acids. Amino acid ADC values were generally good (80-90%) for poultry byproduct meal and canola meal, while 
those for raw materials such as meat and bone meal and feather meal showed high variability. 

On the amino acid requirements of Nile tilapia, several studies (n >20) have been published. Studies have largely focused 
on juvenile stages of tilapia and showed high variability in the requirement data. Variability of data may be related to 
factors including genetic improvements, feed quality, nutrient digestibility, model used, experimental conditions, among 
others. Recently, factorial model was applied to generate amino acid recommendations for different stages of tilapia by 
incorporating data on amino acid gain, maintenance needs and utilization for growth. Furthermore, based on the contribution 
of natural food, and their amino acid profile, amino acids recommendations were also suggested for different farming 
system. Overall, these data can be used to formulate more efficient tilapia diets, leaving a positive impact on sustainable 
growth of tilapia production. 
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Tenualosa ilisha is locally known as Nga tha lauk in Myanmar and as hilsa shad in English. It occurs in the coastal shelf, 
estuaries, brackish waters and freshwater rivers. It is the most widespread species found from north Sumatra in the east to 
Kuwait in the west and the basis of important fisheries in Bangladesh, India, Myanmar, Pakistan and Kuwait. A total of 240 
samples of T. ilisha were studied which were obtained from Yangon and Ayeyarwaddy Division in Myanmar during the 
study period from November 2003 to July 2005. Total body length, standard length, body weight and gonad weight were 
recorded to analyze the Gonosomatic indices (GSI). Condition factors (K) were also determined to confirm the results of 
GSI. The GSI value of female T. ilisha was the highest (17.2±4.39) in October and the second highest was (13.52± 5.54) 
in May. Therefore, there were two peak seasons of the species in October and May. Histological studies were conducted to 
confirm the reproductive stage. According to the GSI and histological studies, five stages of cyclical changes i.e. maturity 
in March and August, pre-spawning in April and September, spawning in May and October, post spawning in June and 
December, resting in July and January were found in T. ilisha. According to the sample collection and information obtained, 
the population of T. ilisha species are assumed to be decreasing in the wild. It indicated to avoid catching these species 
during their peak of the breeding seasons. Thus, awareness is needed to sustain this species in future. 
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We tested the oxygen consumption rates (OCR), energy, and thermal coefficient of juvenile Lutjanus malabaricus (4.53±1.14 
g) at four temperatures of 22, 26, 30 and 34 °C. During 30 days of experimental period fish were reared at 5 nos. tank-1 at 
30 psu with three replicates in intermittent flow respirometers in a recirculatory system under laboratory conditions. As 
expected, oxygen consumption rates in the L. malabaricus increased significantly (P < 0.05) from 1.39 ± 0.07 to 3.11 ± 
0.09 ml O2 h

-1 with an increase in the exposed temperature from 22 to 34 °C. The corresponding respired energy values also 
increased from 27.59 ± 1.03 to 61.78 ± 0.66 Jh-1 at 22 and 34 °C respectively. The maximum and minimum temperature 
quotients (Q10) were observed between 22-26 (2.02) and 26-30 °C (1.82) respectively. Final preferred temperature (thermal 
coefficient) estimated from the Q10 value was between 26 and 30 °C. The determination of OCR, respired energy, and 
thermal coefficient of this fish in laboratory conditions provides valuable information on the oxygen requirement of these 
fish in an aquacultural setting. This bioengineering information can be used for designing and sizing a rearing facility for 
the intensive culture of L. malabaricus. 
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The fisheries and aquaculture being fastest growing food sector facing the emerging threats of infestation of fish 
pathogens causing a huge loss. The most prevalent bacterial pathogens are Edwardsiella tarda, Aeromonas hydrophilla, 
Flavobacterium columnare etc. and fungus, Aphynomyces invadans. The number of fish pathogens is steadily increasing 
with intensification in culture practices. Conventional approach as prophylactic measures for treating the disease is through 
chemicals and antibiotics which resulted in in development of multiple Anti-microbial Resistance (AMR) and ecological 
threats, respectively. Hence, the need of the hour is to find out an alternative such as herbal medicine/ bioactive compounds 
from ethano-medicinal plant, to these antibiotics. Terminalia arjuna is an important ethano-medicinal plants has been used 
since ancient in chronic and coronary disease in floklore due to its antimicrobials, anti-inflammatory and high antioxidant 
potential. Despite of its huge medicinal values it has not been used in fisheries for exploring its possibility as being potent 
antimicrobial of fisheries significance. An in-vitro-screening was conducted to evaluate potential antimicrobial properties 
of arjun bark, fruit and leaf against 5 OTC resistant gram negative, 1 partial resistant, 11 OTC sensitive. Of those, 9 
gram negative and 2 gram positive and 1 fungas Aphynomyces invadans was used. The study revealed that ethanolic 
extract of arjun bark has maximum efficacy against Edwardsiella Tarda strain (ELML-3), with a zone of inhibition 
20.83±0.10 and fruit extract of arjuna showed 19.5±0.06 mm as compared to other solvent extracts as compared to standard 
antibiotics which showed zone of inhibition ranged from 0.0-25.17mm (OTC resistant and sensitive) with an average of 
16.25±1.52mm.further, solvent extracts have their bacterial isolates specific efficacy which indicate the presence of a 
particular antimicrobials present in it. Antifungal activity against Aphynomyces invadans also revealed the efficacy with 
ethanolic extracts of arjuna leaf and bark with a zone of inhibition as 10± 0.36mm and 13± 0.53mm, respectively. Thus, 
present experiment suggests potentially effective solvent extracts against elite bacteria of fisheries importance such as 
Ethanolic bark and fruit, methanolic bark and fruit, Acetone fraction of bark ,and ethanolic extracts of  bark and leaf 
against fungus, Aphynomyces invadans at 10 mg/ml concentration of corresponding extracts. Above mentioned solvent 
extracts can be utilised as broad spectrum antimicrobials after minute manipulation in dose in relation to the organism to 
be treated. Further, a comprehensive study is need to explore and isolate the bioactive principles for artificial synthesis of 
the compounds.
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The present study aimed to investigate the effect of biofloc intake of GIFT Tilapia, developed within the system and its 
supplementation in feed on water quality, growth performance, immunological parameters, antioxidant status, immune 
gene expression, and its resistance to Aeromonas hydrophila infection. GIFT Tilapia juveniles (5.1±0.05g) were stocked 
at a density of 15/m3 in 300 m2 lined ponds in triplicates for 180 days. The experimental groups consist of T1- biofloc 
developed within the culture systems (insitu), T2- biofloc supplementation in fish feed (exsitu) and C- Control without 
biofloc. Distillery Spent wash was used as a carbon source to maintain the C/N ratio of 10:1 for floc development in 
T1. Water quality parameters were found to be significantly different between the treatments and control throughout the 
experiment. The immunological (Serum protein, RBT and Myeloperoxidase) and anti oxidant indicators (Glucose, SOD 
and catalase) were found to be significantly higher in T1 at the end of the trial. Increased weight gain, Specific growth 
rate, survival and decreased feed conversion ratio was found in T1 when compared with the other experimental groups. 
Real time quantitative PCR analysis revealed that there was no folded expression of the immunological genes such as 
Metallothionein gene, cathepsin L, Toll like receptor 7, Interleukin 1 β and Tumour necrosis factor α in liver and intestine 
for both control and treatment. However the upregulated expression of targeted genes except tumour necrosis factor α were 
found in head kidney of T1.At the end of the study GIFT Tilapia when infected with A. hydrophila showed an improved 
immune response in T1 and T2 with the lesser signs of infection than Control. The findings of the present study affirmed 
the importance of biofloc technology in triggering the immunomodulatory response of GIFT Tilapia with its upregulated 
immune gene expression and its role as an antimicrobial agent against A. hydrophila. This study suggests the adoption of 
insitu (T1) based biofloc method to obtain the better performance of GIFT Tilapia culture.  
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PHB producing bacteria isolated from biofloc ponds were tested for its influence on GIFT Tilapia’s growth, immune, 
antioxidant indicators and disease resistance was studied. Out of 40 bacterial isolates, 6 isolates namely  Bacillus infantis, 
Exiguobacterium profundum, Bacillus subtilis, Bacillus megaterium, Klebsiella pneumoniae and Enterococcus hirae 
showed positive results for PHB production against three fluorescent stains.  The PHB yield in the range of 0.21-4.2g/
L was recorded based on the quantitative estimation of cell dry weight. Absorption band in the range of 4000Cm-1 to 
650Cm-1 using FTIR analysis confirmed the C=O group in PHB produced by bacterial isolates. The highest recorded 
PHB from Klebsiella pneumoniae (T1) and Enterococcus hirae (T2) were further tested in the animals by supplementing 
PHB along with the feed (5g/kg) as treatments and without PHB as  control (C ) for 30 days. Significant difference (P< 
0.05) in weight gain and specific growth rate were observed between treatments and control with 100% survival. Serum 
protein, Myeloperoxidase activity, RBT, Catalase, Glucose and SOD were significantly different between the treatments 
and control. Increased relative percent survival after 10 dpi of Aeromonas hydrophila was observed in T1 and T2. Overall 
improved immune response in GIFT tilapia fed with PHB extracted from biofloc systems exhibited biocontrol effect of 
PHB producing bacteria. 
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METAGENOMIC ANALYSIS OF MICROBIAL POPULATION IN INSITU BIOFLOC BASED 
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M.Menaga *, S.Felix, M.Charulatha and A.Gopalakannan

*Ph.D., Scholar
Advanced Research Farm Facility
Dr.MGR. Fisheries College and Research Institute
Tamil Nadu Dr. J. Jayalalithaa Fisheries University 
menaga@tnfu.ac.in

Metagenome technology – a culture-independent approach is exploited to identify microbial ecology and physiology 
present in the biofloc that are not readly culturable. GIFT (Genetically Improved Farm Tilapia) Tilapia and Chitralada 
strain of Nile Tilapia juveniles (5±0.2g) were stocked at a density of 15/m3 in triplicates for 180 days. The experimental 
groups consist of culture of GIFT Tilapia in biofloc as T1, culture of Chitralada strain of Nile Tilapia in biofloc as T2 and 
C- Control without biofloc. Distillery Spent wash was used as a carbon source to maintain the C/N ratio of 10:1 for floc 
development. The metagenomic DNA sample was isolated from biofloc culture pond water of GIFT Tilapia and Chitralada 
strain of Nile Tilapia. The QC passed metagenomic DNA sample was then processed for Shotgun paired-end sequencing 
library construction followed by sequencing on NextSeq500.  High quality data of 9.36 GB and 3.31 GB were generated 
from the biofloc culture water of GIFT Tilapia and Chitralada strain of Nile Tilapia. The kingdom level abundance in pond 
water of GIFT Tilapia was found to be 70.80% of bacteria, 0.62% of archaea, 23.35% of unclassified, 5.08 % eukaryote 
and 0.16% Viruses. Whereas in pond water of Chitralada strain of Nile Tilapia 62.47% of bacteria, 0.32% of archaea, 
36.77% of unclassified, 0.4% eukaryote and 0.04% Viruses was found. Proteobacteria was the most abundant phylum in 
both GIFT and Chitralada strain of Nile Tilapia biofloc culture water whereas. Caldilinea aerophila and Leptolyngbya sp at 
the species level. These results revealed large differences in the frequency distribution of high quality reads in determining 
the major taxonomic groups Based on the functional classification performed most of the genes were found to be involved 
in Carbohydrate metabolism. The present study aimed to identify the ecology and the function of microorganisms involved 
in the ideal biofloc formation. 
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Fish provides a good source of high quality protein and contains many vitamins and minerals; which are almost cheaper 
than any others type of meat and also availability of large number of people. Fish is an extremely unpreserved food, and 
both quantity and quality will be reduced after catching the fish. Currently, dried fish products are often simply incorporated 
in food formulations and through preparation. Drying is the procedure that removes the moisture contents in the composite 
product up to the certain threshold value by evaporation. Therefore, the objective of this study is to develop a mathematical 
model for the thin layer drying of rainbow sardine fish at different salt concentrations in cabinet dryer.

Drying experiment
Rainbow sardine fishes were gutted by opening the belly and remove the intestine, washed under running water and salt 
concentration for 3 hours. The thin-layer drying experiments were performed in cabinet dryer.  Various level of drying 
experiments were studied for moisture ratio of salted fish at drying temperatures of 50 and 60°C with salted concentration 
is 10, 20% given in Table 1. Prior to each experiment, the drying time period of about 1 hour to provide a steady state based 
on experimental drying conditions. 

Theoretical background for modelling of drying data
The experimental drying data were used to calculate the moisture ratio (MR) is 

where Mt, M0 and Me are the moisture content at time, initial moisture content and equilibrium moisture content. These 

models were tested in MATLAB R2014a software using curve-fitting tool box. Fig.1 shows the drying curves were drawn 
using moisture ratios at each time point. Thin-layer drying experiments were conducted to determine the thin layer drying 
characteristics of rainbow sardine fish at different salt concentrations in cabinet dryer. Three thin-layer drying models were 
evaluated for their suitability. From these models, the drying results are indicated that Logarithmic model gave best fit 
among these three models.

(Continued on next page)
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Species diversification is one of the major approaches to increase the aquaculture production and selecting new species 
with a potential value for aquaculture has significant role for long term sustainability of the sector. One suitable potential 
candidate marine finfish species is the Indian pompano (Trachinotus mookalee). Breeding and seed production of the 
species has been studied well. However, many other aspects regarding nursery rearing and grow-out culture has not been 
studied yet. Therefore, the present study aimed to identify suitable feed for nursery rearing of the species.

A feeding trail was conducted to determine the suitable feed with different protein for juvenile of Indian pompano (Trachinotus 
mookalee) in confined environment. The study was also aimed to observe the effect of different feed on growth,  body 
composition and  changes in the expression of growth related genes such as growth hormone (GH) and Insulin like growth 
factor -I (IGF-I). Ten different feeds including 4 farm made feeds of different protein levels (35%, 40%, 45% and 50% 
crude protein); 3 commercial pelleted feeds of different protein (40%, 45%, 50% crude protein); fish meat; combination of 
32% protein diet and fish meat at 1:1 and  alternate feeding of  32% and 45% CP were used. Feeding trail was conducted 
in triplicates with total of 180 juveniles in each treatment for two months. Growth during nursery rearing was monitored 
in every fortnight. The body proximate composition were determined according to AOAC (AOAC, 1990), minerals and 
other elements were studied with the help of ICP-MS using AOAC 2012 method. The changes in mRNA levels of pituitary 
GH and hepatic IGF-I in response to differentiated growth due to different feeds were examined by a semi quantitative RT-
PCR. Growth performance was evaluated with different growth parameters like % of weight gain, specific growth rate and 
feed conversion ratio (FCR). Growth parameters (%WG: 651±11.43, SG: 3.36±0.025, FCR: 1:1.985) were significantly 
(p<0.05) high for juveniles fed with commercial pelleted feed of 45% CP. Proximate composition analysis revealed that 
the juveniles fed with 45% showed  significantly (p<0.05) lowest moisture (64.2±0.03) and highest protein (13.6±0.03) 
content. Total of 12 minerals were detected from samples tested, among which fish fed with formulated feed showed 
comparatively higher calcium content (7167 ppm). GHmRNA level in 45% commercial fed fish showed significantly 
higher expression rate. Hepatic IGF mRNA level is comparatively high in fish fed with commercial feed, whereas it is less 
in fish fed with only meat. The study illustrate that the Trachinotus mookalee juveniles fed with commercial diet containing 
45% CP and 10% crude fat showed comparatively better growth performance and it may be considered as optimum feed 
for nursery rearing. The presence of essential mineral was high in fingerlings fed with commercial diets. This study has 
also observed that the GH & IGF-I gene expression, but the fold change in the gene expression did not observe correlation 
with the growth rate of the fish. 
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Rotifers are considered to be an excellent food source for newly hatched fish larvae. Availability of adequate number of 
rotifer with enriched nutrients, especially polyunsaturated fatty acids determines and helps the initial success in marine 
finfish hatcheries. Rotifers must be cultured at relatively high densities to provide an adequate supply of food for producing 
large numbers of fingerlings. An adequate supply of these rotifers relies on mass cultures practices standardised in a 
hatchery and on the reproductive performances of rotifer. The reproductive rate of rotifers in cultures depends on the 
type and quality of feed used. Rotifers have to be enriched with polyunsaturated fatty acids since the marine finfish 
requires 2:1 ratio of DHA and EPA as their initial feed. Therefore, optimum feed needs to be identified to enhance 
population growth and nutritional value of rotifer with economical benefit.

The present study was conducted to observe the growth, reproductive and nutritional performance of rotifer fed with 
different feeds. The live microalgae: Nannochloropsis oculata, Isochrysis galbana and baker’s yeast and then three in 
combinations were used in the experiments. The study was conducted with purified strains of Brachionus plicatilis in 
125 lit capacities FRP tank. Initially, tanks were inoculated with 1 million of adult rotifers (100-150µ in size) at the 
concentration of 50 numbers/ml. The experimental rotifers were fed with respective feeds thrice in a day and optimum 
concentration of 4 to5 lakhs cells/ml were maintained at the time of feeding. In experiment with yeast, it was added 
at 0.5g-1.0g /1million of rotifer/day. In combination feed, the equal concentrations of rations were maintained. All the 
experiments were conducted in triplicates for seven days till the rotifer population reached the declining growth phase 
and repeated for four different times. Rotifer growth with respect to numbers and presence of eggs were daily monitored 
in microscope. The result showed that in all the treatments, the growth was high at the fourth day with maximum growth 
count of 11.202 millions in Nannochloropsis sp fed group, minimum with yeast (3.33 millions). The maximum numbers 
of egg production was observed on third day in all treatments with high in Nannochloropsis sp (1.54 milions) and 
lease for yeast (0.11 millions). A maximum of 3 eggs were observed per female in treatment with Nannochloropsis sp. 
Rotifers were harvested and analysed to understand fatty acid profile by Gas Chromatography Flame Ionising Detector 
(GCFID) method. The result showed that a total of 35 different fatty acids were found in rotifers and the rotifer fed with 
Nannochloropsis sp showed maximum content (9.05%) of EPA (C20:5) and rotifer fed with Isochrysis sp showed the 
maximum content (14.09%) of DHA (C22:6). However, the rotifers fed with a combination of these two algae and yeast 
showed comparatively lesser content of EPA and DHA than the rotifers fed with individual species of algae. The study 
infers that Nannochloropsis oculata is the suitable feed with respect to growth and reproduction and Isochrysis galbana 
is the suitable feed for increasing the nutritional (DHA) content. 
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Formalin is obtained from formaldehyde which a potent carcinogenic chemical often used to preserve dead bodies. This 
life-threatening substance is also used to preserve fishes as dead fishes decompose fast. A high content of formalin was 
found in the samples of fishes collected from various locations confined in Patna (capital of Bihar) Municipal Area. Looking 
on to situation, Government of Bihar declared a 15 day ban on fish sale, storage and transportation from the first week of 
October under the procurement of section 59 of the Food Safety and Standards Act, 2006. The infringement of the ban was 
outlawed with imprisonment upto 7 years and Rs.10 lakh fine. 

To assess the socio-economic impact of fish ban in the city of Patna, we conducted survey by visiting several wholesalers, 
retailers, and street vendors. Our study shows that the fish ban by government has negatively impacted the socio-economic 
condition of all the people involved in the business, which is severe for the retailers and street vendors. Our previous study 
of socio-economic condition of fisher folks in Patna (Meghna et. al., WAS 2018) showed that a majority of retailers and 
street vendors are illiterate. Nonetheless, they are skilful in fish processing. Thus, due to ban, a majority are facing the 
situation of unemployment. Many of them have migrated and few of them have started low wage employment such as house 
maid etc. However, the salary is very less compared to what they were earning before, hence, not able to fulfil their basic 
necessities. Even after the ban has been lifted, the fear of consuming formalin laced fishes in the mind of the consumers 
has led to drastic reduction in the selling of fishes.Unemployment became a soft target for the opposition political parties 
to provoke them against the ruling government. Lack of awareness about the formalin, fish processing techniques and 
fisheries related employment opportunities among the fisher folks has also aggravated the situation.
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In recent years, the global fish consumption has significantly increased, in India also the consumption pattern is showing an 
increasing trend. The sector has an immense potential to improve the livelihoods options of coastal communities, but due 
to lack of efficient fish marketing system in the country thereby plummeting the producer share in consumer rupee and the 
consumer surplus. In this context, an attempt is made to analyze the market structure, market potential and the perception 
of consumers on fish consumption in Mumbai Suburban.

A pre-tested interview schedule was used for the collection of information directly from the 60 respondents from the two 
fish markets of Mumbai through personal discussions and interviews. In addition to the basic descriptive statistics, the 
methodological tools like Garrett ranking, paired t-test, Rank Based Quotient, tests of significance, and Spearman rank 
Correlation were employed to analyze the collected data. 

The study revealed that the major marketing channel of marine fish involves Producer, Auctioneer, Fish collector, 
Wholesaler, Vendor and the final consumer. The fish preference study shows that, Pomfret is the most preferred fish in the 
area and it is evident that majority of the fish consumers in the area prefer marine fishes (87%) rather than freshwater fishes 
(23%). From the Garett ranking and Rank Based Quotient analysis, it is concluded that fish consumers in this area prefers 
fresh fish and ready to eat fish products with doorstep fish delivery system. The fish consumption pattern tells that the 
average weekly fish consumption of fish by consumers of Mumbai Suburban is 5.49 Kg and Consumer willingness to pay 
per week is INR 1109.12. The fish consumption can be further increased as there is an opportunity for online marketing of 
fish in the city. As people prefers marine the brackish water aquaculture and cage culture techniques should be strengthened 
in the near future.
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The fisheries sector is a powerful source of income and employment generator for maritime state of nation. Early health 
problems identified in the fish pre-processing unit include pain in back, neck, shoulder, knee, thigh, leg and foot.These 
health problems were associated with poor and awkward working posture due to poor design of  workplace layout were 
adopted.  Fish dressing operation in pre-processing unit performed by the workers were suggested to impose high health 
risk on the workers’ musculoskeletal system. In fish processing industries the workers use small sharp knife and their hands 
come in contact with different sharp body parts of fishes and low temperature of work environment and frequent contact 
with ice cold and chlorinated water.  Use of such small hand tools and manual work often exposes workers to frequent 
minor injuries, which in long term may be harmful.To prevent these problems providing seat of combination of medical 
examination and cotton gloves of fish dressing operation and also calculate the body part discomfort score (BPDS). Women 
workers after providing the seat of combination of medical examination and cotton gloves slight variation in capacity but 
reduce the body part discomfort score (BPDS) with and without seat and back rest arrangement. 
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One problem that hinders sustainability of mussel production is the availability of seed supply. The farming of mussel is 
dependent on the collection of wild spats settled on their substrates. Furthermore, mussel larva develops into a pediveliger 
after 16-20 days, a stage preceded by the development of an eyespot and foot. This is the time by which the veliger larvae 
metamorphose from a swimming larvae to a bottom dwelling juvenile (spat). This is the most crucial period of the hatchery 
where the culture is prone to larval crashes. Hence, in an attempt to induce early spat settlement and improve mussel seed 
production in the country, this study aims to determine the influence of photoperiod and aeration, on the growth, survival 
and settlement of green mussel (P. viridis). 

Pediveligers were exposed in 24L:0D h (light: dark), 12L:12D h and 0L:24D h conditions for the photoperiod experiment. 
Three aeration intensities were also tested – mild (10 liters·hr-1), moderate (20 liters·hr-1) and strong (30 liters·hr-1). 

Highest growth and survival rates were observed in P. viridis spats grown in 0L:24D hours photoperiod. There was no 
significant difference in the settlement rate of larvae exposed to different photoperiods. Mild aeration has shown to improve 
the growth of P. viridis larvae but higher survival and settlement rates were attained in the strongly aerated conditions. 
Therefore, when the larvae starts to settle, it is recommended to expose them to darkness and provide a strong aeration to 
be able to attain high survival and settlement rates, and bigger spats.
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Aquaponics is viewed today as one of the most promising clean, chemical free, food production system.  Often considered 
suitable for urban farming it is considered as a very serious option to feed our large cities in the future.

Every month new projects appear in the news promoting aquaponics and vertical farming but unfortunately very few 
remains operational in the long term.  Locally grown fresh product with low carbon foot print are certainly very appealing 
but is it actually attracting customers ?

After 40 years in aquaculture development and teaching, and 4 years of aquaponics research at UAEU.  followed by 3 
years of implementing his own urban aquaponics project, the author has developed a totally different reality of a life of an 
aquaponics entrepreneur

Following production data in research set up, which indeed looked very promising, such as about one pound of salads per 
square meter per day and similar result for tomatoes, actual field production came very out different.

The first issues that will be presented are design and construction mistakes that have burdened both research and production. 

When applying the experience acquired during 4 years of research, things start to be more uncertain.  When planning 
to develop aquaponics project in developed countries, sourcing is very easy and turned key operation can be envisioned 
without too much unforeseen technical issues.

However, when setting up a new project in a developing country such as Lao PDR where Green & Blue, a Post Organic 
aquaponic farm is operating, the technical issues are numerous forcing to improvise original and innovative solutions.

Sourcing associated to unbelievable difficulty to importing any product has been the most important limiting factor.  
As a sole proprietor, health issues have also created major restriction on the timing of the implementation, increasing 
development cost.

The lack of qualified labor and complete absence of aquaponics staff is still a major burden for attending the construction 
of the facilities as well the fish and vegetable production.
This Presentation will therefore offer an insight of the life of an aquaponics developer, with Technical and Economical 
information regarding the implementation of a 1000m2 aquaponics urban farm.

The dream of a life time that may sometime looks like a nightmare after a tropical thunderstorm.
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Large scale farming of Clarias magur is limited due to non-availability of seed because of the high mortality during 
larval rearing. The aim of the present study was to develop an optimal dietary strategy for enhancing the larval survival, 
as the feed has a great influence on the growth and survival of larvae of any fish. Knowledge of ontogenic development 
of digestive enzymes provides a better understanding of the digestive and nutritional physiology of fish larvae, which in 
turn helps in the development of suitable feed. To this end, sequences of partial cDNA encoding genes such as amylase, 
trypsin, pepsin, lipoprotein lipase (LPL), pancreatic triacylglycerol lipase (PL) and bile salt-activated lipase (BAL) were 
cloned. The experiment was designed for a period of 34 days during which the prevailing feeding schedule was practiced. 
Significant (P < 0.05) amylase expression and activity was found during the early phase of life cycle till 7 dph (day post 
hatching) or 9 dph and later declined up to 34 dph. Trypsin expression and activity was detected during the early stages 
till 16 dph from which pepsin enzyme predominates the digestion of dietary proteins. A variable pattern of expression 
was found in PL, whereas LPL mRNA expression was significantly high at 16 dph. BAL mRNA expression was also 
significantly high (P < 0.05) from 16 dph onwards. A similar pattern was observed in lipase activity as that of BAL mRNA 
expression. The present study would be helpful in designing the feeding strategies and in developing the formulated feed 
for this fish during its larval rearing which could enhance the survival rate.

RETHINKING BLUE ECONOMY:
“FARMING NILE TILAPIA (Oreochromis niloticus) IN THE INDIAN OCEAN”

Mirera Oersted David

Kenya Marine and Fisheries Research Institute 
P. O. Box 81651-80100, Mombasa
Mobile: dimirera@yahoo.com/dmirera@kmfri.go.ke 

According to the global environment outlook of 2019, meat production currently uses 77 percent of agricultural land 
and consequently, agricultural production consumes 70 per cent of the global freshwater resources. Therefore, to feed a 
population of 8.55 billion people globally by 2030, new strategies are required to ensure food is sustainably produced. 
In this regard aquaculture development provides the way to sustainably use the limited global water resources for food 
production. In the spirit of Blue economy, water resources in the Global Oceans are quite underutilized in food production. 
In an effort to establish the link between freshwater and marine water resources and make use of the unutilized space 
through aquaculture, research innovations has lead to development of Nile tilapia that can be farmed in the Ocean from the 
currently established freshwater Nile tilapia. The marine tilapia is successfully bred in the ocean waters and is farmed in 
intertidal earthen mangrove ponds and in ocean fish cages. Marine tilapia has been observed to have a growth rate of 1.2g/
day, which is equivalent to growth rates, recorded in freshwater culture systems. The marine tilapia strain is now providing 
food and income to coastal communities who could otherwise have culture facilities without fish due to the lack of marine 
hatchery systems in Kenya and the region. This innovation will go a long way to support utilization of marine waters for 
aquaculture developed thus saving the freshwater resources for domestic consumption since they are already constrained 
by the different agricultural activities globally. 
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In India, inland aquaculture has  shown tremendous potential of growth.    Among agriculture, aquaculture has been the top 
and fast growing  sector and sustainable growth.  However, there is further scope of expansion and growth of this sector to 
supply cheap source of protein and economics to poor farming community. It has been an alternative source for livelihood 
security, especially in coastal region of this country.  In recent years, aquaculture is prominently developing  in Eastern 
Part of India that is in Odisha, West Bengal and Chhattisgarh and Jharkhand states.   It is observed that with the increased 
productivity and efforts for enhanced production, there  has been increase in incidences of disease occurrence, mainly due 
to environmental stress. This has led to increase in load of  infectious pathogens, thus occurrence of  number bacterial, viral, 
fungal and parasitic diseases.  To protect the culture animals, farmers are forced to  use a wide range of aqua–medicines, 
drugs and chemicals in aquaculture to control production loss. Again, there are many aquaculture drugs and chemicals, 
which are required and useful in pond construction, soil and water management, feed formulation, growth promotion and 
processing, value addition of the final product etc.  Use of  such drugs, chemical and antibiotics in fish culture need to be 
minimized or discouraged as it has negative impact on environment and human health. Antimicrobials has a long lasting 
impact on aquatic environment and environmental microflora. Frequent application of antibiotics and chemicals  give rise 
to large-scale residue of chemicals in fish bodies, thus leading to pathogen resistance and the decrease in the quality of 
aquatic products. As per the information available, there are regulations in different countries on use of antibiotics and 
chemicals in aquaculture. 

In the present study, survey was carried out to assess market availability and use of different drugs, chemicals and other 
preparations  for their use in fish and shrimp culture in selected districts of four aquaculture dominant states of India viz., 
Andhra Pradesh, Odisha, Jharkhand and Chhattisgarh. Information were collected from around 300 fish & shrimp farms,  48 
medicine  shops in the region and 20 medicine manufacturer units.  Data were collected in a project mode through stratified 
random sampling techniques. Farmers were observed to use a variety of  antibacterials, antiseptics and water sanitizers  to 
prevent and  control disease outbreaks  and minimize production loss.  Six categories of aqua drugs and chemicals were 
found to be used by the fish farmers and hatchery owners for water quality management (sanitizers and disinfectants), 
probiotics and bioremediation products, antimicrobials, anti-parasitic drugs  and feed supplements. Compilation of data 
indicated that most feed supplements and growth promoters products were used in maximum numbers (31%), followed 
by probiotics (24%),  Antiseptics and sanitizers (13%), anti-parasitic drugs (10%) and least amount was antibiotics (4%). 
Significant observation variable use pattern of various drugs in four states investigated.  These  antibiotics/ antibacterials 
which are  used either as therapeutic or  prophylactic, may lead to  destruction of the environmental microflora. This would 
lead to reduction of scavenging action by microflora, there by leading to accumulation of wastes  in the farm.  Another 
important factor, often neglected is that continuous use of such antibiotics may lead to development of drug resistant 
bacteria, including pathogens. There are several reports which indicate that use of antibiotics result in the emergence 
of drug resistant bacteria, some of which are human pathogens. Hence, there is an urgent need that the policy makers, 
researchers and scientists should work together in addressing one health issues to control occurrence of AMR.



429
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Ship Barnacle (Balanus sp.) (Superorder- Thoracica) is an intertidal marine crustacean with very diverse ecological 
distribution found throughout the world. Barnacles take integral part in the coastal food web- thus maintains a steady 
balance in the ecosystem. Like many other commercially irrelevant marine organisms, barnacles also have been studied 
poorly from genetics prospective. The primary reason of this lack of study can be the unavailability of a simple, efficient 
and cheap method of DNA extraction process for marine organisms. Commercial kit-based methods have been successfully 
used with a disadvantage of cost for a species like barnacle.

High molecular weight good quality DNA often fails to isolate from marine crustaceans like barnacle due to the presence 
of high polysaccharide and polyphenolic compounds which co-purifies with the DNA. In this study, we represent a 
modified CTAB method which is simple, efficient and quick enough to be carried out within two hours. The traditional 
phenol-chloroform and salting out method failed to even isolate the DNA from barnacle sample. The modified procedure 
uses common laboratory instruments like water bath, centrifuge and reagents like sodium phosphate buffer, proteinase 
K, CTAB, SDS, phenol-chloroform etc. The DNAzol ® reagent was used as a reference to compare the usefulness of 
current protocols. From 10 mg of tissue, ~45 µg of DNA with 260/280 value of 1.8-1.9 was extracted by modified CTAB 
method whereas in case of DNAzol ®, the amount and ratio was 27 µg and 1.9-2.0 respectively. Restriction digestion and 
polymerase chain reaction analysis was performed to prove that the DNA was free from any enzyme inhibitory substances. 
Restriction digestion with two frequent 6 base pair cutters (BamHI and HindIII) was carried out separately and the 
presence of uniform smear in agarose gel electrophoresis represented that both the DNA (modified CTAB and DNAzol ®) 
were properly digested. The CrustDF1/R1 degenerate primers for mitochondrial COI region was used for amplification 
whereas the universal primers LCO1490 and HC03198 failed to amplify the DNA. It was suspected that the degeneracy 
of CrustD primers helped in proper annealing. An amplicon of around 730 bp were successfully amplified from the DNA 
extracted from both modified CTAB method and DNAzol ® method by PCR. Furthermore,the molecular weight of the DNA 
was precisely detected by myImageAnalysis software (Thermo Fisher Scientific), taking 1 kb ladder as a reference.The 
molecular weight of the modified CTAB extracted DNA was higher than that of DNAzol ® extracted DNA which makes the 
first one better for analyses like whole genome sequencing.  M                 1             2         M       1          2       3        4
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Rajasthan has enormous water resources for fish production. The southern region of the state especially, Udaipur division 
contributes significantly to the total fish production of the state. In the absence of regulated market of fisheries, producers 
are being exploited in this sector.  Looking to vast scope of fisheries in the area, it was decided to find out production of 
fish and to explore the possibilities of market infrastructure facilities and possible strategies in marketing of fish products. 

The annual fish production in Udaipur district was estimated at about 1600.11 MT in the year 2017-18. The productivity 
in terms of kg/ha was maximum in the lake Udaisagar (1680.95) which is far greater than the average of national fish 
productivity. The productivity of Udaipur waters is well above the national average per hectare. There are three main 
kind of fishes produced in the area namely, Major carp, Minor carp and Catfish. Mrigal and Rohu was found to be costlier 
fishes as compared to other breeds. However, the producer price, whole sale price and retail price of Catla, Rohu and 
Mrigal for above 1 kg weight were having same price i.e. Rs.90.00, Rs.100.00 and Rs. 150.00 respectively. The marketing 
channel number two i.e. Producers----Wholesalers---- Retailers---- Consumers (30-32% marketing) was found to be the 
most effective channel (30-32% marketing). The margin of middleman was found highest for selling of tilapia and other 
fishes weighing more than 1.0 kg as compared to selling of any other fish of lesser weight. Fish arrival in Udaipur city 
during season is 12-15 quintals of fish per day, while in off season it is decreased up to 50 per cent and remains 5 to 7 
quintals per day. 

It was observed that harvesting charges alone constitute 15-20 per cent of total expenditure in small scale fish production 
in Rajasthan. State shall not play any direct role in regulating the price as the market is not regulated and there is a lack of 
fish processing industries.

EARTHQUAKE RESISTANT ARCHITECTURAL DESIGN FOR DISASTER RISK 
REDUCTION (DRR) OF PORT BLAIR, SOUTH ANDAMAN 

Nupur Mistry V1 and Balaji S2 

1, 2 Department of Coastal Disaster Management
Pondicherry University
Port Blair 744112
ar.mistry9090@gmail.com

Population explosion, urban agglomeration for job opportunity, accelerated development have led into heavy construction 
of RCC building around Port Blair City of South Andaman Island. Earthquake building code is not strictly followed in the 
majority of the structure which is a real challenge for the sustainability of the building. Moreover, the technology code is 
not the only solution for the safety of the building and attention should be given to the architectural configuration.  The 
architectural inputs provides an idea how to strengthen the building with the embedded architectural design.  Keeping 
in view of all these, an attempt has been made to integrate architectural design, incorporation of innovative and updated 
techniques in constructions practices of Port Blair of South Andaman. Moreover, the faults in quality design approaches 
and the lacunas of construction techniques adopted and prevalent in this island are analyzed.
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An experiment was conducted in the green house at the Lilongwe University of Agriculture and Natural Resources, Bunda 
Campus, Malawi, to assess the technical and economic feasibility of a portable aquaponic system made from locally 
available materials. The experiment used a shallow wooden box (25cm deep and 100cm2 area) as a grow bed. Fine gravel 
was filled into the box as a growing medium. Two plastic buckets (60 litres each) that held water were used as fish tanks. 
Oreochromis shiranus was used as a fish species and lettuce (Lactuca sativa) as a crop. The tanks were stocked with 25 fish 
each with an average initial weight of 8.4g. The fish were fed with formulated pelleted feed containing 30% crude protein. 
Twenty-one days old lettuce seedlings were transplanted on to hydroponic component. Water was partially (30% of total 
volume) being pumped twice daily to the hydroponic component by syphoning. 

The system sustained life of the fish with a survival rate of 96%. The mean weight gain was 19g and 204g for the fish 
and lettuce respectively in 42 days. The system showed a positive Gross Profit Margin (52%) for both fish and lettuce. 
Aquaponics seems to be more commercial and more complex in terms of its technicality but the portable aquaponic system 
from locally available materials proved to be feasible.
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Mariculture, although often advocated as an avenue for supplementing the deficit from marine capture fishing, by and 
large, is an activity contributing to the home economy, food and nutritional security at the household level and providing 
self-employment for coastal communities all across the Asian region. Coastal fisher folk  are often considered as “poorest 
of poor” which is not true, but are vulnerable  to hidden hunger.  

The present author introduced the concept and practice of open sea mariculture for the first time in India  in 2005 through 
funding support from the GoI Ministry of Agriculture and the first harvest of cage grown  Lates calcarifer  from the open 
sea cage took place at Visakhapatnam in 2007. Much refinements  have taken place since then after the coastal communities 
adopted this new technology. The subsistence  cage farming activity taken  up by fishermen groups, women self-help 
groups (SHG) and individuals have  demonstrated beyond doubt that there is immense potential in cage mariculture not 
only for  providing freshly harvested live fish to the consumers, but also an avenue for self employment, income generation, 
food and nutritional security at household level to a large number of coastal people. The efforts made by the ICAR-Central 
Marine Fisheries Research Institute (CMFRI) to take the activity forward by horizontal and vertical expansion, providing 
the technical backstopping and supplying  fingerlings of candidate species and holding hands with the farming groups are 
great examples  of how committed organizations can make a change in the lives of poor people.

Presently there are 1688 cages installed across the coastal waters with CMFRI assistance and another 1700 are in the pipeline 
with NFDB funding. Currently 2795 persons are  engaged in this activity which includes 30 Self Help Groups(source: 
CMFRI).Species grown include Cobia, Silver Pompano, Seabass, Red Snapper, Pearl Spot, Caranx ignobilis, Grouper 
Epinephelus coioides and Rock Lobsters Panulirus homarus and P. polyphagus.

Proper economic analysis is required to understand the profitability by factoring in  subsidy, technical guidance, labour of 
the fisher-farmer, interest on capital and depreciation. Maximum farm gate prices were realized for Rock Lobsters (Rs.1200 
per kg). Average farm gate prices of finfishes ranged from Rs.120 to RS 400 per kg. 

The future is not for industrial cage culture in India, but for organized, technically supervised, environment friendly small 
scale farming by coastal community.  Diversification of species, use of formulated feed, organized value chain management, 
farmer friendly mariculture policy including leasing rights  and technical support from mandated organizations will be  
steps  closer to ensuring coastal food security.



433

USING MACHINE LEARNING AND INTERNET OF THINGS IN A RECIRCULATING 
AQUACULTURE SYSTEM FOR INCLUSIVE VALUE CHAIN DEVELOPMENT IN A 
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A Value Chain can be described as the full range of activities which are required to bring a product or service from 
conception, through the different phases of production (involving a combination of physical transformation and the input 
of various producer services), delivery to final consumers, and final disposal after use (Kaplinsky and Morris, 2000). Some 
Value Chains even favour stakeholders, who are bigger in scale, as compared to other vulnerable stakeholders. One such 
vulnerable tribal fishing community resides in a hamlet called Jamjhadpada, near Gorai village, in Borivali (W), Mumbai. 
The primary occupation of this community is to catch Mud Crabs (scylla serrata) from mangroves in the nearby creek, and 
sell them in local market. Apart from lacking basic necessities, e.g., electricity connection/ water supply, this community 
also has vulnerable livelihoods due to seasonality of mud crab catch size as well as price, because of which they are not 
able to capitalize upon the demand-supply gap for marketable size mud crabs. Over the years, urban water pollution and 
unregulated harvesting has also significantly diminished mud crab stocks here.    

An attempt is being made to design an inclusive value chain using sustainable mud crab aquaculture as a tool, which in 
addition to economic growth, should also assist in promoting sustainable livelihoods practices, gender justice, & creation 
of community based enterprises. 

Aquatic Livelihoods is building a prototype for 6-month grow-out culture for scylla serrata, using a recirculating 
aquaculture system. Sensors for real-time water quality parameters monitoring are part of this set-up, including those for 
Dissolved Oxygen, Ammonia, pH, Salinity, Temperature, and these sensors are integrated with our innovative controller 
cum communicator device, which monitors sensors parameters, logs data, controls locally as well as communicates over 
internet, with the server. Institute of Electrical and Electronics Engineers describes ‘Internet of Things (IoT)’ as  “A network 
of items- each embedded with sensors- which are connected to the Internet” (IEEE, 2014). In the same vein, ‘Machine 
Learning (ML) algorithms’ build models of real world data in order to make predictions or decisions. In this scenario, the 
Quality Parameter Monitoring sensors would serve as the eyes and ears for an ML algorithm in the IoT framework. The 
data from these sensors is uploaded to an offsite machine learning platform where data analytics and machine learning 
algorithms would tease out meaningful recommendations from the stream of sensor data. The algorithms are designed to 
generate actionable intelligence and recommendations for individual crab farmers. 

The objective behind this prototyping is to design frugal technological innovations/ solutions, with minimum onsite skilled 
supervision, which can be put in the backyard so that these can be replicated across thousands of marginalized fishing 
households. 
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Parapenaeopsis stylifera (H. Milne Edwards, 1837), commonly known as kiddi shrimp, is an economically important 
Penaeid shrimps in India comprising ~25% of total Penaeids. However, there is lack of knowledge on population genetic 
structure of this species. This would lead to loss of genetic diversity on account of overexploitation of stocks.  The present 
study was carried out to characterize the genetic stocks structure of Parapenaeospis stylifera using microsatellite markers. A 
total of 350 individuals were collected from five landing centers representing east and west coast of India (East coast: Tamil 
Nadu & Andhra Pradesh; West Coast: Kerala, Goa, Maharashtra & Gujarat). Eleven microsatellite markers representing 
di (9 no.) and tri (2 no.) repeats were used to characterize the genetic stocks of P. stylifera. Moderate allelic richness was 
observed with a range of 10 to 24 alleles per locus. The mean observed (Ho) and expected (He) heterozygosity values 
ranged from 0.641 to 0.692 and 0.710 to 0.743, respectively. Five loci showed deviation from Hardy-Weinberg equilibrium 
and no significant linkage disequilibrium between loci pairs was detected. Genetic differentiation value (FST=0.003) was 
less between the populations of Gujarat, Goa & Kerala (West coast). Similarly, less genetic differentiation was observed 
between Tamil Nadu-Andhra Pradesh (East coast) populations (FST = 0.002). However, moderate genetic differentiation 
was observed between East and West coast populations with a FST value of 0.029. Structure and Principal Co-ordinate 
analyses showed population admixture with moderate genetic differentiation between the coasts. The geographical isolation 
and oceanographic features between the east and west coast of India could have caused transient reproductive isolation 
and subsequent genetic divergence between the populations of P. stylifera. The findings of the present study showed that 
populations from east and west coast of India are two distinct management units (MUs) and requires separate monitoring 
and management practices.          `              
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This study investigates the occurrence of Vibrio in economically important cage-cultured marine fish; seabass (Lates 
calcarifer), red snapper (Lutjanus spp.) and hybrid grouper (Epinephelus spp.). Sampling was conducted at a commercial 
floating cage farm, located in Klang, Selangor, Malaysia from December 2016 to August 2017. A total of 25 fish from each 
species were randomly sampled at monthly interval, where their skin, eye, liver and kidney were sampled for bacterial 
isolation and identification. The presumptive Vibrio was identified using biochemical methods, molecular approach using 
gene-encoding protein pyrH and sequencing analysis.

Nine species of Vibrio from cultured fishes were identified, including Vibrio alginolyticus, V. diabolicus, V. harveyi, V. 
campbellii, V. parahaemolyticus, V. rotiferianus, V. furnissii, V. fluvialis and V. vulnificus. Highest occurrence of Vibrio spp. 
was found in hybrid grouper (81%), followed by seabass (56%) and red snapper (36%). The associations between Vibrio 
spp. and P. damselae subsp. damselae with the host fish were not species specific. However, fish mortality and size showed 
a strong correlation with the presence of some Vibrio spp. On average, 60% of the infected cultured fish exhibited at least 
one clinical signs. Clinical signs associated with Vibrio include pale and hemorrhagic liver, hemorrhagic kidney and skin 
lesions. Higher number of large-size hybrid groupers positive with Vibrio exhibit severe skin and fin lesions. 

This study suggests that year-long occurrence and abundance of Vibrio in the farmed fish might serve them as potential 
reservoir of the pathogens. The microbiological monitoring could provide valuable information for managing the health of 
farmed fish in grow-out cages. 
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Life cycle assessment examines the environmental impacts of a product by considering the major stages of a product’s life 
span, viz., Raw material acquisition: includes material harvesting and transportation to manufacturing sites. Processing: 
involves materials processing and transportation to production sites. Manufacturing: includes product manufacture and 
assembly, packaging and transportation to final distribution. Product life: includes energy and emissions during normal 
product life, required maintenance and Product reuse and Waste management/end of life: includes recycling, landfills, 
liquid waste, gas emissions, etc. To evaluate the environment impact during fish culture based on the aerators (paddle 
wheel, spiral, propeller, pooled circular stepped cascade and circular stepped cascade), paddle wheel aerators were more 
efficient in terms of Standard Oxygen transfer rate (SOTR) and Standard aeration efficiency (SAE) but also gives more 
emission of kg of CO2 equivalent in that of more energy used. Spiral aerators are less efficient in terms of SAE and SOTR 
than paddle wheel aerators but their environmental impact is lower than paddle wheel aerators. In the present study it 
was observed that in a small pond, pooled circular stepped cascade (PCSC) and circular stepped cascade (CSC) aerators 
provided more efficiency and low emission of CO2 equivalent. Also, in case of propeller aerators which are generally used 
in small ponds, the environmental impact was found to be lower than paddle wheel and spiral aerators.
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Aquaponics is a technique that combines growing of aquatic animals and plants i.e. hydroponics system.  Many small 
aquaponics systems are in practice. But, a commercial level strategy to maintain aquaponics system is still in nascent stage. 
The main challenge in aquaponics system is balanced nutrient conditions required for the growth of aquatic animals and 
plants in such a dynamic system with very high complexity. Hence, in the present study water and nutrient management 
strategy has been presented. The aim to develop this modeling framework is to improve the efficiency of nutrient and 
water through the development of a mathematical model. Water quality, fish growth and plant growth parameters will be 
considered and a system level management model and simulation will be carried out.
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Recirculating aquaculture system (RAS) is an alternative technique to handle the crucial environmental issues associated 
with traditional intensive aquaculture systems. The development of an RAS is based on certain principals. As we provide 
feed to fish in culture tank, the uneaten feed and faecal matter produces waste which may be inorganic or organic in 
nature. The inorganic and organic matters are removed by mechanical and chemical filtration techniques. Coarse solids 
(10-100 µ m) are removed by mechanical filtration and fine solids (5-10µ m) are removed by chemical filtration. Further, 
organic matter is decomposed and toxic nitrogenous compounds are generated. These nitrogenous compounds are due to 
the protein content available in feed. The mechanical and chemical filters reduce the biochemical oxygen demand of the 
effluent, whereas, the biological filters convert toxic nitrogenous wastes to elementary nitrogen gas. Moreover, RAS is fast 
growing and adoptable technique due to the fact it fetches a huge amount of profit. However, RAS is environment friendly 
is a doubt as the system is purely/partially controlled by some source of energy. Use of Energy may enhance the Global 
warming, Natural resource depletion and Eutrophication etc. Hence, in the present paper an approach of impact of these 
factors on Human health and Ecosystem quality has been discussed.

BREEDING OF GOURAMI FISH  USING OF ALMOND (Terminalia catappa) LEAF AS A 
SUBSTRATE FOR BUILDING BUBBLE NEST 

Hariharan*, Gokulakrishnan, Arputha,Somu Sunder Lingam 
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All gourami belongs to to the suborder Anabantodei and are commonly known as the labyrinthus fishes. Tichogaster 
trichopterus is  “ Three spotted Gourami”which has a very good value in ornamental market globally. These gourami are 
egg layers. They have a peculiar breeding characteristics of building bubble nest for laying eggs. Male gourami usually 
builds nest and embeds the released eggs(from female) into these bubble nest. Male used to give parental care till the eggs 
hatch out.

For buiding nest it needs substrate . Almond leaves were choosen because of its high surface area. 3 sets Brooders of 
desirable qualities (bulges abdomen in female ,well sized male)were selected .These were let to breed in aquarium tank 
with a breeding ratio of 1:1 in a controlled conditions(temperature:29 C, pH 7.8). Two almond leaves (20 square metres) 
were put in each tanks. 

The nest build by gourami under the leaves provided a greater surface area and stability. The eggs got a higher survivalibilty 
and the leaves acted as a ph buffer. To conclude almond leaves gives a better breeding result. 
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India offers huge potential for fish and meat - based products as currently Indians meet less than 18% of their total protein 
needs from such products. The current unorganized market size for such products is estimated at USD 31 billion.    Emerging   
startups operating  in the fish and meat modern retail space  in India provide consumers with  a unique and differentiated 
experience from the traditional  unorganized wet markets and neighborhood butcher shops. Furthermore, these modern 
retail formats can tap into a huge market as only less than 1 % of meat and fish market is organized in India.  These startups 
use state –of- the- art boutique stores in the front end and innovative farm- to -fork business models at the back end to 
transmute the way meat and fish products are marketed. The study explores the changing trends and business models in this 
arena and analyses how these practices are influencing consumer attitude, store preference and value perceptions.

  The author has conducted multiple case studies, interviews with industry executives, and a detailed literature survey to come 
up with the results. The study throws up interesting themes which will be of value to industry practitioners and researchers. 
The first theme discusses how these startups are shaping new guilt-free consumption realities by offering wholesome, 
antibiotic-free products through careful sourcing, meticulous and transparent processing, and certifications.  Second theme 
discusses the emergence of sophisticated outlets which enhances consumers’ identification and brand experience with the 
store.  Enhanced hygiene, aesthetics and an upmarket buying experience coupled with brand credibility can convert a huge 
chunk of  traditional consumers as ardent followers of the new model. These factors help transform  modern fish and meat 
brands to  aspiration  or lifestyle  category.  Moreover, these startups have the potential to build value-added brands in the   
processed and fresh fish and meat category targeting niche consumer segments.    The third emerging theme highlights the 
enhanced use of internet-based commerce and delivery systems which provide unmatched  convenience -centric  buying 
experience  to consumers in sync with the other e-commerce purchases.  

However, these models are not without their share of flaws. These startups invariably suffer from some challenges in terms 
of customer acquisition and scaling up, need for revamping an inefficient supply chain, an increased burn rate of capital and 
long term sustainability of high discounting practices. Future research may look into these areas and limitations to suggest 
business model innovations. 
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Nine semi-purified diets containing three levels of protein (35%, 40% and 45%) and three levels of lipid (6%, 8%, 10%) 
were fed ad libitum to climbing perch Anabas testudineus fingerling (1.64±0.01 g) in triplicate groups (10 fish/replicate) 
for 90 days to determine optimum dietary protein and lipid levels for this species. Fish were stocked in 27 flow-through 
fiber-reinforced plastic tanks with 50 L of water (10 fish/ replicate). In every 15 days interval, the fish were batch-weighed 
to determine growth. The dietary protein and lipid levels individually or in combinations had significant effects (p<0.05) on 
weight gain, specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency rate (PER) and protein productive 
value (PPV) of fish. The fish fed 40% protein had significantly higher (p<0.05) weight gain, SGR, PER and PPV and lower 
FCR (p<0.05) as compared to higher (45%) and lower (35%) protein fed groups. Similarly, the fish fed different lipid 
levels had significantly higher (p<0.05) weight gain, SGR, PER and PPV and lower (p<0.05) FCR in medium lipid fed 
group (8%) than the lower (6%) and higher (10%) dietary lipid fed groups. The interactive effect of dietary protein and 
lipid indicated that the fish fed with 40% protein and 8% lipid had significantly higher (p<0.05) weight gain, SGR, PER 
and PPV and lower (p<0.05) FCR than the other dietary protein and lipid fed groups. The dietary protein and lipid levels 
either individually or in combinations had significant effect (p<0.05) on whole body chemical composition (moisture, 
crude protein, ether extract, ash and energy) in climbing perch fingerling. Based on higher growth and nutrient utilization, 
the optimum dietary protein and lipid levels of climbing perch fingerling are 40% and 8% diet, respectively.
 

GROWTH PERFORMANCE OF CARPS AND ECONOMICS OF CARP –MOLA 
POLYCULTURE IN SEASONAL FARMER’S PONDS
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An experiment was conducted to evaluate the growth performance of carps, the overall production and the economics in 
carp-mola polyculture system in some seasonal farmer’s ponds in Purusottampur block of Ganjam district, Odisha over a 
period of 7 months during August, 2018- February, 2019. The experimental design was comprised of Control (T0) where 
only Carps fingerlings (Catla, Rohu, Common carp; 4:3:3) @ 10000/ha were released. Other treatments were T1 (T0 + 
mola@ 7500/ha), T2 (T0 + mola@ 10000/ha) and T3 (T0 + mola@ 12500/ha). The ABW gain and SGR of all Carps were 
found to be in decreasing trend fromT0 to T3 (T0>T1>T2>T3) where as the overall production in T0, T1, T2, T3 are found to be 
3407kg/ha, 3309kg/ha (3211+90), 3271kg/ha (3183.9+87.31) and 3270kg/ha (3184.27+85.73) respectively. The B: C ratio 
was found to be greater in control than in other treatments with values as 2.56, 2.42, 2.34 and 2.30 respectively. However 
the overall production of carp- mola and B: C ratio were not significantly higher in controls than in treatments and the 
farmers got nutritionally rich mola for consumption during the crop and carps as cash crops at season end.
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Alkalinity of water plays a vital role in body metabolism and physiology of fish and might have large influence on the 
growth particularly in early life stages. Several incidences of poor survival and mass mortality are coming up in hatcheries 
and nursery phase of Indian major carps. The present experiment was intended to study the influence of varied levels of 
alkalinity on the growth performance during a 30-days fry rearing of rohu. Different alkalinity range, viz. 60 (pond water), 
100, 150, 200 and 250 mg as CaCO3/l were used as the five treatments T-1 (control), T-2, T-3, T-4 and T-5, respectively. The 
desired alkalinity for the treatments, maintained in triplicates, could be established by mixing the filtered pond water 60 mg 
as CaCO3/l alkalinity and ground water with 300 mg as CaCO3/l alkalinity at different proportion. The alkalinity levels were 
checked and maintained in every 5 day intervals with use of water in required proportion. Other important water quality 
parameters such as pH, total hardness, dissolved oxygen (DO), total ammonia (TAN), nitrite, nitrate and phosphate were 
estimated. Significant increase (P<0.05) in hardness was recorded with increasing alkalinity levels in the tanks. Both water 
pH and DO were lower in T-1, but increased significantly with increased alkalinity from T-2 and T-5 (P<0.05). Though 
there was statistically no difference in fry survival among treatments, it reduced with increased alkalinity. Similarly, no 
significant difference in the final total length was observed among the treatments. But, the harvested fry body weights in 
T-2 and T-3 were significantly higher than that of control as well as T-4 and T-5. Such result while indicted the alkalinity 
range of 100-150 mg/l to favour fry growth, exposure to more than 150 mg/l alkalinity reduced the growth, supporting the 
fact of stress being exerted on fry by the higher alkaline condition. 
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Complement component 9 (C9) is a major molecule of the complement system which plays a significant role in the 
formation of the membrane attack complex (MAC) on the targeted cell surface. The current study is dealt with molecular 
characterization of C9 gene from rohu, Labeo rohita, an important cultured carp species of India. A partial mRNA sequence 
of 2073 bp encoding an open reading frame (ORF) of 1998 bp was amplified by polymerase chain reaction (PCR) that 
encodes a polypeptide of 666 amino acids. The polypeptide contains a signal peptide of 19 amino acids and a mature 
peptide of 647 amino acids. SMART domain architecture analysis revealed two TSP1 domains, a LDLa, a MACPF 
domain, and an EGF-like domain. Multiple sequence alignment revealed a primitive C9 sequence of rohu which showed 
maximum similarity with common carp, grass carp and zebrafish. Evolutionary analysis resulted in clustering of rohu C9 
sequence with common carp, gold fish, bighead carp, grass carp and zebrafish. C9 was highly expressed in liver tissue 
and constitutively expressed in wide array of tissues viz., spleen, anterior and posterior kidneys, intestine, stomach, heart, 
gills, brain, skin and muscle except in eye in healthy rohu juveniles. C9 was expressed during early developmental days of 
rohu as well. Milt showed significantly high level of expression of C9. Upon Aeromonas hydrophila challenge, a slight up-
regulation of the gene was noticed at 6 h and 72 h in liver and spleen tissues without significant change in its expression in 
gills. Whereas a significant increase in transcript level was noticed in liver (3-fold), spleen (30-fold)and gills (30,000-fold) 
after 24 h, 15 d and 6 h of poly I:C  induction, respectively. Similarly, during Argulus siamensis infection expression of C9 
transcripts was increased in liver tissue from 12 h to 15 d (3-fold to 70-fold), spleen (16-fold) at 72 h and anterior kidney (4-
fold)at 12 h post-infection whereas significant down-regulated was observed in skin tissue. Constitutive expression of C9 in 
different organs of rohu during ontogeny and in response to bacterial, viral and parasitic exposures along with high degree 
of sequence homology with other fish species proved it as an important primitive immune molecule of the complement 
system lytic pathway. 
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Argulus siamensis is an economically important crustacean ectoparasite in freshwater aquaculture affecting the growth 
and production of Indian major carp species (IMCs) mainly Labeo rohita.  Not much progress has been made in the 
prevention or control of argulosis. The limited biological information at molecular level of this species is one of the major 
constrains to address this problem. To generate the molecular level information, both male and female parasites were 
processed separately to generate reference transcriptome sequences by using single molecular real time (SMRT) sequencing 
technique in PacBio Sequel system.  Both sexes of parasites were collected (50 numbers) separately and starved for 24 h, 
and processed for RNA extraction followed by isoform sequencing. A total of 28.62 GB IsoSeq data for male samples from 
two runs and 11.81 GB for female sample in three runs were generated. Total full length non chimeric clustered consensus 
isoforms for female was found to be 84,337 whereas for male it was 2,09,271. All isoforms sequence data was considered 
for homology search with uniprot protein database and ~56% of the transcripts were annotated.  The maximum percentage 
of sequences in female group showed significant similarity with Zootermopsis nevadensis followed by Daphnia magna 
where as in case of male top hit distribution showed maximum similarity with Daphnia magna followed by Zootermopsis 
nevadensis  in organism plot.  Total transcripts were mapped in GO database depicting their functions in biological process, 
molecular function and cellular components for both sexes. The candidate coding regions were analysed to find out the 
orthogroups genes specific for male and female. A total of 115 species specific genes were identified (105 for male and 
10 for female). Overall, the information of A. siamensis male and female, generated by this method provides resources 
for future investigations, particularly generating sequence information for efficient prevention strategies for this parasite.
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Culture experiment was carried out for 90 days (October-December 2018)  in Nutrient Film Technique (NFT) Aquaponics 
System designed and developed in Fibre Reinforced Plastic (FRP) material under AICRP on Plasticulture Engineering 
and Technology Centre at ICAR-CIFA, Bhubaneswar to determine the growth of Pangas, Pangasius hypophthalmus with 
Marigold, Tagetes erecta. The experiment was conducted in triplicate. Each system comprising of a circular fish culture 
tank (Ø 2.15×0.9 m) with an operational capacity of 2800 l, trickling biofiltration unit utilizing 85 L volume filled with 
10-25 mm gravels and seashell (S:V=12.77), hydroponics tanks (4×0.9×0.35 m) with an optimum water column of 0.25m 
containing trays with 72 perforations (Ø2.5”) to hold the plastic mesh pots and a 200 l sump made off HDPE with three 
conductive water level sensors and a 0.3HP submersible water pump for the recirculation.

Whole cycle is divided into four simple stages as illustrated in the Figure. Effluents from the fish culture tank passes 
through the biofilter in a bottom to top fashion following fluid flow under the influence of gravity at a rate of 234.8 l/hr/
sq.m. The bio-filter contains substrate for colonization of nitrifying bacteria. Filtered water from bio-filter trickles directly 
into the hydroponics tanks. The depth of water in hydroponics tank is set to be maintained at 0.25m, which helps the whole 
length of the plant roots to be submersed in the nutrient rich water, so that the nutrient film can be optimally utilized with 
minimal loss. Water from hydroponics tank travels into the sump through an outlet of 1.5” diameter. As the sump fills up to 
190 l, sensors signal the control unit, which activates the pump and hence water is pumped back to the fish culture tanks. 

Fish were stocked in culture tanks @150 fish/ tank and raised with marigold plant for a period of 90 days. The Initial length 
and weight of P. hypophthalmus were 64.9±0.58 mm and 2.87±0.19 g, respectively. The marigold T. erecta with initial 
heights 145.2±0.58 mm were planted in hydroponics tank. Results found that there was no significant difference (p > 0.05) 
in the fish and plant growths and production parameters between replicates at the end of the experiment. The average fish 
length and weight were 119.4±1.2 mm and 14.28±0.48 g respectively at the end of experiment. The final height of T. erecta 
plants were 458.3±12.2 mm. There was no significant difference in weight gain (14.29 ±0.48 g/fish), feed conversion ratio 
(1.57±0.04), and specific growth rate (1.78±0.04) of fish. The average survival of fish was 94%. The total productions of 
Pangas and Marigold were 2.296 kg/cu.m and 384±21 number of flowers (798.0±33.6 mm diameter and 16.67±0.93 g 
weight) respectively.
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Ganjam, a coastal district in Odisha State, was hit by the cyclone ‘Phailin’ on 12 October, 2013 and severe damages 
happened to aquatic resources. The livelihood of many including tribal farmers of the district were greatly affected as they 
mainly depend on daily wages and agricultural activities. To support their livelihood conditions, Department of Science 
and Technology (DST), Govt. of India has funded a project (2016-2019) entitled “Carp seed production and integrated 
fish farming technology for livelihood development of Phailin affected tribal farmers of Ganjam District, Odisha” to 
ICAR-CIFA. The project is operating in four Community Development (C.D.) Blocks, namely Sanakhemundi, Khallikote, 
Digapahandi and Kukudakhandi. Two model villages namely, Daseipur of Sanakhemundi Block and Sujanasahi of 
Khallikote Block were identified for the present study.

Daseipur village with 65 numbers of beneficiaries mainly depend on daily wages and agriculture; their average per capita 
annual income was Rs. 30,500/- in 2016 (prior to adoption); has 5 numbers of ponds with total 7.2 ha water spread area 
(WSA) from where total fish production was 3,555 kg/yr. During 2017-2018, they adopted scientific aquaculture practices, 
learned seed rearing and aquaculture practices; each beneficiary to carry out fish culture operation spent 26 hours in 7 
months of culture period and produced 11,665 kg fish from 7.2 ha pond area which was 3.28 times higher than the pre-
adoption level. By calculating profit from the harvested fish, it was increased from Rs. 2,79,450/- to Rs. 8,84,952/- resulting 
in per capita profit gain of Rs. 9,315/-. This contribution was 30.5% over the per capita income per year from fish culture 
side. They could add one new pond of 0.5 ha for stocking of brood fish and one FRP carp hatchery for seed production in 
2018-19.  

Twenty three beneficiaries in Sujansahi Village of Khallikote Block were adopted; agriculture is the main livelihood option 
for them; their average per capita annual income was Rs. 30,380/- in 2016 (prior to adoption); has 3 ponds of 0.8 ha total 
WSA; has total fish production 495 kg/0.8 ha/yr prior to adoption. After adoption of scientific aquaculture practices, they 
could produce 1400 kg/0.8 ha/yr fish which was 2.8 times more than the base level. An additional profit of Rs. 99,550/- was 
generated from aquaculture in 8 months of culture period. Each beneficiary could add an additional income of Rs 4,328/- to 
his yearly income from aquaculture side. 

From the study, it was found that by dissemination of scientific aquaculture technologies, the tribal people could adopt it 
as a major livelihood option for them. FRP carp hatcheries have been provided to them for producing seed for own pond 
stocking and income generation from seed sale.
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Entrepreneurship is the process of designing, launching and running a business. Aquaculture is an attractive option for 
entrepreneurship as it is the present-day boosting sector, as day by day population is increasing and the demand for fish is 
also increasing. For better fish production quality seed production is essential. Quality fish seed is one of the key inputs for 
successful fish farming. Quality fish seed can be provided from the hatcheries. Previously hatcheries were made up of either 
by glass or by cement, which were very difficult to handle and move. For quality seed production, user friendly equipment 
made up of fiberglass reinforced plastic (FRP) Carp Hatchery has been designed and developed by AICRP on Plasticulture 
Engineering and Technology Centre at ICAR-CIFA, Bhubaneswar. Due to plethora demand and paucity of availability of 
quality fish seed, entrepreneurship through fish seed production can give a new dimension to the aquaculture scenario. 
So, for this purpose fish seed production through FRP Carp Hatchery can act as a ray of hope for the future entrepreneurs.

Fish seed production has the potential for retaining population in isolated areas and for regional development also. Because 
of its need for unpolluted water, this sector can flourish in isolated areas. Employment in seed production sector may be 
small compared to the commercial fisheries, but at the community level it can enable the people of isolated areas to survive. 
In aquaculture sector for establishment of FRP Carp Hatchery, there is no need for a larger area of land, as it can be installed 
in a very small land area. So, initial cost may be comparatively low and where easy return can be done with less duration 
of time and break-even can be achieved with a shorter period of time. So, it can be taken as an attractive opportunity for 
entrepreneurship. As FRP Carp Hatchery has been commercialized since 2006, presently more than 400 sets of it have 
already been established in 26 states of the country. North East Hilly Region being the major user by representing more than 
50 % installations, is now able to produce seed. The system is so designed that it creates the environment suitable for fish 
breeding of IMC (Indian Major Carps) and for medium & minor carps in the field conditions. In one run it can produce 1.0-
1.2 million spawn, which in upward rearing process can produce 0.15 million fingerlings sufficient to stock 30 hectare pond 
area. The system has many benefits as it is portable in nature, easy to install and operate, low water consumption during fish 
breeding and spawn, easy to repair, less space requirement for installation, less weight and durability of more than 15 years.   

Through seed production it not only develops the region, but also offers rural areas a self- sustaining “Engine of Growth”. 
Small scale entrepreneurship, especially women SHGs can play an important role in boosting up of the domestic 
aquaculture production, from here the concept of Women ‘aquapreneurs’ has been evolved. Seed production through FRP 
Carp Hatchery can make people Self-reliant and which can act as a welcome step towards blue revolution. Traditional seed 
production in rural areas is getting transformed into entrepreneurial seed production by utilizing the improved technology 
of FRP Carp Hatchery. 
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Tor tor, commonly known as the tor mahseer or ‘deep bodied’ mahseer, is a cyprinid fish species found in fast-flowing 
rivers and streams with rocky bottoms in Bangladesh, Bhutan, India, Nepal, and Pakistan. It is a well known commercially 
important food and game fish. Its population is rapidly declining in its native range due to overfishing. Recently, the species is 
assessed as data deficient under IUCN (2018) due to ambiguity in taxonomic identification and distribution. Moreover, there 
is meagre knowledge about  genetic structure of the species which is necessary for planning management,conservation and 
stock assessment of this species. Therefore, microsatellite  markers were used to assess the genetic variation in this species. 
A total of twenty polymorphic single-locus microsatellite loci were developed through next generation sequencing 
technology, to genotype n=140 samples from four distant riverine populations of India, namely, Penganga, Narmada, 
Madar and Godavari, for determining intra-specific genetic variation in golden mahseer, T. tor. The mean  number of 
observed alleles per locus ranged from  1.65 to 2.30. The observed and expected heterozygosities ranged from 0.2256 to 

0.3834 and from 0.1690 to 0.3537, respectively. The pair wise FST   value ranges from 0.09679(P=0.0000) to 0.29122(P

0.001). Significant genotype heterogeneity (P<0.001) and  FST =0.182 (P=0.0000)  over all loci indicated that the samples 
are not drawn from the same gene pool. The microsatellite loci exhibited high level of polymorphism with PIC values 
ranging from  0.067 to 0.553. The identified microsatellite loci are promising for use in fine scale population structure 
analysis of T. tor . No significant linkage disequilibrium was detected among the loci. Five loci showed significant 
deviation from Hardy–Weinberg equilibrium, but none of them had evidence for null alleles. These microsatellite loci 
will be useful for genetic diversity studies and conservation of golden mahseer and its closely related species. 
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Dietary bioactive molecules offer great potential in the fight against life style disorders such as obesity, diabetes, cancer and 
cardiovascular disease through modulating the key cellular signaling pathways as well as their strong antioxidant potential. 
Obesity has emerged as one of the biggest public-health concern as it is the major risk factor for developing type II diabetes, 
cardiovascular disease, hypertension and certain types of cancer. Fucoxanthin, a dietary carotenoid from marine brown 
algae contains unique functional groups such as epoxide and allenic bond, has been reported to show anti-obese potential. 
Curcumin is a widely studied biphenolic compound from Indian traditional spice, turmeric for its beneficial health effects. 
Recent studies emphasize that the protective effects of some single dietary molecules are potentiated and/or synergized 
by other dietary agents. In the present study, we investigated the anti-obese potential of fucoxanthin in combination with 
curcumin in a KK-Ay mice model system. Administration of fucoxanthin, curcumin and their combination reduced the 
body weight compared to control group. These molecules when administrated alone or in combination did not affect the 
blood levels of two major liver function markers such as aspartate transaminase (AST) and alanine amino transferase 
(ALT). Further, the weight of kidney and liver did not change by the administration of fucoxanthin, curcumin and their 
combination. But, total white adipose tissue (WAT), epi-didymal WAT and mesenteric WAT were significantly reduced in 
combination group. An increase in HDL cholesterol and phospholipid content also observed in combination group. Our 
findings demonstrate the promising anti-obese efficacy of combinatorial effect of fucoxanthin and curcumin. Further, our 
results provide experimental support to the hypothesis that dietary molecules in combination might elicit greater protection 
against obesity, which deserves further mechanistic investigations. 
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Bacteria are found naturally in the intestine of tilapia and can be pathogenic when the environmental and crop conditions 
are unfavorable.The gastrointestinal microbiota plays critical roles in nutrition, development, immunity and resistance 
against invading pathogens, earlier studies have indicated that microbes in water may affect the fish´s microbiota. All 
compartments of the RAS system are in contact during cultivation, so it is relevant to know and characterize them. 
Understanding the integral role of the microbiota in fish is the preamble for a successful and efficient design of probiotics 
and prebiotics, which would allow biocontrol and biosecurity in crop.

The recirculating system consists in 12 individual’s units. Each unit has a 1 m3 culture tank, a settling tank (156 L), a 
skimmer (5 L) a nitrification tank (339 L), and mineralization tank (89 L). The fish (O. niloticus) densities were 100 org/
m3. The initial sizes tilapia was 76.88 ±3.94g, they were fed with a commercial floating feed.  Samples for metagenomics 
analyses were taken at  18th week, the average size reached for broadcasters was from ±591 g Specific growth rate were 
±1.93, survival >98% in all treatments. 

Preparation of library for sequencing was done following the Illumina 16S Metagenomic Sequencing Library Preparation 
(Part # 15044223 Rev. B) protocol. In the well water, the Burkholderiaceae represent 76% of the total number of bacteria 
present, in the water of culture 18 families predominated, mainly the Burkholderiaceae (28%). In faeces are 22 bacteria 
families predominant, of which 13 are present in all compartments and finally in the mineralizer the Xanthomonadaceae 
(38%) is the most abundant (Figure 1).
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The increase in costs and demand of protein from conventional resource necessitates fish farmers and hatcheries manager 
to incorporate cheap and locally available ingredients in fish diets. Among protein plant sources, Azolla (Anabelae) species 
seem to be good replacer of protein from expensive sources such as fish meal and fish oil. It contains high crude protein 
content (13%-30%) and essential amino acid (EAA) composition (rich in lysine) than most green forage crops and other 
aquatic macrophytes. The present study was conducted to determine the effect of different soil types on Azolla (Anabelae) 
culture as a protein sources replacer in fish diets.

A 3-week culture trial was conducted in a 4 HDPE sheet pits 
(6M X 1M X 0.2M). Each two pits laid with 25kg of red 
and fertile lake soil respectively, after nutrients composition 
analysis in the soils (Table 1). All four pits were filled with 
water to a height of 20cm and fertilized with 2kg of cow 
dung slurry and 30gm of Single Super Phosphate. One day 
after fertilization, 200gm fresh culture of Azolla (Anabelae) 
species collected from Tamil Nadu Veterinary and Animal 
Science University were inoculated in each pit. All four pits 
were left for rapidly growth and fertilization were repeated 
after every 6 days with the same quantity of cow dung slurry 
and Single Super Phosphate for 3 weeks. 

After culture period, each pit was harvested with a scoop net 
having a mesh size of 1mm, weighed, dried on sunlight for 
three days and weighed again before milled.

After a culture period of 3 weeks, lake fertile soil had 
significantly (P<0.05) higher wet weight, dry weight and 
lower cost of production compared to red soil (Table 2 & 3). 
These results indicate that a lake fertile soil can be used for 
higher production of Azolla at low costs which will optimize 
growth of fish and reduce cost of production. 



451
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Design and operation of recirculating aquaculture systems (RAS) for Atlantic salmon (Salmo salar) production is largely a 
function of the CO2 tolerance of these fish. In this study, Atlantic salmon post-smolts were exposed to six CO2 concentrations 
(5, 12, 26, 33 and 40 mg/L) for 12-weeks (RAS phase) followed by non-CO2 exposure period of 6-weeks (Seawater phase). 
A total of 900 fish (± 71 g) were randomly distributed over eighteen tanks (V=0.5 m3) connected to a RAS. Fish weight, 
length and welfare score together with blood and tissue samples for physiology (plasma ions), histology (kidney and skin) 
and molecular (gills) analysis were taken during RAS and Seawater phases. 

The current study brings a new insight on the growth of Atlantic 
salmon post-smolts in brackish water RAS and shows that 
maximum growth performance is obtained in CO2 concentrations 
below 12 mg/L. Skin health appeared to be compromised 
in fish exposed to very high CO2 concentrations (40 mg/L). 
In contrast, no major effects on external welfare indicators, 
cataracts and nephrocalcinosis were observed. Moreover, several 
osmoregulation and acid-base balance parameters showed a 
positive (pH, K+, HCO3

- and PCO2) or negative (Na+, Cl-) linear 
relationship with environmental CO2 concentrations (5 – 40 mg/L 
range), whereas others (haematocrit, Ca2+, Mg2+, urea and glucose) 
were unaltered. These physiological alterations were maintained 
as long as CO2 exposure persisted but returned to normal 
concentrations when CO2 exposure ended. In gills, CO2 exposure 
down-regulated a number of  genes with various functions, which 
changed to up-regulation when the CO2 exposure ended. The data 
from this study adds to recent findings that CO2 concentrations 
below the previously thought threshold of 15 mg/L still have an 
impact on Atlantic salmon, and this finding may be relevant to 
achieve better design and dimensioning of production systems 
where CO2 may accumulate in the water.

Funded by CtrlAQUA SFI (NRC nr 237856/O30) and the partners 
of the center.
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Fumonisins are a group of mycotoxins discovered in 1988, in South Africa, produced by a number of Fusarium species, 
notably F. verticillioides, F. proliferatum, and F. nygamai. All strains are considerably variable in toxin producing 
ability. The group includes fumonisin B1 (FB1), FB2 and FB3, however the most abundantly produced fumonisin is FB1. 
Fumonisins disrupt the metabolism of sphingolipids (important components of cellular membranes and neural tubes) 
through the inhibition of the enzyme ceramide synthase. Fumonisins are cancer promoters and possible carcinogens to 
humans (group 2B, IARC 2002). These mycotoxins are hepatotoxic, nephrotoxic and immunosuppressive for several 
terrestrial species. In aquaculture, fumonisins have been generally associated with reduced growth rate, feed consumption 
and feed efficiency ratio, as well as impaired sphingolipid metabolism. However, scarce information is available on 
the effects of fumonisins on most important aquaculture species. Experiments conducted on carp (Cyprinus carpio L.), 
reported the presence of scattered lesions in the exocrine and endocrine pancreas and inter-renal tissue, probably due to 
ischemia and/or increased endothelial permeability. Loss of body weight and alterations of hematological and biochemical 
parameters after consumption of fumonisin-contaminated feed were reported in the literature. Nile tilapia fingerlings 
were reported to be sensitive to relatively low-doses of fumonisin, resulting in the decrease of average weight gain, and 
disruption of the sphingolipid metabolism. Studies in shrimp are scarce, however the available literature, suggests that 
Litopenaeus vannamei is sensitive to FB1. A study from 2013 showed that white shrimp fed FB1 at levels from 20 to 200 µg 
kg −1 had a reduction in soluble muscle protein concentration and reported changes in myosin thermodynamic properties 
after 30 days of exposure to FB1. The same study reported marked histological and meat quality changes in shrimp fed a 
diet containing FB1 at 200 µg kg −1. The BIOMIN mycotoxin survey for Asia reveals that 82% of samples analyzed contain 
fumonisins, with an average level of 1833 µg kg −1. Rice bran, showed a prevalence of fumonisin of 61% and a relatively 
low average level, if compared to other commodities such as corn, corn gluten meal and DDGS (2950, 13063, 8117 µg 
kg −1 respectively), however even low levels are shown to produce negative effects in some species such as white shrimp 
(L. vannamei). Corn, CGM and DDGS presented a prevalence of 96%, 100% and 97% respectively, indicating that almost 
every sample analyzed contained fumonisins. These concentrations are high and may harm production, especially if we 
consider the risk of synergism with other mycotoxins, pathogens and antinutrients! As fumonisins are relatively stable to 
temperature and processing conditions, it is expected to find them in finished feeds as well. 
No Figures; no Tables
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A study was conducted in Indian catfish magur, Clarias magur (n=24) with an objective to delineate reference range 
of important humoral innate immune repertories in serum and mucus. For knowing this, a comparative study of innate 
immune parameters was done in serum and mucus with respect to seasonal (summer vs winter) and size (juvenile vs adult) 
variation. Serum was collected from individual fish and diluted to a protein concentration of 500 µg mL-1. Reference range 
of immune parameters in serum was determined to be; myeloperoxidase (0.607-3.999 U mg-1), lysozyme (10.51-64.95 U 
mL-1), protease (50.76-94.50%), anti-protease (16.86-77.64%) and bactericidal activity (41.62-80.6%). Similarly, mucus 
was collected from individual fish and its protein concentration was adjusted to 500 µg mL-1. The reference range in 
skin mucus was found to be; lysozyme (14.65-106.42 U mL-1), myeloperoxidase (0.085-0.877 U mg-1), protease (91.20-
97.25%), anti-protease (7.95-36.19%) and bactericidal activity (50.0-90.71%). Comparison of immune parameters in 
different seasons indicated that both serum and mucus showed significantly higher levels of lysozyme, myeloperoxidase, 
anti-protease and bactericidal activities in summers whereas protease activity was higher in winters. Likewise, comparison 
of immune parameters in different age groups indicated that myeloperoxidase activity in serum and anti-protease activity 
in mucus were significantly higher in juveniles, whereas lysozyme activity in mucus was significantly higher in adults. 
Rest of the immune parameters in serum and mucus did not show significant variation between juveniles and adults. This 
reference range of innate immune repertories in C. magur could be useful to understand the differential role of humoral 
immune parameters in different patho-physiological conditions. 
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The ADB (2000) defines microfinance as “the provision of a broad range   of financial services such as deposits, loans, 
payment services, money transfers and insurance to poor and low income households and their micro-enterprises. 

For developing nations, aquaculture is often regarded as an opportunity to provide jobs and food security. However, as a 
recent report suggests, aquaculture has the potential to empower women too. Usually a fisherman catches fish and hands 
over the same mostly to the fisherwomen of his family for sale as raw fish, and also, as needed, for conversion into dried/
salted fish for marketing locally and in shandies at various centres. The fish are also taken in head-load baskets from door 
to door. All these efforts, however, result in low margins. When fish are processed by way of sun-drying, salt curing, the 
process enables the fisherwomen to store the processed fish and sell them as convenient at higher prices depending on 
transport facilities and market conditions. The processed fish are normally taken to places where there is good demand for 
such fish. One aspect in this context is that the fisherwomen need financial support from banks and other organised financial 
institutions. In this context, the fisherwomen find self-help groups as an   appropriate source, from where they can, as a 
member, borrow loans at very low interest to meet the financial recruitment for the purpose of marketing the value-added 
fish (sun-dried/salted) to the consumers at a lucrative price.  In this background, fisherwomen have formed into various self 
help groups. An attempt has been made to study indebtedness and incidence of poverty among fisherwomen households. 
The present study therefore has endeavoured to examine the borrowing and repayment practices adopted by fisherwomen 
of sample households towards different sources of finance in the study area.

In this study, multi-stage sampling technique was used in the selection of the units. The sampling involved the selection of 
100 fisherwomen entrepreneur households on random basis.  Main objectives of the present study are as follows:
• Understand concept of micro-credit and its potential for development of small scale fisheries.
• A view of micro-credit investment in fisheries sector of West Bengal particularly in North 24 Parganas District.
• Identify the gaps in lending, scheme implementation, and training provision.
• Analyse the cause of success/failure and adoption of success model for livelihood development through SHG.
Provide specific recommendation for innovative schemes/packages for small scale fisheries development.

In this background, the adoption of micro-finance system can supplement the role of banks and financial institutions in 
helping to solve the problems of poverty and unemployment in the country. Micro credit is considered as ideal to tackle the 
twin problems encountered by institutional credit agencies serving the poor viz., higher transaction costs and poor recovery.

 This paper has covered the status of SHG Model Micro-finance in fisheries sector in the State of West Bengal with special 
reference to North 24 Parganas District.  Potentials of micro-credit extension in   coastal districts has also been discussed. 
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Aquaculture has been progressing rapidly in India during the past few decades. Shrimp farming has been the mainstay 
of Indian aquaculture financially due to the export earnings and vocational provision to the marginalised shrimp farmers 
socially. Despite the stringent measures by the implementing authorities against the use of antibiotics in the culture systems, 
there has been growing incidences of development of antibiotic resistance in the bacterial isolates associated with the 
aquaculture systems. Due to the global concerns in the development of antimicrobial resistance (AMR) in the bacterial 
strains and its implication in human health, we have undertaken the current investigation to find out the pattern of AMR in 
the bacterial strains associated with shrimp farming systems that are normal and those that are infected with pathogens such 
as white spot syndrome virus (WSSV) and Enterocytozoon hepatopenaei (EHP)

During the current study, we have isolated eighty bacterial strains from shrimp farming systems including animals, water 
and sediment of normal, infected with WSSV, EHP and combinedly infected with WSSV and EHP. Antibiotic sensitivity 
of these isolates was tested against 12 antibiotics. Of the 80 isolates, majority (68.75 to 81.25 %) were resistant to 
Furazolidone, penicillin and erythromycin while less than 6.25 % isolates alone were resistant to ofloxacin, ciprofloxacin, 
sulphamethizole and chloramphenicol. Multiple antibiotic resistance (MAR) calculated as ratio of resistance to the total 
number of antibiotics tested, it was found that 33.75 % of the isolates had MAR above the critical value of 0.275 (Fig.1). 
From the normal shrimp farming systems, only 2.5 % of the isolates were resistant to more than 2 antibiotics while this 
value was 40, 41.3 and 30.6 % in the isolates obtained from WSSV infected, EHP infected and WSSV and EHP combinedly 
infected shrimp farms. The present scenario therefore does not augur good for the human health concerns. The increase in 
the MAR values in the present study points to possible horizontal transfer of AMR genes across the environmental bacterial 
isolates, which is being investigated separately.     
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It is well known that Northeast India lies in one of the hot spots of freshwater fish biodiversity in the world. The potential 
of indigenous ornamental fish from this region has been talked about and discussed since last few decades. However, 
organised and regulated commercial development of indigenous fish species is yet to be seen. But it is a fact that many 
of these fish species are being exported to different parts of the world as ornamental fish for aquarium hobbyists. Most of 
these fishes are collected from wild natural resources in an unorganised fashion without realizing its sustainability. Effort 
made towards the domestication, large scale breeding for commercialization has been largely unsuccessful. This is mainly 
due to lack of basic information on biology, population and their natural habitat. Generation of information on hydrological 
parameters of breeding grounds and biological characteristics of candidate ornamental species will form the basis for their 
domestication process towards commercial utilization and conservation measures as well. Significant quantities (Table 1) 
of these fishes are exported mainly through Kolkata, without legitimate guidelines for collection and trade, prompting the 
need for green certification.

New approach will be to focus on few species for concerted research on domestication and breeding involving farmers. With 
due consideration, only few fishes like Loach (Lepidocephaitchys  berdmorei, Botia dario),Cyprinid (Pethia manipurensis), 
Gouramies (Trichogaster labiosua) may be considered for domestication and seed production to formulate package of 
practices for farmers, breeders and entrepreneurs who can earn their livelihood from this trade. The present paper examines 
the approach to harness these indigenous fisheries resources which have remained as dormant opportunity for long.
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The effects of feed, fertilizer and combination of fertilizer and feed were investigated on water quality parameters, natural 
food production and growth rate of Nile tilapia (Oreochromis niloticus). The experiment was conducted for six months in 
nine concrete tanks, each with an average surface area of 3.4 m2. Three tanks were subjected to a treatment of full amount of 
the required formulated feed (T1), three tanks under fertilizer application only (T2) and three tanks under a combination of 
half the amount of the required feed plus fertilizer application (T3). Three grams of urea and two grams of Di-Ammonium 
Phosphate (DAP) fertilizers per m2 were applied once per week for treatments T2 and T3. Sex-reversed Nile tilapia with 
average weight of 0.9 g were stocked at 3 fish /m2. Fish were fed twice per day with a formulated diet containing 30% 
CP for treatments T1 and T3. Algae  were scrubed from nets for quality and quantity analysis every month and fish were 
sampled twice per month for weight measurement. Water quality parameters were measured once per week. 

Our results indicated that dissolved oxygen values were lower (p < 0.05) in the treatment for feed only (6.51 ± 0.20 mg/l) 
and higher in the treatments for fertilizer only (9.97 ± 0.21 mg/l). pH and temperature did not differ (p  0.05) among the 
treatments.  Significantly higher (p < 0.05) fish growth rates were observed in the treatments with the combination of feed 
and fertilizer (1.6 ± 0.03 g/d) and feed only (1.4 ± 0.02 g/d) than in the treatment with fertilization alone (0.2 ± 0.0 g/d). 
Although growth rate between the treatments for feed and combination of feed and fertilizer did not differ significantly, 
the feed conversion ratio was lower (p < 0.05) for the combination of feed and fertilizer  (1.5 ± 0.0) than for feed only (3.3 
± 0.2). High growth rate  of fish under the combination treatment may be contributed by the availability of both artificial 
and natural food of high quality due to the fact that both feed (27.55 ± 0.19% CP) and combination (25.23 ± 0.2% CP) had 
higher (p < 0.05) algal Crude protein and organic matter contents compared to the fish cultured under fertilizer alone (13.74 
± 0.06% CP). Primary productivity was lower for the fertilizer treatment (0.14 ± 0.04 mg C/l/h) compared to the feed (0.50 
± 0.05 mg C/l/h) and combination (0.51 ± 0.15 mg C/l/h) treatments. Thus, we can conclude that the use of combination of 
half feeding and fertilizer application increased gross primary productivity, algal crude protein content and fish growth rate 
compared to fertilization only or feeding only. 
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Most part of the world regularly experience droughts or floods or both and suffer due to “too less or too high water 
syndrome” and groundwater management issues in recent years, which warrant prudent implementation of soil and water 
conservation measures. Water Harvesting (WH) has increasingly become a means to tackle the problems of drought, 
water scarcity and sometimes to mitigate floods in most parts of the world. The WH is known to provide many direct and 
indirect benefits to farmers, ecosystems and the general public. Many Asian and African countries including India have rich 
tradition of WH and recycling to improve crop production and livestock raising. About 20% of rain water is observed to 
be harvested annually and roughly about 1 ha-m water can be harvested from every 10 ha watershed area in Doon valley, 
foothill Himalayas. Fish farming in Water Harvesting Structures (WHSs) using appropriate technologies would enhance 
benefits of WH and provide food and economic returns to the farmers and farming communities. The refined package of 
practices for carp culture in farm ponds and WHSs yielded 3.5-4.5.0 t fish ha-1 year-1 with a net annual profit of about Rs. 
90,000-1,00,000 ha-1 and BC ratio, 1.9:1 in Doon valley.

A survey of 20 water conservationists, 18 WHSs and 12 published reports on Integrated Watershed Management (IWM) 
analysis indicated varying preferences or justifications and prevailing interfaces on design or construction criteria of WHSs 
or farm ponds between conservationists and aquaculturists with reference to various spheres of water conservation vis-à-vis 
fish farming, especially in north-western Himalayas, India. The pooled score of conservationists, published literature and 
existing WHSs for the preferences on different design features of WHSs, viz., water allocation, direction or orientation, 
size, shape, depth width, area versus volume, type of pond bottom etc. to benefit construction or water conservation efforts 
ranged 15-80%. No specification for direction, preference for more depth and small size outlet disproportionate to size of 
ponds had higher score over 80%. Comparing the needs of WHSs for water conservation and fish farming identified the 
critical need for specific assumptions and compromises on engineering design and management of WHSs between the two 
avenues to maximize benefits. 

Principles of WH and design features of WHSs will be presented drawing a comparison of WH and WHSs for water 
conservation and accommodative aquaculture, especially under watershed management programs in developing countries 
and water scarce regions of the world. Engineering perspectives of WHSs or farm ponds to accommodate aquaculture 
besides types, benefits, and impacts of WH and WHSs are discussed in light of available literature or expert judgment 
favorable for both aquaculture and watershed engineering principles.
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Galectins are proteins having affinity for beta-galactoside, characterized by a conserved sequence motif in their CRDs 
which exclusively recognize and bind specific sugars on cell surface by carbohydrate recognition domain (CRD). Under 
non-infectious stressful conditions, the release of galectins to the extracellular space can be perceived as a “danger-
associated molecular pattern”, a signal that can trigger inflammatory responses. Galectins in extracellular space can also 
recognize potential pathogens and parasites. They function by binding the pathogens directly or modulating the immune 
system in response to the infection. We studied the structural aspects of Labeo rohita galectin-9 gene (LrGal-9) to gain 
insights into its functionality.

The animals (L. rohita) were procured from a fish farm located in Maharashtra. Total RNA was extracted from gill 
tissue and was converted to its complementary DNA. Galectin-9 gene was characterized and the bioinformatics analysis 
was performed. The analysis revealed LrGal-9 possesses two distinct CRDs joined by a linker of 50 amino acids. Each 
CRD has eight conserved sugar binding sites (H-N-R, V-N, and W-E-R) required for binding terminal sugars on the 
pathogens (Fig.1). Thirteen potential tyrosine phosphorylation sites and three N-linked glycosylation sites were predicted 
using NetPhos 3.1 and NetNGlyc 1.0 respectively. Prediction of transmembrane region and signal peptide in LrGal-9 
was performed using TMHMM v. 2.0. and SignaIP program respectively. Neither signal peptide nor the transmembrane 
region was present in LrGal-9. The deduced 291 amino acid sequence of LrGal-9 was used to predict the protein-protein 
interaction with other biological molecules using STRING software. LrGal-9 forms network with PDZ binding kinase, 
Lymphokine-activated killer T-cell-originated protein kinase, Inhibitor of nuclear factor kappa-B kinase subunit epsilon, 
and many other biological molecules (Fig.2). Presence of all the conserved residues (H-N-R, V-N, and W-E-R) indicated 
that the carbohydrate-binding specificity of LrGal-9 empowers it to act as a pathogen recognition receptor and networking 
analysis revealed the it regulates important downstream functions in biological systems.
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Integrated Watershed Development (IWD) has immense potential to enhance aquaculture production as the approach 
promotes soil and water conservation and creates water resources for various purposes including life-saving irrigation, 
animal watering, household uses and groundwater recharge, which eventually gives opportunity for the accommodation 
of aquaculture and integrated fish farming in particular. A projection analysis was carried out on water harvesting and 
fish production potential based on the water yield (runoff potential) and experimental fish production in Doon valley. 
Considering the existing Water Harvesting Structures (WHSs) and local constraints for fish farming due to higher altitude, 
cold temperature, limited inputs availability etc., only 10% of the total area and 10-50% of the production potential 
observed in the experimental farming are accounted for projection on fish farming potential in WHSs. About 52662 ha-m 
of rainwater can be harvested if 10% of the total catchment area and the tentative rate of 1 ha-m water yield from every 10 
ha of catchment in Uttarakhand are considered, which would produce a total of 118490, 59245 and 23698 t additional fish 
per annum at 50%, 25% and 10% of the observed fish production rate (4.5 t ha-m-1), respectively. Considering the existing 
limited assured irrigation and land constraints, paddy-fish culture can be integrated in at least 5% (14,411 ha) of the total 
paddy fields (2,88,225 ha) in Uttarakhand, which would produce about 4,300 t of additional fish at 50% (300 kg ha-1) of the 
production achieved in the experiment (600 kg ha-1). 

The present highest annual production level of 6422 t in Uttarakhand (NABARD, undated) is over 6 times lower 
than the demand of 50% of fish consumers in the State. Accounting all the fish production potential (23,698 t at 10% 
of observed yield, 4.5 t ha-1 yr-1 from 10% of total harvested water area) and potential 4300 t fish from paddy-fish culture 
besides the present fish production of 2534-6422 t year-1 amounts to 30,532-34420 t annually. This total quantum would 
not meet the tentatively estimated annual demand, 39684 t for 50% of fish consumers (90% of the population), based on 
average recommended consumption rate of 200 gm per individual per week and leave a deficit, 5264-9152 t annually. 

The existing or projected demand can be met by either increasing the area of production from 10% to 20% or by 
increasing the production potential to 20% of the observed production. Fish demand of 50% consumers (39,684 t) 
may also be achieved if the ultimate potential of the State contemplated (44,000 t) in NABARD (undated) is achieved 
mainly by harnessing running water area for trout production and low-lying area in plains for carp production in 
Uttarakhand. Fish production (1,29,212 t) at the 50% production level of the observed potential (4.5 t ha-m-1) in 
harvested water from 10% of the area would meet the demand of fish consumers of the State (79,369 t) and produce 
a surplus (52,843 t) for export to other regions. Thus, the importance of fisheries in IWD requires no emphasis for 
its positive impact on food security, resource conservation and rural development. Approaches and strategies to scale 
up aquaculture production by integration of fisheries interventions into Integrated Watershed Development Programs 
(IWDP) are discussed. 
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Many shrimp diseases affect the normal histological architecture and functioning of the hepatopancreas and gut leading to 
disease conditions. In the present study, hepatopancreas and gut from a total of 60 farmed shrimp, Penaeus (Litopenaeus) 
vannamei from two different farming systems viz., inland saline (Haryana) and brackishwater (Maharashtra) were 
analysed histologically. No gross pathological changes, except for the retarded growth found in shrimp collected from 
Maharashtra, were observed in shrimp examined in the study. Histopathological changes observed in the hepatopancreas 
included tubular necrosis, sloughing of tubular epithelium, tubular atrophy, heavy haemocytic infiltration, abnormally 
enlarged haemal sinuses, encapsulation, nodule formation and melanisation. The hepatopancreas also revealed the presence 
of Enterocytozoon hepatopenaei (EHP) as deeply basophilic inclusion-like plasmodia contained within the vacuoles in 
tubule cytoplasm and aggregations of spores in the necrotized lumen (Fig. 1). Different stages of necrosis induced by the 
microsporidian were also identified. Forty-five animals collected during the study were also tested for pathogens/diseases 
such as EHP, WSSV, IHHNV, HPV, MBV, AHPND and NHP. PCR screening revealed higher prevalence of EHP (60%) in 
shrimp farmed in brackishwater system compared to the shrimp reared in inland saline water (20%). Histological analysis of 
hepatopancreas revealed aggregated transformed microvilli-like bodies characteristic of white faeces syndrome of shrimps 
(Fig. 2).  However, no white faecal strands were observed in the field. Acute hepatopancreatic necrosis disease (AHPND)-
like pathology marked by abnormally enlarged haemal sinuses and melanosis of necrotized tubules in the distal, medial as 
well as proximal part of hepatopancreas was also observed. Further, some of the shrimp samples revealed histopathological 
changes resembling necrotising hepatopancreatitis (NHP). However, PCR analysis did not reveal the presence of both 
VpAHPND and NHP bacteria in the samples. Co-infection with EHP and bacteria was also noticed in some of the animals 
in which necrotised hepatopancreas revealed EHP spores and bacterial cells (bacilli). Gut histology of the animals did 
not show any significant pathology in majority of cases.   However, heavy degeneration of gut epithelium was noticed in 
shrimp which showed severe pathology in the hepatopancreas. PCR analysis did not show positive amplification for any 
of the viruses tested. The present study forms the first account of histological and PCR-based survey comparing shrimp 
farmed in two distinctly different culture systems of brackishwater and inland saline water.
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Selenium is an important micronutrient which is essential for the normal functioning of cells and tissues. The efficacy and 
bioavailability of selenium significantly improves in the nano form of selenium. In the present work, Selenium Nanoparticles 
(SeNPs) were synthesized from aqueous extract of lemon juice. The synthesized SeNPs were characterized by Scanning 
electron microscopy, X-Ray diffraction, FT-IR and Zeta potential analysis. SEM analysis exhibited an uniform distribution 
of smooth surfaced spherical SeNPs. UV analysis and FT-IR analysis confirmed the presence of various functional groups 
present in the nanosuspension. X-Ray diffraction studies revealed the amorphous nature of the synthesized nanoparticle. 
The results of Zeta potential results implied very high stability of synthesized SeNPs. The SeNPs (1-3 µg/ml) were further 
subjected to toxicity analysis using 24 hours post fertilized (hpf) zebrafish embryos. Developmental stages of the embryos 
from 24 hpf to juvenile stage were noted. The survivability of embryos was 100% in 1 µg/ml concentration of SeNPs, 
89% in 2 µg/ml and 81% in 3µg/ml concentration of SeNPs and compared with control. The survival rate, heartbeat rate, 
hatching rate of SeNPs treated zebrafish embryos right from 24 hpf to juvenile stage is noted and compared with untreated 
embryos and found to be higher in SeNPs treated embryos. Antioxidant activity of the prepared SeNPs was also higher and 
there was a dose dependant increase in activity was seen which is attributed to the presence of flavonoids and alkaloids 
present in the lemon extract capped SeNPs. The results strongly suggest that SeNPs could improve the production of 
quality of fingerlings in all aquaculture species.

PRODUCTION OF GYNOGENETIC CATFISH, Clarias batrachus USING HETEROLOGOUS 
SPERM OF Mystus armatus
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Gynogenesis is a method followed in aquaculture for producing all female population without genetic contribution of male 
gametes. Gynogenesis is used in aquaculture to generate monosex populations with higher economic value. In the present 
study gynogenesis was induced in Asian catfish, C. batrachus using UV irradiated heterologous sperm of M. armatus. The 
survival of embryo and hatching percentage decreased with the increase in UV irradiation dose. The haploid syndrome 
characterized by short tail and enlarged cardiac cavity was also observed. Chromosome preparation from these UV irradiated 
batches showed that these hatchlings were haploid with n=25 chromosome. The cold shock temperature of 1ºC yielded 
overall maximum of 87% gynogenetic individuals at the embryological age of 4 minutes when the activated eggs were 
shocked for 3 minutes duration. The diploid gynogen had a morphological appearance as that of Clarias batrachus. This 
clearly indicates that all the hatched out larvae were gynogens, because eggs of C. batrachus and sperm of M. armatus did 
not yield viable hybrid hatchlings. The conformation of diploid gynogens were based on the chromosome count of 2n=50. 
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The climbing perch, Anabas testudineus is an air-breathing fish having great consumer preference as a food fish and is 
considered a prime candidate species for aquaculture. Spawning success is an important issue while using hormones for 
captive induced breeding. Hlawga fish farm, Mingalardon Township, Yangon Region was used to carry out studies on the 
induced breeding of Anabas testudineus under varying brood stock ratios between May 2018 and November 2018. Six 
gravid females weighing 0.5 kg each and six reproductively mature males weighing 0.5 kg each were used for the three 
induced breeding trials in ratios of 2:1, 2:2 and 2:3 female/male respectively. Females were injected at a dosage of 0.50 mL 
ovaprium/kg body weight and 0.25 mL/kg body weight for males. Hatching starts after 24 hours of incubation and lasted for 
6 hours. Dissolved oxygen, pH, ammonium ion, nitrate ion levels and temperature were monitored. Mean weight of eggs 
produced was 185.0g ± 65.0 with a relative percentage weight of eggs to body weight of 36 to 43%. The lowest pseudo-
gonadosomatic index of 41.5 ± 6.5 was recorded in treatment 1, while the highest value of 51.0 ± 3.0 were recorded in 
treatment 2. The effect of the varying brood stock (female/male) ratios in all trials were not significantly different at (p < 
0.05) as indicated by the number of fertilized eggs, number of hatched eggs, % larval production, and survival.  
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Extracting intact, high-quality RNA is the first and most critical step in performing molecular biology experiments. High-
quality RNA is required for performing the quantitative and qualitative analysis of mRNA expression by RT-PCR, Northern 
blot hybridization and several nuclease protection assays. RNA isolation from tissue and cell is more challenging. Because 
these samples rich in endogenous ribonuclease (RNase). It is necessary to minimize the RNase activity to obtain high-quality 
RNA. So those tissues must be quickly homogenized in a strong protein denaturant usually guanidinium isothiocyanate, or 
it should be rapidly frozen in liquid nitrogen.  Quick freezing and homogenization are even less convenient in the field. So 
there is a need for the reagent or method that allow preserving the high-quality, intact RNA from tissue sample at ambient 
temperature. Now a days RNAlater is commercially manufactured by many companies. RNAlater permeates tissues and 
protects the cellular RNA insitu for 1day at 37°C, one week at 25°C and one month at 4°C and these tissues can also be 
stored at -20°C for long term usage. However, the cost of commercial RNAlater (C. RNAlater) is higher. So, the protocol 
for preparing Homemade RNAlater (H. RNAlater) is evolved. The present study was conducted to test the effect of H. 
RNAlater and C. RNAlater on the quality of the RNA. Moreover, we have also tested the efficiency of Homemade Trizol 
(H. Trizol) and Commercial Trizol (C.Trizol) on the integrity of RNA.

RNAlaterTM RNA Preservation Medium (H. RNAlater) was 
prepared by following the method of Lader (2001). 200 mg of 
brain sample from Pangasius hypophthalmus was collected, of 
which 100 mg was immersed in 1 ml of H. RNAlater reagent and 
another 100 mg was immersed in 1 ml of C. RNAlater solution 
and preserved at 4°C. The next day total RNA was isolated from 
the preserved tissue samples using TRIzol® reagent (Invitrogen, 
USA) and also by H. Trizol following Sambrook et al. (2001) 
with slight modifications.

The results indicated that the RNA isolated by using TRIzol® 
reagent (Invitrogen, USA) from the tissue which preserved in H. 
RNAlater and C. RNAlater (Invitrogen, USA) gave high quality, 
intact RNA. But, the integrity of RNA isolated by using H. Trizol 
was  lost.   Hence, the result concluded that H. RNAlater is the 
best alternative to the C. RNAlater.
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The present study aimed at investigating the effects of acute Carbofuran (CF) toxicity on the vitellogenin (VTG) level in the 
serum of freshwater stinging catfish, Heteropneustes fossilis. At the outset, the fishes were exposed to five different acute 
toxic concentrations of Carbofuran viz. 0.408, 0.816, 1.631, 3.262 and 6.524 mg/l for 96 hours. A solvent control was also 
maintained without Carbofuran. After 96 hours, blood samples were taken from the concentrations in which fishes were 
alive i.e. the first three concentrations and also from the control and serum was separated. Later, the Vitellogenin level was 
estimated following the standard procedure. In the solvent control, the mean VTG level was recorded to be 28.50±1.56 
ng/ml for male 306.25±2.39 ng/ml for female. However, the mean VTG level increased to 212.50±1.44, 242.50±1.44 
and 290.00±2.04 ng/ml in male fish and decreased to 287.50±3.23, 268.75±2.39 and 242.50±3.23 ng/ml in female fish 
exposed to 0.408, 0.816 and 1.631 mg/l CF respectively. The one way ANOVA clearly showed that the variation of VTG 
content in solvent control and CF exposed groups was significant (P<0.05) for both male and female. In addition, Post Hoc 
multiple comparisons made showed that there was a highly significant difference between treatments at 5% level (P<0.05). 
Ultimately, the study revealed that the degree of distortion of the VTG was in proportion to the concentration of the CF, 
i.e., dose dependent. 
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The present study was carried out to investigate the effects of acute Carbofuran (CF) toxicity on the Testosterone and 
17β-Estradiol levels in the serum of freshwater stinging catfish, Heteropneustes fossilis. Initially, the fishes were exposed 
to five different acute toxic concentrations of Carbofuran viz. 0.408, 0.816, 1.631, 3.262 and 6.524 mg/l for 96 hours. A 
solvent control was also maintained without Carbofuran. After 96 hours, blood samples were taken from the concentrations 
in which fishes were alive i.e. the first three concentrations and also from the solvent control and serum was separated. 
Later, the Testosterone (T) and 17β-Estradiol (E2) level were estimated following the standard procedure. In the solvent 
control, the mean T and E2 level were recorded to be 3.09±0.05 ng/ml and 438.75±6.58 pg/ml for male and 1.85±0.04 ng/
ml 3107.50±32.50 pg/ml for female respectively. However, the mean ‘T’ level decreased to 2.84±0.07, 2.58±0.07 and 
2.25±0.08 ng/ml in male fish and 1.64±0.02, 1.53±0.01 and 1.29±0.03 ng/ml in female fish exposed to 0.408, 0.816 and 
1.631 mg/l CF respectively. At the same time, mean ‘E2’ level increased to 466.25±3.75, 490.00±2.04 and 516.25±3.75 pg/
ml in male fish and decreased to 2872.50±11.09, 2715.00±11.90 and 2462.50±31.46 in female fish exposed to 0.408, 0.816 
and 1.631 mg CF/l respectively.  In the present study, acute toxicity of CF concentrations caused decrease in mean serum 
levels of ‘T’ and increase in mean levels of E2

 in male H. fossilis. On the other hand the mean ‘T’ and E2 levels decreased 
in females. The one way ANOVA clearly showed that the variation of the mean ‘T’ and E2 levels in solvent control and CF 
exposed groups of both male and female was significant at 5 level (P<0.05). Further, Post Hoc multiple comparisons made 
by LSD methods showed that there was a significant difference between treatments at 5% level (P<0.05).
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Four month feeding trial was conducted to evaluate the effect of a nutraceutical conglomerate on Labeo rohita fingerlings 
(Hamilton, 1822) exposed to crowding and feed restriction. One thousand and eighty (1080) acclimated rohu fingerlings 
with an average size of 8.5 ± 0.5 g were randomly distributed in 6 distinct experimental groups in triplicate, where first three 
groups were exposed to high stocking density (HSD; 20 nos / 75 L water) with restricted feeding (RF) and second three 
groups were exposed to normal stocking density (NSD; 10 nos /75L water) with satiation feeding (SF). Nutraceuticals were 
fed to both stress exposed and unexposed groups at 0, 0.1 or 0.5% levels. Hence, the six experimental groups were designated 
as THR0 (HSD, RF, 0% nutraceutical), THR1 (HSD, RF, 0.1% nutraceutical), THR5 (HSD, RF, 0.5% nutraceutical), TNS0 
(NSD, SF, 0% nutraceutical), TNS1 (NSD, SF, 0.1% nutraceutical) and TNS5 (NSD, SF, 0.5% nutraceutical). Monthly 
sampling was done during four months experimental period. The results indicated that the superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPx) and Glutathione-s-transferase (GST) enzyme activities and respective genes 
of first three (SOD-1, CAT-1 and GPx-1) expression were significantly higher (P<0.05), whereas, serum total antioxidant 
status (TAS) lower (P<0.05) in fish of HSD with RF at the end of every month of the experiment. Stress exposed fish 
although exhibited significantly lower (P<0.05) reduced glutathione (GSH) levels at the end of second and third month 
of the experiment, it was significantly higher at the end of first and fourth month of the experiment. However, feeding 
nutraceuticals could not recover some but all the parameters up to the level of stress unexposed fish. Among the stress 
unexposed groups, feeding of 0.5% nutraceutical significantly increased SOD and CAT activities at the end of second and 
third month and third and fourth month, respectively. GPx gene expression was reduced at the end of third month due to 
feeding of both 0.1 and 0.5% nutraceutical, whereas GPx enzyme activity was reduced at the end of fourth moth due to 
feeing of 0.1% nutraceutical. Feeding both 0.1% and 0.5% nutraceutical increased the GST activity in fish at the end of third 
and fourth month. GSH level and TAS value were reduced at the end of third month due to feeding of both 0.1 and 0.5% 
nutraceutical.Among stress exposed groups, feeding both 0.1% and 0.5% nutraceutical reduced the GPx gene expression 
in fish at the end of third and fourth month, whereas GPx enzymatic activity was reduced at the end of fourth month due 
to feeding of 0.1% nutraceutical.Feeding both 0.1% and 0.5% nutraceutical reduced the SOD gene expression in fish at 
the end of third month, whereas SOD enzymatic activity was reduced at the end of fourth month.Feeding both 0.1% and 
0.5% nutraceutical reduced the CAT gene expression in fish at the end of second month, whereas CAT enzymatic activity 
was reduced at the end of third and fourth month. GST activity and GSH level were increased in fish at the end of third and 
second month, respectively due to feeding of both 0.1 and 0.5% nutraceuticals. Serum TAS was significantly increased in 
stress exposed fish due to feeding of both 0.1 and 0.5% nutraceutical at the end of every month of the experiment. Two-way 
ANOVA revealed that 0.1% dietary nutraceutical could better improve the antioxidant status in stress exposed fish 
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Ornamental fishes are really nature’s wonderful creation. Ornamental fish keeping is the second most preferred hobby in 
the world. Koi is one of the most popular decorative fish in many countries all over the world, including the United States. 
It belongs to the family cyprinidae and originated from mountainous Yamakoshi region from Japan. The present study 
was conducted in duplicate, the mature brooders (250-300 gm) were induced with synthetic hormone WOVA-FH at 3 
different doses (0.3, 0.5 and 0.7 ml/kg) and control (without hormone inducement) to standardize the ideal dose for induced 
breeding. Healthy brooders were collected from nearby ornamental fish market kolathur, Chennai.  Collected fishes were 
acclimatized to captive condition. The brood stock was successfully conditioned in RAS facilitated FRP (1ton capacity) 
tanks with a nutritionally balanced fish diet (38% protein) and intermittently fed with Tubifex worms for a period of one 
months. Induced breeding was achieved using all three doses but significant difference was observed at different doses.

At 0.5 ml/kg WOVA-FH showed better performance with highest fecundity of about (15466±338.29 nos/female) and the 
hatching rate (82±1.2%) comparatively. The study concluded that WOVA-FH is an ideal hormone for induced breeding of 
koi carp at a dosage level of 0.5ml/kg based on the results obtained.  Fertilised eggs (1.38-1.41mm) were in milky white 
to yellow colour attached to the substrate present in the tank. Yolk sac remained up to 72 hrs of post hatching and the yolk 
sac length of about 2.86mm. Complete developmental sequence from egg to hatchling stage of koi carp was recorded for 
the fishes bred by hormone induction. The hatchlings are fed with live feed according to the mouth size 1st week(1.26mm) 
with rotifer,2nd week with cladocerans followed by formulated feed.
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Fish kill, also known as Massive Fish Deaths (MFD) are kind of death on a massive scale and an example of Mass Mortality 
Events (MMEs). MMEs are among the most extreme events of nature as they are single catastrophic incident that wipes out 
vast numbers of a species in a short period of time. The MFDs are thought to be random events due to the lack of systematic 
documentation and studies, but this study ponder out the reasons and the patterns of their occurrences. 

Diseases, direct effects tied to humans; such as environmental contamination, bio-toxicity and processes directly influenced 
by climate; including extreme weather, thermal stress, and hypoxia are the key reasons for MFDs.

Over time the magnitude of MMEs has been intensifying for birds, fishes and marine invertebrates; invariant for mammals; 
and decreasing for reptiles and amphibians. It is found that the number of MFDs has been increasing by about one event 
per year.  This is a substantial increase especially given the increased magnitudes of MMEs, even while the die-offs are 
rare and fall short of extinction. 

MFDs provide an understanding about the effects of changes in aquatic ecosystems. An MME can push a species closer 
to extinction and also can have knock-on effects elsewhere in the fragile food web. Understanding both the cause and 
consequence of animal die-offs is critically important, because disease may be involved which could spread to humans. 
Toxic chemicals may be a cause which can affect other animals and humans. Changes in climate or weather may be 
involved and recognizing patterns could help prepare for future events and understand natural systems better.

The reports of MMEs are probably underestimates in terms of occurrence and sheer magnitude as there had been no 
quantitative analysis of the patterns of MMEs. There are no much scientific reports of these events especially for fishes 
in India and most of these event reports are published as only newspaper report rather than scientific studies. WHISPers 
like databases are very much essential and documentation of such events can be improved in the future by including the 
possible use of citizen science to record mass mortality events in real time. In addition to monitoring physical changes such 
as changes in temperature and precipitation patterns, it is important to document the biological response to regional and 
global environmental change. There needs to be better monitoring of these events, since that’s the only way we’ll know 
how much trouble life on Earth is in. It can be said with confidence that, the sorts of extreme weather events linked to 
MMEs will become more frequent potentially killing more than ninety percent of a population in one shot.
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The present study aimed to evaluate the potential of tobacco (Nicotiana tabacum) leaf dust as a natural, inexpensive and 
eco-friendly sedative for GIFT tilapia. Most of the anaesthetics presently used in the aquaculture are synthetic and costly. 
Therefore, as an alternative, tobacco leaf dust was tested for its efficacy as natural anaesthetics to fish, GIFT tilapia. The 
experimental groups were divided into seven groups, among that one used as control (0 mg/L), followed by six treatment 
groups (25, 50, 75, 100, 125 and 150 mg/L) in triplicates. The fish size of 4.58±0.68 g at a stocking density of 10 fishes/ 
20-liter tub was used for the study with a total duration of 24 hours. Results showed that an increase in the concentration of 
tobacco leaf dust decreased the induction time and delayed the recovery time in fish (p<0.05). At a lower dose (25 mg/L), 
induction time prolonged to 18.36+0.07 minutes and at a higher dose, the response was quicker (6.33+0.11 minutes). 
Conversely, the recovery time was shorter (1.36+0.07 minutes) in fish exposed to low dose (25 mg/L) and extended to 
5.04+0.23 minutes at high dosage (150 mg/L). There was no mortality observed in control (without sedative) and up to 
the dosage of 25 to 100 mg/L, but thereafter mortality ensued from 6 to 16% in the groups exposed to 125 and 150 mg/L 
dosage, respectively (p<0.05). The results of this study are encouraging as it revealed in the present study that tobacco leaf 
dust has the potential to sedate the fish, in addition, to minimize the metabolic activity of fish at an appropriate level. Based 
on the outcome of this study, tobacco leaf dust at the levels of 25 to 100 mg/L can be recommended to the fish farmers for 
safe and successful transportation of GIFT tilapia without causing mortality.
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Globally, fish biodiversity is being exhausted by the introduction of invasive alien species because of its potential to destroy 
the natural habitat that depletes the indigenous fish diversity. Invasive species would cause several issues to the native fish 
biodiversity viz. (i) resource exploitation (outcompete for food and space which decline the native populations, (ii) alter 
the surroundings that favourable to them (Ecological facilitation), (iii) entry of new pathogens result in the outbreak of new 
diseases, that consequently have an effect on fish eaters, and (iv) killing large numbers of endemic species via damaging the 
egg and predate the larvae and adults of native fishes. It has been reported that the invasive species are the second largest 
cause of species extinctions in the certain countries. It has also been reported that alien fish hybridize with the native fishes 
and transfer their genetic information through introgression of genes which ends to dilute the wild genetic stock.

A survey carried out at Madambakkam Freshwater Lake, Chennai, Tamil Nadu, India (12°56’54.0672’’N; 79°55’ 
17.1012’’E), revealed the infestation of an exotic Cichlid, Amphilophus trimaculatum native to South America. This 
species is a predacious invasive fish that eats smaller fish. Although there are previous records available for this species 
from Rettai Eri Lake at Chennai, it is surprising to note that a huge population of this species existing in the natural waters 
of Madambakkam Lake which is located in the distant part of the region from Rettai Eri Lake. This survey recorded the 
distribution of A. trimaculatum in the natural waters of Madambakkam Lake, Chennai.
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Puntius chonchonius popularly known by English name “Rosy barb” is native to Ponds of North-eastern Bengal but 
widely distributed all over the India. Rosy barbs are most preferred fish due its bright colour, active movement ad peaceful 
behaviour. Demand for this fish very high and hatchery seeds have many advantages over the wild ones thus it becomes 
necessary to standardize the doses of synthetic hormone for artificial propagation of the fish and develop an induced 
breeding protocol. In the present study captive breeding trials were conducted administrating HCG and WOVA-FH at 
different (0.1, 0.2, 0.3, 0.4 and 0.5 ml/Kg body weight) doses orally through feed. Healthy brooders of Rosy barbs were 
collected from local ornamental fish market (Kolathur, Chennai), In captive brood stock were successfully raised in RAS 
facilitated FRP tanks with a nutritionally balanced fish diet (38 % protein) and intermittently fed with Tubifex worms for 
a period of two months. Both HCG and WOVA-FH fed fishes responded positively on 4th day of feeding. P. chonchonius 
is egg scatters, eggs (0.9-1.1 mm) are demersal observed to be attached on the bottom of the tank. Treatment fed with 
WOVA-FH at 0.3ml/kg body weight showed better performance in terms of fecundity (120±12/ female), Fertilization rate 
(78%±1.0) and hatching rate (84%±0.5). Standardization of nursery rearing of P. chonchonius was carried out in 1 ton 
capacity FRP tank by feeding with live feed and weaning to the formulated feed for 60 days. According to the mouth size 
fish was fed with rotifers, cladocerans and cyclopes from 3rd - 8th dph(day post hatching), 9th -17th dph and 18th – 29th day 
respectively. Present study infers that WOVA-FH is WOVA-FH is ideal synthetic hormone to increase the production and 
yield by hatchery bred seeds. 

CONTINUOUS MASS PRODUCTION AND ASSESSMENT GROWTH DYNAMICS OF 
CLADOCERANS (Moina micrura) IN RAS BASED ADVANCED CULTURE SYSTEMS

Mahadevi1*, S. Felix1, Cheryl Antony1, A. Gopalakannan1 and T.L.S. Samuel Moses1
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Moina micrura, a cladoceran species, is considered to be one of the best live food organisms for rearing the young larval 
stages of fish and prawn. In view of importance of the species in hatchery practices, study was undertaken to develop 
continuous mass production technology for M. micrura in RAS based advanced culture system using Chlorella vulgaris 
as media at Aquatic Rainbow Technology Park (ARTP), TNJFU, Madhavaram. To feed M. micrura, Chorella media was 
developed in 6 ton tanks by fertilizing with the GNOC, urea and SSP @ 25%, 1% & 0.5% per ton respectively. To maintain 
continuous culture of Chlorella culture tanks were re-fertilized fortnightly. Mass production of M. micrura was produced 
in 2, 4 and 6 tone capacity advanced culture tanks facilitated with bottom line aeration by feeding with Chlorella (50000/
ml) 3x/day as media. Initially culture tanks of M. micrura were inoculated at density of 6-10 ind/ml and the highest 
density of 42±2 ind/ml was observed on 8th day of the culture period. To maintain steady maximum density and continuous 
production partial (30%) harvesting practice was followed daily. The present study achieved success in mass production of 
M. micrura on commercial scale with reuse of water which can be helpful to replace Artemia (high input cost) in fish and 
shrimp hatcheries. 
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Nowadays, significant research interest is focused on the production of bi-layered or multi-layered films by coating/
laminating two or more polymers to enhance the film properties. It has become a common practice to obtain new packaging 
materials, instead of searching for new materials, which are often costly and time-consuming. Multi-layered films show 
better properties than single counterpart. The production of multi-layered biodegradable films has thus increased as a 
result of increasing demand for eco-friendly packagings. Due to the edible/bio-degradable nature, low cost and wide 
accessibility, gelatin has been used as promising biopolymer. Poly(lactic acid) (PLA), the linear aliphatic and hydrophobic 
polyester, is regarded as most promising substitute for petroleum-based polymers. PBAT is one kind of biodegradable and 
adipate-aromatic copolyester, based on the monomer butanediol, adipic acid and terephthalic acid. Lamination/coating is 
applied to enhance the performance of polymeric films by combining the properties of different types of films into layered 
films, Therefore, the present study aimed to develop new biodegradable multi-layered blend films from tilapia skin gelatin 
and PLA-PBAT for food packaging as an alternative to synthetic plastic. Multi-layered blend films based on tilapia skin 
gelatin and PLA-PBAT were developed and characterized, in comparison with the control gelatin, PLA, PBAT films, PLA-
PBAT blend film and PLA-Gelatin-PLA, PBAT-Gelatin-PBAT multi-layered films. The synergetic effect of lamination was 
evidenced by the enhanced mechanical properties (P<0.05). Multi-layered blend films had lower water vapor permeability 
and improved water resistance property, compared to control counterpart (P<0.05). Gelatin films showed increased 
lightness (L*) with coincidental decrease in total color difference (∆E*) in the presence of PLA-PBAT layers (P<0.05). 
Transparency and solubility of multi-layered blend films were improved (P<0.05). In addition, multi-layered blend films 
showed the enhanced hydrophobicity and thermal stability as evidenced by increased water contact angle and degradation 
temperature, respectively. Microstructure of multi-layered blend films (PLA-PBAT/Gelatin/PLA-PBAT) exhibited three 
different layers. Thus, PLA-PBAT/Gelatin/PLA-PBAT multi-layered blend film with improved properties could serve as 
an environmental-friendly packaging material in near future. 
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Indian major carp are grown extensively in Nagapattinam region of Tamil Nadu State, India. Farmers are following the 
cultivation practices in a traditional and non techlogically driven manner based on their own experiences without knowing 
the effect of water quality parameters on the growth of Indian Major Carps. Cultivation of IMC in an economically feasible 
and technologically viable manner will certainly strengthen the livelihood standard of fisherfolks. Therefore, a framework 
on growth model of IMCs considering; weight, length and thickness which depends on major water quality parameters 
such as Dissolved Oxygen, Total Ammonia Nitrogen and Suspended Solids has been presented. Data for the growth model 
will be collected from the tank system where the water quality parameters were scientifically modified to study the growth 
characteristics of IMCs. The collected data will be used to develop a prediction equation for computing the weight, length 
and thickness of IMCs over their culture period. The models will be validated by experimentally growing the fish in the 
tank system.
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Commonly called cardinal fishes, these fishes are mostly marine in nature but some species are found in brackish water and 
some are reported from tropical Pacific, Atlantic and Indian oceans. Most species live in tropical or subtropical waters, where 
they inhabit coral reefs and lagoons. Subfamily Apogoninae includes about 19 genera (Apogon, Apogonichthys, Archamia, 
Astrapogon, Cercamia, Cheilodipterus, Coranthus, Foa, Fowleria, Glossamia, Naemia, Phaeoptys, Rhabdamia, Siphamia, 
and Vincentia), with about 260 species (Fraser 2000, 2005; Allen 2001; Greenfield 2001; Gon 2003; Randall 2003;Nelson 
2006). Subfamily Pseudaminae is characterised by Large canine teeth always present on dentary and premaxillae; lateral 
line incomplete or absent; scales cycloid or absent. Four genera, Gymnapogon, Pseudamia, and Pseudamiops, with roughly 
13 species (e.g., Baldwin and Johnson, 1999).

Regular observations were conducted all along the coastline at major fish landing centres during the period 2009-13. 
Morpho-meristics was taken, fishes were then identified using standard textbooks and later confirmed with experts. In 
addition to present study, published information on the occurrence from Indian waters were also compiled.

Seventy seven species were compiled in 19 genera in the study from the different maritime states. Genus Apogon was the 
most diverse with 33 species. These species hold a lot of importance in the aquarium trade and their documentation is of 
utmost importance in the present day of increasing marine aquarium trade.
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Spinycheek Grouper is distributed in the Indian Ocean from the Gulf of Aden (McKoy et al. 2009, Mehanna et al. 2013) 
to Sri Lanka and Madras, India, including the Lakshadweep Islands and Andaman Islands (Nair, 2018). Declines have 
been noted in India due to fishing activity and there is particular concern associated with the large amount of juveniles 
being taken. This is one of the most abundant species in trawl fishing conducted between 18 to 45 metres depth off India 
(Chakraborty 1994, James et al. 1996) and grouper species such as this constitute one of the most important demersal 
fishery resources on the Malabar Coast, Kerala. 

By the early 2000s, fishing pressure was considered to be too high for this species (Manojkumar 2005). Total landings in 
India were relatively stable from 2007 to 2013, but increased by several orders of magnitude after 2013 until at least 2015. 
The increases were especially due to landings in Gujarat, Karnataka and Kerala on the west coast, with landings on the 
southeast coast from Tamilnadu and Andhra Pradesh also contributing (Nair et al. 2017). Across India, landings of grouper 
species have increased steadily over 27 years from 3,251 tonnes in 1985 to 44,684 tonnes in 2013, with highest landings 
recorded from the southwest followed by southeast and northwest. It is considered to have a higher natural abundance in 
the southwest as compared to other parts of India (Nair et al. 2017), especially off Mangalore (Dineshbabu et al. 2014). 
According to a length cohort analysis conducted with fishery data collected during 2007-2013, the spawning stock biomass 
was estimated at 403 tonnes and the standing stock was 599 tonnes with a yield of 272 tonnes (Nair et al. 2017). In 2009-
2010, individuals of this species landed in trawls ranged from 10-32 cm, and immature individuals constituted 74% of the 
catch and a further 26% were nearly mature (predominantly 1+ year class fish). 

Overfishing is a major threat to this species. If large numbers of juveniles/immature individuals are taken in  trawl catches 
it is likely to contribute to growth overfishing. The minimum legal size (MLS) of 18 cm has been set for this species. 
A recent National Fisheries Policy document also includes strict recommendations to also regulate the proliferation of 
fish meal plants with the intention of reducing fishing pressure on juveniles (GOI 2016). The Fisheries Department and 
Marine Enforcement of Kerala has also recently increased enforcement of regulations against landing juvenile fish. It 
is recommended that fishing effort is reduced through adjusting fleet size, mainstreaming biodiversity conservation in 
production processes, implementing species-specific and area-specific management plans and creation of fish refugia 
through consultative processes (GOI 2016).
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Copepods form an integral part of the diet for newly hatched larvae of fishes and other higher aquatic organisms. When it 
comes to staple diet for the larvae the highly pronounced name is that of the copepods and in copepods it is the size which 
forms the major reason apart from its nutritional attributes. The present work was conducted on such a species of copepod 
Pseudodiaptomus malayalus, collected from the Cochin backwaters. When it comes to larval feeding nutrient enrichment 
plays a major role. Providing P.malayalus with the best diet that promotes growth and reproduction with surplus nutrients 
forms a key responsibility of the culture practitioners as it in turn nurtures the fish larvae feeding on it. The present work is 
programmed in such a way to assess the best diet for the P.malayalus under controlled conditions. 

P.malayalus brooders were isolated from the crude samples collected from the Cochin backwaters. Three 500 ml beakers 
with 250 ml sea water were set for the study. The water was kept for few days to set the water quality to the referral 
points. A mature brooder was introduced on to each beaker. The P.malayalus was starved for 24 hours before the feeding 
experiments. Three algal diets such as Isochrysis galbana, Pavalova lutheri and Thalasiocera mala was provided in each 
culture beakers. The study was conducted for a period of 20 days to cover the complete life cycle of the copepod species.

The studies revealed that the P.malayalus feeding on Pavlova lutheri had high number of young ones. The P.malayalus fed 
with Isochrysis galbanashowed second highest number of larvae and those fed on Thalasiocera mala had the least number 
of young ones. To confirm the findings the experiment was repeated in triplicates and the observations were found to be 
similar. The results are shown in Table. 1. 

Hence we could conclude from the study, that the P.malayalus survives its best when fed with Pavlova lutheri followed by 
Isochrysis galbana.
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Arani is a non-perennial West to East flowing river originating from the hill streams of Eastern Ghats, Andhra Pradesh 
and drains into the Bay of Bengal via the Pulicat Lake in Tamil Nadu. Total stretch of the river is about 108 km, of which 
about 43 Km flows through Chittoor district in Andhra Pradesh and 65 Km in Tiruvallur district, Tamil Nadu. The river 
possesses rich aquatic biodiversity and forms an important source of protein to the locals in that region. But the recent 
ichthyofaunal diversity study conducted in the River Arani revealed the occurrence of the exotic invasive Vermiculated 
sailfin suckermouth catfish Pterygoplichthys disjunctivus. The occurrence of the invasive suckermouth catfish and possible 
threat it possess on the native fish fauna is discussed here.

Two suckermouth catfish specimens were collected from Arani River, Tiruvallur District during a bi-monthly sampling. The 
specimens were photographed and fixed in 5% formalin for identification. Meristics and morphometry followed Ozdilek, 
S.Y., 2007. Local fishermen were contacted to gather information on its occurrence in the catches. 

The collected suckermouth catfishes were identified to be Pterygoplicthys disjunctivus, a species native to South America. 
During the survey a total of 50 species of native fish fauna were documented including Pethiasharmai, an endemic and 
endangered barb of Chennai, Tamil Nadu.  The family Cyprinidae were dominant with 17 species. The occurrence of 
P. disjunctivus in the Arani River may possess a great risk to native ichthyofauna due to their predatory grazing nature, 
competition for food and space. Discussion with the native fishermen revealed that, its population in the river is increasing 
gradually in the recent times and frequently landed in the gill net catches.

Poor bio security in the ornamental fish farming and deliberate release of aquarium specimens in the native aquatic bodies 
are the root cause of all alien fish invasions. A proper awareness and implication of bio security rules and regulation must 
be implemented to prevent and control the invasion of alien fishes.
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Information dissemination played a significant role in all societies and today communication technologies play a major 
role in addressing the current needs of fishermen. Exchange of vital information can assist fishing communities in making 
efficient decisions in fishing operations, arranging trade, retailing at a local market, participating in a meeting, etc. Unlike  
other  livelihood, fishing profession has been found  to  be  tough  and challenging  as  uncertainties  often occur  due 
to lack  of communication connectivity  issues in the sea. However, the ICT have increased the knowledge of fishermen 
and also enhanced their communication behaviour. The tremendous advantages of mobile phones stand apart among the 
various communication devices in fishing activities. In order to understand the present use of mobile communication 
technologies by the fishermen, a study was conducted in four fishing villages of Thoothukudi and Kanyakumari districts of 
Tamil Nadu with a sample size of 120 fishermen. The fishermen were interviewed and their responses towards the mobile 
communication technologies in fisheries were collected. The results showed that all the respondents had one or more mobile 
phones for sharing information related to fishing activities. In order to overcome the possibility of the unpredictability of 
price for the catch, the fishermen use the mobile phones to exchange information while they are in the mobile coverage 
regions of the sea and thereby arranging the trade. The response rate for arranging the fishing trade with mobile phones is 
higher. A significant portion of fishermen used the mobile phone during emergencies. WhatsApp has been primarily used 
by almost all the fishermen for sharing the pictures and videos of their catches other than recreational activities.   Due to 
the low level of education, SMS/ Text message services were used by only a limited number of fishermen. The majority 
of the respondents indicated that the lack of knowledge in English was the major constraint in using the major features 
of mobile phones. The coverage of mobile phone signals in the sea is almost 10 to 15 kms and beyond that they have no 
access to communicate among them or even with their families.  This poses problem during an emergency situation like 
engine failure, unexpected weather conditions, etc. This paper delineates the use of mobile communication technologies, its 
problems, prospects and further to improve its application for enhancing the livelihood opportunities of fishermen.
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The commercial seaweed markets have reached $4.4billon in 2017 and expected to grow twice as much as the current rate 
on a yearly basis in the coming years. The seaweed industries like food, personal care products, pharmaceutical products, 
fertilizers, animal feed etc majorly import seaweeds from China, Indonesia, Japan, Korea and US. While most of the seaweed 
biomass is harvested from nature, considerable quantity is also derived from farming especially from Asian countries like 
China, leading at present. Seaweed research and farming have gained momentum in India in the recent years; however 
the overall contribution to world forum is almost negligible. There are several potential sites in India which could be ideal 
for extensive seaweed farming, one such major target is the Andaman and Nicobar Islands (ANI) which is a group of 836 
Islands including Islets and rocky outcrops. ANI is one the world’s biodiversity hotspot that inhabitats extensive coral reef, 
mangrove, seagrass beds, seaweeds, sandy beaches, rocky ecosystems; characterized with rocky and sandy substratum, 
innumerous bays and creeks, passages between islands provide ideal conditions for the growth of marine organism 
including seaweeds. ANI located East of India bordering Andaman Sea and close to many seaweed consuming South East 
Asian countries like Myanmar, Thailand, Malaysia, Singapore, Indonesia etc. More than 200 species of seaweeds are found 
in the coastal regions of ANI which are mostly dominated by alginophytes. The preliminary survey during 2018-19 on 
biodiversity of seaweeds in South Andaman yielded more than 50 species which included green, red and brown seaweeds. 
The seaweeds genera recorded includes Gracilaria, Gelidiella, Caulerpa,, Padina, Turbinaria, Sargassum, Hormophysa, 
Halimeda, Dictyosphaeria, Dictiyota, Neomeris, Galaxaura, Acanthopora, Acetabularia, Codium,, Ulva, Chaetomorpha, 
etc; among them some are commercially cultivable. Seaweed culture initiatives were undertaken using Gracilaria and 
Acanthophora species at North Bay, Port Blair during the months between November 2018 and February 2019. The main 
aim was to initiate culture of commercially important seaweeds in floating bamboo raft for expanding to commercial scale 
culture, transfer of localized technology to islanders and startups in ANI. The objectives are to Survey of sites for possible 
seaweed farming, Initiatives / trial culture of seaweed culture in bamboo rafts and Seaweed seed bank development for 
farming. The main challenges are non-availability of preferred seed material in required quantity, long rainy seasons with 
decreasing salinity in the coastal areas, increasing turbidity, increasing sea surface temperature, etc.  However there are 
prospects for extensive development of seaweed culture in the islands and promoting startup companies based on seaweed 
derived products like biostimulant, biofertiliser, hydrocolloids, cosmetics etc. Further various challenges, prospects and 
opportunities are discussed in detail. 
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Understanding the impacts of climate change to the fragile natural ecosystems has got significant attention these days. 
Chilika Lake, the largest lagoon in Asia is a unique ecosystem that faces threat from climate change as well as increased 
anthropogenic activities. 

This study attempted to explore the different dimensions of the ecosystem through understanding the climate resilience 
of fishers of Chilika Lake. A customised version of Fisheries Livelihoods Resilience check (FLIRES check) tool was 
employed to arrive at different indicators of climate resilience. Among the five different dimensions, natural (4.13), human 
(4.31), physical (2.54), financial (3.04) and institutional fields (2.60) were found vulnerable, and the social dimension 
(6.29) was found to be resilient. High level of resource dependency was found among the fishers and it varied with the 
different geographical divisions of the lake. 

It is also evident that the fishers lack the governance ability to manage the ecosystem and were less interested to participate in 
the conservation programs.  Specific outreach programmes and livelihood diversification initiatives should be implemented 
with community participation to ensure the judicious and sustainable use of natural resources. 
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Workplace milieu influences the quality of work and performance of the employees. Job involvement and satisfaction 
typically controls the organizational growth and productivity. Efficient public service delivery system like State line 
departments solely depends upon organizational work culture. 

This study was attempted to assess the job involvement and satisfaction of field level fisheries extension officers of Odisha 
state, India in SY 2018-19. A structured online questionnaire consisting of the target variables (job involvement and job 
satisfaction) and key information (age, gender, education, service experience, training imparted, training exposure, mass 
media exposure, etc.) was administered through Google Forms for the survey. Totally 110 fisheries extension officers 
were invited to participate in the survey and 41 responses (26 Male, 15 Female) were received. The target variables 
were measured using a five-point Likert scale and the Job Involvement Index (JII) and Job Satisfaction Index (JSI) were 
developed. 

The results inferred that almost all the extension staff, both women and men, were young (average age 26 years), had 
an average of 2 years of service experience and were mostly (85.4%) graduates. The extension staffs, in general, were 
found to have moderate levels of job involvement (0.66) as well as job satisfaction (0.63). Student t-test for difference 
of means revealed that a significant difference exists between men and women officers concerning their job involvement 
(p=0.021<0.05) with a higher engagement level among men (Mean 0.69±0.104) than women (Mean 0.61±0.09), but with 
no difference was found in job satisfaction. Service experience and age were positively correlated with both JII and JSI, 
Training exposure had significant positive correlation with the age and service experience, as increased age gathers more 
experience with relatively more number of trainings during the service period. RBQ scoring of the constraints indicated 
that lack of official  logistics support, involvement in additional non-core duties and shortage of technical and support staff 
were the most cited issues limiting the effective job involvement, especially for women. 
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India has vast coastal brackishwater resources of over1.2million ha for culture of brakishwater finfish and shellfish. In 
addition to these coastal resources, 8.62 million ha of inland saline soils has potentials for its use in aquaculture. Pacific 
white shrimp, Litopenaeus vannamei is being successfully cultured in coastal brackishwater areas in salinity ranging from 
0.5 to 30 ppt. The availability of specific pathogen free and specific pathogen resistant seed of this species has made it a 
species of choice for profitable aquaculture in recent years. However, the information on the dietary protein requirement 
of whiteleg shrimp juvenile remains a bottleneck for the development of eco-friendly feed for grow-out culture in Inland 
Saline water. 

Therefore, a 60-days feeding trial was conducted at the wet laboratory of ICAR-CIFE, Rohtak Centre, Haryana, India to 
assess the dietary protein requirement of whiteleg shrimp juveniles for optimum growth. Seven iso-energetic and hetero-
nitrogenous semi-purified diets with graded levels of crude protein such as 20% (D-1), 25% (D-2),30% (D-3), 35% (D-4), 
40% (D-5), 45% (D-6) and 50% (D-7) were prepared and fed to juveniles (average weight 8.15±0.41 g) of respective 
group in triplicates with stocking density of 15 acclimated healthy shrimp per tank of 300-L capacity (water level 250-L) 
with aeration following a completely randomized design. The growth of L. vannamei juvenile were significantly affected 
by the different dietary CP levels (P<0.05). The results showed that the growth of the fish increased significantly (P<0.05) 
with increasing protein levels up to 35% and decreased thereafter. Maximum SGR (1.23±0.01% day-1), weight gain 
(109.04±1.06%) and minimum FCR (2.09±0.02) was found in D-4 (35% CP) group. All these parameters were negatively 
affected with the further increase in protein level in the diet. Moreover, the PER was found to decrease with increasing 
dietary protein levels (P<0.05). However, based on second-order polynomial regression analysis of SGR, the optimum 
dietary protein requirement for L. vannamei was found to be 36.47%. These findings will be useful for the formulation of 
cost-effective and eco-friendly diets for whiteleg shrimp, L. vannamei.
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Hypselobarbus jerdoni and H. pulchellus are important medium-sized barbs, indigenous to central 
western ghats, with an aquaculture potential and of conservational value. The aim of this study was to 
use mithochondrial DNA (mtDNA) COI and 16SrRNA genes as a supportive tool to precisely identify 
the two sister species, H. jerdoni and H. pulchellus, which show a lot of variation in meristic characters 
such as the number of lateral line scales. DNA barcoding included Cytochrome oxidase subunit I 
(COI) and 16SrRNA genes from eight different specimens which had lateral line scale count (llsc) 
ranging between 27 and 30. The results showed that there was no difference among the specimens 
based on DNA barcoding, (COI and 16SrRNA genes), but there was a difference among them based 
on the number of llsc. This study reveals the use of llsc for the identification of these two sister species 
is questionable.

Identification of several species still remains 
obscure within the Hypselobarbus genus, due to lack 
of proper records from earlier descriptions. Among 
them, H. pulchellus (Day, 1870), H. jerdoni (Day, 
1870) and H. dobsoni have caught the attention 
of several researchers owing to their taxonomic 
ambiguity. In particular, distinction between H. 
pulchellus and H. jerdoni is externally difficult as 
they possess similar morphological characters. Our 
results reveal that though all the specimens studied 
phenotypically different, but they were genetically 
same. Published work indicates that fish with lateral 
line scales 30 or more are H. pulchellus. Our study 
confirms that all specimens with lateral line scale 
count 27 to 30, were H. jerdoni (Figure 1,2 and 3). 
The mtDNA markers (COI and 16SrRNA) confirm 
that all the specimens collected from the Netravathi 
river were H. jerdoni. 
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Fish farming in open water cages in India was initiated through the front line demonstrations of Central Marine Fisheries 
Research Institute (CMFRI). Cage farming of high value finfishes gained widespread popularity in different maritime 
states of the country after the introduction of low cost cages and development of seed production techniques for high value 
finfishes. The farmers in the coastal areas of Kerala state were the pioneers in adopting cage farming in the brackishwaters 
in the country. The resource use efficiency of cage fish farming was analysed based on data collected from 60 farm units in 
Kerala state. The resource use efficiency is an indicator of how the various inputs are efficiently used in a farming activity 
to achieve the maximum economic benefits.  The   selected farms varied with respect to dimensions of cages, types of fishes 
cultured, stocking density and feeding. Asian seabass, pearlspot, tilpaia, redsnappers and caranx were the major species 
cultured in the study area. The average size of a farm unit was 115 m3 with a stocking density of 32 fishes per m3. The 
yield and revenue per farm were 2.09 t and ₹9,90429 respectively. The net profit was ₹4,99,957 with net benefit earnings 
ratio of 0.5 and operating ratio of 0.42. Among the cost components 56% of the operational expenses was incurred for feed 
followed by seed cost(21.9%). The average cost of fish production and price per kg of fish was ₹ 235 and ₹474 respectively. 
The benefit- cost ratio was 2.02 with return on investment of 241%. Resource use efficiency analysis using Cobb-Douglas 
production function indicated that stocking density and quantity of feed used had positive and significant influence on fish 
production whereas farm size was non-significant. The ratio of marginal value product to marginal factor cost was more 
than unity for seed (7.91) and feed (10.54) indicating under utilisation of inputs in the selected cage farms and there is scope 
to enhance profit by increasing these inputs.
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Changes in production technology and marketing and changes in feed ingredients are key structural transformations 
necessary for the aquaculture sector to grow.  Today, with improved genetic techniques novel genetic lines are being bred 
for maximum efficiency over a shorter production period with lower feed conversions.  Fishmeal has always been the main 
source and the preferred choice of nutritionists for quality protein, above all in the formulation and especially in feeds 
for the youngest ages.  Though, with the market volatility of fishmeal, the aquaculture feed industry is looking for novel 
sources of protein to substitute the fishmeal and this has become a priority.  Additional renewable and sustainable protein 
alternatives are needed.  

Unconventional protein sources of comparable value are therefore urgently needed in order to make aquaculture production 
a sustainable production form in the future. In this context, the potential of insect protein in shrimp & fish diets has attracted 
much attention.  Likewise, fermented animal and plant co-product hydrolysates (ACPH) can meet the many nutritional 
needs of aquaculture worldwide as a protein alternative in aquafeeds.  Protein content in ACPH’s is higher and their 
complement of indispensable amino acids is superior to those of classic ingredients.   Brewer’s and baker’s yeast are high 
in protein and readily digestible, but were historically expensive. However, new bioreactor technology has lowered the cost 
of yeast to the point that it now may be cost-effective as a feed ingredient.  Seaweed meals, particularly from various kelp 
species, provide trace minerals and vitamin A, and increase the palatability of shrimp feeds. Dried unicellular algae are high 
in protein but also expensive for use in growout feeds. 

Lastly, new breaking technologies that can transform cellulosic sugars into a wide range of biomaterials including high-
value animal feed products and the production of microbial biomass are exciting.  High-performance feeds can be produced 
as these processes generate “functional ingredients” with higher levels of nucleotides and peptides that enhance the overall 
health and immunity of aquaculture species.

This presentation will address the attributes of unconventional ingredients and co-products with potential to be used in the 
formulation of aquaculture feeds. 
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The Hooghly River estuarine system harbours important commercial fishes including hilsa, Tenualosa ilisha. Exploitation 
of hilsa juveniles through fixed bag net and small meshed gill net indicates that they are available in maximum amount in 
station 2-Bagbazar region. Pre monsoonal (March-June) catch found in maximum amount than post monsoon (November 
– February) in all the studied three stations viz. Raichak, Bagbazar and Serampore. Juvenile is noticed throughout the year 
in station 3-Serampore area. Bag net catch was found maximum in comparison to small meshed gill net in Serampore 
region. Rainfall, tidal amplitude and salinity has found no effect on their abundance of Hilsa juveniles. Study indicates 
they are likely to stay/reside there for some time and after attaining 16 cm move deeper region of water. Juvenile hilsa 
were collected from different studied stations were analyzed. Proximate body composition of hilsa juveniles showed 59.9 
% protein content, 1.32% lipid content and 1.54% carbohydrate content. Saturated fatty acid content found to be 49.9%, 
unsaturated fatty acid content 49.6 %. PUFA content found to be 26.8% during pre-monsoon period which was higher 
compared to small, medium and large hilsa. ω3  and  ω6 also found to be higher in Hilsa juveniles. 
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Silver barb Puntius gonionotus is a medium carp species which proffer opportunities for utilization of seasonal ponds in 
its grow-out culture. However, the availability of quality seeds remains as one of the major impediments in its culture. 
Despite of prolonged practice and considerable refinement, hypophysation procedure still seems to be lacking in sufficient 
standardization background basically the problems of dose and selection of broods. Therefore, an attempt was made to 
optimize the dose of inducing agents and observe their efficacy in producing quality seeds of P. gonionotus.

An experiment for induced breeding of P. gonionotus was conducted using two inducing agents, crude pituitary extract 
(CPE) and Ovatide. The two hormones were administered individually to the species in three dose combinations i.e. CPE at 
10 & 3 mg/Kg, 12 & 4 mg/Kg and 14 & 6 mg/Kg body weight and Ovatide at 0.3 & 0.2 ml/Kg, 0.6 & 0.2 ml/Kg and 0.9 & 
0.2 ml/Kg body weight for female and male respectively. The healthy brooders of over one-year age group with size range 
250 – 350 g were selected for the breeding trial. Sex ratio 1:2 (female: male) was maintained in breeding sets. The spawning 
response was recorded to be best with the hormonal administration at 12 mg/kg body weight of fish in contrast to the other 
two dosages of CPE. The latency period ranged between 6 – 8 h in all the CPE doses. Correspondingly, the highest number 
of eggs ovulated per female, fertilization rate and hatching rate and lowest latency period (6 h) was observed at 0.6 ml/kg 
body weight Ovatide, as compared to the other two dosages. Both the inducing agents showed their efficacy at a particular 
dosage in the overall breeding response of the fish. However, the creditable results were shown by Ovatide than the CPE. 
Thus, from this comparative study it can be recommended that Ovatide at 0.6 & 0.2ml/Kg body weight for female & male 
respectively can be used for a successful induced breeding of P. gonionotus.
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The mola, Amblypharyngodon mola is commonly known as “mola carplet” is distributed in South Asian countries including 
India. Mola carplet, Amblypharyngodon mola is a demanding and nutrient rich small indigenous fish available in the Indian 
sub-continent that has the potential of eradicating malnutrition in developing countries. It is known as a self-recruiting fish 
species and breeds in water bodies when the ecology and environment suits to it. The knowledge about its exact breeding 
behaviour and the reproductive characteristics is poor. Though a very valuable species, the population of this fish is getting 
reduced day by day due to indiscriminate use of pesticides and insecticides and for other anthropogenic reasons also. 
Hence, to conserve this fish and for the diversification of aquaculture there is a great need to develop the artificial spawning 
and seed production methods for this species.

Spawning of mola was attempted at ICAR-CIFA under controlled optimized conditions with an objective to get its seed 
throughout the year. For this about 50-60 numbers of healthy mola brood of 9-months age having mean body weight 
of 2.04±0.15 g were reared for a period of 2-3 months in  cemented tanks. Rearing tank was set up with all optimal 
conditions that simulate their wild habitat. Removal of 30% water from the rearing tank and flushing of fresh water was 
done regularly to create a breeding environment. Some bushy plants such as hydrilla were kept in two earthen pots to 
provide shelter and hiding area for the newly hatched spawn. The water parameters were: total alkalinity 126-130 ppt, pH 
7.3-8.0, dissolved oxygen 4-6 ppm, ammonia less than 0.02ppm and the water temperature was maintained at 28-30 °C. 
Under these conditions mola bred in the cement tanks and as far as possible the adult mola were removed from the tanks to 
avoid predation of eggs and larvae by them. After 10 days of hatching the larvae/spawn were collected using cotton hapa 
with utmost care as they die very easily. The young ones were fed with (35% protein) powdered feed and also with plankton 
on alternate days. By this process 400-500 newly hatched mola seed were produced from each of the 3 rearing tanks (L 8’ 
x W 4” x H 3.8’). The spawn were reared in mini RAS (Re-circulatory Aquaculture System) system having 358 litre water 
holding capacity with adequate aeration. The young mola attained a mean body weight of 0.032±0.003 g at about 45 days of 
rearing. Similarly, for spontaneous spawning, the fish were stocked in two earthen ponds (0.04 ha) having nearly 20% area 
covered with aquatic weed hydrilla. The fish were fed with powdered floating feed twice daily having (35% crude protein). 
Under these circumstances spontaneous spawning took place twice, once in October and January) at a water temperature of 
27 ˚C to 29 ˚C. The hatchlings were reared simultaneously in glass aquaria, cement tanks and earthen ponds environment. 
The body weight of the A. mola was constantly increased with each passing days post hatching (DPH) and reached 248 
mg at 80 DPH from 38 mg at 5 DPH. The present study opens a new dimension in artificial propagation and aquaculture 
of small indigenous fish species. 
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The larvae of fish are exposed to microbes from the day of hatching until the maturation of lymphoid organs from which the 
fish is capable of responding the pathogens through adaptive immune system. During the maturation of lymphoid organs 
the phenomenon of V(D)J recombination is mediated by recombination activating genes (RAGs), which forms the marker 
of physiological maturity of the immune system. In the present study, the RAG-1 nucleotide sequence of 272bp was cloned 
partially in order to evaluate its pattern of mRNA expression during ontogenetic development and tissues of Pterophyllum 
scalare. However, before analysing the quantitative PCR (qRT-PCR) data of RAG-1 it was necessary to validate a suitable 
reference gene. For the selection of suitable internal control the commonly used housekeeping genes viz. alpha-actin 
(α-actin), beta-actin (β-actin), glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and elongation factor-alpha 1 (EF1α) 
were first characterized and evaluated for validation. Among the four reference genes, β-actin was found to be the most 
stable gene in different tissues and during various developmental stages of P. scalare. The mRNA expression of RAG-1 
was detected right from the hatching day and showed an up-regulation upto 30 dph after which it started declining till the 
end of experiment. Moreover, the distribution of RAG-1 in different tissues exhibited its high expression level in kidney 
compared to other tissues. The study concludes that the complete development of lymphoid organs in P. scalare occurs at 
27 to 30 dph where the mRNA expression of RAG-1 was significantly high.
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Fishmeal alternatives is a sustainable and friendly environmental approach for intensive aquaculture. However, the 
development of the fishmeal alternatives to address not only animal performance and physical characters of the final pellets 
but also availability and quality consistency has been a big challenge for aqua-feed industry. A high-quality product of corn 
protein concentrates - namely “Empyreal 75” - has been developed by Cargill US and proven with very good performances 
in salmon, shrimp, yellow tail, grouper, barramundi, snakehead fish, etc. for several years.

The production technology of the product results in a very pure concentrated protein with very low starch, low ash and low 
fiber that is attractive to diets for aqua carnivorous species while especially high in methionine, glutamic acid and leucine 
sources together with high capability of oil binding that is also attractive to marine-fish feed formulators using the product 
at very high inclusion to replace fishmeal and to enhance physical quality of the pellets. A common application of 8% to 
20% in aqua marine diets of salmon, trout, yellow tail, pompano, barramundi and grouper fish while 5% - 12% has been 
applied in shrimp feeds and 3% to 5% in freshwater fish diets all resulted in good performances for ADG and FCR. In this 
paper, the advantages of this product in aqua feeds together with animal performances on different aqua species (freshwater 
and marine species) will be discussed and delivered.    
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By 2009 to 2010 Viet Nam shrimp farmers were suffered with EMS and got a heavy and serious losses because of undefined 
reason that time.

In 2011 in Central of Viet Nam, shrimp farmer named Nguyen Van Vinh to find a solution to deal with EMS by applying 
nursery phase within 20 days of nursing before to stock in grow out pond and he could get an effective and good harvest 
result. After that this practice has been improving; transferring and developing in whole country.

The benefits of nursery phase not only has helped Viet Nam shrimp farmers to prevent EMS disease at the beginning, 
current disease and prevent for new and emerging diseases but also helped shrimp farmers saving cost; faster rotation crops; 
sustainable success for better profit. This is also a main reason why shrimp production in Viet Nam bloom in recent years

Not only industry but also Viet nam governments see the importance in the introduction of nurseries. The Directorate of 
Fisheries sees the benefit for small scale farmers using nurseries to increase production without increasing land use.

It is very honor to introduce and present this Viet Nam current practice in shrimp farming to APA audience for learning more 
news from audience.The Importance of Nursery Phase with Viet Nam Shrimp 

Farming 
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Feed additives are being used in aquatic feeds to ensure that the dietary nutrients are ingested, digested, absorbed and 
transported to the cells of fish. The experiment was conducted to investigate the effects of Rhizoclonium riparium var. 
implexum dried powder with methionine (MET) supplementation on the growth, feed conversion ratio and survival 
performance of Nile tilapia, Oreochromis niloticus fry as partial replacement for fishmeal. Fry were fed five diets with 
Rhizoclonium meal and containing inclusion levels of MET, namely, 0 (negative control), 5, 10, 15 and 20 g kg-1. The 
feeding trial lasted for 6 weeks. 

Results of the growth trial showed that the final weight (FW), weight gain (WG), specific growth rate 
(SGR), feed intake (FI), feed conversion ratio (FCR) and survival rate of all experimental fish were 
statistically similar (p<0.05). The group fed 15 g MET kg-1 diet exhibited higher FW (4.54±0.32g), 
WG (4.21±0.32g), SGR (1.72±0.03) and FI (6.2±0.12g) than did negative control and other treatment 
groups (p>0.05). The group fed 15 g MET kg-1 also exhibited lower FCR (1.49±0.09) than did the 
control group (p>0.05). However, results showed statistically similar survival rates of Nile tilapia fry 
among all treatments. Thus, the inclusion levels of methionine on diets with Rhizoclonium meal have 
no significant effect on the growth and survival of Nile tilapia fry. Rhizoclonium meal could partially 
replace the fishmeal and could also promote better growth and feed conversion efficiency with or 
without methionine supplementation kg-1.
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Bloodworms have all the necessary nutrients to form the basis of an exceptional aquaculture feed and artificial culture 
is recommended. The study was conducted to determine the effects of different stocking density on growth and survival 
performance of bloodworm, Marphysa sp. in treated seawater at Multi-Species Hatchery, College of Fisheries, Mindanao 
State University Tawi-Tawi College of Technology and Oceanography, Sanga-Sanga, Bongao, Tawi-Tawi, Philippines 
for a duration of 45 days using Completely Randomized Design (CDR) in three treatments; 10 (T1), 20 (T2) and 30 (T3) 
bloodworm juveniles with three replicates in every treatment. Results showed no significant differences among treatments 
(p>0.05). T2 has obtained the highest growth with final setigers (FS) of 51.7±10.3 and setigers gain (SG) of 38.9±10.6 but 
T1 has obtained the highest survival rate of 16.7±6.7% (p>0.05). Thus, results revealed that the stocking density has no 
significant effect on growth and survival performance of Marphysa sp. within the duration of the study. 
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The study was conducted to determine the effects of different fertilizers on growth performance of Kappaphycus alvarezii 
for a duration of 45 days at Barangay Pasiagan, Bongao, Tawi-Tawi, Philippines. There were three treatments used in the 
study namely; unfertilized (T1), fertilized 14-14-0 (T2) and fertilized 16-20-0 (T3) seedlings with three replicates in every 
treatment following the Randomized Complete Block Design (RCBD). Results showed that fertilized 16-20-0 seedlings 
(T3) were highly statistically different among treatments and obtained higher final weight (FW), weight gain (WG) and 
daily growth rate (DGR) with 221.07g, 121.07g and 0.76% than did in fertilized 14-14-0 seedlings (T2) with 200.38g, 
100.38g and 0.67% and unfertilized seedlings (T1) with 163.46g, 63.46g and 0.47% but T2 and T3 were not significantly 
different in DGR at p<0.01. Results revealed that farming of Kappaphycus alvarezii using 16-20-0 fertilizer could be the 
preferable and economically viable fertilizer that can promote higher seaweed production. 
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The notified decline seaweed production of the Philippines must have an intervention from researchers to explore possible 
alternative ways to expand the farming areas in Tawi-Tawi. Hence, the study was conducted to investigate the growth 
of seaweed, Kappaphycus alvarezii using different methods of culture. The experiment was performed at Tinambak, 
Sitangkai, Tawi-Tawi for a duration of 45 days. Randomized complete block designed (RCBD) was used to arrange the 27 
experimental units which composed of three treatments: floating (T1), fixed-bottom (T2), vertical line method (T3) with 9 
replicates in each treatment. Other factors such as water current, temperature, salinity, pH, and water depth were monitored 
every three days. Results showed that floating method was highly significant in final weight, weight gain, daily growth rate 
and growth rate with 327.89g, 305.6g, 1.88% and 6.77%, respectively among treatments (p<0.01). Results also showed no 
fluctuation of water parameters observed for the whole duration of the study. Thus, floating could be an ideal method to be 
used for the increase production of seaweeds. 
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The experiment was conducted to determine the effects of different inclusion levels of Eucheuma spinosum in a commercial 
feed on the growth and survival of Haliotis asinina juveniles at Multi-Species Hatchery, College of Fisheries of the 
Mindanao State University Tawi-Tawi College of Technology and Oceanography, Sanga-Sanga, Bongao, Tawi-Tawi for 
the duration of 45 days using Completely Randomized Design (CRD). H. asinina juveniles were fed with commercial feed 
as negative control (0% dried E. spinosum, T1), 15% (T2), 30% (T3), 45% (T4) and 100% fresh E. spinosum as positive 
control (T5). 

The final weight (FW), weight gain (WG), specific growth rate (SGR), final shell length (FSL), shell length gain (SLG) 
and survival rate of H. asinina juveniles in Treatment I, II, III and V were highly significant than in Treatment IV where 
there was total mortality (p<0.01). The highest weight gain (WG) of -6.85±1.8g, specific growth rate of -0.16±0.25% 
and survival rate of 33.39±3.9% were obtained from T1 followed by T2, T3 and T5 (p<0.01). These treatments were 
statistically similar (p<0.01). Therefore, the commercial diet with or without 15% E. spinosum could preferably be used 
as feed for Haliotis asinina juveniles. 
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Baking is a traditional activity and has a very important place in food processing industry. There are researches ongoing to 
increase the nutritional value of bakery products such as bread. Incorporating proteinaceous ingredients can improve the 
nutritional value. Even though fish is a good source of high quality protein, the odour of fish limits its application in bakery 
products.  Surimi is the wet frozen concentrate of myofibriallar protein extracted from fish flesh with reduced odour. Surimi 
(itoyori) was purchased from commercial industry and was dried using two different methods viz. freeze drying and oven 
drying. Bread was prepared incorporating the two types of surimi powder. The bread was prepared with Maida flour. Surimi 
powder was added at 5%, 10% and 15% by replacing same percentages of Maida to prepare surimi bread. The proximate 
composition and sensory qualities were evaluated. 

The average moisture content in the bread was 20.50 ± 0.18%. Highest protein content was recorded in 15% freeze dried 
surimi bread (15.14 ± 0.21%) and the least in control bread (8.06 ± 0.08%).  The average fat content in the bread was 
3.56 ± 0.07 %. The average ash content in the bread was 0.61 ± 0.22%. Highest carbohydrates content was recorded in 
control bread (67.69 ± 0.07%) and the least in 15% freeze dried surimi bread (59.66 ± 0.29%). As the concentration of 
surimi increased, the sensory acceptability decreased. However, the bread with 5% surimi powder was found to have equal 
acceptability as control bread. Bread with 15% surimi powder also had acceptable scores. The use of up to 15% of surimi 
powder in the preparation of bread can increase its nutritional value with acceptance based on its sensory properties.
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The present investigation was carried out to evaluate the ontogenic allometry in Diogenes alias McLaughlin & Holthuis, 
2001 using multivariate allometric coefficient. The hermit crab specimens were collected bi-weekly from trawl fishing 
grounds for one year period. A set of four morphometric variables were extracted from each collected specimens: left chela 
length and width and cephalothoracic shield length and width. Jolicoeur’s multivariate allometric coefficient was used to 
estimate the allometry between sexes. From the study, it is noted that negative allometry was observed for cheliped length, 
cheliped width presented isometric growth, shield length with positive allometry and shield width for females had isometric 
growth while the males had negative allometric growth. Although, sexual dimorphism was similar in both male and female, 
but it is more pronounced in males. As animal grows, sexual dimorphism also increases with size. 
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The black gill disease of Litopenaeus vannamei is a major problem of shrimp farmers culturing in brackish marine and fresh 
water in India. The normal and black gill infected shrimps were collected from shrimp grow-out ponds situated in the banks 
of Vellar Estuary. The infected  shrimp gills were collected from both normal and infected shrimps. The HNE (Hematoxylin 
and eosin) staining based histopathological study of infected gills confirmed the fungal infection in the black gill lamellae 
of the infected shrimp.  Further the same gill samples were subjected to microbiological analysis for fungal culture in PDA 
(Potato Dextrose Agar).  The cultured fungi showed white color mycelium with brown colored spores. Under the light 
microscope, the fungi look like Ascomycota. Further, the fungal strain was confirmed by molecular analysis.  The fungal 
DNA was isolated, amplified with Universal ITS primer confirmed that the species was Aspergillus terreus.
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Two trials were conducted to evaluate the efficacy of commercial enzyme-treated soy (ESBM) to replace the use of fish 
meal (FM) in practical diets for Florida pompano Trachinotus carolinus. The reference diet which has been run in numerous 
trials for Florida pompano was formulated using 150, 466 and 80 g kg-1 of FM, soybean meal (SBM) and corn protein 
concentrate (CPC), respectively. In trial 1, test diets were produced by replacing FM with 30.8, 61.4 and 92.1 g kg-1 of 
ESBM. In trial 2, test diets were produced by replacing FM with 28.9, 89.8, 120.1 g kg-1 of ESBM. Triplicate group of fish 
in trial 1 (mean weight = 13.05 ± 0.34 g) and trial 2 (mean weight = 18.45 ± 0.49 g) were fed these diets to apparent satiety 
for eight weeks. Growth performance was affected as the dietary FM was replaced with ESBM. In trial 1, final weight 
(FW), percentage weight gain (PWG) and thermal growth coefficient (TGC) were lower in 6 g kg-1 of FM compared to 
15 g kg-1, while feed conversion ratio (FCR) significantly higher in fish fed the lowest inclusion level of FM (6 g kg-1). In 
trial 2, FW was significantly lower when FM completely replaced by ESBM and no significant differences in other growth 
parameters. In all trials, no significant differences were observed in terms of crude protein, moisture, fat, crude fiber, dry 
matter and ash content of the fish. No significant differences in serum levels of total protein, albumin, alkaline phosphatase, 
alanine transaminase, aspartate transaminase, glucose and bile acids were observed in either trial. However, in trial 1, 
serum cholesterol level was higher in fish fed 150g kg-1 FM compared to other dietary treatments. The histomorphological 
structure of liver and distal intestine were slightly affected by lower inclusion level of FM. Overall, there was a decreasing 
trend in pompano growth performance as the inclusion of FM decreased. All parameters indicated that ESBM could be 
used to reduce the inclusion of FM from 150 to 90 g kg-1. 
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White feces syndrome (WFS) is considered a major cause of significant crop failures of white shrimp in Asia. Multiple 
pathogenic combinations have been associated to the disease, including Vibrio spp. bacteria, parasitic protozoa known as 
gregarines, and microsporidian parasites such as Enterocytozoon hepatopenai (EHP). Preventive approaches rather than 
curative are the most efficient control strategies against the disease, one of them being the dietary inclusion of functional 
feed additives that deliver antimicrobial and antiparasitic activities to the digestive system and boost the immune system. 
The present research evaluated the efficacy of a phytobiotic-based feed additive against WFS causative pathogens under 
laboratory and field conditions. 

A first laboratory trial to evaluate the efficacy of the functional feed additive against Vibrio spp. bacteria was conducted 
at ShrimpVet (Vietnam). Shrimp (~1 g) were fed with control and additive treated (3 kg/ton) feeds during 14 days pre-
infection. Infection was performed via feed coated with Vibrio culture (WFD5) and first signs of disease were detected after 
24 hours. Dietary inclusion of the functional feed additive significantly reduced disease prevalence and mortality during 14 
days post-challenge by 54% and 33%.

A second laboratory trial to evaluate the inhibitory efficacy of the functional feed additive against EHP germination was 
conducted at Biotec (Thailand). EHP spores were purified from hepatopancreas of two different batches of infected shrimp 
and incubated during 120 min with the additive at 3 and 6 g/L (i.e. equivalent to the dietary inclusion of the additive at 3 and 
6 kg/ton). Germination rate of EHP spores averaged 70% in control groups, while the feed additive at both concentrations 
completely inhibited germination.

Laboratory results were further validated under field conditions in two trials executed in collaboration with shrimp 
producers. The general trend observed was that a preventive dose (2-3 kg/ton) of the additive can recover average daily 
growth to acceptable levels after elimination of signs of disease and result in higher biomass. 

Altogether, laboratory and field data prove the efficacy of phytobiotic-based feed additive as preventive strategy to reduce 
the likelihood and severity of WFS outbreaks and to ensure growth recovery post-outbreak.
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Feed attractants are widely used in shrimp feeds to stimulate feed intake and enhance their growth performance. The 
present study aimed at investigating the effect of marine feed attractants on the growth stimulation of whiteleg shrimp, L. 
vannamei. The following marine ingredients were evaluated: dried shrimp meal (DSM), shrimp head meal (SHM), squid 
meal (SQM), squid liver meal (SLM), krill meal (KRM), and sardine hydrolysate (SAH). Salmon meal and soy protein 
concentrate were used as positive (POS) and negative (NEG) controls, respectively. All dried ingredients were incorporated 
into a similar formula, at 3.0% dietary inclusion (as-is, basis), except SAH (liquid) added at 5.0%. The basal formula 
consisted of a low fishmeal diet containing only 3.0% and 2.7% salmon meal and oil, respectively, as marine ingredients. 
A total of 56 outdoor tanks of 1 m3 were used in this study, allowing seven replicate tanks per dietary treatment. Juvenile 
L. vannamei of 0.99 ± 0.08 g (n = 5,712) were stocked at 100 shrimp/m2 and fed 10 times daily from 07:00 am to 05:00 pm 
with an automatic feeder. Feed rations were adjusted bi-weekly by weighing 10 shrimp from each tank. Harvest took place 
after 74 days of rearing. Mean (± SD) water salinity, pH and temperature reached 34 ± 2 g/L (n = 3,078), 7.95 ± 0.16 (n = 
3,079), and 30.0 ± 1.0oC (n = 3,077). Final shrimp survival reached 93.3 ± 5.8% and was unaffected by dietary treatment (P 
> 0.05). Shrimp fed SAH resulted in the lowest weekly growth rate at 0.86 ± 0.10 g compared to KRM with the highest at 
1.04 ± 0.09 g (P < 0.05). Gained shrimp yield was significantly higher for shrimp fed KRM (1,037 ± 73 g/m2) and POS (28 
± 40 g/m2) compared to all other treatments. Final shrimp body weight exceeded 10 g at harvest with the highest for those 
fed KRM (11.97 ± 1.79 g), followed by POS (11.11 ± 1.55 g) and SQM (11.01 ± 1.83 g). Feed conversion ratio (FCR) was 
statistically lower for shrimp fed KRM (1.31 ± 0.05) when compared to other diets, except when compared to SQM (1.41 
± 0.07), POS (1.42 ± 0.05), and NEG (1.44 ± 0.07). The lowest amount of feed was delivered in tanks fed SAH (12.5 ± 0.7 
g/shrimp), SHR (12.6 ± 0.6 g/shrimp), and NEG (12.6 ± 0.3 g/shrimp) compared to the highest with KRM (13.6 ± 0.6 g/
shrimp). Data indicate that shrimp fed diets containing 3% KRM grows faster, achieves a higher body weight with a lower 
FCR and higher yield compared to diets with other marine feed attractants. Feeds containing 5% SAH leads to the poorest 
growth performance in whiteleg shrimp even when compared to a NEG control. In conclusion, shrimp fed KRM performs 
better than other marine feed attractants due to its higher nutrient value and attractability. 
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Dietary methionine (Met) remains as one of most important and limiting essential amino acids (EAA) to shrimp nutrition. 
It acts in protein synthesis and often becomes deficient in fishmeal challenged diets. This review presents the results of six 
studies which determined the interactions of production variables and the optimal dietary Met content in practical diets for 
L. vannamei. In all studies, juvenile shrimp of 1-2 g were reared in green or brownish water tanks of 1 m3 for 10 weeks and 
fed low-fishmeal diets (5% or less) supplemented with graded levels of DL-Methionyl-DL-Methionine (AQUAVI® Met-
Met, Evonik Nutrition & Care GmbH, Germany) and other crystalline AA. In study 01, we evaluated the effect stocking 
density (50, 75 or 100 shrimp/m2). Results indicated the increase in stocking density raised FCR and yield, while reducing 
shrimp weekly growth and final BW. Growth rate of shrimp was affected by an interaction between dietary Met content and 
stocking density. An enhanced shrimp performance was obtained in diets containing between 0.72 (1.19% Met+Cys) and 
0.81% Met (1.28% Met+Cys), depending on stocking density. In study 02, we compared shrimp performance reared under 
flow-through (1.4-2.9% a day) and static (14.4% a day) water exchange conditions. We found that raising shrimp under 
limited, i.e., static, versus flow-through water exchange regime spared the dependence on higher levels of dietary Met, 
from 0.94 to 0.80% (1.40 and 1.26% Met+Cys, respectively). In study 03, we evaluated the effect of feeding frequency 
on shrimp performance with a low-fish meal diet supplemented with crystalline AAs. Shrimp BW was enhanced with an 
increase in feeding frequency, from 8.74, 10.95, 11.33, and 11.33 g under 2x, 4x and multiple feedings during the day or 
during D&N, respectively. In study 04, we evaluated the sparing effect of feed allowance on Met requirements. Shrimp 
were fed under two feed allowances, regular and 30% in excess. There was a significant interaction between feed allowance 
and dietary Met over shrimp BW. By feeding animals 30% in excess, BW was enhanced at 0.69% Met. A dietary Met of 
0.79% was required to maximize BW under a regular feeding. In study 05, we evaluated the effect of dietary Met and crude 
protein (CP) levels on the performance of shrimp. Four sets of diets were prepared containing (% on a fed basis) 31, 34, 
37, and 40% CP, with each protein level combined with a total dietary Met (Met+Cys) level of 0.56 (1.07), 0.71 (1.22), 
0.88 (1.38), or 1.04 (1.55). Shrimp fed 0.56% Met achieved the lowest BW at harvest. Increasing CP beyond 34% did not 
enhance BW. With a dietary Met content of 0.71%, the highest BW was achieved with 34% CP compared to other levels. 
Our study has shown that if dietary Met (Met+Cys) meets a minimum of 0.71% (1.22%), levels of CP could be reduced 
from 40 to 34%. In study 06, we determined the minimum possible level of fishmeal in diets containing graded levels of 
Met. Four sets of feeds contained 0, 6, 12 and 18% fishmeal with a total dietary Met (Met+Cys) of 0.65 (1.17), 0.78 (1.30) 
and 0.92% (1.44), on a total DM basis. No differences in BW were observed in shrimp fed diets containing 6%, 12% or 
18% (13.3-13.6 g) fishmeal. However, shrimp fed 0% fishmeal diet showed lower BW (12.84 g) relative to those fed 12 or 
18% fishmeal diet. A higher BW was observed when shrimp were fed diets with 1.29% Met+Cys. At low fishmeal (0-6%), 
higher levels of dietary Met+Cys (1.16-1.29%) were required to maximize shrimp BW likely due to differences in Met 
digestibility among diets.
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Feed mills are rapidly moving towards shrimp diets with low fishmeal levels driven by the need to strengthen sustainability 
and economic parameters. Fishmeal replacement by plant and rendered animal proteins requires attention to nutrient 
composition and their bioavailaibility, so that proper dietary supplementation with amino acids, fatty acids, minerals and 
vitamins are carried out. In shrimp feeds, attractability and palatability also play a key role. Shrimp are slow feeders with 
a poor vision, thus relying on low molecular weight soluble compounds to detect and move towards a food source, and 
to initiate and remain feeding. Feed attractiveness has the potential to reduce leaching of nutrients, increase feed intake 
and prolong feeding activity. This work presents a review on studies carried out with juveniles of the whiteleg shrimp, 
Litopenaeus vannamei, fed minimum level or fishmeal-free diets containing low inclusions of krill meal (Qrill™ Antarctic 
krill meal, Aker Biomarine Antarctic AS, Oslo, Norway).

In Study 1, shrimp were stocked in 25 clear and green water tanks of 0.5 and 1 m3 under 100 and 60 animals/m2, respectively. 
A basal diet was formulated to contain 18.75% fishmeal, 2% fish oil, 1.5% soybean lecithin, and 0.15% cholesterol. From 
the basal diet, three other diets were prepared to include krill meal at 1, 5 or 11% by replacing fishmeal, fish oil, soy lecithin 
and cholesterol. After 72 days, shrimp showed no differences in performance among dietary treatments. In clear water, 
shrimp attained 13.1 ± 0.59 g body weight (BW), 1.00 ± 0.06 g/week, and 81.4 ± 7.3% survival. In green water, shrimp 
attained 14.3 ± 0.81 g BW, 1.04 ± 0.09 g/week, and 91.4 ± 5.4% survival. Diets containing krill meal were able to fully 
replace the protein and lipid value of the basal diet. In Study 2, shrimp of 1.13 ± 0.19 g BW were stocked in 30 green-water 
tanks of 1 m3 under 100 animals/m2 and raised for 71 days (37 ± 1.8 ppt salinity). A control (CTL) feed was formulated to 
contain 15% fish meal with 1% squid meal. Three other feeds were prepared by reducing the fish meal in the CTL by half 
(from 15 to 7%) and supplementing it with 1, 3 and 5% krill meal. Shrimp fed the CTL (8.14 ± 1.07g) and the feed with 5% 
krill meal (8.11 ± 1.18 g) achieved statistically higher BWs compared to other fish meal-challenged feeds. In Study 3, diets 
with 5.0% fishmeal, 7.75% soy protein concentrate (SPC) and between 13.1 and 15.0% poultry meal were supplemented 
with a combination of krill meal and squid meal included at 0.5, 1 and 2% of the diet. Shrimp were reared for 30 days 
in 20 clear-water tanks of 0.5 m3. Shrimp were stocked with 3.95 ± 0.67 g BW at 70 animals/m2. At harvest, there was a 
significant increment in shrimp BW when a combination of 2% krill and squid meal (7.90 ± 1.25 g) was used compared 
with a diet deprived of these ingredients (7.52 ± 1.17 g). In Study 4, krill meal was included at 0, 0.5, 1, 2 and 3% in all 
plant-protein based diets. Shrimp of 2.84 ± 0.52 g (n = 800) were raised for 72 days in 20 clear-water tanks of 0.5 m3 under 
70 animals/m2. There was a significant improvement in shrimp growth, gained yield, feed intake and FCR when krill meal 
was used in plant-based diets at inclusion levels above 1%. However, shrimp BW was only improved at a dietary inclusion 
of 2% krill meal. At this level, BW increased from 12.13 ± 1.97 (1% krill) to 13.12 ± 1.88 g. This study demonstrated that 
krill meal in fishmeal-free diets enhanced feed intake at only 1%, while at 2% krill meal accelerated shrimp growth, while 
increasing yield and reducing FCR.
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Genistein is the major phytoestrogen present in soybean and soy-products, which is widely in aquafeed. Genistein content 
of defatted soybean meal was estimated to be 23.35±1.09 mg/100g. A 56 days experiment was conducted to evaluate the 
impact of feeding genistein on vitellogenesis and steroidogenesis in female common carp. six months old female fishes 
were fed with graded level of genistein at 0 (Gen-0), 1 (Gen-1), 3 (Gen-3), 6 (Gen-6) and 9 (Gen-9) mg/ 100 g of feed, 
which is equivalent to around 0, 4.5, 13.5, 27 and 40.5% inclusion of defatted soybean meal. The number of vitellogenic 
oocytes in the ovary and serum vitellogenin level were significantly decreased in genistein-fed fishes compared control 
whereas serum estradiol and cholesterol contents were significantly higher (P<0.05) in Gen-9 group, whereas cortisol 
level was significantly higher in Gen-6 and Gen-9 groups. Genistein induced U-shaped response in serum progesterone 
(y = 0.1217x2 - 0.6452x + 1.141, R2= 0.9388) and testosterone (y = 0.2168x2 - 0.8912x + 2.0868, R2=0.6538) level. The 
study revealed that structural resemblance of genistein to animal estrogen may have led to compete with 17-β estradiol for 
binding to estrogen receptors of the liver, that impaired vitellogenin synthesis and hence creates steroid imbalance during 
ovarian growth of common carps. Genistein at 1mg/100g of feed had negatively affected vitellogenesis which presumes 
that even inclusion of soybean at 4.5% (1mg% equivalent genistein) may affect the vitellogenesis and hence needs further 
research. 
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Farming of GIFT Tilapia is gaining prominence in Indian aquaculture. Indian aquaculture is based on various salinity 
ranges, so a study was carried out to asses the performance of GIFT tilapia at different salinities for growths, survival & 
Feed conversion (FCR) Nellore, Andhra Pradesh. The trail was carried out at 0-3ppt, 6-9ppt, 12-15ppt, 20-25ppt, >30ppt, 
using 28/4 feed till the fish grew to 50gms & 24/3 till the harvest. All trails were done on a stocking density of 4pcs/m2 over 
a period of 180days. The Fish of 5 + 0.5gms were stocked from the nurseries after due acclimatization to the respective 
salinities as the fishes couldn’t survive sudden change in salinities.

Gift tilapia showed the best growth rates upto 623gms, high survival rates of 95% & FCR as good as 1:1.2 at 0ppt. There 
wasn’t much difference in growths, survivals & FCR upto 9 ppt.  The growth rates 298gms, survival 81% & the FCR 1:1.6 
were poor above 12ppt, Above 20ppt the results were very poor Growth 193gms, survival 68% & FCR 1:2.4 and the fish 
couldn’t survive above 30ppt even on slow acclimatisation. The results indicate that the optimal salinity for the culture of 
GIFT tilapia is 0-3ppt.
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Parasites of Orechromisniloticus was studied at the Teaching and Research Farm of the Niger Delta University. The 
prevalence, abundance and intensity of infection were determined. The  prevalence of Dactylogyrusparasitae in 
Oreochromisniloticus showed the highest value of 65%, followed by Cestode, ligula 60%, Ergasilus 10% and Protozoa 
and Nematode 1.66% with the least prevalence. The intensity of Dactylogyrusobtained was 2.79,while Cestode,( ligula)
had 1.10,, Ergasilusspp 1.33, Protozoa and Nematode 1and 2 respectively.
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Sepia aculeata and Sepialla inermis are two species of cuttlefish, which occur widely in South East Asia. This appears 
to be the first study of the reproductive biology and feeding habits of these cuttlefishes in Myanmar waters. Samples of 
these two economically important cuttlefishes, S. aculeata and S. inermis were collected monthly from C9 and C10 fishing 
grounds of Myanmar costal water and their reproductive stages were examined. A total of 30 specimens of each of the two 
cuttlefishes were collected monthly and their length weight and reproductive status were investigated from August 2013 to 
August 2014. The body weights of females were significantly heavier than that of males in both species. The 50:50 sex ratio 
did not differ during the study period. Gonad Somatic Index (GSI) of males ranged from 0.5 to 1.4 while it varied from 2.1 
to 4.1 in females among the two species. Eggs were found throughout the study period. The relative fecundity ranged from 
55 to 320 eggs per gram. According to the results, the species was a prolong breeder since oocytes and spermatocytes were 
found throughout the study period but high spawning of two species were found from October to March 2013. 
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Copepods are a group of small crustaceans found in the sea and nearly every freshwater habitat. A fourteen days culture 
and rearing of  Clarias gariepinus larvae was conducted in July, 2018. The suitability of the freshwater Copepod was 
investigated in African catfish larvae, Clarias gariepinus, at the end of yolk sac resorption. This live food was compared 
to ground Artemia, Coppens, Aller Aqua, Blue Crown and Skilm Milk larval feeds. Six lots of larvae were constituted 
with three replicates: Copepod, Artemia, Coppens, Aller Aqua, Blue Crown and Skilm Milk. The growth performances, 
condition factor and survival rates were ascertained as the larvae were sampled    (Table 1 sh every two days. After a 14 day-
experiment, the growth performance of larvae raised on Copepod was comparable to the performance of those raised on 
Artemia which is the recognized standard feed presently. Under the present experiment conditions, the survival and growth 
performances of African catfish larvae fed with Copepod approached those obtained with Artemia and are higher than 
larvae fed other diets such as Coppens, Aller aqua, Blue Crown and Skilm Milk. The survivals are high at 94 % Artemia 
which is at 96 % and is higher than other larvae feeds: Coppens (84 %), Aller aqua (86 %), Blue Crown (67 %) and Skilm 
milk (61 %). These results show that freshwater Copepod proved suitable for first feeding of C. gariepinus larvae (Table 2) 
could constitute a valuable alternative for larval rearing.
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Production of good quality post larvae in shrimp hatcheries is essential for the success of the farms. Quality control 
parameters are targeted to ensure that the best quality or most robust post larvae reach the farms.  Traditional quality 
control parameters include size in length, weight at a determined age (21 days of culture), fresh water stress test, a physical 
observation under a microscope to ensure a post larva free of necrosis and or external fouling on their bodies as well as 
PCR testing for viral disease (Brock and Main 1994). These parameters aim to ensure that healthy and robust post larvae 
are stocked into the ponds, contributing to a successful harvest.

The first three days after stocking in the farm ponds is the most critical period, as this is the point where post larvae are 
transferred from a very controlled hatchery environment, to an open environment in which they are exposed to the elements. 
The transfer process itself can be every challenging and when finally stocked the young animals must work harder to find 
their food source, as the ponds are much bigger than a larval rearing tank or a nursery.

Hatcheries regularly have a dedicated department or team of people to check quality parameters (Ortiz et al 2008).  

While these parameters can be quantified, in practice, it is very difficult to standardize the procedure to arrive at a truly 
comparable dataset from batch to batch or from one hatchery to another. There is great debate whether or not these 
sometimes subjective quality control points are indicative of harvest success in the grow-out ponds.  

Taking this into consideration, it becomes clear that new tools are required to allow a simple, fast and consistent measurement 
of stress tolerance under a period of reduced feed intake.  We developed an energy reserve measurement to be able to 
quantify the robustness and strength of the post larvae before they reach the farm.  

Here, we present a new quality control parameter to describe robustness based on regulated starvation of good quality post 
larvae.  The energy reserve measurement or ERM, directly measures the energy reserves in the post larvae. The results 
indicate a clear correlation between diet types and post larva quality.
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The study investigated the influence of graded levels of temperature shock protocols on the hatching time, hatching rate, 
survival to first feeding and the chromosome number of catfish (C. gariepinus) eggs. Cold and heat temperature protocols 
were used to shock the eggs. In the cold shock protocols, the fertilized eggs were subjected to cold shock using ice flakes as 
water bath, 3 minutes and 4 minutes after fertilization at the respective temperatures of 1oC, 2oC, 3oC and 4oC for a period 
of 15 minutes and 30 minutes duration each. The heat shock on the hand was carried out by subjecting the fertilized eggs 
to either of the temperature regimes of 1 and 2 minutes. It was observedthat among the cold shock protocols; prolonging 
the duration of shock to total cases killed 3 duration of 30 minutes greatly reduced (in some caused total mortality) the 
hatchability and survival to first feeding of the fertilized eggs. Among the heat shocked protocols, temperature shocks of 
up to 40oC also had limiting effects on the hatching time, hatchability and survival to first feeding. It was recommended 
that decisions on the best shock protocols should revolve round 36oC for heat shock and 15 minutes shock duration for 
cold shock.  
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The rapid increase in the use of Nano-particles (NPs) of metal oxides in the production of consumer’s products has greatly 
impacted the environment negatively. The study examined the effects of ZnO-NPs on the enzymes activities in selected 
tissues of Heterobranchus longifilis. Juvenile H. longifilis were exposed to sub-lethal concentrations (6, 8, 10, 12 mg/l) of 
ZnO-NPs for 60 days. The ZnO-NPs-exposed fish were subsequently subjected to depuration phase to evaluate recovery. 
Fish were later treated with graded levels of ascorbic acids (AA) diet (50, 250, 500, and 1000 mg/kg diet) for 30 days to 
ameliorate the ZnO-NPs toxicity. After each experimental stage, fish from the control, ZnO-NPs-exposed, depurated and 
ameliorated groups were sacrificed for enzyme assay from the blood, gill and liver.

There was significant increase (P < 0.05) in the activities of enzymes alanine aminotransferase (ALT); aspartate 
aminotransferase (AST); lactate dehydrogenase (LDH); acetyl cholinesterase (AChE); total protein and glucose (Figures 
1, 2, 3, 4, 5, & 6) as the concentration and exposure period increased compared to the control. At depuration phase, there 
was a reduction in each of these parameters but none was comparable to the control. However, ZnO-NPs-exposed fish 
ameliorated with 500 mg/kg diet exhibited significant reduction (P < 0.05) in all the parameters (Figures 7, 8, 9, 10, 11 & 
12) compared to the control. The results indicated that the release of ZnO-NPs into the aquatic environment is dangerous 
to fish and may also cause health risk in man through food chain, while 500 mg AA/kg diet is capable of ameliorating the 
toxic effects of ZnO-NPs on fish. 
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Fishery is the prime most economic activity in the coastal areas of India. Fish is an extremely perishable commodity 
requires sufficient cooling until it processing or any preservation method adapted. Sun drying is a traditional method of 
preserving fish. Though it does not requires any operating cost but it is susceptible to contamination, dust, damage by 
animals and rain. Hence, solar green house dryer was developed to dry the fish in a closed system where it’s having high 
air temperature for drying, low relative humidity and lower final moisture content of the product with acceptable quality. 

The present study was aimed to investigate the field 
performance of the developed solar greenhouse dryer in 
Nagapattinam (10L752 N, 79L 848 E) with an average solar 
irradiance of 5.8 kW/ m2.  It consists of a parabolic roof 
structure covered by poly carbonate sheet as a solar collector 
on a black kaddappa stone floored with an area of 99 m2 (Fig. 
1). 

Ventilation of solar greenhouse dryer done with a help of nine 
24v DC fans powered by 100 W solar photovoltaic module. 
The dryer had a loading capacity of 300 – 500 kg of fresh 
fishes. To investigate the drying performance, dryer was 
tested to dry three hundred kg of fresh anchovies during July 
– August 2018. 

The maximum air temperature inside the solar greenhouse 
dryer was observed in the range of 45 – 55oC during peak 
sunny hours (Fig. 2). The results from the experiment shows 
that, it took only 8h of drying time to get desired moisture 
content of 6% w.b from 84% w.b., whereas 16 – 20 peak 
sunny hours are required for conventional sun drying under 
similar conditions. 

Most importantly, the quality of the anchovies dried in the 
solar greenhouse dryer was too good since it was protected 
from sand, dust, insects and rain (Fig.3). The developed solar 
greenhouse dryer guides the fisher folks to fetch higher price 
for their dried products. 
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Occurrence of microplastics in fishes has emerged as an alarming issue world over. This paper describes the detection of 
microplastics (Fig.1) among gut contents of Sahyadria chalakkudiensis (red line torpedo barb) inhabiting Periyar river, 
S.India. S. chalakkudiensis  is an endemic endangered fish used as food fish as well as ornamental fish. Endangered 
indigenous fishes encounter many detrimental activities, yet microplastic has never been described in any previous studies 
on these fishes.

478 fish samples were collected from  Pooyamkutty ranges of Periyar river during April, 2015 to March, 2017 and were 
fixed in 10% buffered formalin solution. After recording morphometric data, guts were dissected out and food items were 
identified to nearest taxonomic units. The unidentified matter was transferred to 10% KOH and later subjected to hot 
needle test.The undigested content was recorded with Motic Image Plus2.0.  Micro plastic fibres were identified in 71 guts 
(14.85%). Guts containing microplastics were encountered in all months except May and September. Highest number of 
guts with microplastics was recorded in October (23.94%) followed by December(19.72%)  and July(16.90%). It could 
be observed that among plastic ingested fishes, 74% of guts contained high amount of food and their temporal occurrence 
revealed signficant correlation with total number of guts examined(r=0.60, p<0.05). Monthly percentage occurrences of 
guts containing high amount of food  and guts containing food in traces revealed significant difference (Kruskal Wallis 
test, Hc= 4.11p<0.05). This indicated  that the fishes consumed plastic fibres inadevertently along with their preferred food 
items.  

Upper  reaches of Periyar river have many tourism destinations and also support rigorous fishing activities during post 
monsoon period. These microplastics generally enter freshwater environment as discards from fishing net material, 
household waste and tourism. Unbridled use of synthetic netting materials has resulted in large scale plastic pollution in 
aquatic environment. Further, abandoned netting materials succumb to weathering and biodegradation. The present results 
indicate serious concern on severe plastic pollution in this Western Ghat river system and consequent challenges to its biota 
which necessitates their conservation.
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Flying fish fishery was found to be an important commercial fishery of Nagapattinam district due to its significant catching 
trend. The survey was taken with small sample size and gathered the information behind this successful targeted fishing 
operation. The present study was conducted to acquire traditional knowledge undertaken by the fishermen for catching 
flying fishes from this coast. It was observed that, it was entirely seasonal based fishery and around 98% of flying fishes 
were caught at April to July months without the contribution of other fish groups. The gill net with mesh size of 31 mm & 
41 mm was used for small sized & large sized flying fishes respectively. In the traditional method, “Kacha” a type of scoop 
net and a drifting type of FAD, “Kavalangchi poondu” was found to be used along Nagapattinam coast for the exploitation 
of flying fishes.

Tamil Nadu has fishermen population of 1.05 
million of which 0.20 million fishermen are 
actively engaged in fishing from 591 marine 
fishing villages scattered along 13 coastal 
district. Nagapattinam is one of the coastal 
district of Tamil Nadu which mainly involved 
in the fishing activities as their chief livelihood 
option. They have been targeted many fish 
groups in which the seasonal abundance of 
flying fishes played a major role in their fishing 
pattern. Flying fishes are epipelagic in nature 
and their distribution has been determined 
by Sea Surface Temperature at around 25°C.  
The seasonal abundance of flying fishes was 
reported during the period from April to July 
(summer season). Around 98% of flying fishes 
were caught at that particular season without 
the contribution of other groups. 

There were two types of gears operated to catch 
flying fishes namely, gill net and traditional 
gear. Now a days, two different mesh sized gill 
nets are being operated to utilize these fishery 
resources by 10 HP OBM containing FRP boats. 
The gill net with mesh size of 31 mm was used 
for exploiting small sized flying fishes whereas 
41 mm mesh sized net operated for large size fishes (given in figure 1C &1D). In case of traditional fishing methods, the 
catamaran was employed during the operation by using one type of scoop net, locally known as “Kacha” consist of two 
handles (given in figure 1B). Some of the fishermen were used both gill net and Kacha to increase the catch. Mostly, the 
drifting type of Fish Aggregating Devices, locally called as “Kavalangchi poondu” has been employed to intensify the 
catching efficiency of flying fishes which enhances the fishes to come towards the pelagic water for sheltering and laying 
eggs. 

An average of 4 gears were operated from a single boat per day. Fishing operation been done in the well-lighted and 
warm epipelagic zone with the depth range of 15-100 fathom. The fishing ground has been identified by fishers with their 
traditional knowledge of understanding wind and water current pattern. They have classified four types of wind pattern 
each day based on their direction, that are locally known as Katchan kaathu, Vaadai kaathu, Kodai kaathu, and Kondal 
kaathu. Among this, Kodai kaathu is the heavy speed wind pattern from west to east direction, occurred at morning time 
(3.00 am–9.00 am) along the Nagapattinam coast that mainly influenced the fishery of flying fishes. This flying fish fishery 
was entirely based on the traditional knowledge of fishers and their experience.
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The health of fish is regulated by gut microbes which maintains a homeostasis between autochthonous or allochthonous 
bacteria. The chief sources of allochthonous gut microbiota are rearing medium and nutrition which interact with 
autochthonous gut microbiota and forms the microbial community. Hence, the characterization is used to visualize and 
confirm the heterotrophic and pathogenic bacteria activity in aquatic habitats and fish guts. However, ingested microbes 
and the similarity of gut microbes are still poorly understood in aerobic microbial floc system. 

The experiment was conducted in outdoor lined pond (10 × 10 × 1m ) with Aerobic Microbial Floc (AMF) as treatment 
and without Aerobic Microbial Floc (non- AMF) as control. GIFT tilapia seed were stocked at the rate of 50 numbers /m2 
(0.2054  0.02 g/fry) in treatment as well as control.  In the treatment, spent wash was used as carbon source to develop 
aerobic microbial floc with a C/N ratio of 10:1.

The study conducted for a period of 30 days and assessed the water quality, microbial community and pathogen control. 
Bacterial community of culture water and gut microbial count was observed at 7 days interval. The level of heterotrophic 
bacteria with different genus was continuously triggered in culture water as well as gut flora of tilapia reared in AMF based 
system. Among the heterotrophic bacterial group, Bacillus count was significantly (P<0.001) increased in AMF culture 
water (4.1 x 101 ± 0.1 x 101 CFU/ml) than control (absent). However, the pathogenic bacterial group populations such as 
Aeromonas sp (1.07 x 103 ± 5 x 101 CFU/ml), Vibrio sp. (2.3 x 102 ± 1 x 101 CFU/ml) and Total coliform (1 x 103 ± 1 x 101 
CFU/ml) count were decreased in AMF based culture water due to the presence of Bacillus sp. performed the antagonistic 
or probiotic effect. The presence of beneficial microorganisms improved the water quality by reducing toxic nutrients. The 
present study demonstrated that, bacterial community in fish gut was more similar to culture water and proved the potential 
of AMF promoting beneficial microbes (figure 1) and suppressing harmful microbes.
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Order Tetraodontiformes consist of ten families in which tetraodontidae (puffer fish)  consists of 28 genera 192 valid 
species and diodontidae (porcupine fish) consists of 7 genera 18 valid species. Among 192 species in tetraodontidae only 
two species in Lagocephalus has been eaten as food in several Malaysian region. As a mobile non-selective fishing gear, 
the bottom trawl net collects every organism in its path and the incidental capture of non-target species bycatch has become 
a major concern allied to trawling. In this study the contribution of tetraodontiformes in the bycatch of trawl net from 
Chennai coast was estimated. Sampling were done at Royapuram fishing harbour bimonthly from the period of June 2018 
to January 2019.

In this present study 9 Species of puffer fish belonging to 4 genera and 3 species of porcupine fish from 2 genera has 
been collected and identified. Totally 328 specimens were collected between June 2018 and January 2019. The species 
in tetraodontidae are Canthigaster petersii  (Bianconi, 1854)- P1, Arothron hispidus (Linnaeus 1758)- P2, Torquigener 
brevipinnis  (Regan, 1903)- P3, Lagocephalus suezensis  (Clark & Gohar, 1953)- P4, Arothron stellatus  (Anonymous, 
1798)- P5, Arothron immaculates ((Bloch and Schneider, 1801)- P6, Arothron reticularis  (Bloch & Schneider, 1801)- P7, 
Takifugu oblongus (Bloch, 1786)- P8, Chelonodon patoca  (Hamilton, 1822)- P9 and diodontidae species are Cyclichthys 
spilostylus  (Leis & Randall, 1982)- P10, Cyclichthys orbicularis  (Bloch, 1785)- P11, Diodon liturosus  Shaw, 1804- P12 
(Fig.1). From the 12 species a single specimen of A. hispidus was collected at the month of July and L. suezensis shows 
the dominance in puffer fish group from the Chennai region with size ranging from 24.3 cm to 1.2 cm in length. Thus the 
minimum size of L. suezensis shows that trawl net operated in the Chennai region has very small mesh size in cod end. The 
number of fish (species richness) was maximum in the month of September and November while minimum in the month 
of July with occurrence of only L. suezensis and followed by January with three species of puffer fish.
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A group of fishermen of Alappuzha district, Mannanchery 
gramapanchayath willingly came forward with a broad 
vision on the conservation of Vembanad lake.  They took the 
initiative of the conservation and management of Vembanad 
Lake through installing Fish Aggregating Devices (FADs) 
in the lake. The FADs designed according to the traditional 
wisdom of the fisherfolk act as fish sanctuaries. This study 
described Community-Based Fisheries Management (CBFM) 
in Vembanad Lake through Self Help Group (SHG) mobilized 
by NGO.  The study was carried out in Mannanchery village 
of Alappuzha district, Kerala. In Mannanchery, five SHGs 
were formed by a NGO, each SHG containing 10 fishermen 
as members. A sample of 50 SHG members was selected as 
respondents following random sampling procedure. Data 
from the respondents were collected through personnel 
interview. This study was attempted to furnish the attitude 
of SHG members towards the CBFM. The attitude of 
respondents towards CBFM was also quantified. It was 
observed that the SHG members involved in the FAD 
ventures had a positive attitude towards CBFM. Kendall’s W 
test was conducted for assessing agreement among the SHG 
members. The results of the Kendall’s W test (W = 0.762) 
revealed that the respondents agree with each other to a 
reasonable but not super high extent. Level of participation of 
the members was assessed. The accomplishment of strategies 
like the implementation of norms, sensitization programmes, 
and management of FADs were done by SHG members.  This 
study argued that CBFM through SHGs could contribute 
to sustainable lake management. The findings unveiled that 
CBFM could be a vehicle which contributes to sustainable 
environmental management through SHGs.   
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The aquaculture of pompano has been successfully established in many Asia-Pacific countries under ponds, tanks and 
floating sea cages. In India, the silver pompano (Trachinotus blochii) is considered as high value marine finfish because of 
fast growth rate, good meat quality and high market demand. Hence, the demand can only be met through aquaculture. In 
the present study, the experiment was conducted to assess the growth performance under sea cage culture.

A 7 months culture was conducted in a GI 
cage (6 m dia / Depth 3 m / Volume 85 m3) 
with silver pompano seeds (MBW of 5.25 g), 
which were procured from CMFRI, Mandapam, 
South India. The experiment was conducted in 
Ramanathapuram coast of Tamil Nadu, South 
India under sea cage method. Seeds were stocked 
in 3 different cages @ 4000 for cage 1, 3500 for 
cage 2 and 1500 numbers for cage 3 respectively. 
These cages fed with wet fresh trash fish @ 8 % 
of the total body weight, twice a day. Sampling 
was done once in a month. After a culture period 
of 7 months, the bio-growth parameters were 
calculated. 

The calculated survival rate, mean weight gain 
& FCR is given in Table 1. The mean weight 
gains (g) of silver pompano recorded in 3 cages 
were 135.45 g, 98.81 g and 112.35 g in 7 months. 
The Student’s t test analysis of the data relating 
to silver pompano fingerlings under different GI 
cages with days of rearing is given in Table 2 
& confirmed that between the cages, the mean 
growth value of silver pompano fingerlings with 
days of rearing showed significance differences 
(P < 0.03 to 0.05) (Table 2).

The present study indicated that the stocking 
densities influenced the growth of silver pompano 
in cage culture significantly. 
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Estuaries constitute an essential habitat for many fish species to complete their life cycle. Korampallam thermal estuary 
is located just behind the sea-based thermal power plant. This estuary expands into a wide mangrove area and mix with 
freshwater channel in which surplus water from the Korampallam lake flows into the sea. In this study, fish samples 
were collected using cast net and sampling was performed during low tide. A total of 43 fish species were identified 
during the study period, which was coming under 18 families belonging to 6 orders namely clupeiforms, siluriformes, 
perciforms, tetrodontiforms, beloniforms and mugiliforms. Among the above orders, most dominant fish species belonged 
to perciformes and mugiliforms. 

The species composition and abundance data were analysed during the four seasons namely, summer (April-June), pre-
monsoon (July-September), monsoon (October-December) and post-monsoon (January-March). The species composition 
recorded among seasons, varied in the range of 28-42 numbers. The fish diversity of Korampallam thermal estuary was 
highest (42 species) in pre-monsoon, and lowest (28 species) in monsoon seasons. The study on species abundance 
indicated that Korampallam thermal estuary is dominated by Mugil cephalus, Chanda nama, Terrapon jarbua, Strongylura  
strongylura and Etroplus suratensis.

Seasonal variability in diversity indices was computed by using PRIMER v6 software. The computed value ranges of 
biodiversity indices (TABLE 1.) were H’ value from 3.4 to 3.66, D value from 6.2 to 8.73, J’ value from 0.965 to 0.979, 
∆ value from 78.06 to 82.11 and the Bray-Curtis similarity was found to be maximum (84.706 %) between summer and 
pre-monsoon. 

A check list of estuarine fish species distributed in the Korampallam thermal estuary, Thoothukudi, southern Tamil Nadu 
was prepared based on the fish biodiversity during the experimental study period. The anthropogenic threats may call for 
conservation and monitoring measures in the near future. 
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The aerobic microbial floc (AMF) characteristics such as size, settling velocity, volume, density index and porosity 
directly or indirectly determines the structure, nature and quality of floc. The characteristics of floc highly influenced 
by physiochemical parameters of culture water. The fertilizers used, particularly the carbon source is responsible for 
floc composition and nutrient profile. Spent wash is the cheapest best carbon source which acts as substratum for floc 
development. Basic understanding on the floc characteristics has not been reported systematically, the present study was 
carried out to develop in depth knowledge on the characteristic of floc developed using the spent wash in order to understand 
its beneficiary effects.

The experiment was conducted in outdoor lined pond (100 ton capacity) in duplicate. The aerobic microbial floc was 
developed using spent wash as carbon source by following Dr. Nyan Taw protocol with minor modification.  Culture ponds 
were facilitated with aspirator aerator to keep the floc in suspension.

The four week study was conducted and the quality of floc was assessed by the  parameters such as floc volume, floc 
volume index (FVI), floc density index (FDI), floc size, structure, settling velocity, porosity, total suspended solids (TSS), 
volatile suspended solids (VSS) and total organic carbon (TOC) as per standard protocol. The floc characteristics were 
analyzed at 6 days interval. The floc volume was found to be increased from 13 ± 0.6 to 43 ± 1.5 ml/l in aerobic microbial 
floc system (figure 1). The floc volume positively influenced the total suspended solids and volatile suspended solids. The 
mixed intensity have connection with floc size which is correlated with physics settling velocity and nature of  porosity. 
The floc structure was irregular in shape with smaller size in initial period as young floc and larger size in final period as 
matured floc. The proximate composition of aerobic microbial floc revealed the status of available nutrients. The protein 
content (16.61 ± 0.02%) was found in the developed AMF which can be useful to balance the low protein feed with high 
nutrition. This study paves keystone to understand the characteristics of aerobic microbial floc.
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Silkworm pupae, a major by-product of the 
sericulture industry is rich source of protein 
(54%) and fat (27%). It has been used in livestock 
production especially in poultry industry with 
positive results. Several workers have also 
utilized the silkworm pupae for growth of fish 
and have reported success in replacing fishmeal 
as an ingredient in fish feed. 

An Experimental trail was conducted over 
a period of 60 days to study the effect of 
replacement of fish meal by silkworm (Bombyx 
mori) pupae meal on growth of ornamental 
Rainbow Shark Epalzeorhynchos frenatum. 
The experimental diets with 35% crude protein 
were prepared using silkworm pupae meal at 3 
different inclusion levels viz., 30% (T1), 40% 
(T2) and 50% (T3), with Fish meal (C) as the 
control. The fishes were fed twice a day @5 % 
of their body weight. The experimental trail was 
conducted in duplicates in happas (3m X 1m X 
1m) installed in a earthen pond. Rainbow Shark 
fingerlings weighing an average of 1.4 g and 
the length 5.24cm were stocked @ 1/m2 in each 
happa. Water quality parameters were monitored 
and recorded daily.

Among the different experimental diets, T1 
with 30% Silkworm pupae yielded the highest 
average body weight gain of 3.14 g, with a 
Food Conversion Ratio (FCR) of 2.33, Feed 
Efficiency Ratio (FER) of 0.42, and Specific 
Growth Rate (SGR) of 1.95 in 60 days.  It could 
be concluded that Silkworm pupae meal can be 
used as a low-cost animal protein to replace fish 
meal up to 30% in the diet.
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Micro - nursery system consists of down - welling and upwelling systems which can be effectively utilized for mass seed 
production of bivalve seed. In the present study down welling system of 2000 l capacity with 4 compartments is used. 
System consists of 32 wells made PVC pipes with 150 µ bottom mesh. Wells were stocked with green mussel,  Perna 
viridis  eyespot  larvae  in different stocking densities and reared for the period  of 30  days to find out optimum  stocking 
density, growth and survival. Eye spot larvae were stocked in 150 µ mesh with 50,000, 1.0 lakh , 1.5 lakh ,  2.0 lakh,  2.5 
lakh and 3.0 lakh   larvae in triplicates. Larvae were fed with algal mixture (20 to 80 litres progressively increasing during 
the period of rearing) Isochrysis galbana and Chaetoceros calcitrans with the cell density of 2.91 - 3.08 x 106 cells /ml 
for entire culture period. From the present study, it was observed  that the percentage survival for the stocking density of  
50,000, 1 lakh and 1.5 lakh ,  2.0 lakh 2.5 lakh and 3.0 lakh is 23.6 , 30.4, 19.3, 18.9, 21.4 and 19.2 and growth rate is 2.7 
mm, 2.76mm, 3.19 mm, 2.26 mm, 2.4 and 2.5mm . The results were statistically tested and presented in the paper.
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Targeted drug delivery describes a new medical concept in which a therapeutic compound is transported around the body 
to reach its target before taking action. To realize this, there is a need for some sophisticated design. A new way of using 
nanotechnology in drug design is inspired from the Japanese art of folding paper called origami, in this context, it is ‘DNA 
origami’. It starts with a single strand of DNA and is folded just like in Origami. Erben and coworkers demonstrated that 
they could encapsulate a single protein, cytochrome c, in a central cavity of a DNA tetrahedron. This work has inspired 
the idea of using DNA nanostructures as a nanocarrier in a drug delivery system. DNA makes people, plants and animals, 
so DNA is in itself not dangerous. We know DNA as storage of genetic information, but this technology uses DNA as a 
building material. Researches have showed that these DNA origami structures can open the lit upon the recognition of 
specific molecules and this property can be used to target some abundant molecules in the cancer cells to provide targeted 
drug delivery in cancer therapy. This makes it possible for the DNA origami structures to identify sick cells from healthy 
cells and only cure the sick cells in that part of the body. DNA origami structures have an exceptional potential for being 
used as a drug delivery vehicle. However DNA origami structures in therapy is not something we will see in near future. 
Currently these structures are very expensive to produce in amounts for therapeutic purposes and still a lot of challenges 
must be addressed. 
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The aquaculture is one of the protein supply and profit based industry to fulfil the human nutrition demand and improve 
their livelihood. The animal protein price is varies according to their production cost and demand but the GIFT tilapia is 
only the fish would provide high nutrition with low cost. The nutrient profile of GIFT tilapia is mainly depends on plankton 
diversity (natural food) and supplement feed (Artificial diet) which is responsible for growth and survival of fish. The 
aerobic microbial floc (AMF) act as good nutrition by nutrient recycling process which enhance the growth performance 
of GIFT tilapia and reduce the feed cost. The present study was conducted to find out the proximate composition and fatty 
acid profile of GIFT tilapia.

Thirty days experiment was carried out in outdoor lined pond (10x10x1m) with microbial floc as treatment (AMF) and 
without microbial floc (Non-AMF) as control in duplicate. The aspirator aerator and fertilizers were used to develop the 
microbial floc. GIFT tilapia seed (0.2054  0.02 g/fry) were stocked at 50 numbers /m2 in treatment and control.  

The group of algae and planktonic group was observed under binocular digital microscope at 10 days interval. On six days 
interval basis the growth performance was measured by using standard formulas and proximate composition with fatty acid 
profile of GIFT tilapia was analyzed by using standard protocol (AOAC, 1995).

The diatom (Navicula and Nitzschia sp) and rotifer (Branchinous and Lecane sp) groups were significantly (P<0.005) 
higher in AMF compared to non-AMF system. The final average body weight was significantly higher in AMF fed fish 
compared to non-AMF fed fishes. The proximate composition of GIFT tilapia were given in table 1. The linoleic (27.72%) 
and eicosapentaenoic acid (1.81%) was higher in AMF fed fish. This study concluded the nutrient profile of GIFT tilapia 
which indicated the higher protein content present in GIFT tilapia.
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Polychaetes are bristle-bearing worms, most abundant and diverse group with approximately 17,000 described species 
from the world. They are multi-segmented worms and assume very great significance from the point of view of ecology and 
aquaculture. In recent years, the demand of polychaetes has been recognized well by the aquaculture industry as it forms a 
potential feed for world aquaculture due to fact that the strong presence of PUFA (Poly Unsaturated Fatty Acid), which is 
very much essential for their egg maturation and increased spawning periodicity. True to its sense, many shrimp hatcheries 
located along the coasts and ornamental fish industry successfully propagate captive brood stock on a commercial scale. 
The reason they cite is diets for acceptable maturation performance of Penaeids which have typically relied on the inclusion 
of polychaetes as maturation feed. Even though various live feeds like meats of crab, squilla, squid and trash fish are 
available, the brooders fed on polychaetes are shown to have better results in terms of growth and maturation in shrimps 
and enhanced colour quality in ornamental fishes as evidenced by many researchers.

Knowing well the immense role of polychaetes as potential live feed, collection of polychaetes is being done indiscriminately 
along the coasts of India. The collection of polychaetes is also a form of fishing and like any other fishery there is a limit 
to the sustainable yield. When it exceeds the limit, it has been perceived as a non- sustainable activity with potentially 
detrimental effects on the natural environment. In light of these, the emergence of system for mass culturing polychaetes 
can provide a means to overcome the ill-effects of unsustainable collection of polychaetes worms from wild population. 
Though many initiatives have taken in foreign waters, in Indian context no such effort has been made hitherto. Therefore, 
presently an attempt was made to mass produce them in captivity so as to cater to the demand by Aquaculture industry. As 
an outcome of the study, the captive bred polychaetes were also experimented with shrimp brooders along with various 
feeding trials, the results revealed that the polychaetes fed brooders showed better results in terms of growth and maturation.
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Incessant exploitation of fish resources including ornamental fishes is rampant in the water bodies world over and India 
is no exception. Fisheries management activities have to be taken up on war footing to manage the depleting indigenous 
ornamental fisheries resources. The study made an attempt to examine the ornamental fisheries management activities in 
Kerala state in India. In the country, management of fisheries come under the purview of the fisheries department under 
state governments. With an objective of fish resource management, the state fisheries in Kerala has formed an organisation 
namely FIRMA (Fish Resource Management Authority). It is now involved in collaborative activities with domestic and 
foreign research and development agencies to derive statistics required for planning and evaluation. Kerala biodiversity 
board is yet another organisation looking into sustainable utilisation of natural resources and promoting the dispersal of 
acquisitions to the beneficiaries in Kerala.

The paper discuss the matter with reference to one particular river in Kerala namely, Chalakkudy river from where 
indigenous ornamental fish collection is on an increase. The study focus on the upstream areas of Chalakkudy river where 
the tribes mainly inhabit. Management of all natural resources in the area is under Tribal Development Board and Forest 
Division. For this study, 3 tribal settlements (Pillapara, Vazhachal and Pokalappara) which wings in Vazhachal Forest 
Division are selected. Various exploitations occurring in the river and the respective regulations practised are noted from 
the response of 63 tribal fishers by direct interview. Overfishing, sand mining, explosive fishing and pollution are the 
common issues in the river. 

The study noted that the resources in the study area are managed by following the forest regulations such as restrictions on the 
movement of natural resources including fish from tribal area to outside, obtaining prior consent from Tribal Development 
Officer and forest officials for performing the activities, clearance pass from range office to transport resources, strict 
patrolling by the forest officials to ensure the activities are in place, prohibition for sand mining and imposing fine or even 
imprisonment for violation of regulations. The penalty depends on the severity of the offence performed. At present there 
are no records or log book maintained exclusively on fisheries related activities. Information on ornamental fish buyers 
visiting tribal settlements to obtain the resources is also lacking. Initiatives are required to keep official records on exercise 
of tribes in ornamental fisheries for effective management. 
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Perna viridis (Linnaeus, 1758) the Asian green mussel, belonging to the family Mytilidae is widely distributed in Indian 
subcontinent. The species is native to the Asia-Pacific and possess importance in molluscan fishery in this region, and 
also considered as an ideal candidate for aquaculture, due to its high nutritional value and faster growth rate. The global 
capture production of the species exhibits considerably declining compared to aquaculture production. The global capture 
production of P.viridis was 1, 65,500 tonnes in 1971 to 4042 tonnes in 2014; whereas the aquaculture production was 1, 
59,474 tonnes in 2014 (FAO, 2017). In India, capture production of P.viridis formed 5.27% (7085 tonnes) of the annual 
bivalve production (1, 34,235 tonnes) (CMFRI, 2016). For sustaining capture production of the species, genetic information 
on wild populations is essential. Moreover, the knowledge of demographic processes of a species is essential for the 
development of responsible hatchery production of a species, sustainable aquaculture and other conservation strategies. 
Earlier studies by Divya et al. 2017 revealed distinct stock structure among P.viridis population along Indian coast using 
mitochondrial markers. In the present study, genetic variation and population structure across the distribution of this 
species from Indian peninsula were assessed using the microsatellite marker panels of 15 loci. A total of 37 polymorphic 
microsatellites identified in P. viridis  were screened  { 8 loci from  Cao et al. (2013), 10 loci from  Lin et al. (2007) 
and 19 loci from Ong et al. (2009)} in the collected specimens from different locations and multiplex panels of 15 loci 
were designed considering secondary structure using Oligo7 and Autodimer softwares. The total number of alleles per 
locus ranged from 11 to 33 and the allele size ranged from 120 to 390 bp. Mean value of observed heterozygosity (Hobs 
-0.741) for all populations was low compared to the expected heterozygosity (Hexp- 0.75). Populations were found in HW 
equilibrium for majority of the loci. Genetic stock identification using Structure software; AMOVA and pair-wise FST 
analysis using Arlequin software, exhibited two distinct stocks - one along the west coast (Arabian Sea) and other along the 
east coast (Bay of Bengal). No significant pairwise genetic distance was noted among east coast population (0.004, P>0.01), 
whereas very low but significant pairwise Fst was observed among west coast populations (0.019, P<0.01). Bottleneck 
analysis indicated genetic stability of species in the wild. P. viridis being an aquaculture important species, the findings of 
the present study strongly suggest the need for adoption of stock specific rehabilitation and relaying programmes of the 
species from Indian waters. 
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Cage aquaculture is an important technology to increase fish production. A widespread and profitable culture of fish and 
prawns in cages has already been developed successfully in Asia, Europe and America. In cage aquaculture technical 
simplicity with which farms can be established or expanded, lower capital cost, feeding, growth and health of stocked 
fishes can be monitored on a daily basis without much disturbance, cultured species are well and harvesting of cultured 
species would be easier and cost effective. As caged fish are generally fed with high protein diets  The present study were 
conducted at the closed bay near Suryalanka, Bapatla, Guntur district Andhra Pradesh.

The Experiment  was  conducted  to study the optimum crude protein for grey mullet, Mugil cephalus seed in floating net 
cages. Mullet fry were obtained through natural seed collection. Rectangular floating net cages made of bamboo poles were 
provided inside with 1×1×2m hapas. Predatory net and bird net were provided. PVC drums filled with air were fixed to the 
net cage for floating. Mullets with mean body weight of 0.95 g were stocked at the rate of 40 fish/m3 in each hapa in the 
rectangular cages. Triplicates were maintained for each treatment. Fish fry were fed with 5 artificial dry diets containing 
12.5% (Control – C (T1)), 15% (T2), 25% (T3), 35% (T4) and 45% (T5) crude protein. The diets were fed at the rate of 
10% of the biomass for a period of 63 days (9 weeks). Water quality parameters like D.O, pH, salinity, NH3, NO-2, NO-3 and 
temperature were estimated at weekly intervals and were within the optimum range for culture of mullet. At the end of 63 
days growth experiment, fishes fed on 25% (T3) crude protein feed exhibited highest growth and survival performance at 
1% and 5% level of significance. The present study showed that Mullets seed reared in floating net cages in the closed bay 
performed best at 25% crude protein. 
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The Pulicat Lake is the second largest brackish-water ecosystem in India and it has a high water spread of 460 sq. km and 
low water spread area of 250 sq. km. This lagoon is drained by three larger inflows and many minor inflows and important 
habitat for different fish species. The aim of the study is to identify the distribution and diversity finfishes in Pulicat Lake. 
Fishes were collected from five different landing centres such as Pazhaverkadu, Annamalaicheri, Arambakkam, Sulurpet 
and Irukkam. During our study period (August 2012 – March 2013), a total number of 44 finfish species belonging to 10 
orders, 33 families was recorded. Among them, Siganidae and Cichlidae family was highest followed by Tetraontidae, 
Theraponidae, and Engraulidae. A Mugil cephalus (Mullet) are major contributory species for both spatial and temporal 
scale. High water spread and rainfall was found as significant factor for finfish species distribution.
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Infectious diseases cause considerable economic loss in aquaculture production due to virulent pathogens and various 
improper farm managements. Prevention is the only way to control disease incidence caused by viral pathogens. Use of 
antibiotics and chemicals in aquaculture is associated with several deleterious side effects. Vaccination is an effective tool 
in preventing and protecting cultured fish from virus diseases and controlling spread of diseases thereby contributing to 
sustainability of aquaculture sector. Therefore, the development of viral vaccines against emergent viral diseases is crucial 
for promoting successful aquaculture production. In this study, experimental recombinant major capsid protein (MCP) 
vaccine of similar damselfish virus was prepared and its efficacy was investigated in similar damselfish (Pomacentrus 
similis). The MCP gene of SRDV containing BamHI and XhoI as restriction sites was amplified from viral DNA with 
specific primer set and confirmed by agarose gel electrophoresis with the target size of 1416 bp. The gel purified PCR 
product was double digested with the said enzymes and ligated into pTriEx1.1 vector followed by transformation in E.coli 
DH5α. Plasmids from two clones namely pTriEx-MCP-1416-1 and pTriEx-MCP-1416-3 were transformed into E. coli 
BL21 (DE-3) pLacI. Two separate colonies obtained after transformation of pTriEx-MCP-1416-1 and pTriEx-MCP-1416-3 
in E. coli BL21 (DE-3) pLacI were used for the expression of MCP gene. The crude protein mixture obtained from the 
colony of E. coli BL21 (DE-3) with expressed MCP inserts was used to assess the efficacy in similar damselfish by intra-
peritoneal injection. After challenge with SRDV, damselfish immunized with recombinant protein showed the low level of 
protection with of relative percentage survival (RPS) value of 18.8% while vaccine added Quil-A® adjuvant showed RPS 
of 26%. Therefore, further investigations are required for the development of effective recombinant protein vaccine and 
assess its efficacy against SRDV challenge in marine fishes.
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In order to find out the compensatory growth pattern in stunted fingerlings of silver pompano, 30 and 60 days stunting 
experiments were conducted in two salinity regimes; marine condition (> 30 ppt) and low saline condition (<15 ppt). The 
fishes were stunted for 30 days or 60 days at a stocking rate of 100 fish / m3 providing a commercial feed (Nutrila, Growel  
India Pvt. Ltd; 45 % crude protein 0.8 to 1.2 mm size) at 3 % of body weight and were further reared (post-stunting) for 
30 days or 60 days at a stocking rate of 20 fish /m3 providing feed at 15% of body weight.  Control was maintained at 
a stocking rate of 20 fish /m3 providing feed at 10 % of body weight throughout the experiment.  The experiment was 
conducted in three replicates. Silver pompano was exhibiting compensatory growth pattern in both marine and low saline 
condition after one month and two month stunting process. Parameters such as final body weight, specific growth rate, total 
feed consumed and FCR indicates growth compensation in stunted fishes.
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Species to be fattened  :Mud Crab (Scylla serrata)
System preferred         :Recirculating Aquaculture System (RAS)
Filters used                   :Sand Filter, Bio Filter, UV Filter
Culture spot                 :Boxes (100 No’s) in Vertical arrangement
Days Of Fattening       :42 days

The “Fattening of mud crab in RAS system” is the system composed of Mud crabs (Scylla serrata) are fattened in boxes 
which is in vertical arrangement shown in Fig.1. Mud crabs below the average weight of 250gms can be fattened. Here 
we can use 100 boxes connected with PVC pipes for inlet and outlet flow of water. Apart from that, we use three tanks 
for holding water for whole fattening period, since it is a RAS system 10% of total volume of water is recycled per 
day. Filtration process should be done in three ways Viz, sand filtration, Bio filtration and UV-filtration. Minimum two 
submersible pumps should be used for making proper flow of water into the boxes. This system can be installed in a small 
room. It is a semi-intensive culture system where proper maintenance is needed shown in Fig.2. Feeding should be done at 
6% of its Body Weight. Feed given includes small trash fishes like oil sardines, tilapia fishes, etc. The initial investment for 
this fattening system is of Rs.7 Lakh/- which is lower compared to other fattening systems.It is more sustainable compared 
to other types of mud crab fattening processes.
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Cage culture of Etroplus suratensis (Pearlspot) was carried out in Krishnagiri reservoir (12°29′20″N 75°53′51″E), 
constructed across the River Ponnaiyar in Tamilnadu. E. suratensis an indigenous cichlid, native to peninsular India is a 
highly priced species in Kerala. The fishes of average weight 5.98 ± 0.52g were stocked at the rate of 10nos/m3 in High 
Density Poly Ethylene (HDPE) floating cages (3x3x2m) made of 210D nylon knotless net with a mesh size of 12 mm. 
Fishes were fed commercial pellet feed containing 32% protein at the rate of 5-3% of body weight twice a day. Water 
quality and growth was monitored in regular intervals. A reference point (N 12˚29ˈ 8.21’’ E 78˚10ˈ29.46’‘) was fixed at 
100 m away from the cage site to compare the water quality as well as plankton abundance between cage site and reference 
site to understand the difference. After 6 months of culture the fishes grew to 68.28 ± 0.35g with a mean weight gain of 
62.3g. During the first two months of culture the mean weight gain was low, with a steady increase for the rest of the culture 
period. Percentage weight gain, specific growth rate, food conversion ratio, feed efficiency ratio and protein efficiency 
ratio of the fishes after 6 months was observed to be 1041.8 ±1.41%, 1.16±0.04, 2.35±0.02, 0.42±0.01 and 1.32±0.01 
respectively. Overall the growth of Etroplus in terms of the analysed parameters was found to be satisfactory in freshwater 
cages irrespective of the low survival (52%). Water temperature was recorded to be in the range of 24.7-32.50C during the 
culture period. Transparency ranged from less 0.4m to 0.5m. Dissolved oxygen content was found to be 6 to 13.9 ppm 
and pH in the range of 8.15 to 9.5. The values for alkalinity and electrical conductivity ranged from 202 to 224ppm and 
1130 to 1236 µs/cm respectively. Comparison of plankton abundance between cage site and reference site showed that 
zooplankton density (no. of individuals/litre) at cage site (91.67a±6.66, 422.33a±12.66, 574.01a±4.58 during 1st, 3rd and 7th 
month respectively) is significantly higher than the reference site (67.17b±6.66, 232.66b±10.02, 452.05b±9.21 during 1st, 
3rd and 7th month respectively) throughout the observation period. Likewise phytoplankton density (no. of cells/litre) at 
cage site (152283a±134.63, 437546a±56.86, 226513a±23.09 during 1st, 3rd and 7th month respectively) was also found 
to be significantly higher than the reference site (112243b±40.42, 330516b±67.62, 148286b±175.94 during 1st, 3rd and 
7th month respectively) throughout the observation period. The high density of plankton at cage site may be due to the 
availability of primary nutrients derived from the decomposition of leftover feed from the cage. 
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Echeneis naucrates commonly known as live sucker shark, one of the most common remoras found around the tropical and 
subtropical waters.This fish belongs to the family Echeneidae. The live sucker sharks (1Male:1Female) were maintained 
in the marine aquarium for a few years and the fishes were well acclimatized to the tank.  They exhibited courtship 
and breeding behavior during the middle of June 2018, and within one week the female started laying eggs. During 
the courtship, male accompanied female to the surface repeatedly and within 10 minutes eggs and milt were released 
simultaneously. Fertilized eggs so obtained via the volitional spawning hatched out within 65 hrs of spawning. Water 
quality parameters in the spawning tank were within the optimum range, temperature 270C, pH-7.5 and Salinity- 35-37ppt. 
Approximately, 2760 eggs were spawned by the female fish on the first day of which 85% hatched out. The eggs are large 
sized (2.5mm), transparent and pelagic in nature and clearly visible to naked eye. The fish is a batch spawner and spawned 
continuously for 26 days. The fishes had shown a diel spawning periodicity, every day at the evening time. The fecundity 
of the fish was estimated to be 68000. Observations were recorded from the eggs to the larval stages of sucker shark with 
special emphasis on the development of sucker. The size of the newly hatched larvae ranged from 8.6 mm–9 mm. Sucker 
development started from 8 DPH onwards when the fish attained a total length of 17-19mm and caudal fin was largest in 
its ratio of total length. Disc development was completed on 19 DPH (32mm TL) and juvenile started to lie on its abdomen 
and continue this posture until its attachment life starts. The larvae were successfully reared for 40 days till it reached 42 
mm SL. This is the first report of natural spawning and larval rearing of live sucker shark in captivity from Indian waters. 
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In intensive aquaculture, use of antibiotics and chemotherapeutics for prophylaxis and treatment has been widely criticized 
for their negative impacts like bioaccumulation of drugs, development of microbial drug resistance and immunosuppression 
in fish. Therefore, development of an effective vaccine may be the best way to check disease outbreak. Hence, there 
is an urgent need to look for eco-friendly disease preventative measures to promote sustainable aquaculture. Natural 
immunostimulants are biocompatible, biodegradable, cost effective and safe for the environment. There has been growing 
interest in the immune stimulating functions of some herbs and other plants in aquaculture. Medicinal herbs contain potent 
bioactive substances, which may influence digestive process by enhancing or impairing enzyme activity and improving 
digestibility of nutrients too. Peppermint (Mentha piperita) is a cross between water mint and spearmint. The active 
component is menthol and contains other components such as menthone and carboxyl esters, particularly menthyl acetate. 
Dried peppermint typically has 0.3–0.4% of volatile oil containing menthol (7–48%), menthone (20–46%), menthyl acetate 
(3–10%), menthofuran (1–17%) and 1,8-cineol (3–6%). The present investigation was undertaken to study the effect of 
dietary peppermint on disease resistance and hematology of Indian major carp, rohu (Labeo rohita).

Four practical diets containing 0.5%, 1%, 1.5%, 2% dietary peppermint powder and 0% normal control feed were used 
for fish. After 90 days of feeding, fishes were injected with intraperitoneally with 0.1 ml of Aeromonas hydrophila 
(LD50=2.3×107 CFU/ml). Hematological parameters and biochemical indices were examined pre-challenge and post-
challenge. Haemato-biochemical profiles such as total serum protein were significantly higher in the experimental groups 
compared to control group. 

It could be concluded that the effect of dietary peppermint at 2% level enhanced disease resistance and hematological 
changes of Indian major carp, rohu (Labeo rohita) against Aeromonas hydrophila. 
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The coastal ecosystems are impacted by anthropogenic activities and habitat of most of the estuarine resident and migratory 
fauna are getting degraded. The studies conducted by Central Marine Fisheries Research Institute (CMFRI), during the 
past two decades have shown that the water quality in the industrial area of Vembanad Lake is being affected. The present 
study aimed at monitoring and grading the aquatic ecosystems of Mulavukad, a coastal village in the Vembanad Lake 
system so that suitable site specific micro level environment management plan could be developed for solving the issues of 
environmental degradation and to improve the resource status and effective utilization of aquatic systems. 

Samples were collected from 43 locations covering different usage categories viz. open estuary, shrimp farms (operational 
and non operational), inland water bodies, canals running through populated areas and mangroves. Water quality was 
assessed based on selected physical, chemical, biological and microbiological indicators using standard methods during 
post-monsoon (October-December 2017). The data set for evaluation of the ecosystem was selected from these water 
quality parameters based on PCA analysis. The selected parameters were scored using linear scoring function and these 
scores were combined into a normalized ecosystem index reflecting the system’s overall health. The ecosystems were 
categorized as poor, fair, moderate and good based on <25th, 25th - 50th, 50th - 75th and >75th percentile values of the 
normalized ecosystem index obtained in the study area. 

Ecosystem grading based on the index revealed that 35% of the estuarine region and 50% of active shrimp farms surveyed 
were in ‘Good’ condition (Fig. 1 and 2). Around 33% of abandoned farms have good production potential in terms of water 
quality. Mangroves showed only fair water quality in 75% of the stations due to the presence of coliform bacteria (Fig.3), 
inland waters being good in 16.67% stations (Fig.4) and canals with good water quality being 12.5%. 
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Water quality assessment was done during August – September, 2018 in selected coastal marine ecosystems viz. lower 
end of estuaries, intertidal waters of  beaches, mudbank region and inshore waters covering the districts of Malappuram, 
Thrissur, Ernakulam, Alappuzha and Kollam in Kerala, India. The surface waters were sampled to analyse selected water 
quality indicators using standard protocols and analytical methods (APHA 1998; USEPA, 2006). 

The results revealed that, compared to the pre flood period, in the Vembanad  and Ashtamudi Lakes, there were increased 
content of  nutrients, especially the dissolved inorganic nitrogen (DIN) (Tables 1 & 2). The major share of DIN was from 
the content of total ammoniacal nitrogen. Total Suspended Solids (TSS) was higher in Ashtamudi Lake but not so in 
Vembanad Lake. In both the Lakes, the chlorophyll contents were higher compared to the pre flood period. Similar trend 
was seen for nutrients and chlorophyll in the samples collected from the intertidal waters.  The mudbank region showed 
increased nutrients, chlorophyll and TSS. The near shore regions off Kochi and off Neendakara also showed increased 
nutrients, chlorophyll and TSS. 

Session: Water Quality and Management
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Wireless sensor network consist of several Sensor nodes connected to each other in the form of a wireless network. Each 
sensor node has a controller and water quality parameter measuring sensors. To monitor WSN, a Field Programmable Gate 
Array (FPGA) based control system is developed. FPGA’s are extremely flexible since it can be reprogrammed to do any 
logical function that can be fit into the number of gates the board contains. FPGA’s are much faster, has higher computation 
power and high parallelism presents a good opportunity to collect WSN data concurrently which makes the study more 
accurate.

Fishes are sensitive to changes in their environment and they respond to these changes with diverse behaviour. Studying 
these behavioural changes such as feeding habit, swimming speed, swimming pattern, resting period etc. would give a 
better understanding of their requisite environment, thereby aiding in management to enhance productivity. There is a 
need for applying economic and rapid methods to analyse fish behaviour in order to prevent any stress and diseases during 
culture period. The use of sensors, Wireless Sensor Network (WSN) and Machine Vision System (MVS) in aquaculture 
opens up a new possibility of evolving an innovative, rapid and inexpensive technique for monitoring fishes. in aquaculture. 

Machine Vision System (MVS) is used for analysing fish behaviour to identify stress factors. Farmers need to keep track of 
the growth rate of fish in order to calculate the right amount of feed to be given. The traditional practice of measuring fish 
size is laborious and stressful. Image processing can be employed for observing the growth rate and size without causing 
any stress to fish. The movement pattern is a direct indication of any stress and thus fish behaviour can be predicted using 
the pattern. Cameras with high resolution are used to capture the video data and the fish are detected in a given frame of 
video using computer vision techniques. An investigation can be performed using Background subtraction, Convolution 
Neural Network, Watershed algorithms for the detection of fish. Following detection, tracking is performed to obtain the 
movement pattern. Many tracking algorithms such as Kalman Filter, KLT tracker and Optical Flow can be investigated. 
Movement pattern of fish is then analysed along with water quality parameter to distinguish a normal pattern from an 
abnormal one. To classify the pattern as normal and abnormal, algorithms such as Support Vector Machine (SVM) and 
Histogram of Oriented Gradient with SVM can be explored. In the present work, an automated, non-invasive and smart 
system for behaviour analysis of fishes is proposed. The outline of the proposed system is shown in figure 1.

Thus with the application of sensors, WSN and MVS in monitoring fishes, a better understanding of the factors required for 
culturing fishes for commercial purposes can be obtained. Also texture and colour features of fish can be used to identify 
different species of fish.
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The Dakshina Kannada and Udupi districts of Karnataka are bestowed with extensive estuarine areas, which is a lifeline for 
small scale fishermen. Of the many brackish water fish species available in the area, Sillago sihama (Family: Sillaginidae) 
commonly known as Indian sand whiting or ladyfish is a highly esteemed delicacy and it forms 70 – 80% of the Sillaginid 
catch of the two districts. There is considerable demand for this species throughout the year but the peak demand is 
observed during the South-West monsoon when the deep sea fishing is mostly suspended due to rough sea conditions 
wherein it fetches a maximum price of Rs.700/kg. An abundance of the seed of this species in the estuarine waters of these 
districts holds prospects of mariculture in cages and ponds. Though attempts to breed S. sihama in captivity were successful 
in a few research settings, the larval survival was very poor, thereby necessitating further research. Obtaining water quality 
data from the nursery grounds will throw some light on the optimal parameters to be maintained in the hatchery so as to get 
the best larval survival rate and growth. Apart from this, 24-hour monitoring of water quality gives an idea as to how the 
parameters fluctuate within a day in that particular brackish water environment.

Water quality can be monitored continuously by means of industrial grade sensors which require minimum maintenance. 
It can be used as part of a larger system to provide users with accurate and reliable data. The system can be connected to 
the cloud so the data can be accessed from remote locations. This allows fish farmers to monitor the water quality of the 
fish farm from anywhere on the globe. Since fishes are very sensitive to their environment, small changes in water quality 
parameter can affect the health and growth rate of the fish, thereby affecting the productivity of the fish farm. By using Field 
programmable gate array (FPGA) as the controller unit for the sensors, it is possible to extend the system after deployment 
if required. FPGA’s consume very less power and has high flexibility which makes it suitable for the circumstances. 
Technologies such as Bluetooth, Wi-Fi, Zig-Bee and Long Range (LoRa) can be investigated as a communication platform 
between remote and control system. Depending on the range offered by wireless technologies, an appropriate platform for 
communication can be decided.  Since FPGA offers great concurrency, all the sensor data can be accessed simultaneously 
making the system real-time.

By designing an FPGA based water quality monitoring system with industrial grade sensors, aquaculturist can be benefited 
considerably. Monitoring of the fish farm can be done remotely thus alleviating the life of fish farmers. A non-laborious, 
automated and power efficient system can be developed with FPGA and state-of-the-art wireless technologies. The principal 
purpose of this work is to develop an affordable and efficient remote water quality monitoring system for the aquaculture 
industry.
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An integrated farming system enables a framer to maximize use of all available farm resources, while ensures enhancement 
of overall farm produced. The integrated system, while promote crop diversification and nutrient recycling, can make 
even the most marginal lands more productive. In an integrated farming, when fish is one of the components, it is known 
as integrated fish farming. It helps in different waste utilization from different culture practices for fish production and 
provides an artificial balance ecosystem where there is no waste. The components are interlinked and can benefit from each 
others byproducts. So there is less wastage and better utilization of resources. The benefit of the system is multidirectional 
like enhancement of productivity and production, uplift of socio economic statuses of farmers, minimize production cost, 
prevent environment degradation, provides self-sustainable farming and food basket for farmer’s family. However, the 
farmer has to learn many aspects of utilization of scare land for maximizing production. In this regard the skill development 
training and extension service have to be multi-discipline and multifaceted. The extension service provided to farmers 
need to be self-sustained effort. Training is imparted to the selected group of farmers with right combination of skills 
and leadership quality to enable them to run their farm successfully and serve as model to fellow farmers. Subsequently 
core farmers’ network is encourage to share resources, supply and market channels. Farmer’s training is conducted at 
community level using local language, extension and training material including ICT tools in real locations in areas of 
improving seed production, grow out, market knowledge, technical improvisation and innovation skill. Finally monitoring 
and supervision is done to assess the impact of training. 
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Interleukin-1β (IL-1β) is an important pro-inflammatory cytokine, which coordinates a variety of immune responses. It 
plays an important role in the host response to microbial invasion, tissue injury and immunological reactions including 
autoimmune disorders. IL-1β was the first interleukin to be characterised in fish and is mainly produced by blood 
monocytes and tissue macrophages. Till now no cytokines have been reported from green chromide (Etroplus suratensis), 
which is an important food and aquarium fish in South and South-East Asian countries. In the present study, IL-1β gene was 
cloned and characterised from E. suratensis (EsIL-1β) and the full-length cDNA sequence was deposited in the Genbank 
(Accession number. KT199302). The complete cDNA sequence of EsIL-1β is 1252 nt long with an open reading frame 
(ORF) of 741 bp encoding a putative protein of 246 aa. EsIL-1β mRNA transcript could be detected in all the 
twelve tissues tested with skin and spleen showing considerably higher expression in normal physiological condition. The 
immune modulatory activity of EsIL-1β against bacteria was studied by challenging the fish with a Gram-negative 
bacterium, Vibrio alginolyticus and Gram-positive bacterium, Staphylococcus aureus. To evaluate the antiviral function of 
EsIL-1β, the fishes were induced with viral imitator poly I:C and mRNA expression profile was determined in four tissues. 
EsIL-1β was constitutively expressed in all the tested tissues. In response to V. alginolyticus and poly I:C, Kidney showed 
the highest expression of EsIL-1β among the tissues tested. However, intestine showed the highest expression against S. 
aureus infection. These results revealed that IL-1β plays an important role in innate immune system against wide array of 
microbial invaders in E. suratensis.
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A study was carried out for six months to assess the diversity and seasonal variation of plankton in coastal waters receiving 
shrimp farm effluents (station 1) in comparison to reference site (station 2) of apparently unpolluted water. The study 
recorded 22 species of phytoplankton at station 1 and 29 species at station 2. With respect to zooplankton composition, 
station 2 recorded more number of species (42) followed by station 1 (35). The density of phytoplankton was found to 
be lower in station 1 (449 cells/l) compared to station 2 (565 cells/l). The maximum density of plankton was recorded 
during summer and observed to be a minimum in monsoon season respectively. In the observations made, the zooplankton 
density ranged from 12,800 (monsoon) to 1, 06,800 (summer) and 15,400 (winter) to 2, 07,000 (summer) at Station 1 
and 2 respectively. In both the stations, maximum density of zooplankton was observed during summer and this might 
be due to the stability in salinity and higher phytoplankton levels. At Station 1 and 2, the species richness index ‘D’ for 
phytoplankton varied from 0.24 to 1.15 and 0.79 to 2.05 whereas the species richness index ‘D’ for zooplankton in station 
1 and 2 varied from 1.16 to 2.59 and 1.09 to 3.84. During the study period in all the stations, the species diversity index 
(‘H’) for the phytoplankton ranged from 0.45 to 1.95. The zooplankton diversity index (‘H’) ranged from 1.87 (monsoon) 
to 2.91 (summer) at station 1 and 1.66 (winter) to 3.25 (summer) at station 2. The study revealed that the plankton diversity 
in coastal waters receiving shrimp farm effluent (Station 1) was significantly influenced by seasonal variations, pollution 
load and other environmental factors when compared to the unpolluted coastal waters of station 2.
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Fish is more vulnerable to deterioration than chicken and red meat hence better and more advanced preservation technology 
is needed. Temperature is a major factor determining the shelf life and quality of fish. Superchilling has been found 
promising for extension of shelf life, depending on water content and soluble substances of fish. In the present study the 
quality changes of superchilled Rani fish were assessed on the basis of biochemical, microbiological and sensory attributes. 
The temperature of unit was maintained at -1 to -3°C, provided with display facility and was powered by the solar energy. 
The collected samples were washed in chilled water, stored in the unit and the evaluation was done on every alternate day. 
The results revealed that all the biochemical quality indices studied decreased significantly (p<0.05) and were within the 
acceptable range, based on the sensory and microbiological analysis, the shelf life of superchilled Rani fish was found to 
be 14 days. 
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Rainbow trout (Oncorhynchus mykiss) is a low volume and high value sport fish of coldwater therefore; production of 
sterile triploid rainbow trout is the major concern for its production enhancement and ecological biodiversity management 
in coldwater. Experimental trials of heat shock treatment to fertilized eggs for triploid induction in rainbow trout were 
conducted at three different sites. Fifteen healthy brooders for each operation were used to get fertilized eggs to get exposed 
to heat shock. Delay timing for thermal shock after fertilization, temperature for thermal shock treatment to retain the 
second polar body and exposure time of treatment were standardized for success of triploidy induction. For better triploid 
induction rate  (TR) heat shock treatment at 280C for 10 minutes can be applied to green eggs. A success rate at 80 % of 
triploidy induction in rainbow trout is possible with 40-46% hatching rate and 57-68% while 74% hatching rate and 72-
80% survival in diploid stock was observed at similar environmental conditions upto swim up fry stage. For verification of 
triploidy induction Karyotyping of fry after yolk absorption and erythrocytes measurements was applied. In treated group, 
three sets of chromosomes (86-90) were observed in chromosome plates. Erythrocytes measurement (µm) reflects the 13% 
larger cell size and 12% larger nucleus in triploids over the diploids. There is 9-19% better growth in triploids over the 
diploids in different rearing conditions at fingerlings stage in a field study of 90 days. The survival of triploids fingerlings 
was observed as 48-68%, while it was 62-72% in diploid stock. Accuracy of heat shock treatment and better rearing 
conditions are required for success of triploids production.  The produced triploids were used for the stocking of hill stream 
and found better growth of the yearlings in natural condition. Aqua tourism has a great potential for its contribution to 
main stream economy of Himalayan states. Triploids fingerlings were reared in the raceways and found 17% better growth 
over the diploids. Due to extra genetic material triploid rainbow trout remain more heterozygous and exhibits enhanced 
growth and survival. Triploid rainbow trout has superior performance traits as compared to their diploid counterparts and 
will negate production losses due to early sexual maturation and related reduction in somatic growth.The technology would 
be helpful for promotion of trout based aqua tourism and better practice of trout aquaculture for livelihood support to the 
people dwelling in hills. The work was conducted under DBT sponsored project. 
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A major goal of the Convention of Biological Diversity (CBD 1992) is to conserve biological diversity, world over. In 2002, 
the Indian Government passed the Biological Diversity Act to meet the obligations under the Convention. Documentation 
of the biological resources is essential in order to aid in their conservation. The national and regional conservation and 
management programmes are data starved and are essentially implemented based on precautionary principle for biodiversity 
conservation. Though the intellectual wealth in biology is abundant in India, it has to be appropriately presented to aid in 
policy making and popular use by the society. A meaningful approach for a national database would be to collate the data 
from all organizations responsible for storing biodiversity information onto a common platform to enable wider access.

The paper reviews the global and national efforts in documenting biodiversity and the current focus of Government of India 
towards biodiversity documentation and conservation. It provides a framework for integrating biological, spatial and genetic 
information of organisms inhabiting diverse landscapes and ecosystems using advanced tools for querying, analyzing, 
modelling and visualizing patterns of species distribution for researchers in India and abroad. The converging points 
between various regulatory frameworks in India concerning biodiversity and habitat conservation, with special reference 
to the aquatic organisms are discussed. The paper highlights the challenges in the integration of scattered biodiversity 
data viz., unwillingness to share data, inadequate data quality, inconsistent data formats / classification systems, lack of 
strategies and resources, etc. and calls for forging knowledge networks, technical collaborations between experts / expert 
agencies, institutionalization of biodiversity data sharing mechanisms and most significantly, leveraging the advancements 
in geo-spatial and information technology. 
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The livelihood security implies the sustainable assurance of the means of livelihood for the people. Development of 
livelihood security index could be one of the most important social indicators for assessing the quality of life, coupled 
with meeting the basic needs of human-beings.  The study was conducted in the Indian state of Jharkhand which is one 
of the early adopters of cage culture in India. Data were collected through field survey in Tenughat, Patratu, Tilaiya and 
Chandil reservoirs of the state in 2018. Among the respondents, 32 were ordinary reservoir fishers and 68 were fishers 
involved in cage fish farming. The indices were developed following Binkadakatti (2013). However, the methodology was 
substantially modified to suit the capture fishers particularly in cage culture in reservoirs.

Reservoir area, owned agricultural land and possession livestock were taken into consideration for natural capital. Physical 
capital connotes the basic infrastructure facilities like type of house, source of energy for cooking, household asset, fishery 
crafts and gears possessed by the fishers. 

Household asset possession refers to the different household materials possessed. Financial capital denotes the capital 
bases or financial resources like cash/annual income, expenditure, credit/loans and savings of the fishers. Good health 
facilities and level of education were considered for human capital. Social capital incorporates the extent of organizational 
participation, and sources of information. Finally the Livelihood Security Index (LSI) was calculated as a ratio between 
score obtained and maximum score possible. The study reveals that, the Livelihood Security of the fishers was found 
to be 42.06 and 36.63 per cent for cage and ordinary fishers, respectively. Human capital and social capital performed 
moderately well among all the capitals. In general, the indices are better in case of cage fishers. Among the components 
of the Livelihood Security, natural capital of both kind of fishers was found to be low (30-31%). This is mainly because 
the land holdings and livestock possession were poor among the fishers. The Financial capital of the fishers was found to 
be highest (75 and 63%) among the various components of the Livelihood Security. This is because better performance in 
loan/credit, annual income and presence of off-fishery or non-fishery income. Most of the ordinary fishers (63%) belonged 
to lower Livelihood Security category followed by medium (30%). Whereas, their counterpart of cage fishers belong to 
medium to high Livelihood Security categories.

These findings show the importance of cage culture in enhancing the livelihood of the fishers. Cage farming has contributed 
to both social capital formation and financial empowerment. They have also accumulated some durable assets due to 
improvement in household income. However, there is much scope for further improvement of the indices.
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In recent years, the amount of wastewater produced from several activities has increased as a result of the rapid improvement 
of living standards. Natural treatment systems are considered one of the best treatment options, particularly in warm 
climates. Macrophytes have capacity to improve the water quality by absorbing nutrients, with their effective root system. 
The reuse of treated wastewater has become a viable option to minimise water scarcity problems.

The objective of the study was to evaluate the performance of two different aquatic macrophytes in waste water treatment. 
This research work was carried out in three different wastewaters such as municipal wastewater, sewage and seafood 
processing plant wastewater using macrophytes (Eichhornia crassipes and Lemna minor ) at four different dilutions [D0 
(Raw), D1(25% dilution), D2(50% dilution) and D3(75% dilution)]. E. crassipes and L. minor were inoculated separately 
at the rate of 10 kg and 0.6 kg wet wt / m2 in 50 l tub containing wastewaters. The water quality parameters were analysed 
once in a week for a period of one month. 

In the present study, maximum of  96% NH3-N removal was noticed at 25% dilution in all the wastewaters. In seafood 
processing plant and municipal wastewater, the maximum of 98% NO3-N was noticed using E.crassipes. Among the three 
different wastewaters, maximum PO4-P removal of 82 and 96% was noticed in E. crassipes and L. minor treated municipal 
waters respectively. The maximum BOD and COD removal efficiency of 85% and 82% were noticed in raw sewage water 
in Eichhornia treated system. Hence, E.crassipes is a potential species for wastewater treatment especially NO3-N, BOD 
and COD removal. L.minor is very effective in removing the PO4-P in all the three wastewaters. The option of macrophytes 
in various wastewater treatments under local environmental conditions can be explored by further verifying the removal 
efficiency under variation of different environmental conditions. Also this is need of hour that macrophyte system should 
be used for treatment of wastewater because their performance is comparable to conventional wastewater treatment plants 
and also the system has very low operational and maintenance costs.
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Prevention and control of fish diseases is a high priority in aquaculture industry which relies on a combination of good 
management practices, use of the few approved and commercially available drugs and vaccines. Most of the bacterial 
vaccines commonly used in aquaculture till now have been inactivated vaccines which are prepared from broth culture 
of a specific strain subjected to subsequent inactivation process. Bacterial ghosts (BGs) are empty, non-living bacterial 
cell envelope devoid of cytoplasmic contents having intact outer surface, maintaining cellular morphology and native 
surface antigenic structures. They have been prepared by making a trans-membrane pore in cell wall due to the activity 
of the expression of the E lysis gene or the critical concentration of some chemical compounds and enzymes. Mostly 
Gram negative bacteria have been used for preparation of such vaccines through gene E-mediated lysis, however, by 
using chemically induced lysis, BGs vaccines are now started to be prepared from Gram positive bacteria as well. The 
cost effectiveness, simple and easy method of preparation of BGs vaccines will provide an alternative way to combat 
the problems facing in preparation of other prevailing fish vaccines. BGs vaccines are able to induce strong protective 
immunity, act as an excellent carriers of foreign proteins and have adjuvant properties itself. They are not genetically 
modified organisms (GMOs), can be stored at ambient temperature if lyophilized. Moreover, BGs vaccines elicit both 
systemic and mucosal immune responses thereby showing strong protection, less stressful to vaccinate fish of any size.  
Such vaccines can overcome the limitations of existing fish vaccines and form a new approach or method developed to 
improve the vaccination in fish. 
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The objective of this study was to evaluate the growth, survival, immune potentials of Indisn white shrimp Penaeus indicus 
reared in biofloc systm with addition of customised beneficial bacteria. The experiment was conducted in tank (1 ton) 
based systems in triplicates. A total of nine probiotics were isolated and screened from successful BFT runs following 
standard protocol. Respective culture of these bacterial strains and their consortium with carbon sources were fermented 
for 24 hrs in sterilised sea water and applied. Optimum C:N ratio (12:1) was maintained for the heterotrophic bacterial 
production by adding required quantity of mixed C sources (wheat flour, rice flour, ragi flour, maida, corn flour, molasses) 
per amount of nitrogen generated after assimilation of feed given per day. The bacterial consortium group, followed by 
certain species like Virgibacillus showed higher growth (p≥0.05) and enhanced immunity than other groups.  The total 
suspended solids (TSS) level was maintained at around 200 mg/litre in BFT tanks. Shrimp survival was approximately 
varied from 80--95%. Net shrimp production performance was 35% higher in the BFT tanks (ABW=10.89±1.2) than in the 
control tanks (7.56±1.78) confirming the utilization of biofloc by shrimp (Penaeus indicus) as food. The immunological 
parameters like total haemocyte count, total protein in serum, pro-phenol oxidase (proPO) activity, lysozyme activity were 
found to be significantly higher in BFT groups than that of the control groups. The gene expression study showed relative 
expression levels of potential immune genes were significantly up-regulated in shrimps grown in these customized biofloc 
groups. This study imply that the customization of biofloc based system with suitable bacterial consortium elucidates the 
production performances as well as immune status of the rearing animals. 
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Biofloc (BFT) based nursery rearing system help provide additional food source, healthy juvenile production with better 
survival and an avenue for nitrogen removal through eco-friendly approach. It should be cost and energy effective with 
quick turn over. However, many questions remain unanswered regarding mechanisms of action and induced antibacterial/
antiviral immune responses in penaeid shrimp especially during nursery phase. The present experiment was designed to 
evaluate the effects of biofloc treatments generated and maintained through three approaches on growth performances, 
physico-chemical parameters, microbial dynamics, feed utilization and immunological assessments in P. vannamei nursery 
rearing. The experiment was conducted in 500L FRP tanks stocked with PL-III stage of pacific white shrimp for 30 days 
at a stocking density of 6000 nos/m3. The heterotrophic bacteria level of 1 X107 CFU/ml was maintained through three 
approaches differing in their generation 1) biofloc lyophilized powder BFP 2) biofloc matured water (BFW) and 3) biofloc 
consortium (BFC) and compared with that of the conventional nursery rearing without biofloc treatment (Control).  BFT 
treatments showed significantly higher growth as observed in average body weight (ABW) (BFP - 0.357 g, BFW - 0.363 g 
& BFC - 0.391 g) compared to control (0.188 g).  BFT groups showed significantly (P < 0.01) higher survival (BFP (80%), 
BFW (79%), and BFC (90%), than control groups. The population of heterotrophic bacteria was (P < 0.05) significantly 
increased in treatments when compared to control. But higher vibrio load was recorded in the control than BFT reared water 
samples. BFT based nursery rearing system improves the water quality parameters when compared to control. Cumulative 
mortality rate of biofloc reared juveniles was significantly lowered when challenge with vibrio whereas control was higher. 
Further, certain immune genes like the prophenoloxidase, crustin, mas, serine protease, alpha2M, antiviral genes and Ran 
were upregulated in these groups. All these findings indicate that BFT nursery rearing system gives optimal and better 
culture condition displaying better survival, growth, disease tolerance, immune activity during the nursery phase and can 
be managed with minimal water exchange.
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Extracellular enzymes as well as biofilm inhibiting compounds producing Bacillus tequilensis was evaluated for its 
probiotic effect on the growth and survival of shrimp Penaeus vannamei larvae under biofloc system. Growth and survival 
was significantly higher (p<0.05) in probiotic supplemented treatments and especially in probiotic customized biofloc 
system. Biofloc system generally maintained the optimum water quality level and the addition of probiotic strains enhanced 
it more effectively. 

The heterotrophic bacterial population was significantly high (p<0.05) in probiotic supplemented groups. The extracellular 
enzyme activities such as amylase, protease and lipase were screened and it was found to be high in probiotic supplemented 
groups. The mRNA expression of the immune related genes was upregulated in the shrimps reared in bioflocs customized 
with probiotic strain. The proteomic variation in muscle tissue from the control and probiotic supplemented shrimps reared 
in biofloc system was determined by using 2D electrophoresis and further MALDI-TOP analysis. Highly significant increase 
in abundance of Daxx OS protein was found in probiotic supplemented shrimps and in addition to this Lit v 1 tropomyosin 
expression was also observed high in probiotic supplemented biofloc groups. Both the proteins playing significant role in 
avoiding viral and bacterial especially Vibrio infection. The results concluded that the biolfoc system is an advantageous 
technology for preventing the pathogenic diseases through the expression of important proteins. 
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With the ever increasing demand and price of fishmeal as an ingredient in aquaculture diet, alternate protein sources for 
complete or partial replacement of fishmeal using insects could be a viable option. Insects represent a noteworthy feed 
source rich in high quality protein as well as other beneficial nutrients. Different insects have been tested as animal protein 
source in food or as feed ingredient for aquaculture like the Black Soldier Fly (BSF). The BSF larvae can be reared easily 
on wide range of substratum like chicken/pig/cattle manure, kitchen waste, fruit and vegetable waste etc. Interestingly the 
composition of the substratum will change the body composition of fly pre-pupae. BSF prepupae grown on vegetable waste 
is composed of 32.53% protein and 22.1% crude lipid.

A 60 days feeding trial was conducted to evaluate the effect of Black soldier fly, Hermetia illucens in the growth performance 
of Pangas (Pangasianodon hypophthalmus). The experiment consisted of four treatments with three replicates each. T1 
(BSF prepupae incorporated diet), T2 (Dried and crushed BSF prepupae), T3 (Fish meal diet) and T4 (Soyabean meal diet) 
were the different treatments based on the feed provided.  Fishes of average weight (1.94±0.14g) and length (6.12±0.44cm) 
were stocked at the rate of 150no./m3 based on completely randomized design. Fishes were fed at the rate of 10% of body 
weight per day. Water exchange was carried out once in two weeks to ensure the water quality parameters to be in optimum 
range for fish growth. 

Fishes fed with crushed and dried prepupae and BSF incorporated diet showed significantly higher (P≤0.05) weight gain 
compared to other treatments. Percentage weight gain recorded significantly highest value (P≤0.05) in fishes fed with 
crushed and dried prepupae and BSF incorporated diet compared with other treatments. Specific growth rate also showed 
similar pattern as that of Percentage weight gain, with highest values (P≤0.05) in fishes fed crushed and dried prepupae 
and BSF incorporated diet. Lowest FCR (P≤0.05) was recorded for fishes fed with crushed and dried prepupae and BSF 
incorporated diet. The present study indicates that BSF could be a suitable protein source for fish feed formulation in 
aquaculture practices. 
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An Oil spill is the release of a liquid petroleum hydrocarbon into the environment. An oil spill has negative effect such as 
Poisoning of marine biota, a decline in fish larval population, risk of loss of endangered species (olive ridley turtle),Reduced 
growth in fish. All engineering aspects was only to remove oil from spill area ,but measures to conserve aquatic life has  
not yet been developed . The DFO method was inspired  from salmon pen culture where acoustic Deterrent devices used 
to frighten the predator which damage the Salmon Pen culture. The same technique used to conserve aquatic life from oil 
spill area. The Off shore drillers can install these AHD near their air gun operators for  avoiding fish intervention near their 
facilities.

DFO  method is diverting the fish from the oil spill area by the technique  using sound pressure waves and fish attractants 
The sound pressure waves either attract (high frequency wave) or threaten (low frequency wave) the fish.. Installation of 
continuous wave sonar & Acoustic deterrent devices (AHD) in oil drilling areas create  a high intense low frequency waves 
. These waves activate the Lateral reactive senses in fish. These  Low frequency waves indicates approaching danger to 
fish .Thus, the  Fish gets frightened away. The DFO method aids in Blue Revolution such as Oil based fish degradation 
reduced,. Ecological habitat remain sustained, Vindicating marine capture fisheries from deterioration during oil spill.                            

 



556

PATHOLOGY ASSOCIATED WITH Pseudomonas sp. IN Pseudoplatystoma Fasciatum

Daniel Paredes-López1*; Carmela Rebaza-Alfaro2 and Ricardo Oliva-Paredes3

*Department of Animal Science, Universidad Nacional Agraria de la Selva, Carretera Central Km 1.21 
Po Box 156, Tingo María, Perú
E-mail: daniel.paredes@unas.edu.pe

Pseudoplatystoma fasciatum is a native fish from the continental wáter in the Amazonian Región from South America. The 
objective of the present research was to describe the pathology and identification of the causal agent of Pseudoplatystoma 
fasciatum mortality in a stuary from the IIAP, located in Pucallpa, Ucayali Region, Peru. 

Pseudoplatystoma fasciatum fingerlings 3.5 months old, 15 
cm long and 65 g weight average were evaluated clinically 
in the estuary; hematocrit, and hemoglobin levels were 
determined. At the necropsy, anatomic changes were 
evaluated and ascitic fluid from the celomic cavity, gills and 
natatory bladder inocula were obtained and streaked on blood 
and Mc Conckey agar and the growth was replicated on TSI 
and cetrimide agar. Clinically, fish were floating on the water 
surface showing breathlessness and loss of equilibrium. 
Hematocrit and hemoglobin levels were 2.8% and 1.8g/dl 
respectively. 

At necropsy, pale color and edema in gills, abdominal 
bloating containing abundant yellowish bloody fluid in the 
cavity were found. Peritoneum showed a bloody coloration 
and edema and the natatory bladder a whitish fluid content. 
The liver was yellowish and the pancreas whitish-gray, 
and both showed increased size. In lumen of the intestine, 
abundant fluid was found. 

Using the blood, Mc Conckey, TSI and cetrimide 
agars, Pseudomonas sp was identified. In conclusion, 
Pseudoplatistoma fasciatum mortality resulted from a 
hemolitic anemia and ascitis associated with Pseudomonas 
sp. infection.
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Spermiation is the process by which mature spermatids are released from the supporting somatic Sertoli cells into the lumen 
of the seminiferous tubule. Aquaporins, the channel proteins which facilitate water and ion exchange, are suggested for 
possible involvement in the hydration of the seminal fluid as well as in sperm motility. The characterisation of Aquaporin 
7 and its expression analysis was carried out in walking catfish (Clarias batrachus). By using primers based on conserved 
regions of other related species, AQP 7 gene was amplified. With the help of RACE PCR, 5’ and 3’ end were amplified 
and PCR product were cloned and sequenced. The sequence results ORF of 972 nucleotide that encodes for a protein of 
323 amino acid with no signal peptide. Six transmembrane helices were predicted using Phyre 2 software. In differential 
tissue expression study in case of female AQP 7 transcripts were found significantly in high quantity in ovary followed by 
intestine, kidney and gill in quantitative PCR and in case of male higher expression was observed in intestine followed by 
testes, kidney and gill tissues. Tissue expression study was studied in gonad after post injection of ovatide at intervals of 0 
hour, 8 hour, 16 hour and 32 hour. In case of ovary higher expression of AQP 7 was observed at 16 hour while in case of 
testes 32 hour shows higher expression. In AQP 7 expression shows higher in mature followed by premature and resting 
breeding season. The findings support the hypothesis of hydration of sperm is aquaporin 7 mediated.
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Infection with Aphanomyces invadans is considered to be one of the serious diseases in freshwater and brackishwater 
fishes. Although more than 4 decades have been passed after its first occurrence in 1970’s in Japan, to date, the disease 
causes large-scale mortalities in fishes with expanding host-range and geographical area. Importantly, there is no effective 
treatment available for the disease. In the current study, we have evaluated the potential of some of the drugs (ketoconazole, 
fluconazole & amphotericin B) and disinfectants (formalin, hydrogen peroxide and potassium permanganate) with known 
antifungal properties, against different life forms  i.e. production and germination of spores, and growth of A. invadans under 
in vitro conditions.  Among the drugs tested, ketoconazole was found to be comparatively more effective in  arresting the 
sporulation, germination and growth of A. invadans  compared to fluconazole & amphotericin B. Among the disinfectants 
tested in the present study, formalin was observed to be more effective in inhibiting production and germination of spores, 
and growth of A. invadans compared to hydrogen peroxide and potassium permanganate. From the results obtained, it 
could be inferred that ketoconazole and formalin have the potential to be used for treatment of  infection with A. invadans 
and their combined effect needs to be evaluated. 

COMPLETE GENOME ANALYSIS OF Flavobacterium psychrophilum ISOLATED FROM 
DISEASED RAINBOW TROUT IN KOREA

Ji-Yeon Park* and Do-Hyung Kim
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Pukyong National University
Repulic of Korea
jiyeon1388@naver.com

Flavobacterium psychrophilum is known as a causative agent of bacterial cold water disease in salmonids and rainbow 
trout fry syndrome. F. psychrophilum is distributed all over the world, and has been reported to be transmitted horizontally 
and vertically. This pathogen has never been isolated in Korea until September 2018. Rainbow trout (Body weight= ~ 70 
g) were moved from a fish farm to laboratory aquarium, and 34% of fish was killed during the acclimation period. In this 
study, genome of bacterial isolate F. psychrophilum was sequenced using PacBio RSII platform and was characterized. The 
genome consists of 2,795,347 bp in a single circular contig, and total 2,737 CDSs were predicted. Phylogenetic relationship 
was analyzed using 825 of orthologous genes retrieved from 71genomes. Our isolate was most closely related to strains 
originated from Denmark. This might be due to imported fertilized egg of rainbow trout from Denmark, considering further 
investigation will be needed. Genome sequencing of major pathogens would provide very important epidemiological 
information such as origin of location and host species.
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The present study was conducted to evaluate the effect of salinity and Ca++ : Mg++ on the physiological and production 
parameters of Litopenaeus vannamei reared in inland saline ground water. A 60 days experiment was conducted at three 
different salinities as three treatment groups T1 (5 ppt), T2 (10 ppt) and T3 (15ppt) at different Ca: Mg ratio of 1:1, 1:2. 
1:3 and 1:4 and L. vannamei juveniles weighing about 3.70 ± 0.02 g were stocked randomly in 100 L capacity plastic tanks 
fortified with 100% K+ to maintain the levels at par with the equivalent salinity sea water. There was 100% survival obtained 
in treatment groups T2 (10 ppt) and T3 (15 ppt) with a Ca: Mg (1:3). The better performance for various growth parameters 
like SGR, FCR, FER and PER were obtained at treatment groups T2 (10 ppt) and T3 (15 ppt) with a Ca: Mg (1:3). Growth 
of L. vannamei juveniles has been observed to be dependent on salinity and Ca++ / Mg++. A positive correlation has been 
observed between the level of Ca++ / Mg++ ratio in the medium and growth of the juveniles. Morphological changes like 
white muscle and muscle cramping were observed in all the treatment groups with 1:1, 1:2 and 1:4. A reduction in the 
growth was observed in all the treatment groups with Ca++ / Mg++ of 1:1. The crude protein content of the muscle was found 
to be increased with increase in salinity. A linear relationship between salinity and serum osmolality was also observed. 
No significant difference was observed among the treatment groups in osmoregulatory capacity due to interactive effect of 
Ca: Mg and salinity. Overall, the best production parameters were attained in the treatment group, T3 i.e., at 15 ppt with 
Ca: Mg ratio of 1:3, followed by T2 at 10 ppt with Ca: Mg ratio (1:3). Significant improvement in the performance of L. 
vannamei had been observed with the improvement in the Ca: Mg ratio from 1:1 to 1:3 at all the tested salinities. So it can 
be concluded that for better growth performance, survival and body composition of L. vannamei in inland saline water a 
salinity of 15 ppt with Ca: Mg ratio at 1:3 is optimum.
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At present, more than 60% of the world’s coral reefs are now under immediate and direct threats from coastal development, 
pollution, unsustainable and destructive fishing practices. Coral aquaculture is an activity of growing interest due to the 
degradation of coral reefs worldwide and concomitant growing demand for corals by three industries: marine ornamental 
trade, pharmaceutical industry and reef restoration. The global trade of marine ornamental species is recognized to be 
a multi-million dollar industry that still heavily relies on the wild collection. The ex situ coral aquaculture culture for 
the aquarium trade, restoration and other commercial purpose has been encouraged as a sustainable alternative to wild 
harvesting which has increasingly threatened coral reef ecosystem worldwide. The ex-situ culture has been practiced in two 
ways i) asexual propagation ii) sexual propagation. Culturing small propagules of coral has the potential for high yield with 
low environmental impact, and good survival. In the asexual mode, small fragments collected from the wild used as seed 
stockings to propagate. Then the stockings kept in small aquaria for regeneration where the substratum is provided. The 
environmental conditions for exsitu coral propagation must closely replicate those found on the reef in natural ecosystem. 
Sexual propagation starts with the collection of gametes (in broadcast spawners) or larvae (in brooders) using planktonic 
nets or larval traps. Once the larvae start settling they will be transferred to grow-out tanks for normal culture where it 
will be cultured for 6-8 months. Comparatively, asexual method of propagation is easier and economical than the sexual 
method of propagation. The successful cultivation and commercialization of exsitu coral aquaculture would help in restrict 
the dependence on wild collection which in turn improves the coral conservation.
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Feeding trial was conducted to evaluate impact of replacement of floating artificial feed (FF) with on-farm grown live 
Wolffia globosa (WG) in semi-intensive carp polyculture system of Catla catla (catla), Labeo rohita (rohu), Cirrhiunus 
mrigala (mrigal) and Osteobrama belangeri (pengba) on individual growth and health performance of fishes, overall net 
fish yield, feed utilization and economic performance of system. The juveniles of catla (10.7±0.54 g), rohu (11.8±0.49 g), 
mrigal (7.2±0.07 g) and pengba (14.4±0.24 g) were stocked in 15 outdoor cemented tanks (5m x 4m x 1m) at a combined 
stocking density of 1.5 fish m-2 in ratio of 20:30:20:30, respectively. Control tanks/treatments (T1) received FF (crude 
protein 25 %, diameter: 3mm) and the freshly harvested WG was utilized to replace the floating feed at levels of 25% (T2), 
50% (T3), 75% (T4) and 100% (T5) on nitrogen/crude protein basis. The treatments were employed to tanks randomly 
in triplicates. Rohu exhibited significantly higher (p<0.05) mean weights (76-86 g) and specific growth rates (SGR; 2.35-
2.55 % body weight gain d-1) for T2-T5 as compared to that of its counterpart in control (54 g & 1.78 % body weight gain 
d-1), respectively while pengba exhibited significantly higher final mean weight and SGR for T2 compared to rest of other 
treatments. Catla and mrigal did not show significant variations (p>0.05) in final mean weight among treatments, however, 
relatively higher mean weights were obtained for T2-T5 compared to that of their respective counterparts in T1. Overall net 
gain in biomass and net fish yield was significantly higher (p<0.05) for T2 and T5 compared to rest of other treatments. The 
feed utilization parameters showed remarkable variations with significantly improved (1.4-1.6 folds) values (p<0.05) of 
apparent feed conversion ratio, protein efficiency ratio and protein conversion ratio for T2-T5 as compared to T1 with best 
values for T5. Further, in general significant improvements (p<0.05) in haematological parameters including Haemoglobin, 
packed cell volume, RBC and WBC-contents were observed for T2-T5 as compared to that of T1, respectively. Digestive 
enzyme activities varied without any clear pattern. Partial budget analysis indicated remarkable improvements (p<0.05) in 
economic performance including 33%-77% reductions in feed cost per kg production and 1.4-1.7-fold increase in net profit 
for T2- T5 compared to that of T1 viz. feeding only with FF, respectively with best values for T5 viz. feeding exclusively 
with WG. Results indicated high potential of replacement of FF with WG for carps under semi-intensive polyculture.
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India with its rich diversity in fisheries resources, contributes greatly in the production and export of the same. Farm 
raised shrimps particularly Penaeus vannamei continues to be an major export item in the international market. India 
has a wide variety of market including USA, Japan, South East Asia, China, etc. It has been reported that there has been 
rejection of the consignment of the farmed shrimp exported from India mainly due to the presence of Salmonella. Hence, an 
attempt was made to examine the incidence of Salmonella in the water and sediment samples of creeks of shrimp farms in 
Nagapattinam District, Tamil Nadu. The water and sediment samples were collected from 10 creeks of shrimp farm region 
namely Vettar (Nagore), Karuvelankadai, Chinnathumbar, Periyathumbar, Velankanni, Vettaikaraniruppu, Vellapallam, 
Kallimedu, Sembodai and Thoppudhurai in the Nagapattinam District to detect the presence of Salmonella. The Isolation 
of Salmonella was done by using conventional USFDA method and biochemical confirmation tests. The molecular 
identification of biochemically positive isolates of Salmonella was done by targeting invA gene, amplified at 284bp. Of 
the 40 samples collected from creeks, 25% of samples were biochemically positive for Salmonella and only one sample 
was PCR positive for Salmonella. Among the ten biochemically positive samples, five each were from water and sediment 
samples respectively. The biochemically positive water samples were collected from Karuvelankadai, Vettaikaraniruppu, 
Chinnathumbar, Velankanni and Thoppudhurai creeks. On the other hand the biochemically positive sediment samples 
were collected from Chinnathumbar, Vellapallam, Karuvelankadai, Periyathumbar and Vellapallam creeks. The PCR 
positive water sample collected from Thoppudhurai creek of Nagapattinam District.
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In the present study, the biochemical compositional differences in the hard and soft shell of blue swimming crab (Portunus 
pelagicus) were examined. Proximate composition, protein fractions, minerals, amino acids and fatty acids, are the parameter 
analyzed along with FTIR spectral analysis to find out functional group variation. The average moisture, protein, fat & 
ash content of  hard shell crabs was 79.02±3.08%, 13.64±1.40%, 0.79±0.57% and 2.55±0.27% and that of soft shell crabs 
was 83.78±1.02%, 9.34±0.85%, 0.34±0.26% and 3.46±0.58%.  Significant difference was observed in protein (p < 0.05), 
but not in fat and ash contents (p > 0.05). Sarcoplasmic proteins are the major fraction (43-45%) followed by myofibrillar 
protein (25-30%) and alkali soluble proteins (24-25%). No significant differences in the protein fraction among the crabs 
(p > 0.05). The six major minerals viz:  Mg, Ca, Mn, Fe, Cu, and Zn were recorded in crab showing an average conc. of 
21 ppm. There was a significant difference in Zn concentration among the soft and hard shell crabs (p < 0.05). Saturated, 
monounsaturated and polyunsaturated fatty acids were 56.35%, 11.61% and 9.69% in hard shell crabs and 50.43% and 
3.49%, 12.35% in soft shell crabs, respectively. This study showed that hard shell crab have more nutritional value in terms 
of proteins, mineral and health beneficially PUFA. 
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The pompano Trachinotus blochii is a very good species for mariculrure due to its high growth rate, hardy nature, but the 
possible of its culture in inland saline ground water have never been tried to explore the potential of this species.  The 
objective of this work was to evaluate the survival of T. blochii in inland saline ground water. Hatchery bred juveniles of 
the T. blochii (average length: 5.4±0.44 cm, average initial weight: 3.8±0.09 g) were used in the present experiment.  Three 
different salinities (5, 10 and 15ppt) were tested in triplicate. Groups of ten fishes were placed in plastic tanks with 100 L of 
inland saline ground water; which was continuously aerated and completely exchanged every 24h. Complete mortality of 
juvenlies in inland saline ground water without potassium supplementation was exhibited at 5 ppt, 10 ppt and 15 ppt within 
12 hrs, 24 hrs and 60hrs respectively. The influence of ionic concentrations in inland saline ground water on T. blochii 
should be studied with more detail, with special attention to fortification of potassium and its effect on growth and other 
physiological parameters in order to determine the potential for T. blochii culture in inland saline ground water.
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Shrimp aquaculture is currently the fastest growing food-producing sector in the world. In cultured shrimp production, 
China ranks first while India stands at fifth position with production of 4,87,470 lakh tonnes. Amongst all the states, 
Andhra Pradesh ranks first and Maharashtra is at sixth position. Maharashtra has a huge potential for the development of 
shrimp farming. Out of 10,400 ha suitable farming area, only 13% area is presently used, so there is a huge potential.   At 
present there are 165 registered shrimp farmers in the state and regulation of shrimp farms is done by Coastal Aquaculture 
Authority and the Department of Fisheries (DoF). DoF has the mandate to provide extension services, conducting training 
and demonstrations for farmers and fishers. DoF allocates brackish water land on lease basis to shrimp farmers, implements 
schemes for brackish water aquaculture development and provides necessary permissions. Capacity development of 
extension personnel involved in shrimp aquaculture is very important because they aim to bring desirable changes in the 
adoption behaviour of farmers by providing them latest knowledge and skills. For this, the DoF personnel should have 
the necessary professional competencies in addition to being a regulatory authority. This is all the more important with 
new technologies coming in at a rapid pace for which farmers require constant technical support. Otherwise alternative 
technical support mechanisms from market and industry will dominate, as the current trend shows. Considering this, 
an investigation was carried out to identify and prioritize training needs of fisheries extension personnel in the area of 
shrimp farming which have the potential to improve their professional competencies. Information was collected from 
55 fisheries extension personnel comprising Assistant Fisheries Development Officer, Fisheries Development Officer 
and Assistant Commissioner of Fisheries who were involved in conducting training, providing extension services and 
implementation of various schemes like blue revolution for farmers. Borich Need Assessment Model which is based on 
competency and discrepancy parameters was used to assess perceived level of importance for each training area on a 
five point rating scale and Mean Weighted Discrepancy Score (MWDS) was used for prioritization. Results revealed the 
prioritized training areas in shrimp farming as per MWDS were shrimp disease management with score of 10.28, followed 
by farming with biofloc technology (score 9.85) and biosecurity management (score 9.65). Latest technology on organic 
shrimp farming with MWDS of 6.02 also was prioritized. In the areas of extension management, with MWDS of 5.40, 
the need of being competent in organizing training programmes along with conducting demonstrations (MWDS - 4.27) 
and through knowledge on BMPs and standards to be maintained in shrimp farming (MWDS - 4.10) were prioritized. The 
training needs analysis indicated that prioritized areas for capacity development of extension personnel are in the areas 
of scientific shrimp farming and extension management. It is thus recommended that capacity building modules should 
incorporate both scientific farming and extension management skills. This will improve professional competencies and 
may create more employment opportunities in rural areas. 
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Aquaculture constitutes 61% of India’s 11.41 million tonnes of annual fish production, and shrimp constituted 68.47% 
of India’s USD 7.08 billion fish and fishery export during the year 2017-18. Application of Veterinary Medical Products 
(VMPs) is an integral part of intensive finfish and shellfish culture operations. A national survey showed that the major 
VMPs sold in retail markets in the shrimp farming areas of India, fell under the categories soil and water conditioners 
(35%), nutritional supplements and feed additives (29%), probiotics and immune stimulants (15%), disinfectants (13%), 
antimicrobials (3%), antiparasitic agents (4%) and others (1%) out of over 1300 products. Farm-level usage pattern 
survey in major shrimp farming states recorded the application of 5.69±0.67 kg disinfectants, 15.84±0.52 kg probiotics, 
36.01±1.29 kg environmental modifiers and 4.67±1.36 kg nutritional supplements per tonne of shrimp production. The 
present study revealed shrimp farms surveyed did not use antibiotics while limited numbers of fish farms reportedly used 
permitted antimicrobials exclusively for therapeutic purposes and no pharmacologically active substance was used as 
growth promoter at any stage of farming. Food safety with respect to antibiotic residues and antimicrobial resistance has 
been the major cause of concern in food animal production worldwide. In India, Department of Fisheries through Coastal 
Aquaculture Authority (CAA) ensures the absence of antibiotics and other pharmacologically active substances through 
mandatory registration. The aquaculture inputs are presently certified under the category of formulated feeds for larvae and 
grow-out, probiotics, chemicals, feed additives, immune stimulants, disinfectants and drugs (Fig.1).

Concerted efforts of regulatory and trade promoting agencies such as, Food Safety Standards Authority of India (FSSAI), 
Export Inspection Council (EIC) of India, Marine Products Exports Development Authority (MPEDA), Coastal Aquaculture 
Authority (CAA) and research organization like ICAR-Central Institute of Brackishwater Aquaculture (CIBA) ensure 
safety and quality of seafood to domestic and international consumers. This has been reflected in the compound growth 
rate of 12.57 and 9.77 for exports and -2.42 and -7.00 for rejections of Indian exports to US and EU respectively in the 
fifteen years (2002-2017) longitudinal study suggesting the continual improvement in the safety compliance of Indian 
seafood traded in the international market. Improvements in monitoring and enforcement of rational usage of VMPs by 
state governments would further enhance India’s seafood safety compliance levels. 



567

EFFECT OF EXTRACTED Mentha arvensis LEAF MEAL ON GROWTH AND ANTIOXIDANT 
ACTIVITY OF Cyprinus carpio REARED IN INLAND SALINE WATER

Dharmaraj Patro*, Prem Prakash Srivastava, Tincy Varghese, Subodh Gupta, Pankaj Kumar, Arya Prabhakaran

Ph.D. Research Scholar, Fish Nutrition, Biochemistry, and Physiology
ICAR-CIFE, Versova, Mumbai-400061, Maharashtra, India
patro.dharmaraj@gmail.com

Mentha arvensis (corn mint, field mint or wild mint) is a species of flowering plant in the Mint family Lamiaceae. It is 
generally cultivated to extract the oil from its leaves and the residue is discarded. This extracted Mentha (Mentha arvensis) 
leaves are an agricultural waste, which can be utilized in the fish feed as it is a good source of protein, energy, minerals 
and antioxidants.

A feeding trail was conducted for 60 days to evaluate the utilization of extracted Mentha arvensis leaf meal (EMLM) in the 
diet of Cyprinus carpio fingerlings reared in inland saline water.  Four iso-nitrogenous (30% CP) and iso-caloric diets were 
formulated with varying level of EMLM viz. 0%, 10%, 20%, and 30% by replacing DORB. The growth and antioxidant 
enzymes were studied.

The results of feeding trial showed that the fish fed with control and T1 diet exhibited the highest weight gain and SGR  
meanwhile, a significant decrease in growth was found at higher inclusion levels of EMLM (20% and 30%). The lowest 
FCR was observed in both control and T1 groups with no difference between them. The group fed with at 20% and 30% 
EMLM showed a significant decrease in antioxidant enzymes activities. The branchial and hepatic SOD and catalase 
activity varied significantly among the experimental groups whereas the GPx activity varied significantly only in the gills 
but not in the liver. The fishes of both control and the T1 group showed highest SOD, Catalase & GPx activity in gill and 
liver.

Our results indicates that 10% inclusion of extracted Mentha arvensis leaf meal (EMLM) can be incorporated into the diet 
for optimum growth, feed utilization and antioxidant activity in Cyprinus carpio reared in inland saline water by replacing 
DORB. Overall, the agro-waste of extracted Mentha arvensis leaf meal (EMLM) can be managed by incorporating the 
same in carp feed. 
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Biosafety evaluation of oxytetracycline (OTC) used for treating specific bacterial diseases in tropical and temperate finfish 
is a major concern in aquaculture. In this study biosafety evaluation of OTC following a 30 days trial as feed additive for 
Cyprinus carpio juveniles was evaluated. Feeding trial of OTC was carried out using five different concentrations, viz., 0, 
80, 240, 400, 800 mg/kg of fish biomass per day in rectangular glass aquarium covered with perforated lids. Three hundred 
fishes were randomly distributed in five experimental groups including a control and the experiment was performed in 
triplicate following randomized block design. The fish behaviour, feeding behaviour and water quality parameters of 
each treatment was observed daily during the experimental period. Percentage survival data and average body weight of  
C. carpio juveniles for each treatment was recorded once in 0, 10, 20, 30 and 40th day. Biochemical activity and histological 
alterations were also noted at regular interval to evaluate the effect of dietary OTC on different tissues of C. carpio 
juveniles. The results of present study depict the safe concentration of OTC which can be administered in feed of C. carpio 
juveniles for optimum growth and survival.  

INCIDENCES OF INFECTIOUS DISEASES IN FRESHWATER AQUACULTURE FARMS 
OF EASTERN INDIA: A PASSIVE SURVEILLANCE BASED STUDY FROM 2014-2018
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and Basanta Kumar Das

ICAR-CIFA, Kausalyaganga, Bhubaneswar 751002, India Tel: +91   6742465421/Fax: +91 6742465407
*Email: anirbancof@gmail.com

During the period 2014-18, a total of 219 cases of fish mortalities were being investigated under a passive surveillance 
programme.  Among different disease incidences parasitic diseases were found to the major contributor accounting for 
74.88% cases followed by bacterial diseases of 12.79%, mixed bacterial and parasitic diseases of 10.50% and viral diseases 
of 1.83%. Among different parasitic cases mixed parasitic infections (37.80%) were found to be premier cause of disease 
followed by argulosis (19.51%), dactylogyrosis (18.90%), myxosporeans (12.80%), trichodiniasis and ichthyophthiriasis 
(3.04%) and other parasites (4.88%). Among bacterial infections, aeromonads group account for 66.66% diseases besides 
few emerging pathogens of public health significance. Catla was found to be the most susceptible species and winter season 
being the most favorable season for occurrence of infectious diseases. Fishes weighing 100-500 g were most vulnerable to 
disease occurrence. This study generated a comprehensive disease incidence scenario in freshwater aquaculture in eastern 
India. 
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Many fishing communities in tropical countries are dependent on stocks that exhibit regular fluctuations relative to climatic 
variations and hence there is an ardent need to combat the unsteady production from these systems. In this background, 
a study has been taken up on clam resource (Villorita cyprinoides) in Vembanad lake as an example in tropical countries 
which has exhibited depletion across the years. The study site, Thycattussery area had a clam bed of 28 ha with estimated 
production of  296.86 kg/ha as reported during 1988-1989 and has reduced now to 17 kg/ha (Kurup, 1990). So the 
adaptation strategy for stock replenishment using culture technologies was done at Thycattussery area. Clams were chosen 
for aquaculture system in Climate Resilient Pen Structures (CRPS) by utilizing the multi-trophic levels in the aquatic 
ecosystem as it is was a sessile filter feeder utilizing bottom niche and it ensured conversion of the atmospheric carbon 
to blue carbon and thus acting as a carbon sink. Small and large clams collected from the wild (Paathiramannal) were 
segregated and stocked at the rate of 5000 nos/ sq.m and 2000 nos/sq.m approximately and an overall 650 kg of baby clams 
were stocked in the pens where in the culture was taken up for a year. The annual growth rate of clams was assessed in 
terms of length and weight as 14.23mm/year and 47.98g/year. The average production obtained from the pen was 2000kg. 
The culture earned a revenue of Rs. 26,300 from sales of clam meat and clam shell. The meat and the shell was separated, 
washed and sold at Rs. 100/kg whereas the shell was sold at Rs. 3500/tonne. The system has a BCR of 1.28 indicating 
feasible production system. The CRPS not only could with stand climatic vagaries but also acted as a carbon assimilation 
as well as blue carbon sink system. This would be a suitable technology to support better livelihood for the associated fisher 
communities and female family members in the inland aquatic system where in double income from fishes as well as clams 
are ensured. The technology not only would provide a better livelihood but also act as a carbon sink which would help in 
reducing the carbon emissions from wetlands so as to curb global climate change.
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Gulf of Mannar is one the important marine biodiversity hotspot bestowed with 115 beautifully colored marine ornamental 
fishes. Among them, anemone fishes belonging to the family Pomacentridae find prominent place in the marine ornamental 
fish trade. This paper helps to understand its growth character, mortality character and reproductive biology of A. sebae.  
This study was carried out for a period of one year from March 2016 to February 2017 at Ramanathapuram CeSA.  The 
landed length ranged between 4.8 cm and 13.12 cm.  They are omnivorous in nature and fecundity is moderate. 

Biological studies of many species of the anemone fishes but Amphiprion sebae were available (Jaccquin, 1975; Bertschy, 
1979:  Britenstein, 1980). Fish specimens were collected from landing center bimonthly as well as from fish trap operated at 
five different places of Gulf of Mannar viz., Keelakari, Mandapam, Vallinokkam, Chinna Ervadi and Vembar to understand 
the biological characters of Amphiprion sebae. Food and feeding habits of these species were studied by using the method 
of the index of preponderance. Fecundity was also determined.

Five species of Amphiprion namely Amphiprion clarkii (Bennett, 1830), A. ocellaris (Cuvier, 1830), A. percula (Lacepède, 
1802), A. polymnus (Linnaeus, 1758) and A. sebae (Bleeker, 1853) were landed during the study period.    Joshi et al., (2016) 
recorded six species from this region. Of these, A. sebae is found to be higher and recorded frequency from nearshores 
upto the depth of 8 mts. They were reported to land throughout the year.  Of the five landings centers observed, they were 
recorded to land at Keelakari, Mandapam, Vallinokkam and Chinna Ervadi.  

Nearly 189 sebae clown were collected with the size ranged from 4.8 cm to 13.12 cm and the average size of 7.6 cm. The 
L∞ was 13.81 cm.  Based on phi prime value (ø’ = log10(K) + 2·log10(L¥) the growth co-efficient was estimated as 0.64 
(Pauly and Munro, 1984). which is moderate. The growth estimate revealed that they reach a size of 4.92 cm during the end 
of first year and 13.85 at fifth year. Mostly matured animals were collected in pairs. The natural mortality was estimates 
as 1.65. Their food and feeding nature revealed they are omnivore and feeds mainly on crustaceans (38.2%) followed by 
molluscs (20%), filamentous algae (18.3%), coral polyp (15.5%) and unknown matter (8%). 

Smallest testis bearing male was found to be 4.2cm. The ovary was first recorded at the size of 4.95 cm. Length at first 
maturity for female was estimated as 5.9 cm (Fig.1).  Earlier recorded smaller matured female was 5.5cm (Pushbaraj, et 
al., 2010). Their fecundity was ranged between 724 to 1515 with the relationship of fecundity= 152.15 X – 201.18.  where 
X= length of fish (cm). The clutch size was found to be higher than the earlier report of Boby Ignatius et al., 2001., and 
Dhaneesh et al., 2011. Two distinct ova diameter were observed. The smaller sized fishes are mostly found to be male. 
This species exhibit protandric hermaphrodite (Fricke and Fricke, 1977).  where it can change its sex from male to female. 

Anemonefish are mostly exploited from the wild. Over dependence of natural resource will lead to depletion of resource.  
Hence, the study, strongly suggests to reduce the dependence of natural stock as it has less fecundity and strongly recommend 
to develop captive rearing protocol to generate alternate livelihood option for coastal fishermen.
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Ethiopia covering a surface area of 1127127 sq km is blessed with rich water resources in the form of large lakes (Crater 
and Rift Valley), reservoirs, lengthy rivers and small water bodies with a water expanse of about 8800 km2 and rivers at 
a length of 7185 km. The country depends largely on inland water bodies for fish production and livelihood. Considering 
the rapid increase in human population which was just 70 million in 1970s has increased to over 110 million in 2018. This 
rapid increase in human population forces Ethiopia to identify additional food production sectors and it is in this context, 
fisheries and aquaculture plays a significant role. Ethiopia must therefore concentrate more on fish production through 
capture and culture fisheries. Although rich in water resources and fish species diversity which is more than 200, Ethiopia 
now bestow interest in the exploitation of only two major fish species namely Nile Tilapia, Oreochromis niloticus and the 
African catfish, Clarias gariepinus from natural water bodies. Recent reports indicate that owing to over dependence, both 
Nile Tilapia and Catfish populations are over exploited and thus the population of both species are depleting rapidly in lakes 
and reservoirs. Besides over exploitation, other factors such as excessive infestation of aquatic weeds particularly water 
hyacinth and disease prevalence in fish species affect fish production and productivity in most lakes in Ethiopia.

The rapid spread of water hyacinth in water bodies has become a subject of great concern in Ethiopia. Weed infestation 
in Lakes of Ethiopia is a recent history, and the available reports indicate that water hyacinth started spreading first in 
Lake Tana and thereafter its infestation has been reported in a number of lakes. Several studies reported the negative 
consequences of water hyacinth to the lentic ecosystem, human health and fish production. Another major factor receives 
the attention of scientists is the prevalence of diseases in cultivable fish species. From a perusal of literature, it is seen 
that some studies were concentrated on the incidence and prevalence of metazoan parasites which are of great economic 
importance. Besides metazoan parasites, research activities were also focused on microbial diseases especially bacterial 
diseases in Nile tilapia, Catfish, and to some extent the common carp, Cyprinus carpio. 

The present paper describes the extent of infestation of water hyacinth in lakes of Ethiopia and its impact on lake environment 
particularly water quality parameters and contributing factor for the incidence of infestation of parasites in fish species. The 
paper also elaborates the susceptibility of commercial fish species to various kinds of parasites and pathogens and their 
impacts on the health of fish and fish production. As lakes are the life and life management systems of millions of rural 
people, the paper suggests ways and means and action programmes to protect the lakes from such devastating impacts of 
water hyacinth and fish diseases to create a sustainable environment to enhance fish production to ensure food security.      
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An attempt has been made to assess the  seasonal Water Quality Index (WQI) using fourteen surface water quality 
parameters including SST, pH, salinity, dissolved oxygen, biochemical oxygen demand (BOD), Chlorophyll-a, nitrate-
nitrogen, nitrite-nitrogen, phosphate, ammonia-nitrogen, turbidity,  total suspended  solids (TSS), total dissolved  solids  
(TDS) and  silicates measured  at  five  different  stations  in  the  creeks  and  nine  near  shore  areas  along  the Maharashtra 
coast during the year 2014 to 2016. Rating scale is developed from mariculture and coastal aquaculture point of view. The 
WQI were computed using Weighted Arithmetic Water Quality Index Method (WAWQI).

The  overall  surface  water  quality  was  graded as “Very 
Poor” for creek stations and “average or  poor”  for  near  
shore  stations  located  in densely    populated    area    along    
Mumbai. However,   sampling   stations   of   moderately 
urban area along  Ratnagiri  coast  in  southern Maharashtra   
rated   as   “average   or   Poor”. Season-wise high-water   
quality index   value for   near   shore   stations   and   creek   
stations reported during monsoon and post-monsoon 
period respectively.  The water quality index ranges from 
133.  056  (monsoon)  to  842.12 (post-monsoon)  at  10  
m  station  off  Mumbai and near shore station at Juhu 
beach, Mumbai respectively.  The  high  value  of  water  
quality index     reported     mainly     due     to     higher 
concentrations of phosphate, nitrate, nitrite and poor  
dissolved  oxygen  content  in  creek  and nearshore areas. 
The main cause of poor water quality  is  associated  with  
discharge  of  semi- treated sewage, urban runoffs, illicit 
discharge of  industrial  effluent  directly  into  the  creek 
and  nearshore  areas.  The application of the developed 
water quality index for mariculture in selected location 
showed that water quality of near shore stations in southern 
Maharashtra is favourable for mariculture than the station 
in northern part. The Weighted Arithmetic Water Quality  
Index  could  be  a  good  measure  for categorizing      ideal      
water      quality      for mariculture  or  coastal  aquaculture.  
Owing to its rapid interpretation of data, it can be a good 
tool    for    water    quality    management    and planning    
for     coastal    zone     management including mariculture.
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A SINGLE RESTRICTION ENZYME BASED RFLP (PCR-RFLP) TECHNIQUE FOR THE 
SPECIES DETERMINATION OF FIVE IMPORTANT LOACHES OF WESTERN GHATS 
USING COI GENE

1 Jaculine Pereira, J., 2B. Ahilan, 3K.Karal Marx, 4R. Jeya Shakila and 5C.B.T.Rajagopalsamy

1 Department of Fisheries Biotechnology
Fisheries College and Research Institute, Thoothukudi – 628008
Tamil Nadu Dr.J.Jayalalitha Fisheries University
jaculine@tnfu.ac.in

Fish food substitution has become an important threat in both domestic and international  markets due to increasing 
international trade, per capita consumption, poaching etc. DNA based technique can be applied to identify  the species 
in any form including embryonic stages or any part of the fish or any form of processed fish food. In the present study, 
a simple method involved a single restriction enzyme based polymerase chain reaction,i.e., Polymerase Chain Reaction 
-Restriction Fragment Length Polymorphism (PCR-RFLP) method was developed as a tool to prevent commercial frauds
in fish trade and for determination of the five important loaches of Western Ghats to avoid substitution of cheaper fish
for more expensive loach species when the usual identifying characteristics are removed. The Western Ghats loaches
includes Lepidocephalus thermalis (Cobitidae), Nemachelilus triangularis, N.guentheri, N.semiarmatus and Bhavania
australis (Balitoridae). The PCR products were digested with single restriction enzyme-Eco RII to identify five fish species
of loaches includes Lepidocephalus thermalis (Cobitidae), Nemachelilus triangularis, N.guentheri, N.semiarmatus and
Bhavania australis (Balitoridae).

The fishes were collected from various locations of Western Ghats -Tamil Nadu and Karnataka State.  DNA was extracted 
from the fish tissue and purity of DNA was analyzed with UV spectrophotometer at 260mm and 280 mm, the purity recorded 
was 1.60 -2.0 (Quality of DNA  indicated as good). DNA amplification was carried out by using the primer of Cytochrome 
C oxidase subunit 1 (COI) gene for Polymerase Chain Reaction (PCR) (Fig.1). The PCR products were digested with 1µl 
(10U/ml), 18 µl  of nuclease free water and 2 µl of 10X buffer. The restriction enzyme digestion was carried out by incubating 
at 37oC for 16h.Finally the digested samples were separated and confirmed with 10% Polyacrylamide gel electrophoresis 
by using DNA markers. Then gel was documented and PCR-RFLP was analyzed for single restriction endonuclease, Eco 
RII, and it was able to distinguish between the five fish species of loaches, all five species could be differentiated (Fig.2). 
Thus, this method can be used to determine fish food fraudulents and also conserve the species. 
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GENERATION OF DNA BARCODE DATABASE AND PHYLOGENIC RELATIONSHIP 
ANALYSIS OF THE LOACHES OF WESTERN GHATS
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DNA barcoding is designed to provide accurate and automated species identification through molecular species identification 
for fish and other animals. Currently, DNA barcoding tool is potentially used in the food industry, diet analyses, forensic 
sciences and in preventing illegal trade and poaching of endangered species. In the present study, DNA barcoding of 
five species of loaches of Western Ghats were analyzed. The five species of loaches includes Lepidocephalus thermalis 
(Cobitidae), Nemachelilus triangularis, N.guentheri, N.semiarmatus and Bhavania australis (Balitoridae).

The fishes were collected from various locations of Western Ghats (Tamil Nadu and Karnataka State),  DNA was extracted 
and purity of DNA was ascertained with UV spectrophotometer at 260mm and 280 mm, the purity recorded was 1.60 -2.0 
(Quality of DNA was good). DNA barcoding was carried out with the amplification of Cytochrome C oxidase subunit 1 
(COI) gene primer using Polymerase Chain Reaction (PCR). The PCR products were sequenced for the  five species and 
the sequences were compared with global database (NCBI) using BLAST. The sequences were submitted to GenBank 
and the accession numbers provided by GenBank for Lepicephalus thermalis were KP744350, KP744351, KP744352 
and KP744353, for Nemacheilus triangularis were KP772689, KP772690 and KP772691, for N. guentheri KP772692, 
KP772693, KP772694 and KP772695, for N. semiarmatus were KP823400, KP 823401 and KP 823402 and for Bhavania 
australis were KP823397, KP823398 and KP823399. The sequences of the five species loaches were used for constructing 
phylogenic tree and compared with the related species from the global databases.

The phylogenic relationship among the species wsa clearly established and closely related species were clustered under 
the same node while dissimilar species were clustered under separate nodes. The average Kimua two parameters (K2P) 
distances within species (conspecific), within genera (congeneric), within family (confamilial) and between families werer 
0.507%, 6.638%, 2.426 and 2.450 respectively.
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EFFECTS OF HEAT-KILLED Lactobacillus plantarum L137 ON LARVAE AND GROWTH 
PERFORMANCE OF WHITE LEG SHRIMP Litopenaeus vannamei JUVENILES
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1College of Aquaculture and Fisheries, Can Tho University, Vietnam
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This study was conducted to determine the effects of supplemental LP20 on growth performance and immune response 
of postlarvae (PL) and juvenile stages of white leg shrimp, Litopenaeus vannamei. The LP20 contains 20% heat-killed 
Lactobacillus plantarum strain L-137 (HK L-137) and 80% dextrin in dried-weight basis. The study was conducted for 
two phases: Phase 1 (hatchery stage- PL1 to PL15) was carried out indoor with four treatments by supplementation of LP20 
at 0.0 g (marked as LP20-0.0), 0.5 g (LP20-0.5) and 1.0 g (LP20-1.0) LP20 kg-1 of feed to the basal diet. The basal diet 
without LP20 was set up as a control that used in the whole experimental period (including Phase 1 and Phase 2). Initial PLs 
of L. vannamei were cultured at stocking density of 75,000 nauplii 0.5 m3 tank-1. The results showed that the final weight 
and length of PLs (at PL15) fed feed containing 1.0 g of LP20 kg-1 of feed were significantly higher than those of PLs fed 
basal diet (P<0.05). Total bacteria count in PL15 was significantly different between LP20 supplemented groups (LP20-0.5 
and LP20-1.0) and without LP20 supplemented groups (LP20-0.0 and control). Phase 2 (nursery stage- PL16 to PL45) was 
conducted continuously from Phase 1, in which, similar-sized shrimps of each treatment, including LP20-0.0, LP20-0.5 
and LP20-1.0 were selected and divided into two groups, fed with a reduction of bacterial doses (at 0.1 g and 0.25 g kg-1 
of feed). The results showed that the highest specific growth rate (SGR) was found in the treatment LP20-1.0 that fed diet 
supplemented LP20 at 0.25 g kg-1 of feed (1.0LP20-0.25) and significantly differed compared with the control (P<0.05); 
however, there was no significant difference in SGR among the LP20 supplemented diets. The highest bacterial densities 
were observed in the hepatopancreas of shrimp of the 0.5LP20-0.1 treatment (in comparison with other treatments, P<0.05). 
Similarly, the lowest Vibrio spp. density (10×103 colony-forming units (cfu) sample-1) was counted in the hepatopancreas 
of shrimp of the 0.5LP20-0.1 treatment. Bacterial challenge test showed that the significantly lowest cumulative mortality 
(7.5%) was found in the 0.5LP20-0.1 treatment when compared with other treatments (P<0.05).  Thus, the findings of this 
study indicated that the supplementation of 0.5 g of LP20 kg-1 of feed to the diet used for white leg shrimp at PL stage and 
continuing feeding PL with 0.1 g of LP20 kg-1 of feed enhanced growth performance and improved immune system.
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SPATIO-TEMPORAL VARIATION IN ICHTHYOFAUNAL COMMUNITY STRUCTURE 
AND EVALUATION OF DIVERSITY INDICES OF HIMALAYAN STREAM NAMPHUK, 
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The study on Ichthyofaunal diversity of Himalayan stream Namphuk, which is originated from Myanmar and flows through 
Rima-Putok and Kharsang of Changlang district of Arunachal Pradesh, North-eastern part of India was carried out from 
December 2015 to November 2016. A total of Four sampling station was covered for the study period. Altogether 48 fish 
species belonging to 13 families from 6 orders were recorded from the river. The Cypriniformes formed the largest group 
with a contribution of 4 families, 21 genera and 34 species. Of the recorded species, following IUCN conservation status, 
40 (83.33%) species were found as least concern, 3 (6.25%) species as near threatened, 2 (4.16%) as vulnerable, 1 (2.08%) 
as endangered and 2 (4.16%) species as not evaluated. Various Diversity indices were evaluated using Primer software. 
The Shannon wiener species diversity index (H) found to be highest (3.484) at station 4 in post monsoon season and lowest 
(1.6115) at station 1 in monsoon, Simpson diversity index (1-λ) recorded highest (1.0) at station 1 in monsoon and lowest 
(0.9702) at station 2 in monsoon season. The value of Margalef’s richness index (d) found to be highest (8.0846) at station 
3 in post monsoon season and lowest (2.5447) in monsoon at station 1. Pielou’s evenness index (J) was recorded maximum 
(0.9858) at station 3 in post monsoon and minimum (0.9770) at station 2 in pre-monsoon season. The diversity indices were 
evaluated by using Primer software. 
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AFTER NINE GENERATIONS OF SELECTION FOR INCREASED BODY WEIGHT AT 
HARVEST IN GIANT FRESHWATER PRAWN Macrobrachium rosenbergii , WHAT IS THE 
WAY AHEAD? 
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Selection for body weight at harvest in giant freshwater prawn (GFP; Macrobrachium rosenbergii) was carried out for nine 
generations from 2007 to 2018. The breeding program was initiated as a part of the bilateral collaborative project (2007 to 
2013) between ICAR-Central Institute of Freshwater Aquaculture (ICAR-CIFA), in Bhubaneswar, Odisha and WorldFish, 
in Penang, Malaysia, which subsequently continued as an in-house project at ICAR-CIFA. The base population was 
established by using a full three by three diallel cross among three geographically distant populations in India. Selection 
for body weight at harvest was carried out for the first three generations using BLUP (Best Linear Unbiased Prediction) 
selection methodology.  From the fourth generation onwards, within family selection was implemented. Methods for 
single pair mating, separate rearing of full-sib groups and individual tagging and pedigree recording were developed. 
Across generations, a total of 431 males were mated in a nested mating design to 543 females to produce 27325 tagged 
progeny. The average realized response to selection per generation was 7%, resulting in an accumulated response over nine 
generations of 63%, relative to the base population. On farm testing of the improved strain conducted in Odisha revealed 
its superior performance. Now, the faster growing strain needs to be disseminated so that the improvement realised in 
the breeding nucleus is passed on to the farmers. However, rapid expansion of farming of Litopenaeus vannamei in India 
led the GFP hatcheries to shift production to L. vannamei seed.  Presently, very few hatcheries are producing GFP seed. 
Therefore, the way forward in dissemination of the improved GFP is to identify hatcheries that are still in operation 
and encourage them to become the multipliers of the improved stock. However, our attempts to do so have not been 
fruitful.  Many hatcheries currently in operation are of the backyard type, and unwilling to take up the task. To reverse the 
situation strong institutional support and financial incentives need to be provided to the selected hatcheries for undertaking 
seed production using improved stock.  Furthermore, concerted efforts from all stakeholders starting from policy makers, 
research organizations, developmental agencies, hatchery operators and scampi farmers are needed to develop a sound 
strategy for the revival of GFP farming. 
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INFLUENCE OF BIOFLOC MEAL ON THE GROWTH PERFORMANCE OF PACIFIC 
WHITE SHRIMP, Litopenaeus vannamei
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The present study was undertaken with an objective of evaluating the effect of dry biofloc meal on growth performance of 
Litopenaeus vannamei fed with different inclusion levels of dry biofloc meal such as 20% (T1), 30% (T2), 40% (T3), 50% 
(T4) and Commercial shrimp feed (C). Post larvae were fed with different experimental feeds, thrice a day, at the rate of 
8.1 - 2.3% based on the total body weight. After 60 days, higher weight gain was recorded in commercial feed (C - 11.55 g) 
followed by 20% inclusion level of dry biofloc meal (T1 - 10.76 g), 30% dry biofloc meal (T2 - 10.26 g), 40% dry biofloc 
meal (T3 -  9.18 g) and 50% dry biofloc meal (T4 - 7.8 g). One way ANOVA of the data collected clearly affirmed that 
significant differences (p<0.05) was observed among the different inclusion levels of dry biofloc supplements. From this 
study, it was concluded that between the different inclusion levels of dry biofloc supplementation and control diet tested, 
control diet (commercial shrimp feed - C) exhibited highest growth followed by T1 (20% dry biofloc meal), T2 (30% 
dry biofloc meal), T3 (40% dry biofloc meal) and T4 (50% dry biofloc meal). Among the different inclusion levels of dry 
biofloc meal diets tested, 20% inclusion (T1) showed better growth rate than other inclusion levels. Apparently, among the 
different test diets tested (T1, T2, T3, T4 and C), no significant differences were observed between       C & T1. Although 
Control diet (commercial shrimp feed) showed higher growth rate than     T1 (20 % dry biofloc meal), considering the 
relative growth performance and cost of the feed, T1 diets could be considered for the culture of Litopenaeus vannamei.
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FISH AS BIO-REACTOR - PRODUCTION OF HUMULIN
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Introduction
Intervention of fisheries knowledge in human health through innovative idea of insulin production. Diabetes currently 
affects more than 371 million people worldwide and is expected to affect 552 million by 2030. There is every possibility 
for producing insulin through hybridising rDNA technology and fisheries science. By adopting this technique using Indian 
major carps as bio reactors, India can rank top in insulin production and can attain self-sufficiency in terms of export.
 
Methodology
The following optimum conditions are maintained, temperature - 37 ⁰C, growth media - LB broth, pH 5.5.5-8.5, generation 
time-20-40 min. The multiplication takes place by means of inoculating E. coli colonies into about 4 ml cultures, and are 
freshly inoculated into larger cultures of 500 ml. E-coli is administrated into fish feed, 10 ml was centrifuged at 500 g/10 
min washed in PBS. Then added to 5 g feed pellets, mixed and air-dried at room temperature. Fishes were fed twice a 
day for 2 to 5 days. Colonization by adherence of E-coli to the intestine of fishes. This is due to fimbrial and non-fimbrial 
adhesions. Adhesins – Bfp, Intimin, flagella, LifA/Efal. Then the nutrient requirements of E-coli are essential amino acids, 
C, H, O, N, S. P, K, Mg, Fe, Ca, Mn, and traces of Zn, Co, Cu, and Mo are administrated. Environmental conditions are 
maintained at temperature – (32-33⁰ C), aeration is given, feeding frequency is twice a day, water exchange is 100%. The 
insulin is secreted by E-coli in the fish gut in the sequence of 153 nitrogen bases - 63 in A chain, 90 in B chain. Then it is 
extracted by mechanical filtration, chemotrophism and centrifugation at 3000g for about 5 min. The purification is done by 
means of HPLC and Immobilised metal Affinity Chromatography   

Result
The fishes used are carp varieties like rohu. As, they are eurythermal and bentho-pelagic, suitable for adopting this technique.

Conclusion
In India, total annual expenditure by patients on diabetes care was, on average, INR 10,000 (US $227). Therefore, the 
estimated annual cost of diabetes care of India would be approximately 180,000 million rupees. Hence by adopting this 
scientific technique we can reduce economic burden of India.
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Nothing is waste in this world. An innovative idea is used to generate electricity by using fish scales. Collagen in fish 
scale is used to produce piezoelectric impulses. Currently, industrial and manufacturing is the largest application market 
for piezoelectric devices. Strong demand also comes from medical instruments as well as information technology and 
telecommunications. The global demand for piezoelectric devices was valued at approximately US$14.8 billion in 2010. 
Development of biodegradable energy harvester from raw fish scales which could be trapped as a sustainable green energy 
source for next generation self-powered implantable medical devices. 

Methodology
Fish scales, a by-product that is usually thrown away, contain collagen fibers that possess a piezoelectric property, which 
means that an electric charge is generated in them in response to mechanical stress.

The researchers have synthesized flexible bio-piezoelectric nanogenerator (BPNG) from this bio-waste. The bio waste is 
collected in the form of hard, raw fish scales from a fish processing market.

The scales are washed with running water and filtered to remove impurities. Then kept in oven 70⁰C to remove water from 
the fish scales. Then subjected to demineralization process using EDTA. Then it is dissolved in acetic acid to make them 
transparent and flexible. It is then made into thin sheets which are folded one over the another and compressed which 
creates a potential.  The energy is harvested by keeping the electrodes on both sides and laminated them. The recycling 
of the fish by-products into the BPNG via one step process is a promising solution for the development of value-added 
products and also to reduce the e-waste. The nanogenerator also scavenges several types of ambient mechanical energies 
such as body movements, machine and sound vibrations, and wind flow which are abundant in living environment, and 
even repeated tapping with a finger. Repeatedly touching the BPNG with a finger can turn on more than 50 blue LEDs. The 
direct piezoelectric effect of fish scales from electricity generated by a bio-piezoelectric nanogenerator under mechanical 
stimuli - without the need for any post-electrical poling treatments.

Applications
It can also be used in self-powered implantable medical devices, surgeries, e-healthcare monitoring, as well as in vitro and 
in vivo diagnostics, apart from its myriad uses for portable electronics.

Conclusion 
In the future, our goal is to implant a bio-piezoelectric nanogenerator into a heart for pacemaker devices, where it will 
continuously generate power from heartbeats for the device’s operation. It will then degrade when no longer needed. Since 
heart tissue is also composed of collagen, our bio-piezoelectric nanogenerator is expected to be very compatible with the 
heart. Disposal of the fish bio-waste increases environmental pollution.
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EXPLORATION OF DIFFERENT CARBON SOURCES ON MICROBIAL BIOFLOC 
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A 90 day experiment was conducted to investigate the production of microbial floc using four different carbon sources 
and its effect on growth and body indices of Pangasianodon hypophthalmus with body weight of 6.4 ± 0.05 g. There were 
totally four experimental groups using carbon sources viz. Tapioca (BFT-T), sorghum (BFT-S), pearl-millet (BFT-PM) 
and finger-millet (BFT-FM) and one control (no addition of carbon sources). The carbon sources were added to different 
experimental tanks to establish a biofloc at carbon/nitrogen (C/N) ratio of 15:1. Growth was monitored at fortnight intervals, 
body indices were analysed at end of the experiment. Fishes reared under the groups of different carbon sources added 
displayed higher Daily increment( DI), specific growth rate (SGR), and daily growth index (DGI) than control (CW) groups 
(P<0.05).  Feed conversion ratio (FCR),) was improved in the all BFT treatment groups when compared to clear water 
treatment. Body indices like hepato-somatic index (HIS) and viscera-somatic index (VSI) were not significantly influenced 
by different carbon sources used in this study. Significantly highest floc volume was observed BFT-FM treatment groups 
.Based on the results, finger-millet could be used as a best carbon source to yield high amounts of microbial biofloc and to 
improve the growth performance of P. hypophthalmus . 
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A groundnut oil cake (GNOC) based control diet (C) was prepared without the incorporation of brewer’s spent yeast 
and marigold as natural carotenoid source. In the test diets, GNOC was replaced with 30% brewer’s spent yeast and 
incorporated with carotenoid pigments (200 mg/kg diet) of two different coloured (orange and yellow) marigold flowers  
from the same species Tagetes erecta. The test diets were designated as T1 (30% replacement of GNOC by brewer’s spent 
yeast and without incorporation of carotenoid pigments), T2 (30% replacement of GNOC by brewer’s spent yeast and 
incorporation of 200 mg carotenoid pigments from orange coloured marigold) and T3 (30% replacement of GNOC by 
brewer’s spent yeast and incorporation of 200 mg carotenoid pigments from yellow coloured marigold). The control and 
test diets were fed 60 days in an indoor experiment to evaluate the growth, survival, and skin coloration of the koi carp 
Cyprinus carpio L. The diets were fed in triplicates using 12 FRP tanks (250 L).                      

Twenty fish (4.0 g) were randomly distributed in each tank. The feed was given twice daily @ 4% fish body weight. The 
fish were batch weighed in every 15 days interval and the feeding ration was adjusted accordingly. The initial and final 
coloration of the skin of fish was estimated following Oslon (1979) and Kumar et al. (2017). The experimental results 
indicated that there was no mortality in fish fed control and test diets. The weight gain, FCR, SGR and PER of fish 
were significantly better (P<0.05) in test diet groups as compared to control diet group. However, no significant different 
(p>0.05) was observed in these nutritional and growth parameters among different test diet fed groups. The skin coloration 
of fish fed diet T-2 was better significantly better (p<0.05) than the other dietary treatment groups. 
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Emergence of different pathogenic strains has changed the status of Escherichia coli from a non-pathogenic feacal 
indicator bacterium to a leading global pathogen. Seafood is highly susceptible to contamination by E. coli at various stages 
from harvest to consumption. In this study, E. coli was isolated from the seafood collected from different landing centers 
and markets in Mumbai, India. The isolates were identified and confirmed as E. coli biochemically and by Polymerase 
Chain Reaction (PCR). The isolates were further characterized by screening for different virulence genes characteristic of  
Enteropathogenic E. coli (EPEC), Enterotoxigenic E. coli (ETEC), Enterohemorrhagic E. coli (EHEC), Enteroinvasive E. 
coli (EIEC), Enteroaggregative E. coli (EAEC) and Diffusely adherent E. coli (DAEC). All the samples harbored E. coli 
suggesting widespread fecal contamination of seafood. Out of 400 isolates screened from 20 seafood samples, 224 (56%) 
were confirmed as E. coli. Of these 224 E. coli isolates, 122 (54.5%) isolates were from fish and 102 (45.5%) were from 
shellfish. Comparative analysis of isolation media revealed that MacConkey agar, Eosin Methylene Blue Agar and Sorbitol 
MacConkey Agar allowed better isolation of E. coli from seafood compared to HiChrome agar. Virulence genes such as 
eaeA, bfpA, stx1, stx2, hlyA, st, lt and aggR were detected in seafood isolates of E. coli by PCR, suggesting the occurrence 
of the different pathotypes of E. coli in seafood. The result of this study strongly suggest the presence of pathogenic E. 
coli in seafood. There is a need to understand the routes of contamination of seafood and the health implications due to the 
presence of different pathotypes of E. coli in seafood. Suitable control measures are urgently needed to prevent seafood 
contamination with pathogenic E. coli and ensure the safety of seafood for consumption. 
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Channa striata commonly known as striped snakehead is a high valued fish and cultured on commercial scale in many 
countries in the Asia Pacific region. Considering the success in hatchery breeding technique for this species in India 
and other countries, there has been a growing interest to develop the proper feeding protocol for the early larval stage 
of this species. In the present study, different combinations of feed and feeding protocols for first feeding larvae (60 hrs 
post hatching) of C. striata were evaluated in laboratory trials for 28 days. This study was carried out at Air-breathing 
Fish Breeding and Culture Unit, ICAR-Central Institute of Freshwater Aquaculture, Bhubaneswar. Experimental design 
consisted of five distinct experimental groups (T1- fed with commercially available larval diet, T2- fed with freshly hatched 
Artemia nauplii, T3- fed with a combination of freshly hatched Artemia nauplii and commercial larval diet , T4- fed with 
mixed zooplankton, T5- mixed zooplankton and commercial feed in combination) in triplicate following a completely 
randomized design. Forty numbers of 60 hours old larvae were released in 15 litres capacity aquariums filled with 12 L of 
well oxygenated fresh water. Sampling to measure the length of individuals was done on 14th and 28th day of the experiment 
while the weight was measured at the end of the experiment on 28th day. In this study, complete mortality of larvae was 
observed in T1 within 7 days of the trial period. The treatment fed with artemia nauplii only (T2) had the maximum mean 
individual length (17.53 ± 0.21 mm) at 14 days which was significantly different (P<0.05) from other treatments while at 
the end of 28 days, treatment fed with mixed zooplankton and commercial feed in combination (T5) had the maximum 
mean individual length (30.46 ± 0.53 mm) and weight (266.83 ± 11.804 mg) followed by T4, T3 and T2 respectively. 
This indicated Artemia nauplii as a suitable diet for C. striata during first 14 days but mixed zooplankton or combination 
of zooplalnkton and commercial inert diet should be used after 14 days for faster growth. The study also concludes that 
acceptance of inert diet by C. striata larvae sets in 16-17 days after hatching. Another interesting observation was that 
co-feeding promotes size heterogeneity and cannibalism among the individuals of the population probably because of the 
differential preference of the animals to inert diet and consequent emergence of dominance hierarchies. At the end of the 
experiment highest survival percentage of 91.66 ± 2.204 % was observed in T4 followed by T2, T3 and T5 respectively.
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Intensification of aquaculture practices to enhance the production at par with the increasing demand has led to more 
dependency on supplementary feeds. Feed cost has a significant share of about 60-70% of the total production costs and 
hence, feed wastage needs to be minimal in a culture system. Overfeeding leads to feed wastage while underfeeding affects 
the production. Feeding devices that will effectively dispense the feed in the ponds are of great importance. Demand type 
feeders have been found better to reduce feed wastage as compared to automatic feeders that dispense fixed amount of 
feed at preset timings. Since most of the farmers in underdeveloped and developing countries can’t afford systems using 
high-end technology, low cost indigenous systems are necessary to meet the needs of small and marginal farmers. This 
study aims to develop a novel feeding system which will simply mechanize the current method of feeding practiced by the 
farmers and optimize the amount of feed dispensed, thus reducing the feed wastage. The designed feeder is mobile, hence 
can feed aquaculture ponds of any size.  The prototype of the proposed design has been constructed and is under thorough 
testing in laboratory and field conditions.  

HORMONAL IMPLANTATION PLAY KEY ROLE IN CAPTIVE MATURATION OF 
STRIPED MURREL Channa striata

Aparajita Priyadarshani*, Rajesh Kumar,  Saumyendra Nanda, Dharitri Choudhary, Jitendra K. Sundaray 
and Bindu R. Pillai

Aquaculture production and Environment Division, ICAR-CIFA, Kausalyaganga
Bhubaneswar-751002, Odisha, India

E-mail: aparajitapriyadarshani92@gmail.com 

An experiment was conducted to know the  effect of  different dosages of HCG implanted hormonal pellets on gonadal 
maturation of  striped murrel Channa striata. Sixty four broodfish of Channa striata (500-700g ) were randomly distributed 
in 8 tanks, in duplicates, following a completely randomized design. Each tank (8 m2) contained 8 numbers of fishes (4 
males and 4 females). Fishes were implanted with different doses of sustained HCG hormone pellets such as: HCG pellets 
@ 500 IU/Kg body weight of fish (T1), HCG pellets @ 750 IU/Kg body weight of fish (T2), HCG pellets @ 1000 IU/
Kg body weight of fish (T3) and pellets without HCG as control (C).  A water depth of 50 cm was kept throughout the 
experimental period and about 30% of water was exchanged on alternate day. After 5 weeks of hormonal implantation, 
sample was taken for the estimation of reproductive hormones (estradiol and testosterone), gonadal development (egg 
diameter, gonadosomatic index (GSI)). Breeding performances (eggs output, fertilization rate and hatching rate) were also 
estimated for all the groups. The estradiol level, testosterone level, ova diameter, GSI, eggs output and hatching rates were 
significantly high (p<0.05) in treated group in comparision to control group. T2 showed highest  testosterone level (84.76 
± 2.37 pg/ml), GSI (3.94 ± 0.180%), fertilization rate ((95.0 ± 2.0%) and hatching rate (91 ± 2.5%). The results of the 
present study indicated that HCG @ 750 IU/Kg body weight of fish may be suitable for better maturation and spawning 
performance of C. striata fish in captivity. 
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Higher natural resource dependency of marine fishers makes them more vulnerable to natural disasters. Strengthened 
livelihood system makes the fishers better able to cope with the adverse impact of the disasters, by enhancing their adaptive 
capacity. In this context, a study was conducted to examine the sustainable livelihood status of marine fishers in Odisha, an 
eastern state of India. The study made use of the Sustainable Livelihood Approach (SLA), which has been widely used as 
an effective tool to study vulnerabilities and capabilities in the context of a disaster. The livelihood status of fishers was 
assessed through components of sustainable livelihood i.e. human capital, natural capital, physical capital, financial capital, 
social capital, and access to livelihood support system. 

For the purpose, Sustainable Livelihood Index (SLI), with minima 0, and maxima 1, was used. The study was conducted 
in the Balasore and Ganjam districts of Odisha.  A total no. of 120 fishers was selected by employing multi stage sampling 
method. Human capital is the vital component of sustainable livelihood which facilitates the access of the household to 
other livelihood capitals. The overall human capital index score was found to be (0.46±0.09).  Natural capital index score 
for the coastal fishers of Odisha were found to be lower (0.17±0.30). Physical capital index, which signifies the basic 
infrastructure and producer goods needed to support livelihood was (0.30±0.22). The overall financial capital index was 
(0.31±0.11). The social capital of fishers, which is the social resources (networks, social claims, social relations, affiliations, 
associations) upon which people draw when pursuing different livelihood strategies was found to be on the higher side, the 
overall social capital index was (0.7± 0.11). Access to livelihood support system was higher in case of both Balasore and 
Ganjam, which is evident from the index score (0.89 ± 0.04). 

The present study reveals the lower level of sustainable livelihood status (0.48) which erodes their ability to mitigate and 
makes them more vulnerable to adverse impact of disaster. It is recommended to take up specific policy interventions or to 
reformulate the existing policy in a target specific manner to enhance the livelihood capitals of marine fishers in Odisha.
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Fishmeal has been considered as the main protein source in the commercial fish diets. The emerging demand for fishmeal 
imposes a major constraint for aquaculture expansion; with less availability of fishmeal; competition for their use with 
other animal production sectors and considerably higher cost. These significant factors demand sound explorative studies 
towards replacing fishmeal with other aqua-feed sources.  It has been a challenge for aquafeed industry and fish nutritionists 
since long especially under the light of thoughts on sustainability of capture fisheries. Scientists are searching for alternative 
protein sources especially from plant based products with nutritional “matching”. Guar meal is considered as a potential 
non-conventional feed ingredient in fish feeds with many other plant proteins. It contains 40-50% protein. This study was 
conducted to evaluate the effect of ‘Guar sprout meal’ as a protein source for fingerlings of Tilapia in circular FRP tanks 
of 100 L capacity.

Five experimental diets named as F1, F2, F3, F4 and F5 (isonitrogenous and isolipidic) were formulated containing guar 
sprout meal at 0, 25, 50, 75 and 100% levels by replacing fishmeal and other feed ingredients (Table 1). The experimental 
diet with 0% guar sprout meal was the control. Each treatment had three replications. The practical diets were fed to 
triplicate groups of 20 fingerlings (4.26 ± 0.021 g mean initial body weight) at 5-7% of their body weight, twice daily for a 
period of 45 days. Significant differences were evident between treatment groups (P<0.05) on growth parameters, SGR and 
FCR. Among the tested doses, diet containing 25% guar sprout meal showed significantly higher final weight, percentage 
weight gain and specific growth rate compared to other treatments and control diet (Table 2).
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Shrimp farm is a growing industry and has an opportunity to employ a number of people. In the state of Andhra Pradesh 
there are 1,57,000 ha is under scientific shrimp farming area. However, statistics on number of workers involved in shrimp 
farms is not available. This paper assesses the profile of workers in shrimp farming and the occupational injuries faced by 
them. Information was collected through interview schedule and discussion with shimp farm and hatchery workers of East 
Godavari, Andhra Pradesh. Results showed that workers are involved in hatchery and farm work. The work usually done 
by hatchery worker is tank cleaning/painting, artemia decapsulation, live feed culture, brood stock management, Nauplius, 
zoea and PL management and PL packaging etc. Farm workers are involved in the activities like excavation of ponds, 
construction of dykes, farm operations like application of feed and other inputs, checking the water quality, harvesting  
etc. Study on profile of workers revealed that average age of hatchery workers was 22.26 years and for farm workers it 
was 36.6 years. Working experience of the farm workers (19.73 years) was more than hatchery workers (2.16 years). Farm 
workers had lower education level while 60% of hatchery workers  had primary and secondary education. Daily working 
hours of workers in farm and hatchery was reported to be 8 and 11 hours respectively. Remuneration of farm workers 
was more (Rs.11,000/ Month) than hatchery workers (Rs.9,000/ month). Along with the remuneration, additional benefits 
of food, lodging and medicine is also provided. Most of the farm workers were local from nearby villages whereas most 
hatchery workers were  from Visakhapatnam district which is about 150 kms away. Study on occupational injuries revealed 
that 90% of shrimp farm and hatchery workers have faced some kind of occupational injuries. The occupational injuries 
could be classified into physical, chemical, biological, ergonomics and psychosocial. A total of 33% workers reported 
physical injuries which included fall, cut, sprain, head injury and electric shock. About 17% reported chemical injuries are 
like skin infection, burnt skin, respiratory problems and eye infection. Biological injuries like snake bite, skin irritation and 
dysentery were reported to be 13%. Ergonomics injuries like hand pain, shoulder pain, neck and back pain were reported 
by 17%. Psychosocial injuries included frustration, mental irritation and anxiety which were faced by 17% workers. Study 
has found that shrimp farming provides employment opportunities to workers. However, they are exposed to occupational 
injuries of different kinds for which prevention measures are required. So it is recommended that appropriate policy should 
be in place to address occupational issues of shrimp farm workers.
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Shrimp farms were selected along the Kendrapara coast, Odisha. The area of each experimental pond was 0.2ha. The 
experiment was conducted during the period from March, 2016 to June, 2016(120 days). The experiment was designed 
on completely randomized design (CRD) having 3 treatments, each with three replications. 13 days old PL of Penaeus 
monodon were collected from hatchery and acclimatized for a week in laboratory condition before stocking in pond. In 
the treatments (T1, T2 and T3), tiger shrimp was integrated with Gracilaria verrucosa, whereas ponds without seaweed was 
served as control. The tiger shrimp and seaweeds were stocked at densities of 5pc & 2 kg/m2, 5pc & 2.5 kg/m2 and 5pc 
& 3kg/m2 for the first, second and third treatments respectively. In culture ponds it was 23.61 ±3.20g (T0), 26.63±3.15 g 
(T1), 33.26±5.60g (T2) and 29.91±4.82 g (T3). Statistical analysis indicated that there was a highly significant difference 
in the average body weight between integrated model and control pond (p< 0.05). Growth performance of shrimp pond 
integrated with Gracilaria verrucosa was higher than the shrimp of control pond. This could be achieved due to the efficacy 
of seaweed to maintain good water quality by reducing ammonia content and increasing dissolved oxygen content. 



590

STATUS OF WATER AND SEDIMENT QUALITY CHARACTERISTICS OF SEAGRASS 
AND MANGROVE ECOSYSTEM OF TUTICORIN COAST, GULF OF MANNAR

P. S. Asha*,  K. Diwakar,  H.Sivanesh and  V.Kripa

Tuticorin Research Centre of CMFR Institute
South Beach Road, Karapad, Tuticorin-628 001,Tamil Nadu, India
ashasanil@gmail.com

Anthropogenic pressures of various sources and magnitude bring about a lot of changes in the physicochemical 
characteristics, of the seagrass and mangrove ecosystems of the world. A study was conducted during the period Jan-
December 2015 to elucidate the status of the physicochemical aspects indicating the healthiness of these ecosystems in 
Tuticorin coastal waters, which was threatened due to the impact of industrialisation over a while. Seawater, sediment and 
infaunal samples for quality parameters have been collected every month and analysed following the standard procedures. 

Not much variation noticed in the air and water temperatures and pH between the two ecosystems. Except for the dissolved 
oxygen concentration, which was significantly higher in the seagrass ecosystem (p<0.01), elevated levels of most of the 
water quality parameters like GPP, chlorophyll, T.S.S, TDS, ammonia and nutrients like nitrite, phosphate and silicate were 
noticed at the mangrove ecosystems. The significant proportion of the sediment both in the mangrove and in the seagrass 
beds was constituted by fine sand followed by coarse sand, clay and silt.  The fine sand and coarse sand proportions 
are significantly varied between stations (p<0.001). The percentage of organic matter, organic carbon and N2 were also 
comparatively higher in the mangrove beds. The benthic productivity was more or less similar to the same numbers of 
taxa (six groups each were noticed in the mangrove as well as seagrass beds). Bivalve was the major benthic group with a 
mean density of 21.7±5.38nos.m-2 at the mangrove beds whereas isopod constituted the dominant constituent with a mean 
density of 21.67±7.21nos.m-2 in the seagrass beds. The density of macrobenthos was higher in the seagrass ecosystem and 
varied between 1.34 and 3.87g.m-2. In general, the mangrove ecosystem which is under the influence of high saline water 
from neighbouring salt pans is more critical as evidenced by the abnormal water and sediment quality parameters. 
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In recent years, the aquaculture industries are focusing on natural/fresh feed to obtain the healthy products without 
adulteration. In the present study, the efficacy of different animal/fresh feeds (Polychaete, Clam and Trash fish) on the 
growth performance and proximate composition of Pacific white shrimp Litopenaeus vannamei was investigated comparing 
pellet feed as control. The results revealed that the shrimps fed with polychaete feed showed the higher growth performance 
(Length: 12.3 cm; Weight: 16.5 g) and better survival rate (90 days) than the other animal feeds. The higher growth 
performance and better survival rate in polychaete fed shrimps may be attributed to high level of proteins (52.71%), lipids 
(21.28%) and carbohydrate (14.08%) than the other animal feeds (clam and trash fish). This study proved the efficiency of 
polychaete on the growth and survival of L. vannamei, which will serve as benchmark data for the aqua-farmer to improve 
their livelihood.
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Foldscope is advantages to those regions where the budget and availability of high end instrumentation is severely limited. 
Foldscope is the ultra-affordable, portable, paper based microscope having magnetic couplers with ball lens kit capable of 
140X magnification and 1.9 micron resolution to give optical quality similar to conventional research microscopes.  The 
experimental microscope was attached with high quality camera of android phone. The microscope slides were manually 
manipulated under the phone mounted foldscope lens and pictures with magnification was taken to confirm the presence 
or absence of fish parasites. Study was conducted to determine if the foldscope could be used as low cost microscope for 
identification of fish parasites. The present study in identification of the parasites through foldscope revealed that the fish 
parasites can be visualized. The images taken through foldscope were found similar to that of light microscope. The mobile 
mounted foldscope has sensitivities of 72% and specificities of 100%. In the study, fishes collected from five freshwater fish 
farms and five ornamental fish farms from Krishnagiri and Chennai regions, external parasites like Anchor worm (Lernaea 
sp), Fish Louse (Argulus sp), Ichthyophthirius, Tricodina, Heteropolaria, Gyrodactylus (Skin fluke) and Dactilogyrus (Gill 
fluke) were identified. We conclude that, the foldscope is alternative field level low cost tool for diagnosis of fish parasites 
at farms of small scale were no formal laboratory and instruments are available.

With the increase in demand for fish the practice of aquaculture has been intensified. Consequently, aquaculture has been 
facing various hazards with virus, bacteria, fungi and parasites. Fish disease is a serious problem because of its rapid spread 
through water to neighbouring aqua-farms. Therefore rapid and accurate diagnosis is required to control the disease and 
to prevent the spread of disease. Traditionally, fish disease diagnoses were made using the accumulated experiences of 
fish-farmer or fish-veterinarian. But the accuracy of the final diagnosis ultimately depends on the skill and experience of 
the person and the time spent studying each diseases. Most of the equipment required for fish disease diagnosis is more 
expensive. In order to solve this problem, a low cost foldscope has been used to help diagnosing fish diseases. Foldscope 
is the ultra-affordable, portable, paper based microscope having magnetic couplers with ball lens kit capable of 140X 
magnification and 1.9 micron resolution and to give optical quality similar to conventional research microscopes. This 
handy-pocket type portable foldscope can be used to evaluate sample biopsies in the field. When wet mounts are examined, 
it is important to determine the proper identification of a parasite or other organism is much easier when its size is known. 
The paper deals with the adoption of foldscope as a tool for diagnosis of fish disease in aquaculture systems. The present 
study was conducted from five freshwater fish farm units and five ornamental fish farm units from Krishnagiri and Chennai 
regions respectively and the incidence of fish parasites in these units were studied using foldscope for a period of eight 
months. During the study period, different fish parasites were identified. 
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India is bestowed with huge floodplain wetland resources (5.54 lakh ha) that support rich biodiversity besides providing 
nutritional and livelihood security to the rural populace. The variability of climate manifested by elevated temperature, 
erratic and abnormal rainfall, drought etc., have adversely impacted the wetland ecology, biodiversity, fisheries and in turn 
livelihood of the resource poor fishers. In this context, it is essential to develop and demonstrate suitableadaptation strategies 
for increasing adaptive capacity of wetland fishers. In the present study, we successfully demonstrated climate resilient 
adaptation techniques in two floodplain wetlands of West Bengal. A new adaptive strategy i.e. CRPS (Climate Resilient 
Pen Systems- (100 m2 X 6)) has been installed which has capacity to withstand adverse climatic events. The main objective 
was conservation of small indigenous fish species besides production of Indian Major Carps in floodplain wetlands. In 
Mathura wetland, Labeo bata and Systomus sarana registered a weight gain% of 452.28% and 324.9% respectively in 90 
days. Adults of G. chapra (avg weight: 9.5g) grew to 14.5 g in 90 days. The young ones of average size 3.8cm and 0.57g 
were also observed in pens indicating natural spawning success in pen.Among IMCs, Catla catla and Labeo rohita showed 
maximum weight gain in Bhomra and Mathura wetland respectively. CRPS is found to be a viable option to increase the 
adaptive capacity of wetland fishers in the changing climate scenario. 
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White Spot Syndrome Virus (WSSV) is an enveloped, double-stranded DNA virus causing severe mortalities (up to 100% 
within 3 to 10 days) of cultured penaeid shrimp globally including India. Development of effective therapeutic strategies 
requires lab scale challenge studies with the virus. The WSSV challenge studies have been carried out mostly in adult 
specimens through oral, immersion and intramuscular injection routes. However, the immersion challenge of early life 
stages has been ineffective as reported by several authors. The present study was carried out to standardize WSSV challenge 
protocol in P. vannamei juveniles.

The WSSV infected P. vannamei were collected from a shrimp farm in Navsari, Gujarat. The infection was confirmed 
by the presence of prominent white spots on the exoskeleton and PCR. Virus inoculum was prepared and the viral copy 
number was estimated by absolute quantification using qunatitative PCR assay. Infectivity of the inoculum was confirmed 
on the adult shrimps (30 to 40g). The WSSV challenge study was performed on three body weight (bw) groups (10-20mg, 
30-40mg and 50-60mg) following identical experimental design consisting of two treatments with three replicates each. 
Animals were immersion challenged with 100µl of two different viral titers (105 and 104 virions per µl) in 1L of sea water 
for 2h, transferred to clean sea water and monitored for 20 days post-immersion (dpi). 

No WSSV positive mortality was recorded in the experimental group of 10 to 20mg body weight. The PCR and nested 
PCR assays revealed the absence of virus. Similarly, in the second experiment (30 to 40mg), no WSSV positive mortality 
was recorded. Nested PCR detected the virus, but the animals did not die. In the third experiment (50 to 60mg), 100% 
mortality was recorded at 10 and 13 dpi in animals challenged with 100µl of 105 and 104 copies/µl inoculum, respectively. 
First mortality was recorded on 4th dpi and 5th dpi, respectively. The qPCR assay indicated an increasing trend in viral copy 
number till the end of the experiment. The experimental details are given in Table 1. The present study suggests 50-60 mg 
body weight to be the minimum size for WSSV challenge studies in P. vannamei juveniles. 
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The present study analyzed the changing scenario of volume, value, principal markets and composition of seafood exports 
of India. The objective of the study was to estimate the compound growth rates, as well as the market concentration 
of Indian seafood exports. Analysis revealed that frozen shrimp continued to be the flagship product of Indian seafood 
exports (2004-2014) and South East Asia including China recorded the highest compound growth rate among the different 
principal markets of Indian seafood exports.

The Herfindahl-Hirschman index (HHI) (Table 1) revealed that Indian seafood exports enjoyed a high level of overall 
market concentration. The Markov’s transitional probability matrix revealed that the frozen shrimp will be the mainstay of 
Indian seafood exports and both USA and South East Asia including China would remain a stable market. The matrix also 
revealed a minor shift of share of Japanese market to European Union (Table 2). Forecasted values indicated similar results 
as previously obtained. European Union and South East Asia were expected to improve their contributions to total value of 
Indian seafood exports substantially by 2020 (Table 3).

(Continued on next page)



596



597

CONSTRAINTS OF WOMEN IN RETAIL FISH MARKETING AT THOOTHUKUDI, TAMIL 
NADU

Gopika R*, Rajakumar M, Umamaheshwari T, Ganesan P and Kanaga V

Fisheries College and Research Institute
Tamil Nadu Dr. J.Jayalalithaa Fisheries University
Thoothukudi, Tamil Nadu, India
gopikaremadevi17@gmail.com

The role of women in fisheries sector and their participation in marketing is not well recognized. Eventhough women play 
a significant role in the field of fish retail marketing, they are facing a lot of challenges in their day to day life. Hence, the 
study attempted to examine the constraints faced by women in retail fish marketing sector. The study has been undertaken 
in Thoothukudi region of Tamil Nadu. The sample size of the study was 50 which was selected by simple random sampling 
method. The primary data were collected from the respondents using survey schedule. The collected data was tabulated 
and analysed applying Rank Based Quotient Technique. The study revealed that the middlemen exploitation, uncertainty 
in price, inability to carry fish to longer distance, lack of hygienic condition to sell fish, competition from other retailers, 
non-availability of fish in marketing were the major marketing related constraints faced by them. Similarly, high debt and 
dowry along with little or no influence in decision making process, low literacy rate, lack of education and shortage of 
drinking water facilities were the major socio-economic constraints. Production incentives to those engaged in marketing, 
strengthening the fisheries cooperatives, lending amount with minimum interest are suggested to improve their condition to 
some extent. They should be made aware about the various schemes and policies implemented by the Government so that 
the exploitation by external forces can be minimised.
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A 90-day experiment was conducted to study the impact of salinity on growth and physiological response of Pangasionodon 
hypophthalmus fingerlings with different saline conditions such as 0 (control), 5 (T1), 10 (T2) and 15 (T3) ppt. Fingerling 
with an average body weight of 8.47 g, stocked uniformly to all the treatments with a stocking density of 40 fish/tank 
in three replicates and fed with a commercial feed (crude protein 30%). At fortnight interval, 25% (10 fish/tank) of the 
stocks collected to record the length and weight of individual fish. Blood and liver samples collected at 30-day interval 
for assessing the stress, digestive enzymes and immunological parameters. The average body weight and specific growth 
rate were higher in 0 and 5 ppt reared fish compared to those at higher salinities. The best FCR (1.59 ± 0.02), higher FER 
(0.63 ± 0.01) and PER (1.03 ± 0.01) were observed in 0 ppt group. No significant difference was observed in the survival 
rate of fish among the treatments except 15 ppt group. The RNA:DNA ratio of muscle was significantly higher at highest 
salinity (15 ppt) which indicated the higher osmotic energy demand at higher salinities. The immune parameters such as 
respiratory burst activity, superoxide dismutase and myeloperoxidase were significantly higher in 0, 5 and 10 ppt groups. 
Significantly, lower catalase and lysozyme activity were observed in 0 ppt group. The fishes indicated stress response 
in terms of increased cortisol, glucose, aspartate aminotransferase and alanine aminotransferase at higher salinities. The 
reduced digestive enzymes of amylase and protease activity were also observed in 15 ppt raised fishes which can be 
further correlated with their reduced FER and PER. Hence, the present study concludes that P. hypophthalmus reasonably 
exhibited good growth performance, immune, digestion and stress mitigation ability up to 10 ppt which indicates that 
Pangasius culture is possible in brackish water (up to 10 ppt) without any negative effect on its homeostasis.
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Fermentation remains the oldest means of food in India and other Asian countries. It is one of the cheapest and suitable 
method to maintain food safety and quality. In India, many traditional rice based fermented foods are being prepared. Some 
of them have been scientifically investigated and have also been reported to have health benefits. Fermented rice is a 
desirable staple food in Tamil Nadu. The objective of the current study was to investigate the changes in Milled rice (raw R, 
cooked C & fermented F) and Hand pounded rice (raw R, cooked C & fermented F) during fermentation (Table 1). Rice 
samples were cooked by traditional excess water method. Fermented rice was prepared by soaking the cooked rice and was 
allowed to left overnight at room temperature for fermentation to take place.

During fermentation there is no significant difference in the fat, ash and fibre content. Protein was found to be lower in 
cooked and higher in fermented samples. Decrease in starch and increase in reducing sugar content was observed during 
fermentation. Anti-nutritional factors such as total phenol and tannin content were found to be decreased during cooking 
and fermentation. Studies shown that this will increase the bioavailability of micro nutrients present in the sample. RS was 
found to be higher in HP rice and lower in the fermented samples thereby improving the digestibility. Protein digestibility 
was also found to be improved during fermentation. Decrease in pH and increase in titratable acidity in the fermented rice 
confirms the occurrence of fermentation. The organisms present in the fermented rice were enumerated. Among the total 
bacteria present in the fermented sample, most of them were Lactic acid bacteria. Studies shown that most of the LAB in 
the fermented foods have probiotic potential which will be an additional benefit. Hand pounded samples were found to be 
highly nutritious than milled samples because of the presence of bran layer. A new product was developed using fermented 
rice in Shrikhand, a Gujarati sweet made using curd. This serves as a nutritional pool and helps to overcome nutritional 
deficiency malnutrition in developing countries like India.
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Curcumin, an organic substance mainly derived from the plant Curcuma longa. It was reported for various biological 
activities and indispensable for its role on pharmacotherapeutics. However, the toxic effect of such naturally occurring 
compounds has been reported to be harmful after certain threshold concentration. The present study focused on the curcumin 
toxicity on zebrafish (Danio rerio) embryo. The lethal dosage of curcumin on zebrafish embryo was found to be 135µg/
ml. The endogenous antioxidants were drastically decreased in zebrafish with different concentration. The morphological 
changes such as delayed hatching, spinal curvature, pericardial edema were observed. 
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Five yearly analyses (2012–2016) was done for delineating the trend of environmental parameters with special reference 
to water quality on  phytoplankton biomass at 5 m depth and 10 m depth, off Cochin, during post monsoon (October – 
January).

The concentration of phosphate and nitrate at 5 m depth at surface and bottom waters were found to increase from 
2012-16 in October months. These nutrients showed decrease with more fresh water influence, as they showed lower 
concentrations during high rainfall. The higher content of nitrate in water in October 2016 can be linked to the positive 
LTA (Local Temperature Anomaly) of 2.16°C, in this region in October 2016, indicating strong upwelling (Fig. 1). The 
silicate concentration in water was in accordance with the rainfall variation at 5m depth, but not so at 10 m depth, where fresh 
water influence was less. 

At 10m, there was consistently higher biomass of phytoplankton in November in all years from 2012 – 2016.  In November, 
over the years, the nitrate values showed an increasing trend in surface waters at 10m depth (Fig. 2.). Except for the bloom of 
Noctiluca sp in December 2013, January 2015, November 2015 and December 2015, diatoms dominated the phytoplankton 
biomass in the months of October to January during 2012-16. In January 2016, Cyanophyceae and Coccolithophore were 
dominant.

The results (Fig. 3 and 4) of correlation analysis done for the months of October – January (2012-2016), separately for 5 m 
and 10 m depths, gave indication of influence of nitrate on phytoplankton biomass. Influence of rainfall on silicate, nitrate, 
water temperature and phosphate on chlorophyll are also signals of environmental influence on phytoplankton biomass and 
community structure. 
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The quality of water generally refers to the component of water present at the optimum level for suitable growth of plants 
and animals. Mass mortality of Oreochromis niloticus was observed  in a lake in Katpadi during November 2018. To 
understand the situation, water samples were collected to analyze the different physical chemical and biological parameters. 
The comparison with the standard values revealed high level of turbidity, total dissolved solids, hardness, alkalinity and 
phosphate in the water. Analysis of algae showed the presence of many species including Microcystis sp. (Microcystis 
aeruginosa). On suspicion, the affected samples were screened for Tilapia lake virus (TiLV) and found to be positive 
indicating the abnormal water quality stress could be an inducer of the disease.

Aquatic organisms need a healthy environment to live and adequate nutrients for their growth. The maximum productivity 
can be obtained only when the physico- chemical parameters are present at the optimum levels 

This study was conducted in Katpadi lake, Vellore. The water samples were collected as the standard methods of Boyd (2015). 
The phytoplankton analysis was carried out using the samples of 1L of water fixed in lugol-iodine solution. Parameters 
such as temperature, pH, electrical conductivity, dissolved oxygen and turbidity, were directly evaluated in the study area 
whereas other parameters were analyzed in laboratory. The algal diversity included Mougeotia, Sphaerocystis, Euglena, 
Pinnularia, Chrysomonads, Oscillatoria, Rhizoclonium, Tribonema, Oocystis, Phormidium, Chilomonas, Mallomonas, 
Tetraedron, Chlorella, Asterionella, Synedra, Stauronesis, Microcysts and Spirogyra.

RNA extracted from tissues of tilapia that exhibited redness in skin, swollen eye balls and swimming abnormalities and 
screened for TiLV. Results showed that the samples were positive by RT-PCR analysis (Fig.1).  
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Extruded snack products are predominantly made from cereal flour tend to be low in protein and have a low biological 
value. This can be overcome by enriching cereals usually with protein rich food stuff. This study was conducted to utilise 
green mussel (Perna viridis) to produce a nutritious extruded snack product. The snack was developed using corn flour, rice 
flour, chickpea flour, and mussel (Perna viridis) using twin screw extruder. The extrudates were subjected to acceptability 
studies by a panel of judges using 5 points hedonic scale. Microbial and nutritive value of the product were assessed. 

 The prepared extrudates were packed in two types of packing material (Aluminium laminate and LDPE pouch) for shelf 
life assessment and stored at room temperature. Peroxide value, TVB-N, Total Plate Count, Total Fungal Count, Salmonella 
and Organoleptic evaluation were carried out during storage period. The product packed in laminated aluminium foil pouch 
was found suitable for packing. The extruded snack product has good consumer acceptance and shelf stable for two months
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Soup can be a nutrition powerhouse, packed with protein, minerals, fibre. Soup is easy to prepare and takes less time. This 
study was conducted to develop instant fish and shrimp soup cubes with good consumer acceptance. Ingredients used in 
fish and shrimp soup cubes were standardised organoleptically without using any added preservatives. The ingredients used 
are onion (40 %), coriander (0.5%), hydrogenated fat (4 %), salt (6.62 %), milk powder (4.5 %), sugar (2.2 %), pepper (3.3 
%), monosodium glutamate (0.67 %), garlic (1.2 %), corn flour (1.2 %) and sago (1.2 %). The time and temperature for 
dehydration of fish and shrimp in cabinet dryer and cubes formation in baking oven were also standardised. The prepared 
fish and shrimp soup cubes were packed in LDPE pouches and stored at room temperature. Nutrient profiling of the product 
was done to ensure the product reaches its market requirement. Reconstituted soup cubes were organoleptically evaluated 
by expert group of panellist using hedonic scale. During storage studies biochemical and microbial quality evaluation were 
carried out. The result showed that developed instant fish and shrimp soup cubes were good and shelf stable for 30 days at 
room temperature.
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Now a days snacks food has become a significant part of the diet of many individuals, especially children. The purpose of 
this study is to place cheap and wholesome snack to the consumers. An underutilized species which is widely distributed 
in our coast which has high nutritive value is green mussel (Perna viridis). This study was intended to develop a snack 
product utilizing cultured green mussel meat. Mussel cracker was prepared by blending mussel meat along with tapioca 
(60%), Corn (15%) and Sago (15%). The prepared crackers were sun dried and Cabinet dried, packed in LDPE pouches 
and stored in ambient temperature. 

The Products were subjected to proximate analysis and sensory evaluation to determine nutritive value and consumer 
acceptance. The samples were examined for their physico functional properties like linear expansion, volume expansion, 
oil absorption and crispiness. The water absorption index & water solubility index were also estimated for the prepared 
mussel cracker. The storage studies were conducted for 3 months. During storage peroxide value, TVBN, moisture content, 
crispiness, organoleptic evaluation, Total Plate Count, Total Fungal Count were analyzed at an interval of 30 days. Mussel 
cracker dried in cabinet dryer was found superior in quality when compared to sun dried. The result shows that the samples 
are safe and shelf table for a period of 3 months.
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Aquaculture, the underwater agriculture, is defined as rearing of fish in a natural or artificially created environment which 
favors their growth. Among the animal protein producing sector, it is the youngest industry which is developing, expanding 
and intensifying its culture practices throughout the world. At present, the sector producing around 73.8 mmt of fish, which 
is supplying 50% of the total fish consumed by a human. Since from the human evolution and expansion, the demand for 
fish is increasing day by day and by 2050 the sector needs to double its current production to meet the global fish demand. 
To feed this growing fish eating population, aquaculture sector needs to achieve blue revolution – implementation of 
intensive culture programme to increase the production of fish and marine products. On the other hand, sustainability - the 
developmental activities that meet the needs of the present without compromise the future generations to meet their own 
needs – is a concept which threatens the implementation of intensive culture practices. In 1980’s, when the sector initiated 
intensification with the introduction of quality feed, hatchery-produced seed, aeration devices and other pond and fish 
health management techniques; thus led to a boom in the aquaculture sector. However, after a decade, the boom became 
sag and led to various sustainability issues such as disease outbreaks, the introduction of exotic species, encroachment of 
mangroves, increased input-cost, inequality and so on. Since from then, regarding sustainability, the sector is facing various 
environmental, economic, social and governing issues. However, the sector has many positive approaches to achieve blue 
revolution such as i) minimum carbon emission among the food production sectors, ii) efficient animal protein production 
system (in a protein starving world), iii) production of organic product, iv) has the potential to improve developing nations 
economy (where 95% of fishers and farmers are located), etc.The millennium Sustainable Development Goals of Food and 
Agriculture Organization were framed for sustainable blue revolution, but the sector is rushing towards blue revolution 
by relegating the goals with flawed intensification. So the wise use of existing natural resources, for local aquaculture fish 
production (a real blue revolution), which would be helpful to repel the recurrent rural riddles such as malnutrition, poverty, 
unemployment, social status, etc. forever.
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The anticipated impacts of climate change events on small Islands could be alarming due to their geographic setting of the 
small islands surrounded by seas and inhabited by people depending on these islands for livelihood. Andaman and Nicobar 
group of islands are chain of 572 islands situated in Bay of Bengal with ten degree channel dividing the two groups of 
island. While Andaman group of islands are mostly inhabited by settler populace, Nicobar groups are inhabited mostly by 
Nicobar tribal fishers with Car Nicobar as headquarter completely inhabited by Nicobar tribes. Car Nicobar Islands are 
basically flat Island except some cliffs and is bordered by flat ground consisting of coralline diluvium. The Tsunami and 
earthquake of Indian Ocean in 2004 caused a major damage to ANI more particularly in Nicobar Islands wherein, Car 
Nicobar is one of the most affected islands claiming several lives, infrastructure and property loss. Despite possessing 
abundant traditional wisdom on fishing practices, climate change impacts remain an imminent threat to the livelihood, 
particularly the Car Nicobar Island due to its geographic setting and population.

A survey was conducted among the Nicobar tribal fishers (n=65) representing 15 villages of Car Nicobar (Fig. 1) to 
understand their perceptions and understanding to climate change events. Age groups of the respondents varied between 
20 - 75 years with 63% of the respondents having fishing experience over 20 years. Hook and line, gill net, cast net and 
shore seining are more common fishing methods in the Islands. Almost 100% of the respondents seem to be aware on the 
knowledge of climate change and their importance through their own experience with customary knowledge on sea level 
rise, species abundance, low fish catches and increased rainfall pattern. Their active fishing days were reduced to a greater 
extent due to change in rainfall patterns, prolonged monsoon and increased cyclonic incidences in the past few years as 
witnessed by tribal fishers. Few respondents were also aware through TV, news, radio and through resource personnel like 
scientists explaining the consequences of climate change events. Livelihood, employment and infrastructure loss seems 
to be the major concerns of the respondents however, respondents were not concerned on fish stock collapse or loss of 
fishing grounds and habitat destruction, etc. Embracing the uncertainties associated with climate change events and suitable 
adaptation measures to overcome such events are the imminent need to address the issues. Climate smart production 
technologies in fisheries sector needs to be more emphasized for sustainability of Nicobar fishers. Developing community 
resilience towards climate change with public awareness on adaptability and disaster management aspects could be the key 
interventions for Nicobar fishers. 
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Effect of photoperiod on growth and survival of Clarias batrachus (Linnaeus, 1758) larvae was studied. A 50 days 
experiment was conducted in plastic tubs with 5L of water.  Four days old C. batrachus larvae (weighing 13.2mg) after 
yolk sac absorption were randomly stocked in triplicates in fifteen plastic tubs at a stocking density of 40 larvaes/litre under 
five different photoperiodic conditions: 24L:0D (T1), 18L:6D (T2), 6L:18D (T3), 0L:24 (T4)), 12L:12D (C). Average 
body weight (542.60a±11.89 mg) and specific growth rate (SGR) (7.43a±0.04) were highest for larvae reared in 6L:18D 
photoperiodic condition and were significantly (p<0.05) different from other treatments. Percentage weight gain (PWG) 
obtained in 6L:18D photoperiodic condition was significantly(p<0.05) higher than other treatments. Average body weight, 
SGR, PWG were lowest for larvae reared in 24L:0D photoperiod. The allometric coefficient b obtained is higher for T3 
(6L:18D) and T4 (0L:24D) which indicates that  more growth potential than larvae in other treatments. Regression models 
were developed for body weight and total length at different days and best models were chosen based on the reduction in 
error sum of square and increase in R2. Polynomial 2-parameter model indicated the best fit to explain and predict body 
weight and body length of C. batrachus larvae with increase in age. Higher % of survival was found in 6hrL:18hrD and 
0hrL:24hrD in comparison to all other treatments. Higher growth and survival recorded in 6L:18D can be attributed to 
better feed intake, higher melatonin synthesis and  suppression of swimming activity and stress in dark condition. The 
hatchery managers can utilize the model for predicting the growth of larvae under different ages and also will be useful 
for calculating biomass at the various growing period of the larvae to optimize feeding. The present study concludes that 
light restriction (6L:18D) may be recommended as a simple low cost technique to maximize the hatchery production of C. 
batrachus larvae.
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Extruded fish snack products were developed using twin screw extruder (Basic Technology, Kolkata) by varying machine 
parameters (Screw speed, heater 1 and 2 temperature) and varying raw materials (Maize, salt, water) quantities and keeping 
fish powder quantity constant (5g). A set of 30 experimental trials were conducted using twin screw extruder by changing 
the processing variables.

Quality evaluation of the extruded fish snack products obtained at different variables were examined for the expansion 
ratio, texture, colour, bulk density, true density and 50 product weight. From the data obtained, a group of polynomial 
equations were derived. A mobile application was developed for the obtained polynomial equations to predict the quality 
of extruded fish snack product for the given set of processing variables.

Using the mobile application, the quality of extruded fish snack was calculated. The reliability of predicted equations were 
confirmed by conducting series of experiments.
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Chitin (C8H13O5N)n  a monosaccharide, is a rich biopolymer that has numerous applications. This chain of N- 
acetylglucosamine form covalent β-1, 4 linkages similar to the glucose units that form cellulose. Chitin has various 
applications in the field of agriculture, water treatment, food industry, cosmetics, medicine etc., Chitin has been extracted 
from shrimp and crab waste in common. The present study is on extraction of chitin from the barnacles. The bio-fouling 
by barnacles is a major menacing factor for the ship owners and engineers that increase the frictional resistance of ship 
hulls, resulting in the rise in power and fuel consumption. Extraction of chitin from the barnacles was done through 
microbial fermentation by Lactobacillus sps., isolated from oyster shell. The extracted chitin was characterised by FTIR. 
This extraction of chitin from barnacles on a larger scale will be a solution for the menace caused by bio-fouling barnacles 
and better waste management practices. 
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We all know that, aqua industry is one of the leading multimillionaire industries, which give more profit inbusiness approach. 
And also it is a passion for some people to get involved in aquatic animal rearing. But now, aqua industry has become 
an axis for criticism from environmental groups because of an apparent negative effect on the environment from release 
of waste water. In intensive commercial aquaculture operation source of waste water is because of uneaten food and fish 
feaces. An Anerobic digestion is a proven technology for waste nutrient sluge treatment and allows generation of renewable 
energy such as biogas.  Organic material such as fish feaces, uneaten foods are converted into Biogas production by using 
anerobic digestion process. With this prevailing condition, an energy efficient aquaculture technique which use aquawaste 
water to generate electricity which will eventually run generator thereby reduces the production cost of Aquaculture. 
Production of biogas from an aquaculture waste water is not a big deal rather sewage waste water. By using the aqua waste 
water for the production of biogas, we may decrease energy loss in aqua industry as a whole. For large scale aqua industry, 
this approach is suitable for fuel production to be useful in electricity production. 
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Carps are having great potential for processing of carps for internal market as well as for export, the growth of the industry 
is not very appreciable The major reasons for this are the needed availability of raw material, the presence of inter-muscular 
bones and consumer perception of muddy flavour. Grass carp (Ctenopharygodon idella) was used for the study as a 
representative of carps. Skinned fillets were brined and drained under refrigerated condition were subjected to a particular 
period of smoking, viz., 1h, 2.5h and 5h at a temperature of 700C. Quality of smoked products were analysed by estimating 
moisture content, pH, thiamine content and pepsin digestibility. All these parameters showed a decreasing trend upon 
increase in smoking period. Sensory evaluation studies were conducted on curried product prepared out from smoked fish 
fillets. Scores for all the parameters were found higher for smoked samples compared to the unsmoked sample. Significant 
differences were not observed between smoking periods for any of the sensory evaluation parameter. Muddy flavour was 
found decreasing with an increase in smoking period. Based on the results smoking for a period of 2.5h at a temperature of 
700C was selected for storage studies. 

After smoking the fillets were fan dried, cut into 3 cm pieces, packed in polythene bags and chill stored at a temperature of 
-3±20C for 7 days.  Biochemical indexes assayed were: pH, phenol, total volatile nitrogen (TVBN), TBA and total viable 
count (TVC). Increasing trend was observed in all the parameters except pH and phenol whereas significant differences were 
not observed in case of thiamine content and protein digestibility throughout the storage period.    Therefore considering 
nutritional quality, sensory quality and freshness grass carp fillets smoked at temperature of 700C could be could be stored 
for 6 days. 
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Seaweed extracts can be used as natural preservatives in improving the shelf life of different food products.  Use of 
different seaweeds as a preservative is attributed with its total phenolic content, and is known to possess good antioxidant 
and antimicrobial activity. The seaweeds were extracted in water and their properties as a preservative were evaluated in the 
present investigation. Padina tetrastomatica was the chosen species for the study due to its high DPPH activity in aqueous 
media. Three different methods of extraction were carried out at different time intervals. Optimisation was done based on 
the maximum activity exhibited among the three different treatments.  Pangasius fillets were used for the study due to its 
high fat content and to evaluate the effect of the aqueous seaweed extract as natural preservatives. Chilled storage study 
was done by dipping the fillets in different concentration of the seaweed extracts as 0.5,1,1.5 and 2% respectively and all 
the treatments were compared with a control. In the initial optimisation process using the different concentration of the 
seaweed extracts, a 20 days storage study was carried out. Biochemical parameters, color, texture, myoglobin content and 
xanthophyll content were analysed to assess the flesh quality. From the results, it was observed that all the treated fillets 
had better flesh quality and higher shelf life when compared with the control fillets. The control sample got rejected on 
the 16th day of storage based on the sensory scores and fat oxidation parameters. Nevertheless, the fillets treated with 2% 
concentration resulted in extending the shelf life by 4 days. It can be therefore concluded from the present investigation 
that 2% concentration of seaweed extract can be used to extend the shelf life of fillets based on the sensory, biochemical 
and physical parameters. 
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India is the seventh largest county in the world with a total land area of 3.287 million square kilometres. We have 9 
maritime states and four union territories. With Arabian Sea along the west coast and Bay of Bengal in the east coast, 
India’s maritime resources are vast and varied. 

The marine fishing sector in India has shown only upward growth since Independence. Even then, the Indian Fisheries 
remain small scale and difficult to categorize. The domestic fish markets in India are neither efficient, hygienic nor modern. 
It is carried out by private traders and very large number of intermediaries. Fishery is a State subject under the Constitution 
of India. But very few states only have policies specifically aimed at fish marketing.  Kerala State Cooperative Federation 
for Fisheries Development Ltd (Matsyafed), Tamilnadu Fish Development Corporation Ltd (TNFDC) and Karnataka 
government operates fish retail outlets.

Marketing as such points to identification and satisfaction of customer needs. To make fish available to the customer at 
the right time and right place also needs marketing. There are various intermediaries in the marine industry. From the 
landing place or fish pond to the final consumer, fish passes through various intermediaries. What makes it difficult for 
the marketing of fish is the vagueness regarding the role of each intermediary. From the auctioneer to the retailer, each 
intermediary plays different and overlapping role. So regulation too becomes difficult in this industry. For the same reason, 
i.e., too many numbers of intermediaries, the fishermen gets a very less percentage of the total money that a consumer shells 
out for buying fish.

With online marketing gaining momentum, fish retailing is also finding its footing in the online marketing arena. West 
Bengal government maintains the “Smartfish” app, as online platform of fish retiling. Marketers quote mainly two reasons 
for increase in the demand for e fish market in India. One is the increasing awareness among customers regarding internet 
and online shopping which has taken them from traditional brick and mortar shopping to online shopping. Second is the 
advent of IQF technology. Fish being a highly perishable good, the product has to be sold out without much delay. The 
traditional block ice method of preserving fish had a grave disadvantage, that the product loses the taste. In the new IQF 
technology, each individual fish is glazed with a thin film of water which is immediately frozen down to minus forty 
centigrade. This preserves the smell, colour and taste of the fish by protecting the fish from interacting with the air.

Even though, e fish market is penetrating Indian fish market, there are still second thoughts in the minds of customer 
regarding the freshness of the product. It is often looked upon that people buy fish online because they don’t have the time 
to personally go to the market. But many start-up companies often with the backing of angel funding are ready to wait and 
make customer aware of the advantages of buying the product through the new medium.
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Due to the expensiveness in rearing of the Akoya pearl oyster P. fucata from the stage of spat to implantable size in the 
sea for pearl production, an optimization of its rearing technology bears significant economic implications. Adults of P. 
fucata were strip spawned and the larvae were reared in the hatchery to produce spat. Growth trials were conducted on 
different age groups and the first attempt was done on spats with an average DVM of 3.99 mm, HL of 3.94 mm, THK of 
1.25 mm and WGT of   0.008 g. The first study was a comparative growth analysis between spat grown in one tone FRP 
tanks (≈25000 spats) in hatchery and those that reared in micron meshed cages (stocked with≈25000 spats) under open sea 
conditions. Triplicates were maintained for each culture containers. The micron meshed cages had dimensions of 93 cm 
length with corresponding diameter of 10 cm made of filter cloth of mesh size of 1 x 1 mm and the duration of this study 
was for a period of three months. During the third month, results showed that spats grown in micron meshed cages showed 
increments in their growth by 7.83 mm (DVM), 4.86 mm (HL), 1.61 mm (THK) and 0.192 g (WGT) whereas those grown 
in FRP tanks grew only by 0.95 mm (DVM), 0.5 mm (HL), 0.46 mm (THK) and 0.004 g (WGT) indicating faster growth 
in open sea conditions.  Results were statistically analysed using One Way ANOVA tests and found to be statistically 
significant at P < 0.001. Results of T-test analysis also support the above results.

Second study involves the effect of stocking density on the growth and survival of juveniles reared in plastic baskets of 
different stocking densities viz; 200, 300, 400, 500, 600, 700, 800, 900 and 1000. Initial growth of spats recorded during the 
time of transfer to plastic baskets was an average of 11.78 mm (DVM), 8.5 mm (HL), 2.81 mm (THK) and 0.136 g (WGT). 
The plastic baskets used for rearing had a diameter of 24 cm, height of 13.5 cm and a total volume of 6104.16 cm3. The 
total available opening of a plastic basket was 700 cm2. It has rows of rectangular openings of size 1cm x 1cm on the body 
and 1cm x 0.5 cm openings on the lid. During the first month the baskets were covered with mosquito netting of mesh size,  
1 mm in order to prevent the loss of small spats through the basket openings. Results showed that P.fucata juveniles can 
be reared in stocking densities up to 400 for a period of five months indicating 90% rate of survival without much drop in 
growth. By the fifth month, an average net increase of 32.59 mm (DVM), 29.71 mm (HL), 13.64 mm (THK) and 10.48 g 
(WGT) was observed in growth of juveniles stocked in stocking density 200 and augmentation of those stocked in stocking 
density 400 increased with 27.12 mm (DVM), 22.82 mm (HL), 12.27 mm (THK) and 7.094 g (WGT) which implies the 
significant role of stocking density in P. fucata culture system. Results of the One Way ANOVA tests conducted were also 
found to be statistically significant at P < 0.001. 

Third study was performed on the growth of P. fucata sub adults reared in box cages of different stocking densities viz; 
200, 300, 400, 500, 600, 700, 800, 900 and 1000. And the initial growth recorded at the time of transfer to box cages were 
as; an average DVM of 36.56 mm, an average HL of 29.98 mm, an average thickness of 12.73 mm and an average weight 
of 6.62 g.  The box cages used had dimensions of 50 cm X 50 cm X 12 cm with a mesh size of 25 mm. During the fifth 
month results showed 98% survival rate in corresponding stocking densities of 200, 300 and 400. No significant difference 
was noted in DVM, HL and THK of oysters stocked in stocking densities of 300 and 400; whereas an inverse relationship 
was noted in average weight and increasing stocking densities. The increments in growth of sub adults recorded was as in 
stocking density 200 : 23.51 mm (DVM), 20.81 mm (HL), 12.29 mm (THK) and 20.7 g (WGT), in stocking density 300 : 
17.03 mm (DVM),10.16 mm (HL),10.07 mm (THK) and 12.95 g (WGT), in stocking density 400 was 16.09 mm (DVM), 
10.15 mm (HL), 5.12 mm (THK) and 12.03 g (WGT) during the fifth month indicating  that   increasing stocking densities 
exerts a negative effect on the growth of P. fucata under culture. Results were statistically analysed using One Way ANOVA 
tests and found to be statistically significant at p < 0.001.
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Silver therapon (Leiopotherapon plumbeus, Kner 1864) is a small endemic silver-colored fish used to be plentiful in the 
Philippine freshwater bodies (Figure 1). Its tasty flesh is popularized making this as one of the most expensive edible 
freshwater fish in the country. However, it is now considered an endangered species and dwindling due to overfishing of 
local fishermen and presence of invasive species.

The issue on conservation of wild L. plumbeus has resulted in an increased 
effort and research endeavors in the development of techniques and 
technology for hatchery production for this fish. However, there has been no 
induced spawning trial that has been done for this fish species. Hence, the 
main objective of the study was to induce spawn the L. plumbeus using human 
chorionic gonadotropin (hCG) and to document reproductive parameters 
including spawning time, gonadosomatic index, fertilization, and hatching 
rate.

Broodstock (14.11 ± 1.05 g males, 15.85 ± 2.05 g females at a sex ratio of 
1 male: 1 female) were injected with 4 IU hCG g-1 BW and held in 20-L 
spawning aquarium. Water temperature in tanks were about 27.2–28.3°C. 
Females from five out of nine pairs were spawned, with estimated fertilized 
eggs of approximately 5,000–6,500 adhesive eggs per female. Spawning 
time was observed to be from 18 to 24 h after injection. Fertilization rate 
varied from 75.0–91.11%, whilst hatching rate ranged from 94.44–100%. 
Fertilized eggs were 0.98 ± 0.09 mm in diameter, which exhibited meroblastic 
development. Hatching occurred from 20–28 h post fertilization, producing 
yolksac larvae of with a total length of 1.19–2.34 mm (mean = 1.98 mm). The 
larvae have large elliptical yolk, comprising about 39–42% of the larvae total 
length. Yolk was completely absorbed in most specimens after day-3 post 
hatching.
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The silver therapon (Leiopotherapon plumbeus, Kner 1864) is an endemic freshwater fish species and the only known 
freshwater terapontid in the Philippines. It was first described in Laguna de Bay, largest inland water bodies in the Philippines, 
but it has been translocated to various lakes in Luzon Island, Philippines. It is regarded as an important fish commodity, 
with a market price of $4–$6 per kilo. Unknown to many, L. plumbeus is also thriving in the brackishwater environment 
with feral population in brackishwater fishponds in the provinces of Pampanga and Bataan. Several studies have been done 
to evaluate the diet preference, early development and aquaculture potential of this terapontid. Despite of such scientific 
efforts, baseline information on morphometrics, length and weight relationship, and condition factor of naturally occurring 
brackishwater populations of L. plumbeus during wet and dry months have not been studied. To fill-up the scholarly gaps, 
the objective of this study is to characterize the two populations of L. plumbeus based on their morphometrics, length-and-
weight relationship, and condition factor, with emphasis on spatio-temporal and sexual variability.

Hence, this study evaluated the length-and-weight relationship, 
(W = aTLb) and condition factor dynamics based from two 
brackishwater populations. Fish specimens were sampled in 
fishponds located in Sampalucan, Orani, Bataan (n = 500), and 
in Almacen river (n = 380) in Hermosa, Bataan. Length and 
weight was observed to be affected by sex, sites and seasons. 
The sexual variation in growth rate as inferred by length-
and-weight relationship was significant, with female being 
positively allometric (b = 3.11), whilst male being negatively 
allometric (b = 2.877). Spatial variation on growth rate was 
significant between Sampalucan (b = 3.07) and Almacen (b= 
3.017) despite of being both isometric. Growth coefficient in 
wet season displayed isometry (b = 3.052), whereas dry season 
was negatively allometric (b = 2.712). Values of condition factor 
were close to ideal score of 1.0. Mean condition factor was 
significantly influenced by sex (female = 1.023 ± 0.015; male 
= 0.949 ± 0.006), sampling sites (Sampalucan = 0.991 ± 0.005; 
Almacen = 0.983 ± 0.007), and season (wet season = 1.017 ± 
0.008; dry season = 0.974 ± 0.014). Mean condition factor in 
each month were statistically varied, ranging from 0.974 to 1.04.
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Effects of five diets containing different ratos of sesame seed cake meal (SS) and sweet potato leaf meal (SP) mixture (10:5 
or 15:5) to replace Fish meal (FM) was studied on growth and liver histology of Guppy (Poecilia reticulata). A total of 450 
Guppy fry of averaging 0.06±0.01 g (1.84±0.11 cm) were randomly stocked in 125 L fiberglass tanks in triplicate groups 
of 30 fish. Diets having 30% (Control diet- CD), 15% (15FM), 10% (10FM) 8% (8FM) and 0% (0FM) of FM component 
and with varying levels of SS and SP mixture were fed to Guppy fry ad libitum 3 times daily for eight weeks period. At the 
end of growth trial, fish fed CD and 15 FM (10 SS:5 SP) diets exhibited significantly better growth performance compared 
to fish in other three treatments. %SGR and condition factor were ranged from 3.2 -4.0 and 1.27- 1.37 respectively. Fish 
in CD and 15FM treatments showed better growth performance and feed utilization without any negative effects on their 
survival compared to fish fed on other diets. Fish fed 8FM diets showed the highest whole body protein while fish fed 0FM 
diet showed the highest body lipid composition compared to other fish. Alternations in vacuolization in fish liver tissues 
were observed in various treatments. The cost benefit analysis of experimental diets indicated that FM replaced diets 
were economically superior compared to the control diet in which FM was the major protein source. However, comparing 
growth and feed utilization 15FM diet containing 10% Sesame seed cake meal and 5% Sweet potato leaf meal can be 
considered as the best option among the low cost diets tested for guppy reared in experimental conditions.
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On the process of intensification which lead aquaculture to be one of the fast-growing food production sector feed 
manufacturing remained as its greatest obstacle for the growth. Therefore, considerable effort has been given in developing 
practices to reduce the amount of feed required on fish farms. One such practice is delivering temporary feeding period 
which is one of the most simple and widely used practices to limit the quantity of feed where the amount of food given to 
fish is drastically reduced for days to months before the fish are re-fed to satiation levels. 

Inducing compensatory growth in aquaculture helps in increased growth rate or feed utilization, decreased feed wastage 
and flexible feeding regime. There have also been studies reporting better feed conversion efficiency or digestive efficiency 
in fishes like barramundi. 

The basic explanation behind this compensatory growth is that fish undergoes a stage of hyperphagic response under 
satiation feeding resulting in faster growth. This has been observed in many fishes like cichlids, cyprinids, gadoids etc. 
The responses to these patterns majorly depend on the feeding regimes and the intensity of feed restriction. A period of 
feed restriction has been described to elicit the compensatory growth pattern in fishes. Feed restrictions often refer to the 
practice of temporarily limiting the amount of feed given to fish. These feed restrictions last from weeks to months before 
fish are again re-fed to satiation. 

In fish, compensatory growth is the unusually-fast growth which they typically exhibit when they are re-fed after an 
extended period of feed restriction. In Compensatory Growth (CG) fish grow faster-than normal when recovering from 
a period of growth suppression. This represents a unique opportunity to boost profit margins in aquaculture. Food and 
feeding costs can be reduced temporarily, which suppresses fish growth, but once the fish are re-fed, CG ensures the regain 
of fish’s lost mass. It has been observed that Channel Catfish in production ponds can partially or completely recover 
weight as a response to the limited feeding provided, they are subsequently fed to satiety. 

In summary, moderate feed restrictions have resulted in compensatory growth and therefore feed restriction practices have 
the potential to benefit aquaculture economically. 
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Food industry is increasingly adopting large number of food safety management system standards (FSMS), as the 
organizations seek to enhance safety of the food products to meet the requirements put forward by the customers and 
markets. Multiple food safety management systems (MFSMS) is the situation in which one organization has adopted and 
implemented more than one FSMS standard.  MFSMS causes various issues that affects the systematic functioning of 
FSMS of the firms. An ideal alternative for the organizations would be to adopt internationally accepted and benchmarked 
single FSMS standard and practice it effectively. Yet there is a need for practicable alternatives for multiple FSMS which 
is taken as objective of this study. 

Both quantitative and qualitative methodologies were used in the study. Qualitative research was used to explain the 
findings obtained from quantitative research. A research instrument was designed with 11 items on alternatives for 
MFSMS. A five-point Likert scale was used to measure the items. Data was collected from 119 sample seafood processing 
firms in India which has adopted MFSMS. Proportionate stratified sequential random sampling method was followed 
to select samples. Factor analysis was carried out using IBM SPSS 24.0. Principal components analysis with Varimax 
rotation was used to analyze underlying factors and to form uncorrelated linear combinations of the observed variables.  
An unstructured questionnaire was prepared for qualitative research. The questionnaire was organized in  laddering style to 
assist depth interview. Fifteen experts with minimum five years of expertise in the respective areas such as FSMS standards 
(5 numbers), food safety regulations (5 numbers) and food safety certifications (5 numbers) were interviewed to identify 
the alternatives for MFSMS. 

The factors identified as alternatives were, effective benchmarking systems, integration of FSMS standards and effective 
third party auditing were further substantiated by the results of interviews with experts. 

Significant gap was observed in communication and the creating of awareness among the stakeholders on benchmarking. 
Integrated approach to the standards and effectiveness of third party auditing were other key areas which can contribute 
to the reduction of MFSMS practice in the industry. The results highlighted the need of inclusive standard development 
process considering the interests of all the stakeholders and the timely updated comprehensive standards in terms of 
contents and scientific approaches.

The findings have implications on the approaches of standard developers, benchmarking bodies, regulatory bodies, 
certification bodies, customers and processing firms. Identifying the appropriate alternatives will help the interested parties 
to review and restructure the process of developing, benchmarking, updating, enforcing and implementing FSMS standards. 
It will also help the processing firms to develop strategies for adopting management system standards.
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Curing is a traditional and cheapest method of preservation of fish. Cured sardine fetch a high price and are easily prone 
to spoilage (lipid oxidation, halophilic bacteria and mould spoilage leading to rancid odour, fat oxidation, dark patches on 
the muscles), hence it needs to be properly processed and stored. The present investigation was carried out for a period of 
90 days on the effect of salting and sundrying of sardine (Sardinella gibbosa) on the changes in proximate composition, 
fatty acid profile, biochemical and sensory qualities during their storage at room temperature. The moisture, protein, fat, 
and ash content ranged between 24.20 ± 0.08  to 8.16 ± 0.08 %, 58.29 ± 0.28 to  75.18 ± 0.26%, 2.81 ± 0.47 to 6.23 ± 0.52  
and 11.08 ± 0.20 to 14.7 ± 0.25 %, respectively in salt cured sardine. The initial biochemical quality indices such as FFA, 
TMA, TVB-N and TBA of salt cured sardines were 0.09 ± 0.03 %, 27.8 ± 0.43 mg%, 93.8 ± 1.02 mg% of and 90.5 ± 0.65 
µmol/kg fat, respectively, whereas in control samples the values were comparatively higher than other samples. During 
storage period, these values gradually increased. The study for 90 days on sensory evaluation of the salt cured sardine also 
indicated that these cured fish were acceptable. Also analysis of fatty acid profile by GC showed that salted sardines (S. 
gibbosa) were rich in polyunsaturated fatty acid (PUFA). Among PUFAs, EPA increased from 8.7 to 10.1% and DHA from 
15.2 to 17.2% until 45 days of storage and subsequently a slight reduction was recorded. Therefore, overall study revealed 
that the salt cured sardines possess health beneficial PUFAs in higher proportion even after processing  inturn ultimately 
benefit to the consumers.
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Crab aquaculture is recognized as a promising commercial venture in coastal Bangladesh, with outstanding potential for 
growth. This investigation provided an assessment of existing techniques of crab culture from the perspective of sustainable 
development. A survey was conducted using a semi-structured questionnaire with 150 crab farmers in the Southwest 
coastal region of Bangladesh during July to October, 2018. This study tracked crab fatteners identifying their average age 
of 34.56±8.29 years with average culture experience of 7.64±5 years. Among respondents, 76% belonged to the Hindu 
religion and 24% Muslim. An average fattening pond size was 0.27±0.21 ha and average single crop period ranged from 
32±12 to 46±15 days. Average stocking density was 1.0±0.5 (ind.m-2) and sex-ratio was followed 1:3.35 crabs, whilst the 
average stocking size of crabs was 86±21 g to 179±62 g for both sex. Currently the average highest and lowest productions 
were calculated as 1383±67 and 815±22.6 kg/ha/crop respectively on the basis of the survival rate ranges from 64±9.4% 
to 68±11% in all forms of fattening practices. Average total cost was recorded 316,654.00±37,042.001 BDT/ha/crop; an 
average gross return of 514,748.00±32,056.00 BDT/ha/crop provided the average net profit of 198,094.00±8,387.00 BDT/
ha/crop. 

In fattening, stocking crabs involved a significantly highest (71%) mean percentage of total farming cost followed by feed 
cost (12%), fencing cost (8%), land lease value (5%) and labour cost (4%). A majority of stocked crabs were fed with tilapia 
(95%) followed by snails, low-value trash fish. Only single feeding regime was followed and it supplied 58% at noon, 26% 
in the afternoon and 16% in the evening. Harvesting methods consisted greatly of 46.34% hand angling with scoop net, 
and then different traps occupied 28.70%, direct hand picking (10.6%), line angling (12.68%), water drained out (1.68%) 
. A mean of 92.4% of harvested crabs were sold at depots and 7.6% to Farias (middlemen). Among all respondents, 45% 
fatteners received training on mud crab culture and no practice of providing shelters into ponds was noticed by this study. 

Many of the findings from this investigation reflected positively on the prospects of further expansion of crab aquaculture 
and also identified potential areas that can be addressed to develop a sustainable crab industry in Bangladesh. Results of 
this study, however, can be considered as indicative of proper steps that should be initiated by the government, private 
sectors, academicians, research institutions, NGOs, etc. to support the growth of crab aquaculture as viable and sustainable 
economic option for building resilience and well-being of disadvantaged people in the climate-vulnerable coastal regions 
of Bangladesh. (1USD=BDT 81.00)
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Catfishes are popular for their taste, less muscular spines, small gut, medicinal importance and some having air-breathing 
nature. They are preferred over other fish species due to high quality fillets making properties for meeting export demand. 
Around 3407 valid species of catfishes exist that share over 10% of global fish diversity. Catfish farming is popular in 
Vietnam, China, India, USA, Indonesia, Nigeria, Malaysia, Thailand and Bangladesh for meeting both home and export 
demand. The farming of catfish is expected to attain a growth of 72 % during 2009 (2.83 MMT) to 2018 (4.88 MMT). 
Striped catfish, Pangasianodon hypophthalamus remains the major contributor and production is estimated to touch 1.33 
MMT mark during 2018. Vietnam is the largest producer of catfish at present followed by China, India and USA. The 
major contributing species are striped catfish, channel catfish (Ictalurus punctatus), Thai magur (Clarias gariepinus), 
bocourti-catfish (P. bocourti), which are extensively cultured in several other countries of their origin.  Clarias batrachus, 
C. macrocephalus, C. magur, Heteropneustes fossilis, Ompok bimaculatus, O. pabda, Heterobranchus biodorsalis, Clarias 
nigro-digitalis, Pelteobagrus fulvidraco, Hemibagrus nemurus, Clarias X Heterobranchus hybrid, etc are the other species 
that also substantially contribute to this production in these countries. 

The catfish diversity of India comprises of 197 species, however, catfish aquaculture production is largely shared by 
two exotic species P. hypophthalmus and C. gariepinus, surprising both of them are low cost exotic species but greatly 
adopted by the farming community probably due to faster growth rates and farmers’ friendly husbandry.  Though ICAR has 
developed and demonstrated the breeding, seed production and grow-out production technologies of high-valued indigenous 
catfishes such as M. cavasius, M. gulio, W. attu, O. bimaculatus, O. pabda, P. pangasius, C. magur, C. dussumeiri, H. 
fossilis, Horabagrus brachysoma, Rita chrysea, but these have not been able to attract wide-scale adoption at the farmers’ 
end. This has limited high-value catfish farming in India in spite of large potential of water resources. The author in this 
communication has tried to address various constraints that are hindering wide-scale adoption of the technologies with 
respect to breeding, larval rearing, and grow-out production systems. The adoption of the technology will also open ways 
for intensive farming under flow-through and re-circulatory aquaculture system of farming, which have already begun at 
some places in the country. This will help the researchers and the farmers in developing new or refined culture practices for 
making technology more farmers’-friendly and commercially important. 
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An experiment was conducted to study the effect of dietary ethanolic root extract of Asparagous racemosus (Satawari) 
on growth performance, nutrients utilisation and biochemical composition of carcass in Labeo rajasthanicus fingerlings. 
Four iso-nitrogenous and iso-caloric (30 % crude protein and 390 kcal / 100 g) diets were prepared with the graded level 
of ethanolic root extract (RE) of Satawari 0%, 0.01 %, 0.015 %, and 0.02 % and designated as control, T1, T2, and T3, 
respectively. Fishes were fed twice daily for ninety-days following completely randomised design. At the end of the feeding 
trial, growth performance, nutrient utilisation, carcass composition and digestive enzyme activities were considered as 
response parameters. Significantly higher growth rates (weight gain %, specific growth rate), nutrient utilization (protein 
efficiency ratio, lipid efficiency ratio) and feed conversion were observed in T1 group compare to other dietary groups. The 
average carcass composition was found to vary (P<0.05) among the different dietary groups. The digestive enzymes viz. 
protease, lipase and amylase activities were significantly higher in fishes fed with 0.01% RE than other dietary treatments. 
The present study revealed that 0.01 % ethanolic root extract of Satawari improves growth, nutrients utilisation indices and 
feed conversion without any adverse effect. 
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An overview of the literature pertaining to the concept 
of entrepreneurship express that entrepreneurship is an 
important factor in economic development associated 
with a package of personality characteristics that are 
associated precisely in an effective farming business. 
Entrepreneurship is described as the function of various 
entrepreneurial behaviors, entrepreneurial initiative and 
entrepreneurial spirit.

Fish – Entrepreneurship is a major catalyst for 
economic growth, productivity and development in both 
industrialized and developing countries. Examining the 
Fish – entrepreneurial challenges tends to provide useful 
insights into issues and raises practical implications for 
policy makers Indian Fisheries sector being a highly foreign 
exchange earning one, stimulates growth of subsidiary 
industries assuring socio economically backward small 
farm holders.

In this context an analysis was done to find out various 
motivating demotivating factors, various skills for farm 
enterprise priorities, characteristics, risk orientation, 
constraints and challenges of Fish-preneurship. In depth 
literature review has been done on fish-entrepreneurship. 
The data from past research studies on entrepreneurial 
behaviors and women entrepreneurship are also focused. 
The specific strategies for the development of fish – 
entrepreneurship are also discussed.
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Siganus fishes which are commonly called as rabbit fishes or spine foot fishes are herbivorous fishes recorded in the 
nearshore waters.  They are normally distributed in the coral reefs, mangroves, seaweeds and sea grass beds. Due to their 
lower trophic level and carbon efficiently, these fishes are emerging as a candidate species for aquaculture.  

As hatchery technology is yet to be standardized at India, juveniles were collected from nearby shore.  The collection 
efficiency of three different gears at various nearshore environment were assessed.  Crab gillnet, gillnets and traps were 
operated at three nearshore environment of Thoothukudi Fig.1) usually during late evening and early morning. The number 
of fish caught by each gear was recorded. As per the gear the live and dead animals were analyzed and % live fishes caught 
by the gear was recorded. Effect of net soaking time, depth of collection, species, effect of aeration and water exchange on 
fish survival were analyzed.  The live fishes were taken to the SRFF facility with aeration and without aeration in a 30 lit 
plastic bucket.  A formalin dip as well as freshwater dip was given to disinfect the animals.  They were monitored for 21 
days and based on the survival the best method for collecting the juveniles were assessed. 

(Continued on next page)
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ANALYSIS AND COMPARISON OF GONADOTROPIN RELEASING HORMONE (GNRH), 
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GENES IN INDIAN SPINY LOACH (Lepidocephalus thermalis)
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* Corresponding author : R. Hamsavalli
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Lepidocephalus thermalis forms a potential candidate species for aquaculture. Being a native species, it also has high 
market demand with easy domestication procedure. Although loaches have an ornamental value and native or endemic 
status in India, very few studies have been carried out so far on their reproductive biology. The genomics of gonadotropin 
releasing hormone (GnRH), leutinizing hormone (LH) and follicle stimulating hormone (FSH) genes will be useful for 
getting in depth knowledge about the genetic makeup of the species and also helps to understand the reproductive biology 
of Indian Spiny Loach (Lepidocephalus thermalis). The loaches were maintained at water temperature, 26±0.5°C and the 
pH 8.3. The fishes were fed twice with pellet feed ad libitum. RNA was extracted from the ovarian tissues by following 
the TRIZOL reagent method. cDNA was synthesized with RNA samples obtained from the ovarian tissues of Indian spiny 
loach. The purity and concentration of isolated RNA and cDNA were checked. The PCR reactions were carried out with 
gene specific primers of GnRH II, GnRH III, FSHb and LHb genes. 

PCR products of the four genes were 270 bp for GnRH II, 250 bp for GnRH III, 290 bp for LHb and 260 bp for FSHb. The 
expression of GnRH II, GnRH III, FSHb and LHb genes were compared based on the different stages of oogenesis. It was 
observed that in the initial phase perinucleolus stage follicle, only GnRH II and GnRH III genes were expressed, but FSHb 
and LHb genes were not expressed. In cortical alveolus stage follicle, lipid droplet stage follicle and mid vitellogenic stage 
follicle except LHb gene all the three genes were expressed. In the post vitellogenic stage follicle except FSHb gene all the 
three genes were present. When the expressions of GnRH II, GnRH III, FSHb and LHb genes were compared at different 
photoperiods, it showed that the expression of genes were very less during 9:00 AM, moderate during 10:00 AM and was 
high during 12:00 noon. The study on expression of GnRH II, GnRH III, FSHb and LHb genes with different photoperiod 
gives an idea about daily cycle of hormonal secretion in Indian spiny loach (Lepidocephalus thermalis).
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Cardinal fishes belong to the family; Apogonidae is cryptic in nature that often shows taxonomic ambiguity through 
conventional taxonomy. It is globally accepted that mitochondrial DNA marker i.e., Cytochrome C Oxidase subunit I 
(COI) can be used to resolve these taxonomic uncertainties. In the present study, the DNA barcode was developed using 
COI marker (Fig. 1) for the two species of cardinal fishes (Archamia bleekeri and Ostorhinchus fleurieu) collected from 
Thoothukudi coast. The COI gene showed the average distance values between A. bleekeri and O. fleurieu were 7.39, 8.14, 
7.18 and distance values among the A. bleekeri and O. fleurieu were 4.83 and 4.24, 7.42, 3.72 respectively using K2P 
parameter. 

The estimated GC content of A. bleekeri and O. fleurieu was (49.9%) and (47.6%) respectively and the average GC 
content was found to be 48.75%. Phylogenetic tree was constructed for the two species using MEGA 6.0 software and the 
Neighbour-Joining tree showed that A. bleekeri was closely related with Cheilodipterus intermedius and A. bleekeri_2, but 
Taeniamia buruensis, T. zosterophora, T. kagoshimanus, C. macrodon and Pristicon rhodopterus sequences were distantly 
related, so they were under another node and O. fleurieu was closely related with O. aureus_1, 2 and 4. The other related 
species were O. flagelliferus_3, O. aureus_5 but were distantly related with O. fleurieu, so they were comes under another 
node of the phylogenetic tree (Fig. 2). DNA barcode sequences of the two species of cardinal fishes were submitted to 
GenBank and the accession numbers obtained for A. bleekeri and O. fleurieu were MF401074, MF401075 and MF401071, 
MF401072 and MF401073 respectively. In conclusion, the present study developed DNA barcode database for the two 
species of cardinal fishes that can be used for taxonomic identity of these species.
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Traceability is finding a link among food stuff and the soil from where the raw material come from while authentication is 
highlighting the differences among food stuff on geographical, varietal or technological basis. Inductively Coupled Plasma 
Mass Spectrometer (ICP-MS) is more suitable for classification of food stuff considering the multi element profiling and 
isotope ratio analysis of heavy metals. Shrimps account for about 15% of the total value of internationally traded fishery 
products and are prone for mislabeling. In this study, stable isotope analysis (SIA) was carried out for few species of 
shrimps viz. Penaeus semisulcatus, Penaeus indicus,  Metapenaeus dobsoni and Penaeus vannamei  using ICP- MS. 
The stable isotopic ratio of 87Sr/86Sr, Sr/Ca, 206Pb/207Pb, 208Pb/207Pb and sum of Pb isotopes were examined.  The 87Sr/86Sr 
ratios of P indicus, P. semisulcatus, M. affinis and P. vannamei were 2.615, 1.712, 1.483 and 1.655 and the Sr/Ca ratios 
were 0.202, 0.164, 0.150 and 0.146 respectively. Significant differences in 87Sr/86Sr (p=0.016) and 87Sr/Ca ratio (p=0.021) 
was observed among different varieties of shrimp. The 206Pb/207Pb ratios of P indicus, P. semisulcatus, M. affinis and P. 
vannamei were 1.094, 1.089, 1.098 and 1.085 , 208Pb/207Pb were 1.225, 1.337, 1.231 and 1.215 and the sum of Pb isotopes 
were 3.486, 3.597, 3.265 and 3.514, respectively. But, the 206Pb/207Pb, 208Pb/207Pb isotopic ratios and sum of Pb isotopes 
did not show any significant difference (p>0.05). The stable Sr/ Ca and 87Sr/86Sr isotopic ratio shall therefore serve as best 
chemical marker to authenticate different shrimp varieties more specifically to differentiate the farmed and wild ones. This 
method shall be a better alternative for  protein or DNA based methods for authentication. 
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The abstract makes an explorative overview on the potential of including open sea fish cage culture under the inclusive 
coastal tourism concept which would aid in popularizing the sector through recreational use, despite their role in fish 
production. The suggestion being theoretical mainly explores the possible benefits of such integration which could support 
social and economic growth of islanders who heavily rely on tourism sector for employment opportunities. Andaman and 
Nicobar Islands (ANI) are attracting large number of national and international tourists ever year due to its strategic setting, 
pristine beaches and exceptional biodiversity. Not surprisingly, tourism industry is booming with most progressive tourism 
including sport fishing, aquarium watch, SCUBA diving, snorkelling, sea walks, reef watch, paragliding, water sports etc.

Coastal tourism with cage culture could provide numerous benefits to stakeholders. It could produce fishes, attracts 
entrepreneurs and generate revenues. These water tourism activities normally extend from shoreline to a depth of 10m or 
more depending on activities. Advantageously these depths are also more conducive for open sea cage culture. A model 
representation is shown in Fig.1. For instance fish cages with walkable platforms juxtapose to aqua tourism activities would 
allow tourists to see the fishes cultured and to feed the fishes. The follow up actions proposed are, to identify potential 
locations where such model could be replicated, to conduct a pilot survey among tourists on such proposed interests, to 
evaluate role of stakeholders in department of fisheries, tourism and forests, to discuss with potential entrepreneurs towards 
understanding their willingness to cooperate for the mutual development interests and to enforce a preliminary model to 
foresee the potential of such integration for further expansion. 

Rather than being more scientific, recreational approach could be more beneficial for expanding and popularizing cage 
culture activities. However, the active participation of various government and non-governmental organizations are 
essential to foster innovations and employment in such proposed models. With booming tourism opportunities ahead, this 
could be win-win situation for tourism and fisheries sector in the islands.
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DEVELOPMENT OF GROW-OUT FEED FOR SHRIMP (Penaeus monodon) 

Rakhi Das*, B.M Shahinur Rahman

Bangladesh Fisheries Research Institute
Shrimp Research Station, Bagerhat-9300, Bangladesh
Email: rakhi.dasfisheries@gmail.com

A study was conducted for  120 days in the farmers 
ponds of Bagehat. Three different experimental 
diets containing 35% protein were formulated and 
prepared using collected local feed ingredients 
such as dhyancha seeds (Sesbania sp.), duckweed 
(Lemna minor), kolmilata (Ipomoea aquatic), 
sunflower oil cake (Helianthus annuus), mustard 
oilcake, soya bean meal, meat and bone meal.A 
commercial diet Quality feed was assigned to 
diet 4 and considered as control. Post larvae of 
shrimp were reared in nursery pond or nylon 
made enclosure for 21-25 days. Thereafter, ponds 
were stocked with nursed PL at the rate of 120/
dec. In both experiments three treatments ( T1, 
T2 and T3 )  were arranged with three  replications 
Feed was supplied at the rate of 10% of the total 
biomass twice daily,8% for the second month 
and 5-3% for the rest of the period..The results 
of the experiment showed that shrimp fed diet-
3 showed significantly (p<0.05) highest weight 
gain among the dietary groups, while shrimp fed 
diet-4 showed significantly lowest weight gain in 
both experiment. The FCR values of diets ranged 
between 1.61 to 1.55 for aquarium and 1.50 to 
1.39 in hapa system. Shrimp fed diet-3 showed 
significantly higher SGR (2.56), Survival(76.0%) 
in culture system. The result of the study showed 
that diet containing 12% fish meal, 15% meat & 
bone meal, 12% Soyabean meal, 12% Mustard oil 
cake, 10% Sunflower oil cake, 10% Duck weed, 
10% Kolmilata, 12% Rice bran (Auto), 5% Wheat 
flour, 1% Lime stone, .50% Salt, .20% Vit. & 
Minerals premix & .30% Pellet binder and may 
be recommended for Grow-out feed of shrimp 
(Penaeus monodon). 
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With the continuing desire for cost-effective productivity, embracing a well-informed, preventive and integrated approach 
to disease management is in fact a strategy for growth and performance. This is particularly true within semi-closed pond 
environments relying on a complex microbial balance and dependent on the prevalent environmental conditions.

Enterocytozoon hepatopenaei (EHP) is an intracellular spore-forming parasite causing extensive hepatopancreas (HP) 
damages resulting in severe growth retardation with no apparent clinical signs. It generates severe losses across Asia in 
its own right but also acts as a major risk factor for various other infections such as Vibriosis and White Faeces Disease 
(WFD). It is evident that the damages and physiological stress inflected by EHP to the digestive system increase the 
animal susceptibility to other naturally occurring pathogens. This highlights the importance of reducing the environmental 
pathogen pressure and reinforcing the animal immune barriers while minimizing environmental fluctuations and the 
associated burden on the livestock. 

Based on the current knowledge on EHP and WFD status and risk factors, the presentation will outline the complementary 
benefits of targeted in-feed and water microbial solutions within a broader best practice approach.  Key laboratory and 
farm trials results will present the possibility to mitigate pathogen pressure in the pond and gut system via microbial 
antagonisms, competition and bioremediation as well as to support robust intestinal health and shrimp immunity using 
targeted microbial solutions.
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Aquaculture is one of the fastest growing food production sectors with an average annual rate of more than 8 per cent. 
Among different fishes, catfishes (Order: Siluriformes) have got special attention due to their hardiness and are being 
cultured in different agro-climatic zones. However, culture of Clarias magur could not expanded due to poor growth rate 
and lack of standardized breeding technology. This fish grows up to 200 to 250g in 6 – 8 month culture period which is 
very less as compared to other catfishes and carps. In order to improve the growth rate, selective breeding programme has 
been initiated by ICAR-CIFE, Mumbai. Single nucleotide polymorphisms (SNPs) are the most abundant genetic markers 
and can be very useful in association studies. Frequently, SNPs could be present in protein coding regions of the gene.  
Modelling three dimensional structure of the protein can give valuable information related to role of SNPs in protein 
function. The growth hormone receptor (GHR) is a member of the class I cytokine receptor family and is known for 
regulating growth, metabolism and controlling physiological processes. The aim of the present study is to identify single 
nucleotide polymorphisms (SNPs) in GHR gene and to identify the substituted amino acid in 3D structure of the protein 
to understand its function. The division of Fish Genetics and Biotechnology, ICAR-CIFE has developed transcriptome 
database of C. magur using Illumina NGS platform. SNPs were mined using CLC genomics work bench with variant 
calling feature. Full ORF of GHR gene was extracted from the assembled reads and a complete ORF of GHR gene coding 
for 445 amino acid residues was confirmed using BLASTp search. The BLASTp result shows highest similarity (84.38%) 
with growth hormone receptor of Pangasianodon hypophthalmus. A SNP was found at position 66 leading to change of 
asparagine to glutamine (fig.1). Protein 3D structure was generated by SWISS-MODEL by taking the human growth 
hormone as a template with its soluble binding protein (Chain B; PDB ID: 1hwh.1.B). The target sequence similarity was 
43% with a coverage of 25%. Out of 445 amino acids, the region containing residue 2 to 116 was modelled and 3D structure 
was generated. The model was validated using QMEAN Z score (fig.2) and Ramachandran plot analysis. UCSF Chimera 
software was used to map the SNP in protein 3D structure. The location of SNP (substituted amino acid) was identified to 
be at extracellular region of fibronectin type 3 (FN3) domain. This is one of the three types of internal repeats of the plasma 
protein fibronectin (growth hormone receptor) and act as an important site for growth hormone binding. The SNP at this 
location might be influencing the growth hormone binding kinetics which could affect the growth performance of catfish.

IGF-1R plays a critical role in many physiological activities, such as development, growth, metabolism, and reproduction. 
Identication of genetic markers in the IGF-1R gene signicantly associated with important growth traits of Odontobutis 
potamophila may accelerate genetic improvement.
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The conventional financing of industrial projects as well as business proposals are undergoing several innovations and 
Aquaculture projects are no exception. However, an analysis of financing of Aquaculture projects in the last decade does not 
indicate severe disruption as in the case of other industries. This may be due to large number of unorganised entities in this 
segment and also on account of popular misconceptions. Banks, as per RBI mandate, treat financing aquaculture projects 
as Priority Sector Lending and provide all incentives as applicable to Agricultural projects. Several industry associations 
such as FICCI, CII, ASSOCHAM also organise seminars and conferences to highlight the importance of Aquaculture in 
improving livelihood of masses and also in promoting entrepreneurship. The respective Ministries of State and Central 
Governments also provide special incentives and subsidies to fisheries projects. Still in respect of Aquaculture enterprises, 
India remains in second place globally with China far ahead of it both in terms of volume and exports. Since Finance plays 
a crucial role in promoting aquaculture projects in a big way and contributes significantly to increase in GDP and per capita 
income with minimum investment, recentpath braking developments in this direction are discussed in this paper.

Many of the several thousands of aquaculture projects require corporatisation to avail the benefit of liberal and cheap 
finance available internationally in the form of External Commercial Borrowings, Foreign Currency Convertible Bonds, 
ADRs, GDRs, Euro Bonds, etc.They need to be educated on the advantages of converting into public limited companies 
or LLPs so that they can reap the benefits of privatisation, liberalisation and globalisation of Indian economy by accessing 
global financial markets. Special Aquaculture Zones may be established in large numbers to derive the advantage of zero 
GST and low cost borrowings. Industrial Clusters also need to be established to derive synergy, marginal and opportunity 
cost benefits.

Several small enterprises have taken advantage of accessing capital in SME platforms in BSE and NSE recently and 
Aquaculture projects need to take advantage of such large scale funding for achieving economies of scale and for 
increasing India’s output significantly. There are immense opportunities to form Joint Ventures with companies abroad and 
access funds through FDI route and also technical and market collaborations. The author of this article was personally and 
successfully associated in one such JV for a marine food company.

While MUDRA Bank has liberalised availability of finance under Mudra Loans Scheme for aquaculture projects as well, the 
availment  is not significant. This needs to be popularised among the existing beneficiaries and prospective entrepreneurs. 
Similarly availability of collateral free loans under CGTMSE Scheme needs to be brought to the notice of beneficiaries 
through seminars etc and workshops organised by all stake holders

Further  procedural guidelines have to be developed to cover a alarge number of beneficiaries under Fisheries Infrastructure 
Development Fund announced by the Govt of India which is available at an interest rate of 6%pa with repayment period not 
exceeding 12 years.A Compendium of technically feasible and economically viable Project Profiles in aquaculture needs to 
be published with several projects with an outlay not exceeding Rs 50 lakhs as lack of information on viable and profitable 
aquaculture projects is cited as main bottleneck.

In sum, Aquaculture projects with very high IRR and immense potential for achieving CAGR of minimum15% annually 
need to take advantage of new innovative strategies in financingthem to achieve all round development both from domestic 
and global financial markets
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Shrimps have been the backbone of exports of Indian marine products. Export of frozen shrimps accounted for 41.10 % 
(tonnes) in quantity terms and 68.44 % in terms of value of foreign exchange earnings ( Rs.308.68 billions) in 2017-18. 
The collapse of Tiger shrimp farming during 2006-09 led to introduction of SPF Pacific White Shrimp in 2009. Since then, 
farming of the Pacific White shrimp has been expanding in area farmed as well as output of farmed shrimps.

We undertook a case study on Pacific white shrimp farming in Tamil nadu to know economics of and technical efficiency 
in the Shrimp farming. Findings of the study are discussed with policy suggestions needed for shrimp farming development 
in the country
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Deformity is one of the major concerns which affect many organisms since 16th century biologists have focused towards 
the deformities in fishes. There are different sorts of deformities like skeletal deformity, vertebral deformity, fin deformity 
(Pelvic, Caudal, Anal, Absence of fins), jaw deformity, scale deformity and colour abnormalities (ambicolouration, 
albinism, and xanthochroism). There are so many factors like xenobiotic, environmental, nutritional, physiological and 
genetic factor playing vital role for the deformity in both wild and cultured fishes. The present paper is the documentation 
of incomplete form of caudal fin in a wild-caught silver pomfret Pampus argenteus (Euphrasen 1788) from Indian waters. 
Upon further examination of the specimen and literature survey, it is inferred that such deformity in silver pomfret has been 
documented in limited numbers from Indian waters.
This deformed individual was collected during the routine observation of trawl catch, from Jegathapattinam fishing harbour 
Palk Bay, Tamil Nadu (N 9.962134, E 79.185584) on 2nd March 2018.  Among the specimens of silver pomfret collected 
a specimen with incomplete form of caudal fin, was recorded and brought to the laboratory for further examination. The 
fish was caught from Palk Bay at a distance of 20 km from the seashore at the depth of 25 m in the southeast direction of 
Jegathapattinam by a trawler. The X-ray of the deformed specimen was taken for analysis.

Generally, a deformity of structure in fishes includes kyphosis, 
lordosis, scoliosis, platyspondyly and vertebrae fusion. The 
incomplete forms of dorsal and ventral procurrent ray were found. 
Further the caudal fin was found incomplete. It is understood that 
during the early developmental stage, development of caudal fin 
skeleton might have been affected by some environmental factors 
or due to predation and in due course, the wound might have 
healed and the individual could survive even with the extreme 
malformed condition (Jawad et al.  2013).

Divanach et al. 1996 reported that there have been numerous 
reports by several authors on various types of deformities in wild 
and cultured fishes, physical deformity lead to major economic 
loses in hatchery. To avoid economic losses in hatchery production 
factors such light, heat exposure, effect of photo and thermo-period 
induction during reproduction, swim bladder activity and water 
quality must be monitor keenly. However in the wild condition, 
such a phenomenon is rarely observed. Even though exact reason 
for the cause of deformity is unknown, the reoccurrence if happens 
in future may help to arrive at some scientific clue.
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Dhanushkodi (9°10’45.7392 N,79°25’6.0348 E),a small fishing village which is located at the southeastern tip of Pamban 
Island in Ramanathapuram district of Tamil Nadu includes hamlets of Old Harbour, Muguntharayar Chathiram, Kambi 
Paadu). About 150-200 artisanal fishing families are engaged in different fishing practices along the coast. The fishers in 
the study area are exploiting the fishery resources through the operation of motorized (Vallam) and non-motorized crafts 
(Vathai) and also shore seines (Karaivalai and Olaivalai). The size of the motorized crafts size ranges from 32 to 36ft, while 
the non-motorized are 8 to 32ft. Moreover, Vallams are fitted with inboard diesel engine (10-20 Hp) and FRP boats with 
outboard motors. Contrary to the above, Vathais are propelled by sail and paddles and shore seines are operated thought 
the year along the coast of Dhanushkodi stretched in Palk Bay and Gulf of Mannar. Every year, the peak fishing season for 
squid jigging is observed from October to December and for other fishing gears, it is from January to June in the PalkBay. 
Habitually, fisherwomen in artisanal fishing communities are considered important and responsible for the skilled and time 
consuming onshore activities like sorting, grading, marketing and other allied activities like net mending and processing, 
but in operation of shore seine fisherwomen engaged fulltime. Similarly, the fisherwomen of the study area are involved 
in various off shore fishing and fishery related activities, generating additional income to the households. Apart from this, 
being a tourist spot, fisherwomen are also engaged in various alternate livelihood business as petty shop, fresh fruit shop, 
hotels, shell ornaments which are discussed in detail in the paper. The study clearly indicates that the crafts and gears used 
along Dhanushkodi vary by seasons, resources and operation of more non-mechanised crafts leads to sustainability of 
fishery resources, ensuring the reduced vulnerability.  
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Antibiotics are vital in the treatment of bacterial diseases but when released into the environment they may affect the non-
target organisms that perform fundamental role in ecosystem services. In this study, the toxicity of macrolide antibiotic 
erythromycin (ERY) on certain haematological (Hb, Hct, RBC, WBC, MCV, MCH, and MCHC) and biochemical 
parameters (protein, glucose, cholesterol and triglycerides) of a freshwater fish Labeo rohita  was studied after short 
term (96 h) and long term (35 days) exposure period at three different concentrations (10, 50 and 100 µg/L). During 
the short and long term exposure period ERY treated fish groups showed a significant decrease in haemoglobin (Hb), 
haematocrit (Hct), red blood cells (RBC) and protein content in all the concentrations; whereas white blood cells (WBC) 
count was increased when compare to control groups. Likewise, erythrocyte indices such as mean corpuscular volume 
(MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC) and biochemical 
parameters such as glucose, cholesterol and triglycerides were found to be significantly (p < 0.05) altered in ERY exposed 
fish compared to control groups. The present investigation conclude that ERY at 10, 50 and 100 µg/L concentration altered 
the haematological and biochemical parameters of fish and the alterations of these parameters can be effectively used in 
monitoring of the pharmaceutical compounds in the aquatic environment. 
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Cage culture has tremendous potential to enhance the fish production from inland open water resources of the country. 
Presently Indian freshwater cage culture is dominated by Pangasius and tilapia, but there exists enormous opportunity 
for species diversification based on regional preference and market demand. The present study was conducted in cages 
installed at Palair reservoir in Khammam district of Telangana. The fish species such as Labeo rohita (Avg. initial size: 3.27 
± 0.45 g), Catla catla (4.32 ± 0.78 g), Labeo rohita (Jayanti variety) (8.54 ± 0.89 g), Macrobrachium rosenbergii (4.94 
± 0.6 g) and Pangasianodon hypophthalmus (3.35 ± 0.48 g), were prioritized and stocked in the CIFRI GI model cages. 
The fishes were fed with compounded artificial feeds. After 150 days of culture, the avg. weight of L. rohita, C. catla, L. 
rohita (Jayanti)  M. rosenbergii and P. hypophthalmus were, 52.65 ± 5.558 g, 33.41 ± 4.608 g, 78.14 ± 5.729 g  21.46 ± 
2.517 g and 178.25 ± 10.089 g respectively. The growth performance and survival of Jayanti rohu was found impressive as 
compared to normal rohu. The present experiment indicates that the fish species such as Jayanti rohu and fresh water prawn 
can be used as potential candidate species for diversification of inland freshwater cage culture. 

EFFECT OF STOCKING DENSITIES ON THE GROWTH PERFORMANCE OF 
Pangasianodon hypophthalmus IN CAGES IN SALIA RESERVOIR OF ODISHA

M.H. Ramteke*, H. S. Swain, D. K. Meena, A. K. Sahoo, B. Naskar, Y. Ali, U. K. Sarkar & B. K. Das

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata-700120
*Presenting author: mitesh.cife@gmail.com

Pangas, Pangasianodon hypophthalmus commonly called as the world third most important freshwater cultivable species 
due to its fast growth and versatile feeding habit. In India, the inland fresh water cage culture is dominated by Pangasius. It 
was observed in many states that pangasius is being stocked @ 60-100/m3 in inland cages of reservoirs of India. However, 
the growth and survival of pangas is inversely proportional to stocking density and many farmers are also facing size 
differentiation at the above stocking densities. Addressing the above practical problem, the present study was conducted 
in order to know the effect of different stocking densities on the growth performance of pangas in cages in Salia reservoir 
of Odisha. Advanced fingerlings of pangas with an average weight of about 48.24±1.45 g were stocked in six different 
stocking densities viz. 20, 30, 40, 50 and 60 nos./m3 designated as T-1, T-2, T-3, T-4 and T-5. The experimental treatments 
were conducted in duplicate for a period of 240 days. The final weight (1225.12 ± 40.533 g), Specific growth rate (1.35 ± 
0.016) and Survival (91.00 ± 2.646 %) were highest in lowest stocking density (20 nos./m3) whereas, the lowest growth 
was observed in highest stocking density (60 nos./m3). However, total fish biomass production was significantly (p<0.05) 
higher at the stocking density 30 to 40 nos./m3 and FCR was found lower in these two stocking densities. Therefore, the 
study suggest that the culture of pangas in lower stocking densities (30 to 40 nos./m3) can be consider as an optimum for 
the inland fresh water cage culture to reduce the feed and seed cost with higher growth and survival for maximization of 
economic return
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Fishes of the family Mugilidae are commonly known as “mullets” or “grey mullets”. This family includes 18 genera and 
81 species (Vaitheeswarna et al., 2016). During 2017 – 18 marine fish landings were estimated by CMFRI is 3.88 million 
tonnes, which is 6.9% more than the preceding year 2016.  ICAR – CMFRI reported estimated mullets landings 7939 
tonnes in India 2017. 

Data collected from commercial landings off Pulicat Lake, 
Tiruvallur District, Tamil Nadu during 2016. A total of 
415 specimens including 174 females and 241 males were 
collected and their standard length and weight measurements 
were taken in mm and gm respectively. The standard length 
of males ranged from 70 to 165 mm and females from 100 
to 200 mm and. 

For male, the slope value (b) was estimated to be 2.7638 and 
the same was 2.7624 for female and 2.7653 for combined 
sexes. The equation of W = 0.00038 L2.7638 and W = 0.00040 
L2.7624 were established for male and female respectively. 
The relationship revealed that the value of ‘’b’’ was 
considerably close to 3, which might be due to the rotund, 
strongly streamlined body.  The Regression Coefficient for 
combined sexes was estimated to be 0.9068. The average 
condition factor value for combined sexes was found to be 
1.0155 with a range from 0.5249 to 1.5854 revealing that 
overall wellbeing of the grey mullets in the study area is 
satisfactory. 

The pooled data on 19 morphometric characteristics were 
analyzed using factor analysis. Out of three mullet fish 
species Mugil cephalus were significantly different from 
Valamugil sp and Lizasp and found that, Mugil cephalus 
showed 100 % correctly classified sample found from 
classification of matrix. 
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The objective of this study was to induce triploidy in snow trout (Schizothorax richardsonii) to improve the growth of 
the fish so that the species will become a good candidate species for aquaculture practices in the coldwater region in the 
country. There are no reports from India concerning induction of polyploidy or chromosomal manipulations in coldwater 
fish like snow trout. Production of sterile triploid snow trout is the major concern for better growth of this important and 
abundant indigenous coldwater fish. 

Experimental trials were conducted at DCFR, Bhimtal, Uttarakhand during the breeding season with mature brooder. 
Standardization has been done for timing after fertilization for heat treatment, temperature for thermal shock treatment to 
retain the second polar body and exposure time of treatment for success of triploidy induction. 

Heat shock treatment at 280C for 10 minutes resulted with 68 % success of triploidy induction and 50-58% survival upto 
swim up fry stage. (Table 1). Karyotyping of fry and erythrocytes measurements was applied for verification of triploidy 
induction.

In treated group, three sets of chromosomes (140-144) (Figure 1) were observed in chromosome plates. Erythrocytes 
measurement (µm) reflects the 11% larger cell size and 13% larger nucleus in triploids over the diploids.(Figure 2). 

There is 19% better growth in triploids over the diploids in different rearing conditions at fingerlings stage in a field study.  
The survival of  triploids fingerlings was observed as 40-45%, while it was 48-52% in diploid stock. These findings are 
helpful for the mass scale production of the triploids snow trout and further refinement of the process.

(Continued on next page)
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DEVELOPING INTENSIVE CULTURE TECHNIQUES FOR THE TROPICAL COPEPOD, 
Parvocalanus crassirostris, AS A LIVE FEED FOR MARINE FINFISH LARVAL REARING

Ritesh Ranjan*, Sekar Megarajan, Biji Xavier, Ravi K. Avadhanula, Santhosh, B. and Shubhadeep Ghosh
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Copepods are the most common secondary producers in marine environment and the natural prey for the larvae of most 
marine finfish species. Unlike traditional live feed such as rotifers and Artemia, copepods are rich in essential fatty acids, 
other essential micronutrients and their nutritional profiles meet the requirement of fish larvae. Moreover, the small size 
of the copepod nauplii is vital for the first feeding larvae of fish species with small mouth gape sizes such as groupers 
and snappers. Copepod also stimulates feeding responses in fish larvae through their distinctive swimming patterns. 
Despite multiple advantages of copepod as live feed, utilization of copepod in aquaculture hatcheries is still sporadic, 
which is largely attributed to difficulties in their culture on mass scale. Thus the present work was undertaken to develop 
intensive culture techniques to overcome the current constraints hindering a reliable mass production of calanoid copepod 
Parvocalanus crassirostris.

Three consecutive trials were conducted to find out the suitable feed as well as optimal stocking density for the culture of 
P. crassirostris. In the first experiment, the optimal diets for cultivation of P. crassirostris was investigated using different 
feeds such as Isochrysis galbana, Chaetoceros calcitrans, Nannochloropsis salina, Yeast and a mixture of all the above in 
equal ratio at the rate of 1x105 cells mL-1 for 10 days. The second experiment was focused on identifying the optimal culture 
density for P. crassirostris when the nauplii were not removed from the culture. The third experiment was carried out to find 
the optimum stocking density for culturing copepod when the nauplii were daily harvested without affecting the adult. The 
stocking density used in the second and third experiment was 0.125, 0.25, 0.50, 1, 2 and 4 nos mL-1 by using the best diets 
from the previous experiment. The key parameters investigated were egg and nauplii production and population growth of 
P. crassirostris. Among the five diets tested, the production of eggs and nauplii and the population growth was significantly 
(p<0.05) higher in Isochrysis sp. and Chaetoceros sp. fed group. However, for longer duration of culture, Isochrysis sp. 
was found to be more suitable than Chaetoceros sp. The highest copepod density was achieved at the stocking density of 
1.00 nos./ml on day 3, when the nauplii were not removed from the culture. From the relationship between stocking density 
and egg and nauplii production rates for P. crassirostris, a significant decline in production was observed when densities 
were increased. However, when nauplii were daily removed from the culture, the highest copepod nauplii density was 
achieved at the stocking density of 0.25 nos. mL-1. A significantly (p<0.05) higher number of nauplii was produced at the 
stocking densities of 0.125 and 0.25 nos. mL-1, when compared to the other stocking densities. Based on the results of the 
present study, Isochrysis sp. may be recommended for the intensive cultivation of P. crassirostris and the stocking density 
for culture may be 0.25 nos. mL-1 when nauplii were harvested daily and 1.0 nos. mL-1  when nauplii were not harvested. 
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Aquaculture is a well-established industry, contributing a significant income to several countries in Asia and South America. 
Finfish aquaculture in India mainly depends on the culture of Indian major carps (IMC) in which rohu, Labeo rohita is 
one of the important species. However, the aquaculture industry is consitently facing the problem of bacterial infections. 
Edwardsiella tarda is one such pathogen which not only affects aquaculture species but also has a zoonotic concern. In 
our laboratory, a DNA vaccine against E. tarda was developed with 63% efficacy.  Evaluation studies on environmental 
transmission of recombinant DNA are mandatory before field application as a vaccine.

In this study, the DNA vaccine was conjugated with chitosan-coated PLGA nanoparticles (Chi/PLGA NPs) for enhancing 
its uptake during immersion treatment. Nanoparticles were prepared with size and zeta potential of 267.4 nm and 27.1 
mV, respectively. The experimental tanks (~100L) were prepared by laying a soil bed of ~8 cm along with 60L water. Chi/
PLGA NPs conjugated with the plasmid DNA (Chi/PLGA-pGPD+IFN) were administrated to the rohu fingerlings (~5g) @ 
10µg/g body weight via immersion route while the control group was treated with PBS. Soil samples were collected from 
the experimental tanks at different time intervals (3 h, 3, 7, 14, 30 and 60 days post-vaccination) to confirm the transmission 
of pDNA to the environment. Environmental DNA (eDNA) was extracted from soil samples and the presence of DNA 
vaccine was tested by the PCR amplification of vaccine specific fragment. Reconfirmation of the obtained results was done 
by amplifying another fragment of the DNA vaccine. No DNA vaccine could be detected in the eDNA across the time 
points tested, suggesting that there is no horizontal transfer of DNA vaccine to the environment. 
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The poor utilization of carbohydrate in commercial cultured fish species remains an unsolved biological question in 
aquaculture sector. Now days, advancement in the molecular biology along with progress in next generation sequencing 
technology provides way forward to understand molecular level investigation at genome wide-scale in any organisms. 
Hence, the present study intended to investigate molecular events or pathways during inclusion of high carbohydrate 
diet in the commercially important farmed Jayanti rohu carp, Labeo rohita, which is first genetically improved farmed 
carp in the Indian subcontinent. In order to reveal, global transcriptional changes in the liver of Jayanti rohu fingerlings, 
45 days feeding experiment were conducted in the cemented tanks of fingerlings fed with 20% (Control), 40% and 60 % 
gelatinized starch diet. Through transcriptome sequencing by Illumina HiSeq500, a total of 25.99 million illumina pair-
end reads were generated from pooled libraries, assembled, average 88.35% quality reads were aligned and successfully 
mapped to reference database using HISAT algorithm. The DESeq was used for comparative expression profiling among 
control and treated fishes with 40% and 60% carbohydrate regime resulted in total 15232, 15360 differentially expressed 
genes (DEGs) (P < 0.05), including 4464, 4478 up-regulated genes and 4343, 4171 down regulated genes, respectively. 
Those identified DEGs represented in different metabolic pathways such as Glycolysis/Gluconeogenesis, Insulin signalling 
pathway, Carbohydrate metabolism, FoxO signaling pathway, etc. The transcripts associated with glycogen synthesis such 
as hexokinase, glycogen synthase, PHK and PGK were found up-regulated in liver of fishes fed with high CHO as compared 
to control, indicated enrichment of glycogenesis mechanism in the liver. In addition to this, up-regulation of transcripts such 
as ACCα, PPARγ and FAS in liver of fishes fed with high CHO indicated enrichment of de novo lipogenesis. The functional 
enrichment analysis using Gene Ontology (GO) term of transcripts highlighted different activities and enriched 3113, 2465 
& 775 GO terms associated with biological function, molecular function and cellular component, respectively. Further, 
KEGG pathway analysis showed that of Insulin signalling pathways, PPAR and mTOR pathway significantly enriched or 
induced due to inclusion of high CHO level in the fishes compared to control groups. The six selected differential expressed 
transcripts were validated using qPCR and shown consistent results with generated the liver transcriptome data. Overall 
our study first time revealed the presence of an atypical regulation or activations of several regulatory genes/enzymes of 
glycolysis, glycogenesis and de novo lipogensis in the liver of rohu carp due to incorporation of high carbohydrate in the 
regime. Our result provides a clue/assist to undertake genetic selection program based on screening of glucose tolerance 
level of each rohu family at molecular level. This study also provides lead to undertake early nutritional programming in 
rohu fishes, which in turn able to adapt the assimilation of high carbohydrate diet.  
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The objective of present study is to incorporate mahua (Bassia latifolia) oil cake as a non-conventional feed ingredient to 
substitute the cake of edible oil seeds in the larval diet without compromising growth and survival.  Mahua oil cake is rich 
in protein (24%) and energy (19.0 KJ g-1). The fatty acid fraction is dominated with monoenes (66%) followed by saturates 
(20%) and PUFA n-6 (7%). Three iso-nitrogenous (35% CP) carp larval diets (D1, D2 and D3) were formulated (Table 
1). D1 contained 23% mahua oil cake in association with other ingredients like groundnut oil cake, fish meal, soybean 
meal and rice bran, whereas, D2 contained all the ingredients except mahua oil cake. As the mixture of groundnut oil cake 
and rice bran is being traditionally used for carp larval feed across India, in the present study, D3 was formulated with 
groundnut oil cake and rice bran (3:1) and compared as the control diet. Three days old amur carp larvae (1.6 mg) were 
reared for two weeks in 400 L FRP tanks in triplicates, 200 in each tank. All the tanks were provided with aeration facility. 
Larvae were fed ad libitum, four times a day. Uneaten feed was siphoned out after 2 h of each feeding. Routine physico-
chemical parameters of water were monitored twice a week except water temperature which was measured daily. At the 
end of the experiment it was found that there was significant difference (P<0.05) in survival rate of  82, 73, and 46 %  in 
D1, D2 and D3 groups respectively.  The weight gain (%)  was also   significantly different (P<0.05)  in D1 (2261), D2 
(1657) and D3 (1334).

Carcass protein was significantly higher (P<0.05) in  D1 group (65.23±0.1 %) as compared to other dietary groups  
(Table 2). 

The result showed that mahua oil cake could be used as an ideal non-convetional feed ingredient component for amur carp 
larval feed.
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Aquaculture has potential and effective contribution that can address protein deficiencies in people of developing and 
under-developed countries. However, cost of feed and water resources are the major challenges in aquaculture. These 
challenges are uniquely addressed by the technique of using domestic sewage for fish culture in East Kolkata Wetlands 
since decades. Utilization of this organic waste with the concept of their reuse or recycle through an ecologically balanced 
system involve mainly aquaculture. As sewage effluents contains complex mixture of organic and inorganic substances, 
to ensure the quality of fish raised from sewage fed system in the angle of nutritional security, the present study has been 
carried out to obtain a better understanding about the protein profile of carp (Catla catla) from sewage- fed aquaculture 
system and it was compared with the same size carp collected from managed aquaculture farms.  Carps from the Nalban 
sewage-fed aquaculture system from EKW, which is also a Ramsarsite and few nearby rain-fed managed aquaculture ponds 
were collected for analysis.  

The proteins were analyzed in axial white skeletal muscle of test species by 
SDS-PAGE to check the protein quality and also to ensure equal loading. 
For 2-D GE analysis, the first dimension run was performed using a Bio-
Rad Protean IEF Cell with 11 cm immobilized pH gradient strips (pH 5-8, 
Sigma) following standard protocol. A total of 45 individual protein spots 
were identified from the 2-D gels which represented 23 proteins. Proteins 
identified in the current study were dominated by proteins which are mainly 
composed of enzymes such as enolase, pyruvate kinase, and creatine kinase 
(CK). When the protein profiles of Catla that were caught in sewage fed fish 
and culture pond were compared, the results showed that both the fishes 
have similar protein profiles, where each protein band consisted of identical 
proteins. From the present study it can be concluded that the sewage fed 
fish can meet the high nutritional demand as well as leads to environmental 
safeguard. Such model can be replicated elsewhere for sewage management. 
However, precaution must be taken for periodic monitoring of the fish as 
well as aquatic ecosystem as the quantity and quality of sewage vary from 
time to time. 
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Self Help Group (SHG) is a small group of people ranging from 10 to 20 who come together with an objective of solving their 
common socio-economic problems through regular savings and having access to credit which in turn leads to the generation 
of livelihood and guarantee certain degree of self-sufficiency among the members. SHGs have been emerged as a powerful 
instrument to eliminate poverty and for the empowerment of women by providing financial services to the poor and further 
improving their status in the society. Entrepreneurship development and income generating activities are a feasible solution 
for empowering women. SHGs are novel and innovative organizational setup in India for the women upliftment and 
welfare. SHGs have a role in hastening country’s economic development and now evolved as movement. In India, SHGs 
are formed and promoted under National Rural Livelihood Mission (NRLM). Maharashtra State Rural Livelihood Mission 
(MSRLM) is state unit of National Rural Livelihood Mission (NRLM) with a focus on social mobilization by formation of 
Self Help Groups (SHG) considering it the vehicle to bring the development. The study was conducted with an objective to 
assess the SHGs in Maharashtra as a tool for entrepreneurship development in fisheries sector. Secondary information from 
official website and annual reports of Maharashtra State Rural Livelihood Mission (MSRLM) was collected and analysed. 
The information was also cross checked by telephonic conversation with MSRLM officials. The study area was Gadchiroli, 
Chandrapur, Gondia and Yavatmal districts of Maharashtra, as majority of fisheries related activities are carried out by 
SHGs in these districts. Interventions in fisheries sector include fingerling production, IMC farming, Pungassius farming 
and Value added fish products preparation and marketing. Government of Maharashtra helps these SHGs by providing 
inputs such as seed money for fingerling production, seed and feed for fish farming, raw material, other ingredients and 
machineries for preparation of value added fish products. The expenditure incurred for above mentioned activities, is 
returned back to the government after revenue generation from the intervened ventures. It was revealed that there are 33 
SHGs (350 members) engaged in fingerling production, 84 SHGs (920 members) in fish farming (IMC and Pungassius) 
and 30 SHGs (334 members) have taken up activity of preparation of value added fish products. The annual approximate 
revenue generated from fingerling production is Rs. 2.0 Lakhs per SHG, Rs. 4.0 Lakhs from fish farming for each SHG 
and Rs. 3.60 Lakhs per SHG from value added fish products. Fisheries interventions in the study area have resulted in the 
improvement of financial condition of SHG members, which further facilitated the improvement in various socio-economic 
fronts. Major constraints faced by the SHGs includes patriarchal pattern of the society which is apprehensive of women 
participation in economic activities, lower educational level, lack of prior experience in fisheries. The study also revealed 
that the process of setting up their own enterprise has resulted in development of various entrepreneurial skills, helping 
them to gain higher access and control over the production and marketing systems in fisheries. 
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There is growing interest in commercial Inland saline aquaculture due to the availability of 1.93 mha area resources of 
saline ground water, but Inland saline aquaculture ponds are facing problems of seepage, primary productivity and nutrient 
deficiency, particularly potassium, Ca:Mg ratio, available nitrogen. The recent studies give an idea that biochar addition is 
effective in improving physical, chemical and biological properties of salt-affected soils.

The experiment was conducted for 50 days to assess the effects 
of sugarcane bagasse biochar on primary productivity and 
physicochemical properties of inland saline water at C.I.F.E-
Rohtak, centre, Haryana, India. The bagasse biochar was applied 
@ 9 t ha-1 and 18 t ha-1 to inland saline water in the FRP tank (300 
L) containing inland saline pond sediment. The water samples 
was collected in 7 days interval and parameters estimated by 
using the standard methods of APHA (2005).

In T1, T2 treatments biochar was mixed with sediment and 
in T3, T4 treatments applied to water. There was significant 
increasing(P<0.05)  trend in pH and available-N (NH4

+-N / 
NO3-N) till 20th and 30th days respectively and further decreased 
till end of the experiment of T4. There was significant increase 
(P<0.05) in TSS till 10th day and potassium was increased highest 
(30%) in T4. There were no significant changes in Ca, Mg, Na 
and TDS till the end of the experiment. The phosphorous (PO4

-

3) level of water in all treatments increased than control until 
30th days and then decreased till the 50th day and T4 showed 
the highest increase in phosphorous (0.136 to 0.231 mg L-1). 
The primary productivity estimated in the form chlorophyll-a 
concentration significantly increased in all treatment and highest 
in T4 (0.251 mgm-3). 

Among all the treatments, T4 showed best result for water 
quality parameters and primary productivity. The T3 and T2 
showed the comparatively same result. Overall, the study 
provides a substantial result for the validation of the hypothesis 
that biochar improves the physicochemical properties and 
primary productivity of inland saline water. 
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Freshwater aquaculture in India is mainly dominated by Indian major carps and  Chinese carps, with exotic species such as 
pangasius catfish, pacu and Nile tilapia gaining popularity in recent years. The country is blessed with wealth of indigenous 
fish species which support capture fisheries and fetch high price in local market. Populations of many such indigenous species 
have declined in recent years due to various factors such as habitat modification, climate change and pollution. Developing 
captive breeding technologies for locally important species and bringing them into aquaculture has the potential to both aid 
in conservation and contribute to food and economic security of the farmer. Cauvery River which flows through Kerala, 
Karnataka and Tamil Nadu is the second largest River in Peninsular India and is home to over 145 species  of which over 
20% are endemic to the river and over 60% are native to the Western Ghats. During the survey in last 3 years, we recorded 
5 species of large growing fish, from upper and  middle reaches of Cauvery,  which are highly priced as food fish and have 
potential as candidates for aquaculture. Two of these species; the porthole catfish Hemibagrus punctatus and  Wayanad 
mahseer, Neolissocheilus wynaadensis are listed as critically endangered, while the pink carp, Hypselobarbus micropogon 
is listed as endangered. Carnatic carp, Hypselobarbus carnaticus and shovel nose catfish, Sperata aor are listed as least 
concern. All of these species have the capacity to grow above one kilogram and are highly regarded as food fishes. Our 
observation in the field indicate that these species spawn in the wild between June and November. wild collected juveniles 
have proved amenable to captive conditions and suggest potential for culture. Developing captive breeding technologies 
for these species will prove beneficial for both conservation efforts and aquaculture. 
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Marine ornamental fish trade on global perspective is mainly constituted by the members of the family, Pomacentridae. The 
technology on captive rearing of clownfishes is simple and less expensive as compared to other marine fishes. Hence, the 
long term sustainable trade of marine ornamentals could be achieved only through the development of captive propagation 
and scaling-up the production. This concept is well accepted as an eco-friendly method to increase the supply of marine 
ornamentals by producing quality juveniles of a wide variety and also year round, with a higher survival rate, thereby 
reducing the pressure on the wild populations. 

In this context, a demonstration hatchery on marine ornamental fishes was established in the premises of the Coastal and 
Marine Biodiversity Centre of Mangrove Foundation, Department of Forest, Government of Maharashtra Airoli, Thane. 
Sub-adults of ten clownfish species (Amphiprion sebae, A. frenatus, A. percula, A. ocellaris A. nigripes, A. clarkii, A. 
perideraion, A. akallopisos, A. ephippium and Premnas biaculeatus) and two sea anemones, (Stichodactyla haddoni and 
Heterctis magnifica) were procured from the traders of Gulf of Mannar, Andaman and Lakshadweep regions. These were 
shifted to the hatchery and after pair formation, they were removed along with the host anemone and introduced in to 
the spawning tank. Other pairs were also developed and around 50 pairs were obtained and maintained for broodstock 
development. During acclimatization, 25-30% of mortality was noticed which was stopped after standardizing the water 
quality.
 
Among the 10 species, seven pairs belonging to four species (Amphiprion sebae, A. clarkii, A. frenatus and A. ocellaris) 
started spawning and the larval rearing is in progress. Metamorphosed babies ie. one month reared ones will be supplied 
to the beneficiaries and they will rear them for another two months in their backyard / cluster mode rearing units, to be 
established in the coastal districts of Maharashtra. Marketing tie-up will be arranged to get attractive prices as hatchery 
bred fishes have high demand. 

Establishment of rearing units, protocols for captive rearing and transportation, strategies for feeding and disease 
management and hands-on training to the beneficiaries have been planned and are in progress. 
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Aeration is the process by which air is circulated through, mixed with or dissolved in a liquid or substance. Water aeration is 
the process of increasing or maintaining the oxygen saturation of water in pond. Aeration plays a major role in the culture 
shrimp culture systems. Animal growth is mainly depending on the aeration level in the pond. To increase dissolved oxygen 
(DO) level in the pond, there are surface and sub-surface aerators.

Paddle wheel aerators are the most commonly used surface aerators in the aquaculture field to increase the DO level of 
the pond irrespective of climatic condition. These paddle wheel aerators are switched off at the time of feeding as the 
distributed feed gets drifted by the water current. If the water current is very strong then the feed tends to accumulate in the 
centre of the pond before the shrimp consuming the feed. Due to high stocking densities if the farmer fed the pond in late 
evening with DO level is on the reduction side combined with a cloudy day then it leads to Dissolved oxygen insufficiency 
in the pond and the animals tend to surface and in some cases severe mortality also can be expected. Though aspirator type 
aerators are available in the market, the farmers are reluctant to buy to overcome this issue.

To overcome this problem, a gear box to integrate paddle wheel aerator with propeller aspirator is designed.  The integration 
is done by making some changes in the gearbox. Mostly worm gears are used in the gear box of paddle wheel aerators. In 
that worm shaft is extended to some length below the gearbox and connected to the propeller shaft at the end.  The extended 
worm shaft covered with a Vacuum doom with a provision for atmosphere air to come in. 

Advantages of the integration are, generally during feeding the paddle wheel aerators were switched off and aspirators are 
on so that the DO level in the pond will be maintained in optimum level. 
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Traditionally, the Aquaculture sector has long been considered a male-dominated field, the involvement and contribution of 
women is far more significant than commonly assumed. Gender mainstreaming has been identified as a major issue in the 
development of tilapia producing society group. The role of women, in particular, has been recognized despite their limited 
access to tilapia production due to tradition and other socio-cultural constraints. The purpose of the study was to evaluate 
gender differences in the Technical Efficiency of Tilapia farmers in the Philippines using the stochastic frontier production 
function analysis. Data was collected from randomly selected tilapia farms using a face-to-face survey method with the aid 
of a structured questionnaire from 70 respondents of men and women tilapia farmers.

The results indicate that male tilapia farmers are more efficient technically than female farmers with mean technical efficient 
indices of 0.47 and 0.29 respectively. It was found that the yield level in tilapia production among male and female farmers 
can be raised if the use of major variable inputs such as focus pond area/cage and stocking rate influencing in the output 
could be increased. The analysis also indicates that access to government facilities/services, use of aerator and the culture 
method used of farmers have positive significant influence on the level of technical efficiency. 

This study recommends that the Government should guide and provide training on farm management skills which will 
enable the farmers to maximally utilize their variable inputs focusing on efficiency as their goal. The increase in economic 
productivity of the fish farmers in the country is largely about enabling women to realize their full potential and improve 
their own and their families’ quality of life.
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The Asian Cichlid E. suratensis popularly known as pearlspot is a native of South India and Sri Lanka, contributes to a 
major fishery in the inland waters of Kerala. The commercial importance and the local preference led the state government 
of Kerala to declare pearlspot as the State Fish in the year 2010 and the year 2011-12 was declared as the ‘Year of Pearlspot’. 
High market demand together with assured economic benefits (Rs. 400-600/kg) and easily adoptable technology makes 
the species an ideal candidate for small scale fish culture in Kerala, using locally available inputs. Being an omnivorous 
fish, the culture of the species is supported by low cost farm made feeds and no special skills or interventions are required 
at any stage of culture. Major constraint in the expansion of aquaculture is the absence of a viable formulated feed for the 
species, suitable for use in cages. Farmers use a variety of materials depending on local availability and cost effectiveness, 
irrespective of the nutritional requirement of the species. An appropriate formula for farm made feed is the need of the hour 
to tackle the co-existing problems of nutritional requirement of the species and its affordability to farmers. 

The present study was designed to examine the effects of ulva meal on growth performance, proximate composition, and 
feeding efficiency at different levels (0.0, 25.0, 50.0, 75.0, and 100.0 g kg-1) in Etroplus suratensis feed. 70 days long 
feeding experiment was conducted in net cages (4/3-16mm-1m x1m x 1.25m) at Government fisheries farm Ayiramthengu, 
Kollam, Kerala, with 500 nos. of Etroplus juveniles (avg. length, 4.47±0.48 and avg. weight 2.37±0.75) divided into five 
duplicate groups of 50 fish per replication and randomly stocked in 10 net cages suspended 30 cm off the bottom in large 
concrete tanks at the farm. Five test diets were formulated, control Ulva-free diet (U1) and varying levels of Ulva meal: 
25 g kg−1 (U2), 50 g kg−1 (U3), 75 g kg−1 (U4), and 100 g kg−1 (U5) to partially replace wheat flour. Feeds were formulated 
by Pearson square method, containing approximately 30% crude protein and 5-6% crude lipid, fulfilling the requirement 
for Etroplus suratensis. Test diets were fed twice daily, at 09:00 and 17:00, at 7-10% BW for 10 weeks. Fish were weighed 
every 10th day from the beginning of the study. The water quality parameters of the culture site were monitored at weekly 
intervals. The proximate composition of test diets and the initial and final composition of experimental fishes were carried 
out. The growth parameters were estimated and subjected to statistical analysis.  The results of the study show that 
growth parameter were significantly different in all the treatments (P<0.05). The 25g/kg incorporation level of ulva shows 
higher weight gain followed by 50g/kg level, 100g/kg incorporation level shows lowest weight gain compared to control. 
Highest SGR and best FCR were observed in 25g/kg incorporation level, higher values of FCE was found in 75 g/kg Ulva 
incorporated feeds. Fishes fed with 2.5% - 7.5% ulva meal level shows good performance compared to control and 10 % 
fed groups. Study suggests that Ulva meal up to 7.5% can be incorporated in Etroplus diets without impairing growth and 
feed utilization efficiency, incorporation level of 2.5% gives better results in the present study. Being a macrophytic feeder 
on most of the ecosystems, the Ulva spp. can be utilized as a feed component in Etroplus cage culture practices. This work 
could encourage farmers can use the locally available Ulva spp. as a feed source for E. suratensis in cage culture to reduce 
feed costs.
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Approximately every 3-5 years, there is a new disease emerging and there is a long time lapse from the time that a disease 
or mortality event is first observed in the field, until the causative agent is confirmed, communicated nationally or through 
OIE, up to the time when a vaccine or cost-effective  containment measures are put in place. While these events are 
happening, significant production and market losses are incurred affecting livelihoods, export earnings and food supply. 
The cost would have been much less if efforts were focused on prevention compared to the costs for biosecurity measures, 
compensation and other alternatives.

The Progressive Management Pathway for improving aquaculture biosecurity (PMP/AB)1, a new initiative,  refers to a 
pathway aimed at enhancing aquaculture biosecurity by building on existing frameworks, capacity and appropriate tools 
using risk-based approaches  and public-private partnerships. It is an  extension of the Progressive Control Pathway (PCP)2. 
The PMP/AB is expected to result in sustainable:
reduction of burden of disease
improvement of health at farm and national levels 
minimization of global spread of diseases
optimization of socio-economic benefits from aquaculture
attraction of investment opportunities into aquaculture and
achievement of One Health goals

The presentation provides information on: (i)  the processes taken in the development of the PMP/AB that included an 
understanding and analysis of the factors, drivers and pathways to aquatic animal disease emergence; (ii) the four stages 
of the PMP/AB and key considerations at each stage; (iii) the benefits of PMP/AB; (iv) the entry points for countries; and 
(v) and the way forward for PMP/AB.

 1) The PMP/AB was developed and consensus built through two multistakeholder consultations co-organized by FAO 
and partners (e.g. Mississippi State University, the Norwegian Agency for Development Cooperation, the Norwegian 
Veterinary Institute and The World Bank (WB) hosted by the WB (Washington, DC, April 2018) and the OIE (Paris, 
January 2019) and a Technical Working Group meeting (FAO headquarters, Rome, March 2019). 

 2)  The PCP, is a step-wise approach increasingly used for the reduction, elimination and eradication of a range of major 
livestock and zoonotic diseases including, for example the Foot and Mouth Disease (FMD), Peste des Petits Ruminants 
(PPR), rabies,  and African Animal Trypanosomosis (AAT). The PCPs provide systemic frameworks for planning and 
evaluating field interventions and enable realistic disease control objectives to be defined and achieved.

1  The PMP/AB was developed and consensus built through two multistakeholder consultations 
co-organized by FAO and partners (e.g. Mississippi State University, the Norwegian Agency for De-
velopment Cooperation, the Norwegian Veterinary Institute and The World Bank (WB) hosted by the 
WB (Washington, DC, April 2018) and the OIE (Paris, January 2019) and a Technical Working Group 
meeting (FAO headquarters, Rome, March 2019). 
2  The PCP, is a step-wise approach increasingly used for the reduction, elimination and eradication of a range of 
major livestock and zoonotic diseases including, for example the Foot and Mouth Disease (FMD), Peste des Petits Rumi-
nants (PPR), rabies,  and African Animal Trypanosomosis (AAT). The PCPs provide systemic frameworks for planning and 
evaluating field interventions and enable realistic disease control objectives to be defined and achieved.
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Agriculture was revolutionized with synthetic nitrogen growing more plants in less area.  Aquaculture is revolutionized 
with natural nitrogen (recycled urine) growing more plants in less area.  The addition of natural nitrogen to permanent 
flexible floating reefs (aka ocean forests) creates high-powered ecosystems growing more seafood at lower costs and higher 
environmental benefits.We estimate that 1,000 people provide sufficient nutrients to grow about 150 wet tons of seafood 
per year, without adding fishmeal. That would be a half kg of high-protein and high-value seafood per person per day, in the 
form of an optimally balanced suite of indigenous species, such as snappers, sea urchin, lobster, seabass, anchovies, other 
finfish, octopi, crabs, shellfish, mollusks, sea cucumbers, seaweed, etc. for local consumption and export.

In ocean forestry, nutrient conversions combine with photosynthesis to add carbon to inorganic nutrients creating food for 
sea animals. As a result, the flexible floating reef can have an optimally balanced suite of products including macroalgae, 
shellfish, finfish, and other seafood. Operation using recycled inorganic nutrients and sunlight is less expensive and more 
easily scaled than when using fishmeal for mariculture. This design addresses major bottlenecks in profitability of offshore 
aquaculture systems including economical moored structures that can withstand storms; efficient planting, managing and 
harvesting systems; and sustainable nutrient supply. Additional benefits include reduced disease in fish pens in mariculture, 
cleaning contaminated coastal waters, and maximizing nutrient recycling. 

Globally applied, inorganic nutrient recycling enables expanding aquaculture to these results: 
1. Maximum scale food: Recycling the inorganic nutrients from a billion people would generate 150 million wet tons of 

shellfish, mollusks, and free-range finfish per year on a million hectares of flexible reef.
2. Inexpensive recycled nutrients – Where there are large human populations and/or excess nutrients, ocean forests may 

be paid to recycle nutrients as an alternative to nutrient removal at the sewage plant and/or land disposal. 
3. Maximum scale fuel: Recycling the inorganic nutrients from the energy conversion process allows sustainable biofuel 

production beyond 100% of global energy demand.
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The immune functionality in fish requires a considerable support through diet for keeping the non-specific and specific 
components of immunity ready for combating any disease-causing agent. Fish become much more vulnerable to diseases 
when fed with low quality diet.  Moreover, the head kidney in fish is an active site of lymphoid cell generation and 
endocrine functionalities. The regulation of the expression of the immune genes in the head kidney plays significant role in 
the regulation of inflammatory responses, antibody production, and cytoskeletal functions. 

This study evaluated the effect of feeding Nile tilapia (47.0 g) with three commercial diets with and without probiotics for 
213 days on the expression of some immune genes in the head-kidney such AS fish immunoglobulin (IgM), interleukin 
for cell inflammatory response (IL-β1), tumor necrosis factor protein (TNF-α), antiviral protein (Mx), and skeletal muscle 
protein (β-actin).  For confidentiality, the control diets were coded D1 (35.3% protein), D2 (34.4% protein, and D3 (13.4% 
protein) and their corresponding probiotic diets were labelled D4, D5, and D6. Each diet was triplicated in 0.43 m3 tanks. 
Data is presented as cycle threshold (Ct) values which is the number of PCR cycles for fluorescent signals to cross the 
threshold levels. 

One-way ANOVA indicated significant up regulation of the immune genes due to diet supplementation with the probiotic 
preparations. Probiotic supplementation significantly influenced the Ct values for β-actin, Mx, TNF-α and IL-I β. Regulation 
pattern of different genes is presented Table 1. Two way ANOVA showed immune genes to be significantly affected by diet 
type and probiotics with a two-way interaction between diet and probiotics. 

It can be concluded that the up regulation of immune genes in the head-kidney due to probiotic supplementation would 
depend on the quality of the commercial diet used. 
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Mushar community is the traditional fishing community living  along the bank of Narayani River in Nawalparasi district 
of Nepal. They are landless and their livelihood solely depends on fishery activities. In recet years, due to sharp decline in 
fishery resources and current Government policy of restriction in fishing in the Narayani river near the National Park area, 
their livelihood is on threat. Two Community Forest User Group were formed involving 50 households and fish ponds 
were constructed in wetland of Community Forest in the Buffer Zone area with the assistance of Jatayu Restaurant (Vulture 
Conservation Project). The annual fish production, consumption and sale per household were 160.0, 30.8 and 125.1 kg, 
respectively with sold value of NRs. 33278.0 in 2017. Additional income were generated by producing vegetables in the 
pond dikes. The aquaculture activity helped to improve family nutrition and supplement income of the community as well 
as decreasing fishing pressure in the Narayani River. Development of Community Fish Production Groupss exclusively 
owned and managed by the women themselves helped in women’s empowerment through their improved access to and 
control over resources and increased roles in decision-making at both household and community levels. 
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Vibriosis is a common disease problem in mariculture or coastal aquaculture which is generally controlled by using 
antibiotics. However, many fish bacterial pathogens have now developed resistance to many of these antibiotics and hence 
alternative methods of treatment is encouraged these days. Medicinal plants (Aloe vera) are considered new resources for 
producing agents that could act as alternatives to antibiotics. The aim of this work was to investigate the antibacterial effect 
of Aloe vera gel against the commonly occurring species of Vibrio which cause disease outbreak in sea cage farming, viz; 
Vibrio parahaemolyticus and Vibrio alginolyticus. The Aloe vera gel was extracted using different solvent viz., Ethanol, 
Methanol, N-Butanol and distilled water. The antibacterial activity was tested by the agar well diffusion method. 

Crude N-Butanol extract of Aloe vera exhibited highest zone of antibacterial activity which was 18 mm against V. 
parahaemolyticus and 14 mm against V. alginolyticus. The methanol extract showed moderate activity against tested 
pathogens, where as there was no antibacterial activity for the extract using distilled water. It was also found that, the tested 
pathogens were highly susceptible to the broad spectrum antibiotics such as Gentamycin (10µg/disc), Cefotaxime (30 µg /
disc), Amikacin (30 µg /disc), Ofloxacin (5µg/disc), Nalidixic acid (30 µg /disc), Cefixime (5µg/disc) and Tetracycline (30 
µg /disc). The present study revealed that N-butanol and methanol extract of the Aloe vera showed remarkable antibacterial 
activity against tested bacterial strains. However, these plant based chemicals are required to go through a toxicity analyses 
before they can be safely applied to aquaculture animals.
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Biodegradability of biopolymer films has led to a growing interest in their use as edible food packaging. Both chitosan 
and gelatin are natural polymers and are nontoxic, biodegradable and biocompatible polymers used in various food 
applications. Blending of two different biopolymers can intensely change the physico-chemical properties of film-forming 
solutions (FFS), thus affecting the functionality of the resulting films. The aim of this article is to investigate the properties 
of chitosan gelatin film prepared from shrimp shell waste and the unicorn leather jacket skin waste. 
 
The gelatin extracted from the skin of unicorn leatherjacket with protein content of 88% (dry wet basis) and the chitosan 
with the degree of deacetylation of 85% was used for preparation of the film. Chitosan blended with gelatin showed 
improved physical properties compared to chitosan film.

The structural investigations by AFM (Fig. 1) and SEM analysis showed the biocompatibility of the chitosan gelatin film. 
Chitosan gelatin film exhibited a higher tensile strength value of 215.49 kg/cm2 and an elongation break of 18.98%. 

Thermal decomposition pattern of chitosan gelatin film was studied using TGA and DSC. The composite film was found to 
improve the barrier properties as well as had better strength compared to the single biopolymer films. 
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Food allergies are a worldwide rising problem and occur when a hypersensitive immune system reacts wrongly to a specific 
harmless food protein. In case of fish, 95% of the allergic reactions are due to the β-parvalbumin protein, and affects 
1-3% of the adult population and about 4-6% of children. This highly abundant, IgE cross-reactive and stable muscle 
protein has a low molecular weight of about 12 kDa and is acidic (pI ranging from 4.5-5.0). It binds specific ions like 
calcium and magnesium and is involved in the contraction-relaxation mechanism of muscle. Studies showed that EDTA 
is a calcium chelator and reduces the IgE-binding capacity of parvalbumin. The present study was conducted to produce a 
lower allergenic potential of this fish enriching diets with specific components.

Twenty five gilthead seabream were reared in triplicate (initial body weight of 208.0 ± 2.95 g) during 98 days in natural 
flow-through seawater at the Ramalhete research station. Fish were fed twice a day, ad libitum, with experimental diets 
differing in the EDTA concentration (0 and 3%). Muscle and blood samples were taken during sampling after a lethal doses 
of 2-phenoxyethanol and frozen at -80ºC till further analysis. Proteomics and immunoblots were performed with muscle 
samples and cortisol levels were determined using plasma samples.  Biochemical characterization of fish was performed 
during 72 hours after slaughter.

Zootechnical results show a significant difference in the final body weight between the conditions (Table1).  IgE from fish-
allergic patients sera showed a lower reaction to parvalbumin from fish fed the EDTA supplemented diet (Fig.1). 

EDTA supplementation seems to modulate gilthead seabream allergenicity without changing parvalbumin’s expression, as 
expected.
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The purpose of this study was to investigate the histopathology of discus infected with Aeromonas veronii, identify the 
causative agent (strain 17ISAe) using whole-genome sequencing, and understand its virulence and antibiotic susceptibility 
by comparing its genome with genomes of other strains of Aeromonas. This is the first study characterizing the genome 
of 45 strains of A. veronii including a strain isolated from ornamental fish, Symphysodon discus. This study shows that 
pathogenic strain 17ISAe harbors various antibiotic resistance genes and class 1 integrons and transposon (Figure 1.), 
indicating that imported fish represent a very important source of ARG emergence and transmission in ‘domestic’ bacteria. 
Based on a comparative genome analysis of 45 A. veronii strains, only a few strains including our strain 17ISAe originating 
from diseased fish carry critical virulence genes. Results presented in this study should encourage additional investigations 
into the role of ARGs internationally and contribute to our understanding A. veronii pathogenicity.
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Next generation probiotics (NGP) includes the unconventional probiotic microbes and genetically modified micro-
organisms, under a regulatory framework. The concept overlaps with the emerging concept of live biotherapeutics (LBP). 
Advances in synthetic biology, genome engineering, and DNA sequencing and synthesis have been enabled scientists 
to design and develop probiotics with increased efficiency. Some of the projected examples of candidate species are 
Akkermansia sp., Bacteriodes sp., Faecalibacterium sp., etc. The development and commercialization of LBP is bit 
challenging and the factory processes include identification of LBP, characterization, production and the clinical evaluation. 
The production of conventional probiotics being a challenge in the industry, LBP opens a way forward to the purpose. A 
complete characterization and description of each LBP strain intended to be used is essential for its approval. But the 
experimental research phase of LBP promising its wide array of applications in the areas of drug administration, vaccine 
delivery, immunomodulation, cancer therapy etc., apart from its probiotic usage. In this perspective, future research may 
direct towards the concerns like bio containment of these engineered probiotics – interactions between the synthetic LBPs 
and commensal microbes.
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Tilapia (Oreochromis sp.) was among the highest harvested freshwater fish in Malaysia with a total production of 35,996 
tons and estimated wholesale value of RM 259 million. However, the commercialization of tilapia industry in Malaysia 
was affected by streptococcosis, which responsible to high mortality and severe economic losses. This study determines 
the molecular serotyping, virulence genes profiling and pathogenicity of Streptococcus agalactiae isolated from cultured 
red hybrid tilapia in Malaysia. A total of 256 local S. agalactiae isolates from various geographical regions in Peninsular 
Malaysia were selected. The genotypes of the bacteria collections were determined by PCR methods based on molecular 
serotyping of the capsular polysaccharide (cps) gene clusters where two serotypes were identified which were serotype 
Ia and III. The virulence genes profiles were constructed using multiplex-PCR with different types of various published 
primers involving the 14 standard virulence genes (lmb, scpB, pavA, cspA, spb1, cyl, bca, rib, fbsA, fbsB, cfb, hylB, bac and 
pbp1A/ponA). Serotype Ia showed different pattern of virulence genes profile when compared to serotype III, following 
the three major categories of gene functions: adhesins, invasins and immune evasins. Experimental challenge showed that 
serotype III was more virulent than serotype Ia. This study helps in understanding the epidemiology of S. agalactiae in this 
country, and perhaps for future control and prevention of steptococcosis.
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Photobioreactors in Aquaculture
Availability of high quality microalgae is a bottleneck in aquaculture hatcheries and nurseries.  Numerous species of 
nutritious microalgae are used to feed bivalve and crustacean larvae.  In marine finfish hatcheries algae is used to tint water 
to enhance larval survival, or to nutritionally enhance zooplankton fed to larvae.  In any facility, algae contaminated with 
pathogens (i.e. Vibrio spp.) can result in high larval mortality and lower growth rates. Traditional methods of microalgal 
production are unreliable and labour intensive, while substitutes such as concentrates and dried algae can degrade water 
quality as they decompose, increasing the organic load in the system and creating a substrate for pathogenic bacteria. 
Automated photobioreactors offer a compact and easier method of producing live algae onsite compared to traditional 
methods (e.g. figure 1).  They are often more cost effective than substitutes and contribute less to the organic load in the 
water.  Closed photobioreactors provide a biosecure culture environment and reduce the chance of culture contamination.  
This control over the microbial environment is of paramount importance since pathogenic or probiotic organisms introduced 
into algae cultures will be transferred downstream to livestock, impacting survivability and ultimately profits.
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The starting material of modern aquaculture is fish seed. Fish seed sector has developed and refined over the years due 
to research and entrepreneurial inputs. Still, there are several areas that need attention of policy makers, researchers and 
farmers. Demand for quality fish seed is strong and never fulfilling to the expectations of the end users due to obvious reasons 
i.e., they want better quality seed each time they buy. Seed sector is expected to expand enormously and still be profitable 
in India. Research has added substantial knowledge and efficiency to this sector. Some view this as nominal increment to 
the existing knowledge. However, it is natural that when the technology becomes easy and easy to handle people forget 
the R &D efforts that has gone behind that. This paper reviews information relating to: brood stock management, fish seed 
resources and supply, seed production infrastructure, seed technology, management of seed quality, advanced research, 
branding and certification.  

The main sources of carp seeds (spawn) in India are in hatcheries and almost a negligible amount (<1%) are from natural 
sources (riverine/bundh). The numbers of carp hatcheries in India are little more than 2000 at present and producing 41450 
million fry during 2014. Quantified data on larger size fingerlings and/or yearlings that are being used and recommended 
for increasing fish production in the grow out phase are not available from each state of India. We are capable of increasing 
the quantity with the existing carp hatcheries but lagging in producing quality seed. The causes and bottlenecks are many 
that need to be addressed in a holistic manner. There are nearly 25 fish species used for commercial seed production in 
hatcheries comprising of carps, catfishes, air breathing fish, barbs, tilapia and freshwater prawns. The supply chain of fish 
seed is complex and dynamic. Some of the hatchery and seed producers supply the fish seed to growers through a part of 
complex networks and their supply remains erratic in many parts especially in rural sectors. The gap between demand and 
supply of quality seeds, by and large, remains a challenge for future growth of this sector. Further, poor growth of hatchery 
bred seed has been a real concern in fish farming communities. It is reported that the loss due to the poor quality seed is 
more than 20 % per year. To improve the quality of the stock, the primary strategy has been to exchange the brood stock, 
but the cumbersome process of transport and subsequent mortality of brood fish has been an impediment. To overcome this, 
an effective strategy proposed is to cryopreserve the milt of unrelated healthy fish stocks and use in different hatcheries of 
India.
 
The R&D effort that has gone into this sector has made the technology of seed production and hatchery management very 
easy to operate. Several areas that need further attention, if India needs to ensure quality seed of fish are cryobanking, brood 
banking and larval feed development. The gaps in technology development and adoption have to be cohesive and a single 
policy framework for whole India for seed sector development is essential. 
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The aeration characteristics of perforated tray aerator were determined by conducting aeration experiments in a cement 
concrete tank of dimension 4m×4m×1.5m. The perforation diameter d: (2mm) and flow rate: Q (10L/s) were kept as as 
constant and experiments were conducted with varying number of perforated trays (n): 1, 2, 3 and 4. Optimum numbers 
of trays were found to be three. Further, the numbers of perforated trays were kept as constant, the perforation diameter 
and flow rate varied by the application of response surface methodology (RSM) and central composite rotatable design 
(CCRD) for optimisation of variables. The ranges of variables used in the design were d (1 to 5 mm) and Q (7 to 19 L/s) 
at an interval of 1 mm and 3 L/s respectively. In order to optimize standard oxygen transfer rate (SOTR) and standard 
aeration efficiency (SAE), mathematical models were developed using computer simulation by least squares method and 
Design-Expert software. The results of the study indicate that the SOTR and SAE were significantly affected by both the 
parameters (p<0.0001) at quadratic levels but no significant effect was observed at the interactions level.
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A study was undertaken to evaluate the effect of four supplemental phosphorus sources:  Windmill® Aquaphos, Aliphos® 
Dical (DCP), Aliphos® Monocal (MCP) and monopotassium phosphate (MKP) on the performance, whole body phosphorus 
(P) and calcium (Ca) retention, P and Ca digestibility on white leg shrimp Litopenaeus vannamei.

Quadruplicate groups of 27 shrimp average weight 3.7 g, were fed one of the trial diets for 35 days (performance and 
retention trial). The second part of the trial involved duplicate groups of 20 shrimp average weight 13.5 g fed for 18 days 
(digestibility trial). At the start of the trial a pool of 10 shrimp from the initial stock and a pool of 10 shrimp per tank at 
the end of the trial were sampled for whole body analysis. To determine the digestibility, yttrium oxide was added to the 
experimental diets as an indigestible marker. Faeces were collected by means of syphoning. The trial was carried out using 
a RAS-system with a salinity of 20 ppt.

Final body weight (BW, g) ranged from 12.9 (DCP) and 13.6 (Aquaphos). Growth (g/w) and specific growth rate (SGR,%) 
were not significant different amongst the groups. Contrary to the feed conversion (FCR), which was the lowest for 
Aquaphos (0.90) and the highest for DCP and MKP (0.99). 

The whole-body composition of shrimp in terms of protein, ash, Ca and P was affected by the dietary treatments. The 
retention of P (% of intake) was significantly higher for the Aquaphos group, resulting in a higher P-retention of the 
phosphorus source for Aquaphos (44%) compared to MKP (11.5%), MCP (16.5%) 
and DCP (2.5%). 

The digestibility of P (expressed as % of intake) showed significantly higher values for the MKP and Aquaphos group. This 
resulted in a significantly higher P-digestibility for both the phosphorus sources MKP (93%) and Aquaphos (79%). 

Seeing the difference in P-retention and -digestibility of MKP, it was hypothesized that this different might be due to a 
higher leaching of P from MKP from the pellets and possibly faeces than in case of the other P-sources, including Aquaphos. 
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Seagrasses are the rooted marine flowering plants play a key role in the coastal ecosystems by supporting wide variety of 
life forms from microbes to marine mammals. In Tamil Nadu, seagrasses are found principally along the Gulf of Mannar 
and Palk bay regions. Plankton are the important source of energy in the marine environment. 

The present investigation was carried out to assess the distribution of plankton in seagrass ecosystem in comparison with 
that of the open waters in Gulf of Mannar. Monthly sampling was carried out to collect the water and plankton samples 
from the seagrass ecosystem (Station 1) and the control station (station 2) from September 2016 to May 2017. Water quality 
parameters were analysed using the standard procedures. The plankton samples were subjected to both quantitative and 
qualitative analysis for biomass and species diversity respectively. 

The physico chemical parameters were analysed and the mean values of surface water temperature, salinity, pH and 
dissolved oxygen were 27.72⁰C, 34.17 ppt, 7.99 and 3.85 ml.l-1. Average values of nutrients such as nitrite, nitrate, 
phosphate and silicate were  0.25µg – at NO2-N/l, 0.01 µg – at NO3-N/l, 0.63 µg – at PO4-P/l and 1.03 µg – at Si/l. 
Gross primary productivity and chlorophyll-a values were 0.22 mg.C.m-3.h-1 and 0.24 mg.m-3. Totally, 60 and 62 species 
of phytoplankton were recorded with maximum cell density of 1123 and 1081 cells.l-1 in station 1 and 2 respectively. 
Regarding the zooplankton 59 species were recorded from each of the two stations with the maximum density of 667400 
and 935300 nos.m-3 in station 1 and 2 respectively. The higher density of both phytoplankton and zooplankton were 
observed during the summer months. Species richness and diversity indices showed the maximum values in seagrass 
ecosystem which indicates that the diversity of plankton is more in seagrass ecosystem as that of the open waters.
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A study was undertaken to find out the relationship between the length and weight of Nibea maculata (Schneider, 1801) in 
Thoothukudi coast for the period of one year from July 2006 to June 2007. During the study, the size range of specimens 
various from 10 cm to 25.8 cm. The calculated ‘b’ value of N. maculata was analyzed against ‘3’ using student’s t – test 
which indicates the isometric growth.

The Sciaenidae group fishes are one of the commercially important species along the trawlers of Thoothukudi coast. The 
estimated sciaenid fish production of Thoothukudi was 830 tonnes which contributes about 0.27% of the total marine fish 
landing of the Tamilnadu (Anon, 2006). Among the sciaenids, blotched croaker, N. maculata is the major fishery in this 
region. Though the length – weight relationship of several sciaenid fishes from Indian waters were undertaken. (Jayasankar, 
1989 and 1990; Manojkumar and Acharya, 1990 and Chakraborty, 1992). The information on the length-weight aspects of 
N. maculata in Thoothukudi region is not available. Hence the present study has carried out. 

Samples of N. maculata were collected from the trawlers operating in the Thoothukudi fishing Harbour. Total length in 
centimeter (snout to edge of the caudal fin) and weight (nearest to 0.1g) were recorded for N. maculata the study is based 
on 250 specimens of the different length group ranges from 10.0cm to 25.8cm. 

The length weight relationship was calculated using the following formula.
Log  w  =  log a + b log l
Where, W - Weight in gram, L- Total length in cm, a & b - Constants. 

In order to verify if calculated ‘b’ value was significantly different from 3, the student’s t- test was employed. 

(Continued on next page)
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GIFT Tilapia is a fast growing fish and it is the candidate species for short term profitable fish farming. It has various 
advantages such as being hardy, can be stocked in high densities, can tolerate fluctuating water quality parameters but 
the farm level adoption of GIFT Tilapia farming technology has not increased significantly, given its relative advantage 
to the carps. Therefore, the study attempts to analyse the perception about GIFT Tilapia Farming thereby solutions can be 
obtained for better dissemination and adoption. The area of study was Ponneri Taluk of Tiruvallur district. Simple random 
sampling was used for selecting the sample and the total sample size is 82 (44 Fish farmers and 38 Non-fish farmers with 
knowledge about fish farming). The data collection was done through focussed group discussions and structured interview 
schedule. 

The Cumulative Perception Index is calculated for each statement and the statements are ranked accordingly. The results 
show that the respondents perceive strongly that GIFT Tilapia is one of the best cultivable species and it has more profit 
compared to carp culture. The perception is highly negative to the statement that “GIFT tilapia culture technology is 
complex” however 63% of the respondents were sceptical about the marketing of GIFT Tilapia. According to the results, 
awareness to the farmers regarding the marketability of GIFT Tilapia and guidelines to farming and making GIFT Tilapia 
seeds easily available can improve dissemination and adoption
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This study was undertaken to examine the extent of agricultural chlorinated pesticides in edible red seaweeds viz. Gracilaria 
verrucosa and Gelidiella acerosa, collected from four sites of Gulf of Mannar analysed from September 2017 to January 
2018 for OCP residues using GC-MS as per AOAC 2007.01 QuEChERS extraction method. The total OCPs concentration 
in Gelidiella acerosa ranged between 6 ngg-1 and 508 ngg-1 and in Gracilaria verrucosa between 0.36 ngg-1 and 270.41 ngg-

1. In Gelidiella acerosa, OCP concentration was high in those collected from Rameswaram and in Gracilaria verrucosa, 
from Seeniyappa Dhargah. The OCP concentration was recorded high in January, due to the fruiting period of seaweeds. 
The three major OCPs recorded were ∑ HCH, endosulfan and endrin. Specific accumulation of more endrin residues 
by Gelidiella acerosa is a distinct feature observed in this study. In Gelidiella acerosa, endrin accumulation was quite 
dangerous as its concentration was 30 ng g-1, above the MRL of 10 ng g-1. The HCH and endosulfan were also above 
the MRL of 10 ng g-1 and 50 ng g-1 in 50% of both the seaweed samples. The alarming level of endosulfan and endrin in 
Gelidiella acerosa is an indication of their persistence in the environment. Suitable remedial measures to save the marine 
ecosystem as well as edible food resource is the need of the hour. 
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Bivalve aquaculture, in particular oyster, clam, scallop and mussel culture, is a globally increasing activity. Researchers 
show that razor clams may be on the cutting edge of oil spill cleanup. Results of previous studies indicated that some 
marine mollusc possess detoxification enzymes, which can biotransform PAHs. Nevertheless, bivalves usually have been 
reported to be a media as retaining xenobiotic contaminants. 

In open waters where, bivalve farming is carried out the anthropogenic activities including oil & grease will affect the 
survival of the bivalves. Oil residuals from workshops, automobiles, refineries, oil terminals, depots, merchant ships, 
fishmeal plants and tankers get discharged into the rivers and contaminate the estuaries. These eventually reach the coastal 
environment. Oil pollution may directly or indirectly cause impact to the marine ecosystem such as coastal wetland, 
mangroves and also human health as the pollutant enters the food chain. Spilled oil & grease floats on the surface of 
water bodies limiting gaseous exchange, entangles and kills surface organisms and coats the gills of fishes. It also retards 
phytoplankton photosynthesis, respiration and growth, causing development abnormalities in zooplankton and the young 
stages of many aquatic organisms. 

Estuaries provide ideal conditions for farming bivalves in optimum densities in pens, where transplantations are possible 
from denser spat settlement or nursery grounds. Natural clam beds in Netravathi Estuary are being monitored for bivalve 
biomass and sediment characteristics regularly. Considering the proximity of the clam beds to 13 fishmeal plants located 
near the bar-mouth (Ullala) the extent of oil & grease in the waters were also studied from the bar-mouth, to upstream 
stations located at Ullala (R1), Ullala Hoige (R2), Permannur (R3), Jeppinamogaru (R4) and Bajal (R5). Monthly water 
samples were collected during March 2016 to January 2019 and analysed according to pre-monsoon (PRM) (February-
May), monsoon (MON) (June-September) and post-monsoon (POM) (October-January) seasons. Oil & grease in the water 
samples were quantified gravimetrically.

In pre-monsoon period, oil & grease ranged between <0.001 mg/L and 0.176 mg/L with the lowest in Jeppinamogaru 
station and highest in Ullala Hoige. In monsoon period the range was between 0.0013 mg/L to 0.007 mg/L with the lowest 
in stations near Ullala Hoige and highest in bar-mouth. In post-monsoon period the level was between 0.002 mg/L and 
0.2228 mg/L with the lowest in Jeppinamogaru and Bajal stations and highest in Ullala station. These levels were below 
the maximum permissible limit of oil & grease in waterbody of 10 mg/L (Environment Protection Act 2002). During 2016, 
a Division Bench of the National Green Tribunal, Southern Zone, had imposed fine on the 13 fish meal units operating in 
Ullala after finding them guilty of polluting estuarine waters by discharging untreated effluents and ordered the closure 
of one fish meal unit that had been operating illegally in violation of the Coastal Regulatory Zone notification of 1991. 
Consequently, the oil & grease levels in the water reduced over the next 2 years. The level that was ranging from 0.0023 
mg/L to 0.2228 mg/L in 2016 has come down to <0.001 mg/L to 0.0093 mg/L since 2017. The healthier water conditions 
were also reflected in the clam spat settlement in the Netravathi Estuary. With the treatment of effluents, the environment 
became conducive for the clams to recuperate and hence such monitoring studies are important for bivalve site selection 
for the farming activities. 
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Vamanapuram is a small west flowing river originating from the Chemmingimottai at about +1860 MSL, in Western Ghats. 
The drainage of the river is 687 km2 and the length is 88 km. The river flows through all terrains from high to lowlands. 
Twenty two sites were chosen for sampling throughout the Vamanapuram River from headwaters to mouth of the river. 
Among the 22sites, 6 were hill streams, 10 were lowland streams, 4 were rivers and 2 were of estuarine character. The fishes 
were sampled with monofilament gill nets of various mesh size ranging from 6mm to 100 mm. The fishing effort was kept 
uniform in all the study sites by operating the nets for 20 minutes. The fishes were identified and the species wise number 
of specimens was counted. A total of 31 fish species were collected and identified. The species wise distribution of fish 
along the four habitats is given below.

Lowland stream has the highest number of fish species and Puntius amphibius was the dominating species. Along the stream 
habitat, Devario aequipinnatus was dominating and Dawkinsia filamentosa was the dominating species in the river habitat. 
Along the estuarine habitat, Ambassis gymnocepahlus was the dominating species. Puntius amphibius and Glossogobius 
giuris were presented in all the four habitats. Ninteen species have been represented in the freshwater region and 16 species 
in the estuarine region.  Cyprinids dominated the freshwater habitats and Perciform fishes dominated the estuarine region. 
The structuring of fish community based on the stomach contents and morphological characters is discussed in detail. The 
spatial distribution of fish species is discussed in the light of the physical characteristics of the habitats. 
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Trawl fishery contributes more than 50% to the total marine fish production of India. However, trawling is a highly 
controversial method as it produces more discards including juveniles due to its non-selective nature. The indiscriminate 
exploitation of juvenile fishes in any fishery leads to both biological and economic unsustainability in the ecosystem. 
Mumbai contributes 50.4% and 51% to the marine capture fish production and trawlers in Maharashtra.  In this context, 
experimental fishing was carried out fortnightly from September 2017 to May 2018 in M.F.V NARMADA, training cum 
research vessel of CIFE by using shrimp trawl net (30 mm mesh size) to estimate the percentage of juveniles from trawl 
catch along the Mumbai coast. Fishing operations were conducted between 19°12’15.09”N to 18°57’37.50”N latitude and 
72°40’23.20”E to 72°43’35.60”E longitude. During the experimental fishing, 25 hauls, each of 1 hour duration were carried 
out in the depth range of 6 to 21 m, at trawling speed of 1.5 to 2.5 knots. Average juvenile percentage per haul was estimated 
at 40%, followed by discard catch of adult fishes (35%), commercial catch of adult fishes (23%) and marine debris (2%). 
Of the total estimated 235.80 kg juveniles, 56.10% was contributed by commercial catch and 43.90% by discards. Juveniles 
of major commercially important species including Coilia dussumieri (17.30%), Otolithoides biauritus (7.70%), Johnius 
glaucus (6.10%), Johnius belangerii (5.80%), Parapenaeopsis stylifera (4.80%) and Uroteuthis duvaucelli (3.50%) were 
also recorded. Adults of non-conventional resources like Charybdis callianassa, Trypaucehen vagina, Odontamblyopus 
roseus, Lagocephalus inermis, Minous inermis, eels, stomatopods, etc. comprised the discarded catch. It emerged from this 
study that trawl fishery exploited huge quantities of juveniles of conventional and non-conventional fish resources along 
the Mumbai coast. Findings of the study highlights the need for regulating trawl fishery.
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Penaeus vannamei is the most widely cultured shrimp variety being exported in the form of block frozen, IQF and 
battered and breaded products. There is an increasing demand for convenient, nutritious and safe foods all over the world. 
Standardization of the process of freeze drying of Penaeus vannamei and subsequent development of ready-to-eat freeze 
dried shrimp snack was conceptualized. 

Freeze drying of shrimp was standardized to obtain the final moisture content of 3%. The freeze dried shrimp was air 
fried and oil fried. Five flavours were tried on the product and among these Peri Peri was selected based on organoleptic 
evaluation. The storage studies were conducted on freeze dried in comparison with hot air dried shrimp products packed 
under air and nitrogen atmosphere for 40 days. Biochemical and microbial analysis were carried out during storage period. 
The results of analysis showed that the product was good and shelf stable for a period of 40 days and the expected shelf life 
is 5 months. Salmonella and peroxide value were found absent for all the products during the storage period. 
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Vamanapuram is a small west flowing river originating from the Chemmingimottai at about +1860 MSL, in Western Ghats. 
The drainage of the river is 687 km2 and the length is 88 km. The river flows through all terrains from high to lowlands. 
Twenty two sites were chosen for sampling throughout the Vamanapuram River from headwaters to mouth of the river. 
Among the 22sites, 6 were hill streams, 10 were lowland streams, 4 were rivers and 2 were of estuarine character. The fishes 
were sampled with monofilament gill nets of various mesh size ranging from 6mm to 100 mm. The fishing effort was kept 
uniform in all the study sites by operating the nets for 20 minutes. The fishes were identified and the species wise number 
of specimens was counted. A total of 31 fish species were collected and identified. The species wise distribution of fish 
along the four habitats is given below.

Lowland stream has the highest number of fish species and Puntius amphibius was the dominating species. Along the stream 
habitat, Devario aequipinnatus was dominating and Dawkinsia filamentosa was the dominating species in the river habitat. 
Along the estuarine habitat, Ambassis gymnocepahlus was the dominating species. Puntius amphibius and Glossogobius 
giuris were presented in all the four habitats. Ninteen species have been represented in the freshwater region and 16 species 
in the estuarine region.  Cyprinids dominated the freshwater habitats and Perciform fishes dominated the estuarine region. 
The structuring of fish community based on the stomach contents and morphological characters is discussed in detail. The 
spatial distribution of fish species is discussed in the light of the physical characteristics of the habitats. 
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Microalgae are utilized in aquaculture as live feeds for the production of zooplankton and all growth stages of commercially 
important mollusks, larval stages of crustaceans and fishes in aquaculture. The objective of the study is to describe the 
design, construction, and operation of an advanced phytoplankton cultivation method for the mass production of rotifer. The 
present design (Raceway reactor system) is one of the economical and high yield production systems for open cultivation 
of phytoplankton. The raceway reactor system of 5 m length, 2 m breadth, 0.3 m depth and one-tonne capacity equipped 
with online DO and pH sensor, automated dosing pump, mass flow controller and a paddle wheel aerator for the daily 
production of 100-200 gram dry weight phytoplankton biomass was fabricated. A standard operating procedure is set up 
to achieve the efficacy with quality output while to reduce miscommunication with the workers. The work focussed on 
the mass production of Isochrysis galbana using the reactor system to demonstrate the quality of the algae for the mass 
production of Rotifer, Brachionus plicatilis. Inoculated microalgal culture (20% inoculum) has reached a concentration of 
about 3.2 million cells/ml (dry weight around 0.28g/l) within 48-72 hours in the raceway tank by consuming 24.9 g of NO3 
and 7.1 g of PO4 under 224 W/m2. Paddlewheel agitation was maintained for 14 hours per day; it is a semi-continuous 
culture where 20% was harvested on a regular basis on the earlier days and later 50% were harvested and topped up with 
the same quantity of treated seawater to maintain the water volume. 200 L of the culture harvested daily comprised 0.229g/l 
dry weight (46 g for 200L per day). The culture was continued for 24 days and harvested live culture was used as a feed 
to rotifers. Water temperature ranged from 27.6-32.40C, salinity ranged from 34 to 37 ppt, pH 8.2 to 9.5 and DO fluctuate 
from 7 ppm to 12 ppm. The algae thus developed from the raceway system were used for testing the quality by feeding it 
to B.plicatilis and compared it with the outdoor cultured algae. The rotifers had grown well in the raceway culture showing 
an optimized number of 108 rotifers per ml, which is more or equal to the growth from other culture. The technology 
available in India for mass culture of phytoplankton requires large outdoor culture facilities which are labour-intensive, 
time-consuming, unpredictable and uneconomical. The installation of the raceway reactor in the hatchery helps to achieve 
high production of algae on a continuous basis from small culture volume, saving space, labour and construction cost. 
Based on the requirement, mixed consortium feed for nursery phase can also be developed from the reactor, which ensures 
higher feed quality. 
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Crab Processing is globally a major contributor to the economic well being of the seafood industry. Most of the current 
production is packed with the traditional packaging system, only a few has changed over the past 30-50 years and the 
sector has not kept pace with packaging development in other sectors of the food industry it is likely that successful crab 
processors will require innovative packaging and new value added products to survive and flourish in an increasingly 
competitive market place. There is a wide opportunity existing for crab meat processors to expand their business by 
developing new value added products and ideas  that meet market needs using new flexible packaging technology .

Crab meat is used by most of the countries across the globe, prized for its soft, delicate and sweet taste .Crab meat is low 
in fat and contains around 82 calories .In recent years, the crab meat is available in the market in the form of ready to eat 
canned products and various by products, so the processing of crab meat is increasing day by day around the world.

The crab processing industries export their products to US market depending on the part of the crab meat segregated in 
different grades such as Colossal (largest whole unbroken piece available in crab), Jumbo lump (meat from two large 
muscles connected to the swimming legs) ,Lump (it’s a broken pieces of jumbo lump ), Special (shreds and small flakes 
of white meat from the body cavity of the crab). Claw (the dark pink meat that comes from the swimming fins and claws 
of the crab). The major steps involved in crab processing are raw material receiving (Blue crab) , washing and weighing, 
chilled storage (-18˚C), cooking (92˚C -15 mintues) and cooling, debacking and washing , meat picking(colossal, jumbo 
lump, lump, super lump, claw, special, clock tail claw), shell checking(under fluorescent light), can printing and labelling 
verification, filling and weighing, SAPP adding (0.6g/can), seaming , can cooling, chilling, pasteurization for two hours, 
can cooling, packing, chilled storage(-18˚C) and shipping. The whole process gets depended on the customer preference.

As a result of above, the crab processing industries are contributing a large economic part in our world, and also provide 
ready to eat caned products of crabs with different grades to the customers. Therefore, crab processing is a best way to 
increase our annual economic production in seafood industries.
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Indian white shrimp (Penaeus indicus) which is an endemic species of India was found to be infected with Black gill disease. 
P.indicus collected from wild had black coloured gill which is a typical sign of black gill disease. Morphological examination 
of the developed culture isolated from the gill of shrimp showed similarity to Rhizopus sp., molecular phylogenetic analysis 
was done for species confirmation, histopathological observation of the infected gill showed inflammatory responses of 
P.indicus against Rhizopus sp., which cause haemocytic infiltration, encapsulation, melanization and collagen-like fibre 
deposition and the spore isolated was studied under scanning electron microscope (SEM). 
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In addition to physical barriers, neutrophils are considered a part of the first line of immune defense. The mechanisms that 
neutrophils utilize for host defense are phagocytosis, degranulation, cytokine production, and, the most recently described, 
neutrophil extracellular trap (NET) production. NETs are DNA structures released due to chromatin decondensation and 
spreading, and they thus occupy three to five times the volume of condensed chromatin. The release of NETs is the 
most dramatic stage in a cell death process called NETosis. Several proteins adhere to NETs, including histones and over 
30 components of primary and secondary granules, among them components with bactericidal activity such as elastase, 
myeloperoxidase, cathepsin G, lactoferrin, pentraxin 3, gelatinase, proteinase 3, LL37, peptidoglycan-binding proteins, and 
others with bactericidal activity able to destroy virulence factors. Different models of NETosis have been studied so far 
viz, Suicidal NETosis, In vital NETosis . NETosis has been studied intensively in mammals in recent years, but very little 
is known about the NETosis in fish. Insight into the early origin of ETosis in invertebrates identifies it as a very ancient 
process and an evolutionary conserved mechanism.  NET function as double edge swords of innate immunity, serving as 
effective antimicrobial defences, but also  a putative sources of molecules with immune effector and pro-inflammatory  
roles, that in susceptible individuals, may promote tissue damage and autoimmunity.
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Being a Low Impact Fuel Efficient (LIFE) fishing method, fish aggregating device is a (FAD) is a renowned technology 
in the climate change era to reduce carbon emission from the mechanized fishing sector. In India fishing system for the 
fishery of high value cuttlefishes and squids is practiced in the southern maritime state of Kerala. Fishers of Vizhinjam 
fishing village in Kerala use a traditional FAD called “Akkadi” made of coconut peduncle for harvesting cephalopods from 
the rocky continental areas of Wadge bank, where modern fishing technologies did not yield good results. A participatory 
survey was conducted in Vizhinjam fishing village during December 2018 to February 2019 for evaluating the design, 
operational performance and economics of “Akkadi”. The fishers use 7 to 10 m long plank built/ FRP boat known as 
“Vallam” for the fishery. The “Akkadi” made of rope tied to 4 to 6 m long manacles of coconut peduncle, moored with the 
help of sand filled plastic gunny bags and buoyancy is maintained with the help of empty plastic kerosene cans. Similarly 
small FAD covered area made by inter-connecting 10 to 20 manacles while maintaining one meter distance between the 
two adjacent manacles. The fishers use 3 to 5 mm thick polypropylene (PP) ropes for making each manacle and 1 to 2 cm 
PP ropes to rig float and sinker. After installation, fishers mark the location with help of phone GPS. The biodegradable 
manacles start to degrade within two days, which establish a good diversity of periphyton and plankton thereby increasing 
the productivity of the region.  Cephalopods are attracted towards “Akkadi” for shelter, breeding and food. One week later 
fishers start to use hand jigs near the “Akkadi” at night hours with lights and harvest good qualities of large squids and 
cuttlefishes and this FAD has a maximum life of six months and fishers earn an average net profit of about 35000 Indian 
rupees per month from a single FAD system. The traditional FAD of the village is a good example of resource management 
through species specificity along with environmental friendly green fishing technology that could be tried in other parts of 
the country using locally available material for enhancing fish production while maintaining sustainability.  
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Estuaries are transitional zone between river and sea responsible for providing nutrient rich environment for the ecologically 
and economically important vertebrates and non vertebrate species. Patalganga Estuary that joins with Amba River and 
Karanja Creek, is a productive ecosystem in terms of plankton, molluscs and ichthyofauna. Local fishermen are dependent 
on the estuarine functions and services of the estuary for their wellbeing. Therefore to know the health status, monthly 
analysis for water quality parameters including dissolved oxygen (DO), biological oxygen demand (BOD), temperature, 
pH, salinity, chlorophyll-a (chl-a), gross and net primary productivity (GPP and NPP) and water nutrients like ammonia-
nitrogen (NH3-N), nitrite-nitrogen (NO2- -N), nitrate-nitrogen (NO3- -N) and available phosphate (PO4), were conducted. 
The analysis revealed temporal variations in water quality parameters. (DO range from 2.4 to 8.6 mgL-1, BOD:0.8 to 4.8 
mgL-1,  NH3-N: 0.04 to 0.19 mgL-1, NO2- -N: 0.06 to 1.49 mgL-1, NO3- -N: 0.002 to 0.039 mgL-1, PO4: 0.34 to 0.70 mgL-

1, Temperature: 20.0 to 33.0 0C, pH: 6.9 to 8.8, salinity: 0.00 to 40.0 ppt, chl-a: 0.02 to 23.4 mg m-3, NPP: 13.2 to 166.7 
mgCm-3day-1, GPP: 40 to 300 mgCm-3day-1). Plankton diversity included 33 genera of diatom, 7 dinoflagellates, and 7 other 
algae including Chlorella sp, Microcystis spp, Paediastrum spp, Scenedesmus spp and Staurastrum spp, and 14 groups of 
zooplankton. More than 40 species of fishes, 13 species of shrimps, 7 species of crabs and 3 species of cephalopods were 
also observed. 

Patalganga estuarine ecosystem is threatened with many anthropogenic factors like intense navigation, sand mining, 
construction of Karanja boat jetty, dredging, industrial effluents, sewage discharges and plastic pollution. Along with 
this, tidal water from Thane creek also carries pollutants. Present study indicated a gradual decline in production and 
productivity of the estuarine ecosystem. Hence continuous study is required to know the gradual changes taking place in 
the ecosystem, which provides livelihood to thousands of fishers and the ecosystem services.
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The state Manipur, situated on the North-eastern boundary of India, is rich in fisheries resources. Loktak Lake of Manipur 
is the largest freshwater water lake in the entire Northeast India and is providing livelihood to many fishers. Furthermore, 
in this lake, the indigenously designed and low-cost Fish Aggregating Device (FAD), locally known as athaphoom, is 
premeditated from the natural floating islands of aquatic plants, collectively known as phoomdhi.Such athaphooms are 
the  most popular traditional method of fishing in that lake.  Therefore, in this study, an effort was made to document the 
construction and the practice of such FAD by the local fishers. Further, the usage of the waste coming out of these FAD was 
also documented. Accordingly, it is recommended that, if such indigenously designed FAD is appropriately regulated and 
if its waste is properly recycled, they can provide livelihood opportunities to many underprivileged fishers. Moreover, it is 
also suggested that such FADs can also be modified to “cage-culture” of ornamental fishes. 
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Although cage culture development is experiencing a rapid growth on the tropical and sub-tropical reservoir, studies of 
its environmental impact on aquatic ecosystem are still limited. A study was undertaken to assess the impact of cage fish 
farming on selected parameters of water and sediment at a medium tropical reservoir Paleru (1500 ha), Telangana, India 
during May 2018 to December 2018 wherein four battery of 16 cages each has been installed. Periodic observations were 
made on depth, transparency, temperature, pH, dissolved oxygen, electrical conductivity (EC), total hardness, calcium 
hardness, chlorinity, nutrients (NO3-N, PO4-P, SiO3) as well as sediment characteristics from the cage site and also from a 
reference site (near dam, intermediate and river site) during pre- stocking (pre-monsoon), stocking (monsoon) and post-
stocking (post-monsoon) periods. The dissolved oxygen content of the reservoir water was found optimum in both at cage 
site (6.1 to 6.9 mg/l) and control sites (5.6 to 10.71 mg/l). Compared with reference site, transparency had reduced near 
cage site during monsoon may be due to increase in suspended particles. However, the pH values ranged from 9 to 9.7 at the 
cage site and it was 9.01-10.25 at different reference sites which is beyond the desirable limit. The alkalinity values were 
found optimum in the reservoir water which ranged from 100-104, 100-116, 84-98 mg/l during pre-monsoon, monsoon 
and post-monsoon period, respectively. Chlorides found moderate during the study, ranged in between 39 to 68 mg/l and 
values were higher in pre-monsoon and lower in monsoon and post-monsoon period. Not much variation was noticed with 
reference to the hardness at cage site and reference sites. Spatial and temporal variation was found with reference to the 
water nutrients status and no significant variation was found with reference to the cage sites. The sediment samples were 
also collected and values of characteristics such as pH, electrical conductivity, total organic carbon and available nitrogen/
phosphorus were also found to be within the standard limit. Initial studies indicated no adverse effect as influenced by cage 
culture of fish on any of the environmental parameters studied during this short-term period, however longtime study will 
give the more insight about the impact of cage culture on reservoir habitat quality.
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Tenualosa ilisha, commonly known as hilsa shad, is the most important edible fish rich in ω3 and ω6 fatty acids, and 
consumed by more than 250 million people across the globe. In India, people from the Ganga-Brahmaputra basin, 
particularly in the states of West Bengal, Assam, Odisha, have a very strong cultural affinity for the consumption of hilsa. 
Among the Indian states, West Bengal consumes most of the hilsa that are caught in India and imported from Bangladesh. 
As a result of high price and low availability, the volume of consumption has reduced drastically over time. However, 
demand for hilsa has not fallen and most consumers can now rarely access the fish due to its exorbitant price. Our study 
indicated that consumption of the fish was almost 100 t per day in West Bengal alone, with 70% of the requirement fulfilled 
by imports from Bangladesh. While, the rest as catch from different landing centers viz. Digha and Diamond harbor in West 
Bengal, Chilka and Paradip in Odisha, and Ukai in Gujarat. Further the study indicated that in West Bengal (Kolkata), the 
price of hilsa stood at US $ 20–30 per kg, while in Odisha (Chilka) the price was US$ 15–20 for fish in the size range of 
800 to 1000 g. This underlines a great demand with limited supply, which is mostly dependent upon the capture based wild 
resources viz. rivers, lakes and reservoirs. Therefore the need of the hour is to develop a commercial and viable aquaculture 
practices for the species.  

Developing a new aquaculture species is always challenging and is a multi-faceted process. It involves developing new 
technologies for broodstock management, hatchery management, live food production, larval rearing, and on-growing 
techniques. We have identified critical areas, where the focus is needed (a) although the breeding of hilsa has been successfully 
carried out, it is solely dependent dry/wet stripping of wild collected broodstock. So far domesticated broodstock of hilsa 
has not been developed, which is a prerequisite for commercial seed production of hilsa (b) optimization of water quality 
requirements for broodstock and larval/grow-out development of hilsa in freshwater and brackish water ponds is needed 
for increasing growth performance (c) nutrient requirement and feed development for the broodstock and larval and grow-
out hilsa is paramount. With several disciplines involved, a systematic and collaborative approach is needed for better 
use of resources and to become successful. Streamlining of all these processes will enable development of a successful 
aquaculture venture for subsistence and commercial growers.
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Riverine ecosystems are among the most impacted ecosystems worldwide. Human activities, such as the construction 
of dikes, dams, groynes and weirs, the straightening and deepening of river channels, the conversion of floodplains to 
agricultural land, water abstraction, water transfer and pollution; etc., have heavily modified most large lowland rivers. 
As a result, a large number of fish species became threatened or endangered and the fish productivity of most riverine 
ecosystems has declined. To balance the interests of different stakeholder groups, many countries have implemented water 
resources management plans. Water policy decisions are typically made with little or no consideration of fish conservation 
and fisheries, despite a high public perception of fish. Therefore, the need of the hour is to adopt a holistic approach 
bringing hydrologists, ecologists, fisheries scientists, geo-morphologists and policy makers in one platform. Realizing the 
importance, Govt. of India has brought environmental flows as a mandatory for all the river valley projects. Environmental 
flow refers to the water considered sufficient for protecting the structure and function of an ecosystem and its dependent 
species. Environmental flows are required to be maintained through a river reach for sustaining its ecosystem and dependent 
species. It means enough water is to be released in the downstream of the river system after utilizing the water for the 
development projects in order to ensure downstream environmental, social and economic benefits. In this backdrop a 
study was carried out to estimate the environmental flows in river DRI, Arunachal Pradesh for protecting the riverine 
fisheries. The results indicated that During the monsoon season (June-September) the flow regime (Figure inserted) exhibit 
high flows up to 1400 m3/sec with several daily spikes which ensure not only base flow but also high pulses occurring 
in the monsoon. However, to provide adequate river width during monsoon, a higher flow of 50 m3/sec is recommended. 
Moreover, all the flood spikes must be released to the downstream in order to mimic the natural flow regime in the river.
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Ipomea aquatica leaf contains high protein and carbohydrates and it is potentially a valuable feed for livestock.  45 days 
feeding trial was conducted to study the effect of different inclusion level of Ipomea aquatica leaf meal (IALM) based diet 
on the growth and gene expression of Insulin like Growth Factor Binding Protein-1 (IGFBP-1). The trial was conducted 
with one hundred eighty Labeo rohita fingerlings distributed into three different experimental groups including a control 
group in three replicates. Each group was fed with three different iso-nitrogenous and iso-energetic diets containing 10% 
(T1), 20% (T2) and 30% (T3) of IALM. Fishes were fed to satiation twice daily  anddaily and at  the end of the experimental 
period, Weight gain and Specific Growth Rate (SGR) was found to be higher in T1 group. Feed Conversion Ratio (FCR) 
was found lowest in group fed with 10 % IALM based diet. The total serum protein was recorded significant different 
(P<0.05) with highest values in T1 group. A relative expression study of IGFBP1 was carried out in the liver tissue by 
real time PCR. IGFBP-1 expression was recorded highest in T3 and the lowest was observed in T1 group. Overall, at 
10% inclusion level Ipomea aquatica Leaf meal (IALM) showed growth performance when compared with control (33% 
replacement of De-oiled Rice Bran (DORB). The IGFBP-1 gene expression was inversely related with growth of fish.  On 
the basis of observations, the study suggests that inclusion level of IALM more than 10% may have detrimental effects to 
growth and the results can be correlated with the growth performance of this important aquaculture species. 



691

INSIGHTS INTO THE EVOLUTION OF HIGH CAPACITY PERIPHERAL HEARING IN 
TELEOSTS 

Lakshman Sahoo*, Amrita Bit, Sofia P. Das and Paramananda Das

ICAR-Central Institute of Freshwater Aquaculture
E mail: lakshmansahoo@gmail.com 

Carps constitute one of the largest groups of lower vertebrates under teleosts and have emerged as the most important 
cultivable fishes. Rohu carp (Labeo rohita), belonging to family Cyprinidae, is one of the important aquaculture species 
accounting for about 2.5% of total freshwater aquaculture production worldwide. Cyprinid fishes have evolved physiological 
adaptations, with special characteristics, to suit to their habitats. Cypriniformes, along with Gymnotiformes, Characiformes 
and Siluriformes constitute a well known higher teleostean lineage, Otophysi which shares several common features 
among its members. One of them is auditory specialization with an accessory structure, Weberian ossicle connecting swim 
bladder and inner ear for superior peripheral hearing in this group of fishes. This special structure transmits oscillations 
of the swimbladder in a sound field to the inner ear thereby detecting sound at low levels and high frequencies by this 
group of fishes. We did compare the genomes of representative otophysan with non-otophysan species in order to identify 
putative genes/ clusters involved in the evolution of accessory auditory specialization.  Comparative analysis of annotated 
genes between selected otophysan representatives and non-otophysans revealed 11572 orthologous clusters commonly 
shared by selected otophysans whereas 10126 clusters were shared by non-otophysans. Further, comparison between 
the core orthologous set from both otophysans and non-otophysans revealed 4963 gene clusters specific to otophysi and 
3202 specific to non-otophysi. While looking into the GO term of the underlying gene clusters specific to otophysi, we 
identified several genes that are involved in pathways specific to multicellular organismal development, cartilages and bone 
differentiation, development of axial skeleton etc. The results of the present study can be a useful resource for studying 
genome evolution, and mechanisms of high capacity peripheral hearing systems in teleosts.
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Food and nutritional security will be the key challenge to feed almost 9 billion mouths during 2050 with the limitations of 
land and water resources. Hence, intensive aquaculture production is the only available option, which must be environment 
friendly and sustainable as well. Balancing both the side needs precision technological intervention. Hence, aggressive 
feed based aquaculture with thorough understanding of different facets of aquaculture nutrition may be the right strategy 
for the future. Intensification is always associated with much adverse impact related to health and immunity of fish. In 
such situation aquafeed formulators must pay special attention not only to nutritional specifications but also to reduce the 
potential risk of disease along with augmenting growth performances and immunity of fish. 

Though fish nutrition research has made a significant progress, but still some areas needs prior attention. Larval and 
broodstock nutrition of many species has not even touched due to various reasons like lack of infrastructural facility of 
preparing right type of feed and unavailability of sufficient data for the nutritional value of live food. Similarly, commercial 
broodstock feed is yet to get momentum. Only grow-out feed has made a visible change in the market, which share less 
than 5% of the total feed used for the grow-out practices. The major chunk remains with the farmer as farm-made feed. 
However, cost implication is same both for the commercial and farm-made feed as cost of the raw materials is increasing.  
Demand for the raw materials with the expanding aquafeed industry is not matching with the present availability of the 
feed ingredients. Hence, using the unconventional feed ingredients will be the only option without any choice in future. 
Use of different strategies like irradiation through electron beam, selective extraction of protein from non-edible seed & 
leaf, use of additives & nutraceuticals for enhancing nutrient bio-availability from these unexplored resources will facilitate 
to reduce the production cost along with ensured availability of ingredients for a long period while safeguarding the 
environment. One expected concern will be the impact of anti-nutrients presents in these ingredients may have a significant 
impact on metabolism and immunity of fish, which needs thorough study with special reference to the feed quality and food 
safety. Fish physiology is one more critical area which can not be overlooked. But most of the basic physiological studies 
are conducted in the general university and not in the state Agricultural Universities. Lack of faculty in Fish Physiology 
in different colleges is the major bottleneck for which integrating basic and applied research in fish nutrition research 
is missing. Nutrigenomic research facilitate more insight picture about nutrient response to expression of some specific 
gene linked to different traits. Though fish nutrition research has different facets, but it needs right type of integration for 
increasing the overall production efficiency of feed based culture system. Holistic approach rather than individual approach 
in fish nutrition research needs fast-tracking to address the issue of intensification and sustainability for next generation 
aquaculture.
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Increasing demand for fish as health food has created a need to produce more fish from the aquaculture sector compared to 
its capture counterpart. Today, the highest potential for producing food lies in untapped water resources, as land resources 
are infolding day by day and the production from natural rivers and streams is also constrained due to destruction of breeding 
grounds and pollution. Though it’s a great challenge to provide quality protein to the burgeoning human population of 9 
billion by 2050, a technology based aquaculture production system appears to be the best way forward.  A strong research 
and development wing is the first and foremost requirement for this, which must be supported by a robust academic 
programme. Though aquaculture and fisheries were introduced as disciplines about six decades ago, education in these 
areas still needs to acquire the refinement achieved in animal sciences. This is due to the fact that the sector caught the 
attention of national planners at a much later stage. At present, specializations have been introduced in the two Fisheries 
Universities, one Deemed University and 29 Fisheries Colleges in the country to introduce cutting edge know-how and 
skills among the students. Though the number of Fisheries Colleges has significantly increased, attracting talent to the 
sector, providing quality education, creating job opportunities through academia-industry tie-ups, are some of the major 
issues that need to be addressed on priority. Industry plays a crucial role in driving the growth of any sector, which is well 
evident from examples of poultry and dairy sectors in the country and world. Industries aggressively penetrate the market 
and create demand for the commodities, building gateways for new occupations/ enterprises. However, the industry is itself 
driven by research and innovation to sustain the demand. Close Academia-industry interaction is need of the hour to seed 
innovation in new age aquaculture education. This can be achieved through involving industry in curriculum development, 
sponsoring student research, brainstorming sessions for churning new ideas, etc. Alumni and other industry leaders must 
be provided platforms and opportunities to share entrepreneurial success stories on a regular basis to change the mind-set 
of the students and orient and inspire them towards entrepreneurship. Agribusiness Incubation Centre is a new initiative of 
ICAR to encourage students to establish start-ups and this can be supported with appropriate course curriculum. Although, 
several of these issues have been highlighted in the past, concrete steps can be discussed at the Symposium.
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Handicrafts can be defined as products which are produced either completely by hand or with the help of tools. The Indian 
handicraft industry stands a unique place as it represents the rich Indian culture, traditions and heritage along with the 
modern and trendy touches. The industry is of vital importance to Indian economy and is considered as the second largest 
employment generating sector after agriculture, employing around 7 million artisans. 
The Andaman and Nicobar Islands (ANI) form an archipelago of 572 islands is an ideal tourist destination in India, 
dominated by the tribal’s and the craft of the region display the creative aspect of people who dexterously and artistically 
work on crafts. The sea around Andaman islands is a rich breeding ground for a variety of commercially important shells 
likeTurbo,Trochus,Nautilus,Chank and Species of Cypraea and these shells are regularly used in the small scale shell 
craft industry. Artisans who are deriving income from seashell handicraft are widespread across the island. A study was 
conducted to understand the constraints faced by seashell handicraft artisans. 

Artisans were found to be distributed in different age groups with minimum 25yrs and maximum 58yrs. Experience of 
artisans indicated that they were the masters of shell handicrafts, which they have been pursuing relentlessly with great 
devotion for years. The study reported that most of the shell handicraft items are made from the raw materials available 
within the locality, rest are procured from mainland. Power driven circular saws and buffing machines were found to be 
used to cut the shell in desired size and shape. The results of the study depicted that artisans in the shell craft industry is 
facing lot of constraints like health problems, inadequate infrastructure, poor internet connectivity, growing competition, 
lack of government support, limited income etc...Constraint index analysis was employed to rank the identified constraints 
in the study area. Possible suggestions for eliminating the recognized constraints for the improvement of the artisans who 
have devoted their entire life in the pursuit of artistic crafts were also reported in the study. 
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The study was carried out to estimate the amount of microplastics in flowing waters along the South Juhu beach, Mumbai 
coast. Microplastics are defined as particles with sizes less than 5mm.

In this study, microplastics were analysed by density gradient method in seawater. One kg of plastic collected from aluminium 
device was dipped into plastic bucket up to half of its total capacity. Seawater was poured into it to a level required for 
through mixing. The samples were mixed thoroughly and floating microplastics were taken out from bucket with the help 
of a sieve. The collected microplastics were dried and quantified in terms of number and weight (g).Microplastics were 
collected with the aid aluminium device and further quantitatively assessed. The installation of the sampling device during 
April 2018 to May 2018, these device have captured and collected over 106 pieces and 9.9 g during low tide and 95 pieces 
and 8.7 g during high tide from Juhu water channel and its tributaries. The collected microplastic was dried, segregated, 
quantified and classified into two major categories namely plastic fragments and foamed plastics. Totally six sampling 
was carried out .The maximum number and weight (g) of microplastics found during low tide. The highest abundance of 
microplastics by count and weight was found in sixth sampling was 22 and 2.1 g during low tide. The lowest abundance of 
microplastics by count in first sampling was 11 and weight in second sampling found was 1.1g during high tide (Table1& 
Figure 1).



696
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Bioaccumulation of toxic metals in fish cause serious threats to human when consumed. The detection of toxic element 
concentration in fish is important and mercury especially in the form methyl mercury is very toxic to fishes. Prolonged 
consumption of fishes containing mercury (especially methyl mercury) can damage the liver and brain of human. It could 
cause birth defects in pregnant women. The objective of this study was to assess the mercury level in fish muscle and 
liver of the Gulf of Mannar coast, Tamil Nadu. The fish samples were collected fortnightly from different stations namely 
Kayalpatinam (Staion - I), Kombuthurai (Station - II), and Thoothukudi thermal bridge (Station - III) for a period of eight 
months. The fish species analyzed for the  presence of mercury were Honey comb grouper (Epinephelus meera), Checkered 
snapper (Lutjanus  decussates), White spotted spine foot  (Siganus canaliculatus), Black tail snapper (Lutjanus fulvus), 
Blue lined hind (Epinephelus formosa), Short silver belly (Parupeneus indicus), Ornate emperor (Lethrinus ornatus), 
Streaked spine foot (Siganus javus), Blue barred parrot fish  (Scarus ghobban), Pink ear emperor (Lethrinus  lentjan) in 
all the stations throughout the study period. The fish were placed in sterile polythene bags in ice box and bought to the 
laboratory on the same day. Each fish was properly rinsed with distilled water to remove debris, plankton and other external 
adherents. Scales were removed and liver and muscle were separated and then transferred into sterile sample bottles 
and kept for digestion. The mercury analysis was done using Inductive Coupled Plasma-Mass Spectrometer (ICP-MS) 
technique at SGS laboratory Pvt. Ltd, Chennai.  The result showed that mercury levels in muscle and liver tissues of all 
fish samples in three different stations (Kayalpatinam - Station I, Kombuthurai - station II and Thermal Bridge - Station III) 
were below the limit of quantification (BLQ) of 0.01mg/kg throughout the study period. 

The mercury level in all the fish samples were found below the quantification limit of 0.01mg/kg as recommended by WHO 
(1985) (0.1 mg/kg); FDA (1996) (0.1 -0.5 mg/kg); NHMRC (1990); (1mg/kg) and EC (2000) (1.0 mg/kg) standards. This 
might be due to the efficient effluent treatment measures and good management practices followed in the industries in and 
around Thoothukudi coastal waters in recent years. 
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The study evaluated the effect of potential probiotic Bacillus spp. previously isolated from African nightcrawler (Eudrilus 
eugeniae) on the growth, feed utilization, and disease resistance of Nile tilapia (Oreochromis niloticus). The experiment 
is composed of six treatments: commercially available feed served as the control; four treatments were individually 
supplemented with single Bacillus sp. (ANSCI9, BFAR9, RM3, and RM10); and one treatment is supplemented with the 
mixture of four Bacillus spp. Experimental fish were fed with their respective diets for four weeks. Significantly higher (P 
< 0.05) final average body weight (ABW) were observed from treatments ANSCI9, BFAR9, RM3 and RM10 compared to 
the control. Treatments BFAR9 and RM10 also showed significantly higher (P < 0.05) absolute growth (AG) compared to 
the control. On the other hand, only treatment RM10 showed significantly higher (P < 0.05) specific growth rate (SGR) and 
relative growth rate (RGR) than the control. Also, treatment RM10 had significantly lower (P < 0.05) feed conversion ratio 
(FCR) than the control. After the feeding experiment, fish were challenged with Aeromonas hydrophila. The mortality was 
recorded and observed for two weeks. The result showed that all treated diets have significantly higher (P < 0.05) survival 
rates than the control. The relative level of protection (RLP) was also computed and treatments ANSCI9, BFAR9, RM3, 
RM10, and the combination had 61.11%, 55.56%, 50.00%, 66.67%, and 44.44%, respectively. The results show that the 
potential probiotic Bacillus spp. isolated from African nightcrawler (E. eugeniae) improve the growth, feed utilization, and 
disease resistance of Nile tilapia (O. niloticus).
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Shrimp farming is a multi-billion dollar industry contributing a major income to several countries in Asia and South 
America. India is the second largest country in aquaculture production in the World, the share of brackish-water sector 
includes culture of the exotic white-leg shrimp, Litopenaeus vannamei (Boone, 1931) for its ability to grow and survive in 
low salinity environments (Luke, 2010) for inland aquaculture.
 
Biomonitoring is the use of biological responses to assess the changes in the environment. It is a valuable assessment 
tool that is receiving use in water quality monitoring programs of all types. Certain contaminants, particularly metals 
and organic compounds, may be accumulated in the tissues of organisms. The study focusses on analyzing the presence of 
toxic heavy metals (like lead, cadmium, chromium, mercury and arsenic), present in the shrimp, soil and water samples. 
Heavy metal concentration is determined by direct aspiration of water samples and acid digestion prior to filtration and then 
analyzed using ICP-MS. The major threat to the shrimp farmers is the incidence of diseases that attack culture ponds which 
results in devastating loss. The infections include a wide range of microorganisms viz. bacteria, fungi, and viruses, among 
which a few prevailing diseases in India are chosen for detection in this study.

Fresh shrimp, water and soil samples were collected from the ponds from the time of stocking of seeds till the period of 
harvest were collected from three ponds located in Vellakulam village, Ponneri taluk (13.3378°N, 80.1929°E), Thiruvallur 
district, TamilNadu. Shrimp samples were also collected in containers with freshly prepared Davidson’s fixative, for 
histological purposes (Janakiram et al., 2018). Microbial screening for total fungal count, total plate count, vibrio profiling 
and the diagnosis of Enterocytozoon hepatopenaei was done at each stage of the culture period. This study of biomonitoring 
thus aware us at each stage and between the cultures about the toxicity and disease spreads in the farms.
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GENDER ROLES IN MATRILINEAL SOCIETY OF MEGHALAYA: A STUDY IN FISHERIES 
SECTOR

Balkam R Sangma
Balkamrsangma@gmail.com
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A study was carried out on a sample size of 80 with a view to highlight gender roles in matrilineal society in respect to fishery 
sector. Study was done in 5 districts of Meghalaya viz. East Garo Hills, West Garo Hills, North Garo Hills, Ri-Bhoi and 
East Khasi Hills. Personal interview coupled with focus group discussion was conducted employing snowball technique of 
sampling. First objective was to study gender roles with regards to matrilineal society and to document the contribution of 
women towards their family income. In context of fisheries, activities ranging from pre stocking to post stocking activities 
including marketing activities were studied for both genders. Average annual income showed a plausible difference in the 
income earned by men and women. Women had high contribution towards family income and their contribution towards 
saving was 60%.Second objective was to undertake gender based Time Use Survey (TUS) in fisheries as well as agriculture 
and horticulture and to statistically test if there exists any significant difference among these sectors. Activities that receive 
remuneration were recorded as per the classification of United System of National Accounts (UNSNA) as SNA, productive 
activity that did not receive remuneration were extended SNA and time spent on personal activities were Non SNA. Time 
spent on SNA and Non SNA activities for women was observed to be less than male counterparts in general; however the 
trend reverses in respect of extended SNA. Time spent on SNA activities in fishery sector was higher for women (0.56 
hours) than men (0.42 hours). Furthermore, study on agricultural activities employing TUS presents slightly different 
findings wherein the extended activities shows higher for women (6.59 hours) than male counterpart (3.5 hours) the trend 
reverses in case of SNA activities as men (3.5 hours) were observed to spent more in comparison to the amount of time 
spent by the women (0.30 hours). As far as horticulture is concerned the time spent on SNA and extended activities shows 
maximum participation for women than men. Time spent on SNA activities were estimated at 2.9 hours for women and 
1.42 for men. With respect to extended activities in horticulture the time spent by men and women were estimated at 2.3 
and 2.5 hours respectively. T test was undertaken with the view of testing the hypothesis and the revelation implied that 
there is significant difference between the time spent by men and women in different activities under different sector. 
Third objective was to document constraints and formulate gender neutral policy. Timely availability of input and the 
need for credit was observed as the major constraint highlighting the need for policy makers to incorporate basic needs to 
achieve self sufficiency in fish production besides strengthening the extension farmer interface. Mann Whitney U test was 
applied in the study to assess the significant difference with respect to the constraint faced by men and women. Significant 
differences were found for low level of education, mobility, awareness training and the availability of market. The study 
has revealed that women are playing significant role in fisheries as well as other sectors. Even in matrilineal society of 
Meghalaya, gender differences exist between the number of hours spent on SNA and Non SNA activities. Contribution of 
women towards family income is high. Regarding constraints faced by them too, gender differences exist. This study is 
in interest for economic policy to answer questions such as how to arrive at more inclusive economic growth, calling for 
enhanced integration of the results from micro-surveys to the system of national accounts
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The age old traditions of recreational fishing practices accounts to about 76% of the world’s exclusive economic zone and 
offers significant revenue generations. Realising its importance, a study was conducted with the objective of documenting 
the entrepreneurial activities in the area of recreational fishing in Meghalaya. The case study method, interview and 
observation method trough participation in the angling competition were used in combination to achieve the objective. 
Besides, nomothetic approach with the aim of ‘averaging’ was also used by way of interviews so as to synergize the two 
approaches. Based on the high intensity of recreational fishing 3 districts (40 Sample size: 40% Male 60% Female) were 
considered as the locale of the study Viz, East Khasi, Hills, Jaintia Hills and Ri-Bhoi District. Instead of taking a circuitous 
route of collecting data, it was thought that participation in angling competition be done by the researcher himself as we 
were swayed by the cogent argument of direct participation being more convincing. Participation in this was done by the 
researcher in the angling competition which was held by an entrepreneur on 18th of October 2014 in Ur-Masi-U-Joh, East 
Khasi Hills District of Meghalaya and  also in the competition ‘First Catch and Release Angling Competition’, organized 
by the Department of Fisheries, Meghalaya, on 20th October, 2014 to understand the nuances of the sport.. Percentage 
analysis, the descriptive analytical tool was done by analyzing different socio-economic variables including the income 
derived from revenue collection and fish culture from the pond. Lorenz curve and Gini index coefficient were used to 
graphically represent the inequality in income. Z-test was used to test the hypothesis. The age profile of the entrepreneurs 
ranges from 21-69 years. Nearly 35% of them belong to age group >59 years, followed by age group of 31-40 and 41-50 
% whose share constitutes 22.5%. About 20% of the entrepreneurs belong to the age group of 20-30%. Almost 88% of 
the respondent reported that they are married as against 12 % of entrepreneurs who are single. 52.5% of the entrepreneurs 
received primary education followed by 27.5% who completed higher secondary education, 7.5% received secondary 
education and 2.5% graduates. 57% belong to a nuclear family and 43% of the entrepreneurs belong to a joint family.75% 
of the entrepreneurs have a family members ranging from 6-10 nos. followed 15% who have 11-15Nos. and 10% with 
1-5 nos. Almost 50% of the entrepreneurs stated agriculture as primary occupation followed by 25% who derived income 
from fishery. 17.5% are engaged in small scale business and 10 % constitutes other occupation. 50% of the respondent 
reported to have a land holding of worth < Rs.50 Lakh, 35% in the range of Rs. 50-1 crore, 12.5% in the range of Rs. 1 
crore-1.5 crore and 2.5% with > Rs. 1.5 crore. 77.5 % of the entrepreneurs owned a pond of size 0.1-0.3 ha as against 
22.5% of respondent with pond size of 0.3-0.6 ha. A minimum of 350kg and a maximum of 800 with an average of 506.25 
kg of production of fish were reported by the entrepreneurs.47.5% of the entrepreneur’s produces 300-470 kg of fish 
followed by 32.5% who produces 471-640 Kg. 20% represents the entrepreneurs with production ranging from 471-640 kg. 
47.5% earns Rs 30,000-60,000/- from fish culture followed by 32.5% who earns 60,000-90,000/-, 25% earns Rs. 90,000-
1,20,000/- and 17.5% of the entrepreneurs earns Rs.1.2-1.5 lakh. About 47.5% of the entrepreneurs earns about Rs. 20,000-
25,000/- through fee collection from recreational fisheries per month followed by 40% and 12% with monthly earing in the 
range of Rs. 25,000-30,000/- and Rs.30,000-35,000/- respectively. Lorenz curve and Gini Index revealed income is nearly 
equally distributed among the entrepreneurs under study. There was a significant difference between the incomes earned 
from revenue collection and fish culture in pond leading to the decision in rejecting the null hypothesis. Income earned 
from fee collection provided much needed income than the fish culture.
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Acute Hepatopancreas Necrosis Disease (AHPND) is a bacterial disease which affect early stages of Litopenaeus 
vannamei, due to Vibrio parahaemolyticus, that has genes of both toxins, PirA and PirB (Li et al., 2017). Functional feeds 
are one of the key alternatives against bacterial disease and specifically against AHPND. A combination of organic acids, 
fermented products based on yeast, hepatoprotectors and nucleotides were assessed against bacterial infection, caused by 
V. parahaemolyticus. Two trials with shrimp (L. vannamei) were performed during 2018 in the Global Innovation Center 
(GIC) and Technological Application Center (TAC), Elk River and Bac Lieu TAC in Vietnam, respectively. In the first trial, 
performed in Elk River, 600 shrimps, average weight of 0.5 g/ shrimp, were allocated in 20 tanks, 30 shrimps/tank. Four 
treatments were considered for groups of shrimp allocated in 4 tank each, where A was control feed, B the low dose of 
SmartShield, C medium dose of SmartShield and D was control feed without challenge. Shrimp fed the experimental feeds 
for 3 weeks. After this period all groups of shrimps were challenge with V. parahaemolyticus, except group D. Mortality 
was recorded daily until 5 days post infection (Figure 1).  

For the second trial done in TAC Vietnam, 6.400 
shrimp with an average weight of 2.5 g/shrimp, were 
allocated in 32 hapas, 200 shrimps/hapa located in one 
pond of 400m2. Four treatments with 8 replicates were 
considered, where A was the group of shrimps fed with 
control feed, B was the group fed with low SmartShield, 
C was fed with medium level of SmartShield and D was 
the group fed with high level of SmartShield. Shrimps 
fed experimental feeds during 61 days. Mortality was 
recorded at the final (Figure 2). 

Shrimps feds with medium level of SmartShield in feed 
in both trial obtained an average survival of about 60% 
which represented between 7 to 12% higher survival 
compared with control groups. 
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Sea Water Intrusion (SWI) occurs by reverse hydraulic gradient and mainly on account of Salt Water transport by advection 
and hydro-dynamic dispersion. The Ground Water quality in coastal tracts is determined by the analysis of a large number 
of chemical and isotopic parameters. Thus, it is imperative to analyze the chemistry of sea water and fresh water for the 
detection of SWI and to distinguish the origin of salinity. Accordingly, 50 ground water samples were collected in dug 
and bore wells of different places in East and West coasts of Andaman island in two successive years 2013 and 2014 peak 
summer season where there was no absolutely recharge.

The samples were analyzed for major chemical parameters such as TDS, EC, Cl, Ca, Mg, Na, HCO3, K, Sr and B. The 
samples were also subjected to ionic ratio analysis such as rNa/rCl, rCl/rSO4, rCa/rHCO3+ rSO4 etc. The rNa/rCl analysis 
reveal that most of the ground water samples collected at Mithakari, Ograbraj, Port Mout, Shippighat, Tirur, North 
Wandoor, Manjery, Saithankari, Namunaghar were showing the ratio less than one indicating the ingression of Sea Water. 
Similarly, the rCa/rHCO3+ rSO4 indicate that most of the ground water samples collected at  viz at Mithakari, Ograbraj, Port 
Mout, Shippighat, Tirur, North Wandoor, Manjery, Saithankari, Namunaghar show more than one  confirming the salinity 
problem. The piper analysis of ground water samples of these places indicated that the samples landed near the sea label 
in the upper diamond of the piper diagram. In addition, the high TDS and EC values of these water samples beyond the 
BSI drinking water standard were corroborating with the ionic ratio analysis results. As a sequel to identifying the SWI 
in ground water samples, suitable mitigation measures such as artificial recharge, subsurface barrier at appropriate places 
were suggested.
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Andaman and Nicobar islands experience frequent earthquakes of varying earthquake magnitude. Of which, the recent 
earthquake 20th March 2019 of magnitude 4.6 at a depth of 10 km and a distance of 38 km from Port Blair is worrisome.  
The 9.3 magnitude Sunda-Andaman Great Earthquake and subsequent Tsunami of 24th December 2004 has brought 
the Andaman and Nicobar region to  global attention.  The Southern Sumatra region has generated several large and 
Great earthquakes but the overall seismicity of Andaman and Nicobar segment is comparatively less involving few large 
earthquakes and it is noted that no major or Great earthquakes have occurred in the subduction zone between 80 and 200 
though some events of less than 8 magnitude. The rate of strain accumulation in Andaman is fast and varied significantly 
in past 10 yrs. especially after 2004 earthquake which is also validated by the absence of big magnitude earthquakes in 
the region. In this, an attempt has been made to relate the frequency and magnitude of historical earthquakes of the past of 
Andaman and Nicobar islands and the b value was evaluated to estimate the stress accumulation. It is theoretically proved  
that low b value means high stress accumulation and the b value calculation suggest a high stress accumulation west of 
Nicobar islands and northern part of Andaman islands.
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In the north of the Sinaloa coast, the red snapper, Lutjanus colorado, is considered one of the most important fish species 
because of its commercial and nutritional value. 206 organisms were stacked during the four seasons (winter, spring, summer 
and autumn) of 2016, from the San Ignacio-Navachiste-Macapule. The blood samples of 1.5 ml were extracted from each 
fish. The following biochemical parameters in blood were analyzed: protein (PT), cholesterol (COL), triglycerides (TRG), 
glucose (GLU), vitellogenins, and hematocrit. Red cell (RBC), white cell (WBC) and thrombocyte (TBC) were estimated. 
Also, the gastric repletion index (GI), gonadosomatic index (GI), hepatic index (HI), and condition factor (K) were 
obtained. Water physicochemical parameters such as temperature (°C), salinity (ppm), dissolved oxygen (OD), hydrogen 
potential (pH), nitrites (NO2), nitrates (NO3), ammonium (NH4) and phosphates (PO4) were also determined. Fish body 
weight and total length (LT) ranged from 81.3 to 2,040 g, and from 17.5to52.7 cm, respectively. The IRG (3.16±0.25) 
and K (1.27±0.01%) indexes were higher in summer, whereas the higher GI and HI values were obtained in autumn, with 
averages of 0.11±0.01 and 1.8 ± 0.12%, respectively. For PT and COL, the higher concentrations were observed in autumn, 
with averages of 7.54±0.44 g/dL and 166.60±7.8 mg/dL, respectively, whereas the higher values of TRIG and GLU were 
obtained in summer and spring, with averages of 185.23 ± 10.8 and 46.56±2.23 mg/dL, resp. For HTO and RBC the higher 
values were observed in summer, with averages of 43.10 ± 0.98 % and 2.68±0.04 x106 células μl⁻1, while WBC and TBC in 
winter and summer were higher, with averages of 8.08 ± 0.69 x103 and 32.17 ± 1.08 x103 células μl⁻1. The highest value of 
vitellogenin per season was obtained in spring (121.22±16.95 μg/ml). In relation to the determination found in organisms 
of 25 cm (116.72±29.37 μg/ml) and with respect to the weight found in organisms of 587 g (101.40±16.30 μg/ml). The 
obtained results contribute to better understand on the reproductive physiology of the red snapper from the wild, and the 
development of its culture in captivity. 
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The spotted rose snapper; Lutjanus guttatus, is the second most important snappers from commercial in the Mexican 
Pacific Ocean. The pigmentation of the skin presents problems when it is cultivated, losing commercial value due to the 
low skin color. The bioassays were designed providing the following diets: 1. Commercial diet+shrimp head (triplicate), 
2.- Commercial diet (triplicate) and 3.- Fishes fed with natural food. The temperature, salinity, pH, dissolved oxygen, 
nitrites, nitrates, ammonium and phosphate were monitored. Biometric analyzes were performed every 10 days to calculate 
the supply of food rations. In 86 days of culture the Daily growth (1.40 gr) and Survival (73%). The treatment of feed/
head of shrimp was the one that presented a better performance in the culture as well as in the pigmentation of the skin 
with carotenoids, at the beginning of the culture (2.44±1.01) and, at the end culture (17.31±6.57) vs without shrimp head 
beginning the culture (3.60±1.53) and at the end the culture (7.49±3.26). The results indicate that adding by-products such 
as shrimp head to red-skinned fish such as snapper L. guttatus increases skin pigmentation.
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The popular name ‘mullets’ generally refers to the species of the family Mugilidae, The main species of aquacultural 
interest are euryhaline and can be reared both in brackish- and salt-water environments. They can easily be acclimatized 
for culture in fresh water. In cage culture finding out the optimal stocking rate becomes an important part because stocking 
density directly influences the growth rate of the cultured species. Stocking density is one of the most important variables 
in aquaculture because it directly influences survival, growth, behavior, health, water quality, feeding and production. 
Optimum stocking densities need to be determined for each species and production phase to enable efficient management 
and to maximize production and profitability. The present study were conducted at the closed bay near Suryalanka, Bapatla, 
Guntur district Andhra Pradesh.

The study was on the effect of stocking density 
on growth and survival of grey mullet, (Mugil 
cephalus) in floating net cages in closed bay, 
Triplicate groups of mullets with an average 
initial weight of 0.95 g were randomly stocked 
in floating net cages (1m×1m×2m) at 20, 40, 60 
and 80 fish/m3 designed as D20, D40, D60 and 
D80 respectively. Mullets in the cages were fed 
with 25% CP formulated diet at 10% of body 
weight twice daily. Sampling was done weekly. 
At the end of the experiment, growth in terms of 
body weight of fish was high in D20 than those 
in D40, D60 or D80, and in terms of weight 
gain, and specific growth rate of fish was high 
in D40 than those in D20, D60 and D80. There 
was a significant difference in the survival rates 
of mullets at different stocking densities. At the 
end of the experiment survival rates was high in 
D20, than those in D40, D60 and D80. Total Feed 
Conversion Ratio was lower in D20 and D40, 
followed by D60 and D80. The cages stocked with 
20 fish/m3 have highest growth performance and 
80 fish/m3 showed highest biomass performance. 
Water quality parameters were at optimum level 
during study period. Results suggest that 20 fish/
m3 could be recommended for producing better 
quality mullet fingerlings and 80 fish/m3 for 
highest number of seed production.
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Probiotics are a recent introduction to aquaculture, used as health and growth promoters as well as for prophylaxis. 
Escherichia coli Nissle 1917 (EcN) is a human probiotic known to outcompete intestinal pathogens and strengthen the tight 
junctions of the intestinal barrier in mammals. To date, we were not able to find literature that discusses the use of human 
probiotics as piscine probiotics. We assessed the possible benefits of using EcN as a probiotic for tilapia. EcN was added to 
the diet of the fish at various concentrations and offered to them for 8 weeks. We then evaluated survival, growth, condition 
index and hematological parameters. We also challenged the fish with Aeromonas hydrophila and Edwardsiella tarda. 
Results showed that EcN doesn’t have a significant effect on survival and growth of Nile tilapia Oreochromis niloticus. 
Hematological parameters suggest an effect on the immune system of the fish offered EcN and but there was no difference 
in survival between probiotic offered fish and controls with regards to pathogen challenged individuals. 
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Aquaponics is a combined system of aquaculture and hydroponics. A 90 days culture trial of GIFT Tilapia (5±0.05g) was 
conducted in 30 m2 pond with the stocking density of 100 / m2. The experimental group consists of two treatments namely 
T1- tomato, ladies finger, palak keerai and T2- bottle gourd, cucumber, broad beans (3 beds for each plant in a media based 
aquaponics system). Water quality and growth parameters were analysed on weekly basis. Water quality parameters were 
found to be significantly different between the treatments. Nitrite, nitrate and ammonia levels were found to be lesser in 
T2 when compared to T1. Weight gain (120±1.6g) were found to be significantly higher in T2 than T1. Lower survival rate 
was found in T1(80%) than T2 (85%). The vegetable yield was found to be higher in guard variety plants (T2) as the  ideal 
water quality level was maintained with the improved growth and survival rate. Aquaponics system adds an advantage for 
the sustainable production of fish and vegetable. 
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The present experiment was conducted to study the effect of multiple stressors on growth and IGF-I gene expression 
without and with dietary zinc, selenium, vitamin E and methionine based nutraceutical in Labeo rohita fingerlings. One 
thousand and eighty (1080) acclimated rohu fingerlings with an average size of 8.5 ± 0.5 g were randomly distributed in 6 
distinct experimental groups in triplicate, where first three groups were exposed to high stocking density (HSD; 20 nos / 
75 L water) with restricted feeding (RF) and second three groups were exposed to normal stocking density (NSD; 10 nos 
/75L water) with satiation feeding (SF). Nutraceuticals were fed to both stress exposed and unexposed groups at 0, 0.1 or 
0.5% levels. Hence, the six experimental groups were designated as THR0 (HSD, RF, 0% nutraceutical), THR1 (HSD, 
RF, 0.1% nutraceutical), THR5 (HSD, RF, 0.5% nutraceutical), TNS0 (NSD, SF, 0% nutraceutical), TNS1 (NSD, SF, 0.1% 
nutraceutical) and TNS5 (NSD, SF, 0.5% nutraceutical). Monthly sampling was done during four months experimental 
period. The weight gain (WG) %, specific growth rate (SGR), protein efficiency ratio (PER) and IGF-1 expression were 
significantly lower and feed conversion ratio (FCR) was significantly higher in fish of HSD with RF at the end of every 
month of the experiment. However, dietary nutraceutical could not recover these changes up to the level in fish of NSD 
with SF. Although dietary nutraceutical supplementation did not significantly change WG%, FCR and IGF-I expression in 
fish of NSD with SF, the fish of HSD with RF exhibited significantly higher WG% and IGF-I expression and lower FCR 
due to nutraceutical supplementation at the end of every month of the experiment. But fish of TNS1 exhibited significantly 
higher PER at the end of third month and the fish of TNS5 showed significantly lower SGR at the end of third and fourth 
month of the experiment. Dietary nutraceutical did not change PER at the end of third month and SGR at the end of second 
and third month of the experiment. Further, two way ANOVA revealed that 0.1% dietary nutraceutical resulted significantly 
higher WG% at the end of third and fourth month, PER at the end of third month, SGR at the end of first month and IGF-I 
expression at the end of first and fourth of the experiment in the fish of HSD with RF. Hence, the present study concluded 
that the stress exposure in terms of higher stocking density and restricted feeding reduced the growth in fish but mineral 
and vitamin based nutraceutical supplementation cannot recover this up to the level of stress unexposed fish. Among the 
stress exposed groups, the Labeo rohita fed 0.1% nutraceutical could exhibit higher growth at the end of third and fourth 
month of the experiment.
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The present study was conducted to investigate the effect of maintaining higher C/N on growth and survival of Labeo 
fimbriatus spawn reared under high stocking density. The experiment was carried out in 50 m2 concrete tanks (6 nos.) 
with a stocking density of 2000 nos. of spawn m-2 and reared for 30 days. In all the tanks supplementary feeding was 
provided using finely powdered mixture of groundnut oil cake (40% crude protein) and rice polish (10% crude protein) in 
a ratio of 1:1. Total three treatments consisting of T1 (Control- only feed), T2 (C/N-15:1) and T3 (C/N - 20:1) were taken 
for the experiment. In order to increase the C/N ratio of the feed to 15 and 20, molasses was added as a source of carbon 
to the supplementary feed. Results indicated that the fry survival ranged from 53–59%. The statistical analysis results 
revealed that the highest fry survival was obtained under the treatment T2 (C/N-15:1) followed by T3 (C/N-20:1) which 
was significantly greater than T1 i.e. control. Further, data on biomass yield per tank revealed that highest biomass of 9.52 
kg/tank was harvested in treatment T2 (C/N-15:1) and it was significantly higher than the biomass yields of other two 
treatments. The results of this study indicated that application of additional carbon source to increase the C/N ratio upto 
15:1 contributed significantly to the growth and survival of Labeo fimbriatus spawn. However, further addition of carbon 
(C/N-20:1) yielded lower survival and growth though it was slightly higher than that recorded under control (T1).
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Shrimp is one of the leading exportable seafood products from where Bangladesh 2017-2018 financial year exported 36168 
MT product and its value is 40 core 87 lac USD which yearly contributing 3.57% to the GDP. Research was conducted in 
three Upazila (Kaliganj, SyamNagar  Asasuni)  under Sathkira district the southwest reason of Bangladesh. Three different 
farming practices organic, traditional and control/ extensive farmer were selected for the research. Farmer follows the 
traditional and control extensive farming practices and average production is 275 kg/ha which is the lowest compared to 
other countries producing shrimp around the world. Reasons of this low production are lack of better technology, dearth 
of quality seed & feed and effect of shrimp disease. Small-scale organic shrimp farming practice introduced recently has 
shown better production and profitability under three coastal sub district (Upazila) of Sathkira district in the southwest part 
in the country. Three different farming practices were studied (i) organic (ii) traditional and (iii) control/extensive farming 
where farmers were interviewed to collect data. In comparison to the production kg/ha/yr from the year 2012 to 2014, the 
highest production occurs in organic shrimp farming than others. Organic Shrimp farming production is 13.16% higher 
than the traditional and 15.14% higher than the control/extensive shrimp farming. Traditional shrimp farming production 
is 1.98% higher than the control/extensive shrimp farming. The result shows that highest income ha/yr. in organic shrimp 
then traditional and lastly control/extensive shrimp in total of year from 2012 to 2014. Percentage of gross sell of organic 
is 14.01% higher than traditional and 15.89% higher than the control/extensive shrimp farming. The traditional shrimp 
gross sell is 1.87% higher than the control shrimp. Interview and PRA method were used for the collection of data. The 
main research question was what effect dose the overall production, income and biodiversity among the three different 
farming practices. Effect were found that production kg/ha is organic higher than traditional and control/ extensive shrimp 
farming practices. Traditional farming production cost is higher than the organic and control/ extensive farming practices. 
Considering to the biodiversity organic farming conserve more biodiversity than traditional and control/extensive farming 
practices.

Compare to the organic, traditional and control/extensive farming practices, organic is sustainable and environmentally 
friendly farming system. Organic farming is less input cost and higher production and high product value. Organic farming 
protects the environment and biodiversity. Organic farming could be creating the international image of Bangladeshi 
product in the international market
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EVALUATION OF SEASONAL REPRODUCTIVE MATURITY OF GOLDEN MAHSEER 
(Tor putitora) IN RELATION TO CHANGING TEMPERATURE AND THYROID STATUS 

Debajit Sarma*, Annu Sharma and Prakash Sharma 
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Sexually matured male and female golden mahseer (Tor putitora) were taken for studying the seasonal dynamicity of 
gonadosomatic (GSI), viscerosomatic (VSI) indices, gonadal status, nutritional status at liver and renal thyroid follicles. 
At least five numbers of mature male and female fishes were sampled in summer, monsoon, pre-winter and winter. Values 
of GSI and VSI calculated for individual fishes, and gonad, liver and kidney were processed for histology. The values of 
VSI in females were found in the range from 4.3 to 5.4, lowest in pre winter and highest in winter; and in males, it was 
found in the range of 3.4 (summer) to 8.1 (winter). The trends of GSI values in both male and female were found to be 
similar, increase from summer to monsoon and then decrease in pre-winter, followed by one more rise in winter. In female 
gonads, the compositions of oocytes, especially cortical alveoli and vitellogenic were found to be associated with GSI 
values. In males as well, GSI values were found to be linked with gonadal status; regression in pre-winter, initiation of 
spermatogenesis in winter and full of spermatozoa in following seasons. In the case of hepatocytes density, highest value 
in female was recorded in pre-winter. However in male, highest was recorded in summer and lowest in winter. Seasonal 
dynamics of renal thyroid follicle densities were found to be different in male and female; in pre-winter, highest value 
in male and lowest value in female were recorded. In male, the highest number of renal thyroid follicles in pre winter is 
perhaps due to their role in male gonadal recruitment. The present work on seasonality of male and female reproductive 
status, renal thyroid follicle and liver nutritional status is the first report on golden mahseer, and this information is valuable 
for future research in reproductive biology of this and other related species. 
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Coldwater recourses of India harbour 258 fish species belonging to 21 families and 76 genera having sports and ornamental 
value and majorities are considered as food fishes. 

There are two basic types of fisheries exist in the Indian Himalaya: subsistence/low scale commercial fishery and sport/
recreational fishery. Fish production in the mountain region is low. The low biological productivity results in the prevalence 
of small-sized fish. Water temperature is always an important limiting factor influencing geographical distribution and 
local occurrence. In Indian Himalaya, the fish production contributes minimum to the overall freshwater fish production in 
the country. To meet the ever-increasing demands of fishes in hills, there has been urgent need for creation of innovative 
infrastructure facilities, modernization of hatcheries and farm, introduction of improved strain of coldwater fish species in 
the hill fish farming. Diversification of fish species in the upland aquaculture is very much essential for up scaling three 
pronged fish farming system. It is noteworthy to mention that with the incorporation of scientific technologies in hill fish 
farming, the production is increased significantly improving the livelihood security of the upland people.

Development of brood and seed bank, formulation and preparation of low cost feed for trout, incorporation of RAS for 
enhancing coldwater fish production, conservation of indigenous fish fauna of coldwater region are the priorities which are 
going to be discussed in this paper.
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Terapon jarbua is a medium sized fish having wide distribution range. This fish species has been reported to have good 
contribution in marine and coastal fisheries of its native countries. Due to attractive colour pattern, juveniles of this fish 
species have recently made their entry in ornamental fish trade. Earlier few studies have been made on feeding habit and 
reproductive biology of this fish species, but no information is available on growth and survival of larvae of T. Jarbua. The 
present study was aimed to investigate the effect of different diets on growth and survival of larvae of T. jarbua in relation 
to feeding. 

Methods are described for the successful rearing of larvae of T. jarbua. Developing eggs were collected with a 45 cm 
diameter bongo net (158 µm mesh size) from the surface waters of Thoothukudi, Southeast coast of India. The eggs 
were immediately counted and transferred by pipette to the experimental containers. Hatching occurred 1 to 2 days after 
collection. Totally four dietary treatments were tested for 30 days. Larval growth of T. jarbua was examined in diets, 
Starved (S), Egg yolk (E), Rotifers (R) and nauplii of the brine shrimp Artemia salina (A). Feeding was given two times 
every day. Debris and feed leftovers were siphoned out before and after each feeding. Water temperature in the containers 
were controlled by maintaining a constant room-temperature with air conditioning (Lasker and Vlymen, I969). Growth 
and survival rates of larvae of T. jarbua fed with different diets were examined. A significant growth difference between 
larvae fed was observed in A. salina (P<0.05). During culture period some other factors such as Daily Growth Coefficient 
and length (mm) of individual fish was recorded. The obtained result indicated that diet A. salina is promising for use in  
T. jarbua larvae culture for in early life stages of life cycle. 
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The aim of present study was to evaluate the growth and production of tilapia and bell pepper in an aquaponics system 
integrated with biofloc. The experimental trial was performed for 120 days with different stocking densities of fish ie, 300 
no./m3(T1), 350 no./m3 (T2) and 400 no./m3 (T3) in biofloc water and the control (C) with stocking density 150 no./m3in 
clear water. Each aquaponic recirculating unit consisted of a circular fish tank (250 L), a filtration unit and hydroponic tank 
of surface area of 0.25m2 filled with gravel for plants, submersible pump with pipe arrangement and ball valves. The average 
size of the fish at the time of stocking was 1.44±0.12 gm and 3.92±0.09 cm. Fish were fed with the commercial floating 
pellet of 24% protein. The plant stocking density was kept at 12 plants/m2 in all the treatments including control. At the 
end of experiment, production performance of fish and plant was analysed. The growth and production of the fish and crop 
were significantly higher in the biofloc integrated aquaponics compared to the clear water aquaponic. However, the study 
did not find any significant difference in growth and yield of the plants, in relation to varying stocking densities of fish. 
The study found significantly higher Percentage weight gain(6025.1±69.7a), Feed conversion ratio(1.29±0.04b),Specific 
growth rate(2.0334±0.07c), Protein efficiency ratio(3.6±0.31a) and final biomass (26.66±0.26a) of fish reared in T1 (300 
no./m3) followed by T2 (350 no./m3) . Overall, the results of present study recommend that a stocking density between 300 
no./m3 -350 no./m3  of is optimum for better production of GIFT strain of tilapia in a biofloc integrated aquaponics with 
an ideal production of bell pepper plant. 
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Phosphorus is an important limiting nutrient and affects mangrove ecosystem significantly. The dynamics of phosphorusin 
the mangrove ecosystem in Uttan along Gorai-Manori creek, Maharashtra was studied during the post-monsoon period to 
assess the distribution of phosphorus (P) in the water, sediments and mangroves. Water, sediment, leaf and litter fall samples 
were collected fortnightly during the study period. P fractionated by sequential extraction from bulk, and rhizospheric 
sediments of A. marina and B. cylindrica were compared. The internal P loading through litter-fall of A. marina and B. 
cylindrica were also investigated.

The average reactive and total P level of water was found to be 
0.06 mg. l-1 and 0.63 mg. l-1 respectively. Total P in the sediment 
of the study site was 1440.04, 1569.28 and 1551.27 mg. kg-1 
in bulk, rhizospheric sediments of A. marina and B. cylindrica 
respectively. Organic P was dominant in all sediments. The P 
fractions did not differ significantly among sediments except 
NaHCO3-total P and HCl-total P which indicated the significant 
rhizospheric effect on the distribution and speciation of P in the 
mangrove sediments studied. The rhizospheric sediment of A. 
marina had significantly higher labile-P than bulk sediment. 
The percentage of labile phosphorus was in the following 
order: rhizospheric sediment of A. marina (28.75%) > B. 
cylindrica(25.19%)>bulk sediment (22.5%).The rhizospheric 
sediment of B. cylindrica had significantly more of moderately-
labile-P and non-labile-P than other sediments. Based on 
bioavailability, the P fractions were in the order: moderately-
labile P > non-labile P > labile P in all the sediments. The 
aggregate of fractions based on bioavailability was significantly 
different than the individual fractions between rhizosphere and 
non-rhizosphere sediments. This might be due to the qualitative 
and quantitative difference in root exudates as well as the 
diffusion characteristics of root exudates from rhizosphere to 
bulk sediment. The matured leaves as well as leaf-litter of A. 
marina had significantly higher P than that of B. cylindrica. The 
P in matured leaves of A. marina varied from 1502.79 – 1968.27 
mg. kg-1 and in B. cylindrica, it varied from 1176.78- 1349.37 
mg. kg-1. The leaf-litter of A. marina (1055.61 mg. kg-1) had 
significantly higher P than that of B. cylindrica, (881.28 mg. 
kg-1). A. marina and B. cylindrica contributed 13.88 and 7.50 
mg P. m-2. month-1 load to the ecosystem through litter-fall, 
respectively.
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Phosphorus is an important limiting nutrient and affects mangrove ecosystem significantly. The dynamics of phosphorusin 
the mangrove ecosystem in Uttan along Gorai-Manori creek, Maharashtra was studied during the post-monsoon period to 
assess the distribution of phosphorus (P) in the water, sediments and mangroves. Water, sediment, leaf and litter fall samples 
were collected fortnightly during the study period. P fractionated by sequential extraction from bulk, and rhizospheric 
sediments of A. marina and B. cylindrica were compared. The internal P loading through litter-fall of A. marina and B. 
cylindrica were also investigated.

The average reactive and total P level of water was found to be 0.06 mg. l-1 and 0.63 mg. l-1 respectively. Total P in the 
sediment of the study site was 1440.04, 1569.28 and 1551.27 mg. kg-1 in bulk, rhizospheric sediments of A. marina and 
B. cylindrica respectively. Organic P was dominant in all sediments. The P fractions did not differ significantly among 
sediments except NaHCO3-total P and HCl-total P which indicated the significant rhizospheric effect on the distribution and 
speciation of P in the mangrove sediments studied. The rhizospheric sediment of A. marina had significantly higher labile-P 
than bulk sediment. The percentage of labile phosphorus was in the following order: rhizospheric sediment of A. marina 
(28.75%) > B. cylindrica(25.19%)>bulk sediment (22.5%).The rhizospheric sediment of B. cylindrica had significantly 
more of moderately-labile-P and non-labile-P than other sediments. Based on bioavailability, the P fractions were in the 
order: moderately-labile P > non-labile P > labile P in all the sediments. The aggregate of fractions based on bioavailability 
was significantly different than the individual fractions between rhizosphere and non-rhizosphere sediments. This might be 
due to the qualitative and quantitative difference in root exudates as well as the diffusion characteristics of root exudates 
from rhizosphere to bulk sediment. The matured leaves as well as leaf-litter of A. marina had significantly higher P than 
that of B. cylindrica. The P in matured leaves of A. marina varied from 1502.79 – 1968.27 mg. kg-1 and in B. cylindrica, it 
varied from 1176.78- 1349.37 mg. kg-1. The leaf-litter of A. marina (1055.61 mg. kg-1) had significantly higher P than that 
of B. cylindrica, (881.28 mg. kg-1). A. marina and B. cylindrica contributed 13.88 and 7.50 mg P. m-2. month-1 load to the 
ecosystem through litter-fall, respectively.
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Aquaculture is the fastest food producing sector in the world. Small-scale farmers represent the backbone of many rural 
communities in both industrialised and non-industrialised countries, and the contribution of small-scale aquaculture to the 
livelihoods of people living in rural areas in many countries in Asia is significant. The threat of disease has now become a 
primary constraint to the growth of the aquaculture sector, significantly both economic and socio-economic development in 
regions dependent on aquaculture and fisheries. The importance of prevention and control of disease risks as a measure to 
reduce production losses in commercial, semi-commercial and small-scale aquaculture systems has thus received increased 
attention. Many factors have contributed to the health problems currently faced by aquaculture, including those of the rural, 
small-scale sector.  This has led to the movement and spread of associated pathogens, and such introductions of pathogens 
have not only caused losses and mortalities in commercial systems, but also affected small-scale, rural aquaculture and 
fisheries operations. There are many such situations which exist in most aquaculture-producing regions all over the world; 
epizootic ulcerative syndrome (EUS) in freshwater fish, white spot disease (WSD) Litopenaues vannamei and viral diseases 
affecting cultured aquatic animals are classic examples.

Aquatic animal health should be taken care from the 1st day of culture. Primary health care is necessary.  The success of 
preparation of pond itself plays an important role in the eradication of disease for better growth. There is a saying that “A 
good start is half done, therefore pond preparation must be taken utmost care before leaving aquatic animals into the pond. 
Almost all the chemical, other antibiotics and probiotics are becoming ineffective which causes great loss to the farmers. 
Therefore a new approach scientific, natural and economical is necessary at this juncture. 
After filling the water from any source the application of certain natural herbal products helps to eradicate unwanted 
predatory fishes and predators like snails, and the most dangerous fish lice. 

Treatment 1:

Fish lice have to be controlled and stopped in a natural way that is the remedy which yields desired results besides it should 
not be expensive and the treatment must be easy to carry without any pollution to the pond.
3 Kgs Tobacco waste is soaked in 20 lts water for three days. (Now a day’s snuff powder may also be used but in small 
quantities – per acre about 300 g to 400 gm)
Filter the above liquid and mix water up to 10 times to the above concentration.
Spray this diluted liquid 2 feet below the top level of the pond using a sprayer throughout the pond. The levees are to be 
sprayed with the same diluted liquid at least once in a month.

Treatment 2: 

King of bitter and bitter gourd juice are also used for eradication of Vibrio, harmful bacteria, maintenance of water quality.

Diseases should be eradicated before they are born. The best way of treatment is natural method which biology suggests  
the price is pollution and disease free ponds.



719

PHYSICO-CHEMICAL ANALYSIS OF NAUKUCHIATAL LAKE, UTTRAKHAND 

Sagar Kuveskar and Amita Saxena*

GBPUA&T, Pantnagar, Uttarakhand
Email-amitasaxena36@gmail.com

Naukuchiatal is the deepest lake with an area of around 44.5 ha in Nainital, Uttarakhand. It houses a unique biodiversity. 
Along with Sattal and Bhimtal, this lakeis being used traditionally as primary source of drinking and irrigation water. This 
lake iscurrently under restoration with funds provided by the National Lake Conservation Plan(NLCP) of the Government 
of India Aeration of Lake Naukuchiatalis being carried out since 07 May 2015, with the aim to improve the overall lake 
ecosystem.In the present study, the artificially aerated Lake Naukuchiatal was selected to study various physico-chemical 
parameters. Such as DO, temperature, CO2, alkalinity, pH, TDS and transparency. Monthly samples were collected for 
water quality analysis for period of 6 months from May 2018 to October 2018. In Naukuchiatal lake maximum value was 
found in May i.e. 10.5 mg/l while minimum value was recorded in September i.e. 6.5 mg/l. This is due to aeration set up in 
Naukuchiatal in September 2015 Lake and cloudy weather decreases the level DO in water. 

()Continued on next page)
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In Naukuchiatal Lake maximum value was found in June i.e. 25.3 °C , whereas minimum value was in July and October 
i.e. 24.2°C and 24.3 °C  due to change in atmosphere changes the surface temperature of water.. Maximum free CO2 
was 3.4 mg/l in month of September and minimum was 1.1 mg/l in month of May in Naukuchiatal Lake. As free CO2 
observed higher in rainy season this was due to cloudy condition in upland areas leading to reducing the photosynthetic 
activity leading to higher respiration of organism in water thereby decreasing DO and  increasing CO2. Maximum value of 
alkalinity was 140 mg/l and minimum was 110 mg/l in May in Naukuchiatal Lake. Increase in alkalinity is generally due 
to increase in bicarbonates and carbonate ions in water. The maximum value was 8.1 in September and minimum was 7.6 
in June in Naukuchiatal Lake. Rainfall increases alkaline condition leading to increase in pH in water. The maximum value 
recorded was 113 mg/l in August and minimum was 90 mg/l in June in Naukuchiatal Lake.Maximum value was 140 cm 
in May and minimum was 118 cm in August in Naukuchiatal Lake. Monsoon brings high level of solids and agricultural 
runoff reducing transparency of water. 
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EFFECT OF Ficus  racemosa (GULAR) ON GROWTH  OF INDIAN MAJOR  CARPS
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The present study was conducted to study the effects of Ficus racemosa on the fingerlings of Labeo rohita, Catla catla, 
Cirrhinus mrigala. A total of 1500 carp fingerlings with average weight 25 g were randomly dived into four groups. After 
one week of acclimatization period, gular powder incorporated in the fish diet at the rate 10% ,20% and 30 of total feed 
were given for a period 90 days in T1, T2 and T3 respectively. Growth parameters (Weight gain, Survival rate, SGR, 
FCR, FCE, CF).All the growth parameters (Weight gain, Survival rate, SGR, FCR, FCE, CF) increased maximum for T3 
group(30%) except for the control group. 
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Heavy metals are serious pollutants that cause 
environmental concern like diligence, lethality and 
capacity to be incorporated in food chains. The discharge 
of untreated sewage and effluents containing heavy 
metals from the shore based industries are known 
to accumulate in the aquatic organisms especially 
phytoplankton, zooplankton, which is the basic food 
sources for the organisms of the higher tropic levels, 
particularly fishes of commercial importance.

The study was carried out for a period of three months 
(November 2018 to January 2019) to analyze the 
bioaccumulation of selected heavy metals (Cu, Cd, Pb 
& Zn) in fishes of Thoothukudi coastal waters. Fish 
species such as Sardinella longiceps, Sardinella sirm 
and Caranx heberi were collected from Therespuram & 
Punnakayal coastal waters. Heavy metal analysis was 
carried out using Atomic absorption spectrometer (FAO/
SIDA, 1983).

Among the four heavy metals Cu, Zn & Pb were found 
to be higher in Punnakayal region (0.458 ppm, 20.44 
ppm & 2.700 ppm respectively) and Cd was found to 
be higher (7.03 ppm) in Therespuram region. Higher 
concentration of Cu & Pb was noticed in the month of 
January in Punnakayal coastal water. Among the three 
fish species, C. heberi accumulated higher concentration 
of Zn & Cd as compared to the other two species. 
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SAVING THE TIGER 
CURRENT EFFORTS IN RECUPERATING THE TRADIONAL COASTAL Penaeus monodon 
TRAP AND HOLD AQUACULTURE SECTOR IN MYANMAR

Uwe Scholz*, Kevin Fitzsimmons, Soe Tun, Htin Aung Kyaw, Sascha Romatzki
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Myanmar with its coastline length of about 3,000 km has developed a significant culture of Penaeus monodon since 1978. 
In particular in the western coastal areas, farmers developed a natural trap and hold system in rather large ponds (50-100 
ha), where natural stocking was practiced during high tide through sluice gates. The system was based on low inputs and 
permitted annual harvests of up to 120 kg/ha of shrimps, along with fish and other shellfish (DoF 2019). Domesticated 
reproduction of P. monodon and thus semi-intensive and intensive culture started in 1986. At the end of the 1990s, the 
cultivated area comprised approx. 90.000 ha with a peak production of 9,720 tonnes in 1996 (source Myanmar Fisheries 
Federation-MFF, 2019).

The culture of P. monodon has faced several constraints in the last two decades. Severe overfishing of the wild coastal 
stocks caused a decline of naturally available post larvae and forced farmers to switch to an “extensive plus“ system with 
additional stocking of PLs from hatcheries. However, the occurrence of diseases, the destruction caused by the Cyclones 
Nargis (2008) and Giri (2010), an erratic supply of PLs from disfunctional government hatcheries plus the introducution 
of L. vannamei culture led to a rapid decline of the culture of P. monodon. Today, exact data are not available, but a few 
clusters of P. monodon farms still manage to exist in Rakhine State, Ayeyarwady and Yangon Regions. In the latter, the 
culture of P. monodon is currently receiving support from the Myanmar Sustainable Aquaculture Programme, which is a 5 
year bilateral development cooperation programme funded by the European Union and the Federal Republic of Germany 
and is implemented by the Deutsche Gesellschaft fuer Technische Zusammenarbeit (GIZ) and the Myanmar Department of 
Fisheries (DoF) which commenced in December 2016.

The paper will outline the activities of MYSAP so far, which includes the planned rehabilitation of a former defunct hatchery 
of the University of Pathein to be turned into a national nucleus breeding centre, utilizing imported SPF broodstock and 
support to local hatcheries and nurseries. Certified imported disease free PLs were recently distributed to selected farms to 
permit farmers to go back to business. An additional boost to the sector will be the availability of locally produced Artemia 
cysts, due to the support of a salt farmer close to Labuta in the Ayeyarwaddy Delta, who received technical advice, support 
to modify existing salt ponds and a cyst  drying machine (imported for Vietnam) to permit the first production of dried cysts 
in Myanmar at affordable prices. 

A further boost to the Myanmar shrimp aquaculture sector was the decision by the European Union to permit the import of 
aquaculture products into the EU, which was achied with GIZ suport in 2018. The MYSAP programme further supported 
the designation of Myanmar Black Tiger Prawns from trap and hold systems by the Monterrey Bay Aquarium Seafood 
Watch Programme as “Good Alternative“, which should give an additional advantage for export and niche marketing 
efforts worldwide.  
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POPULATION MITOGENOMIC INVESTIGATIONS REVEAL REDUCTION IN GENETIC 
DIVERSITY IN PEARL SPOT Etroplus suratensis - AN IMPORTANT CANDIDATE SPECIES 
FOR AQUACULTURE 

Wilson Sebastian*, Sandhya Sukumaran, A. Gopalakrishnan
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Etroplus suratensis is one of the most important indigenous Cichlid of the Indian subcontinent with restricted distribution 
in estuaries of peninsular India and Srilanka. Increasing coastal pollution and climate change contribute to deterioration 
of their habitats and populations. The adapation potential and intra specific diversity/genetic stock structure of this species 
were analyzed using partial mitogenomes of 37 fishes (mtDNA 11881bp). Signals of positive and diversifying selection 
were observed in mitogenomes correlating with habitat characteristics. Habitat specific mutational signals observed have 
adaptive significance as the populations of the study represented humid tropical climatic zones constituting rainforests in 
the southwest, semi-arid zones in the southeast and humid subtropical zones in the northeast regions of India demanding 
genotypic and phenotypic variants with specific metabolic/bioenergetic requirements. 

Genetic differentiation was significant between populations indicating restricted gene flow. Evidence for a recent decline 
in effective population size during the beginning of Holocene has been observed mainly due to a rise in sea level during 
the beginning of Holocene in addition to sinking of land connection contributing to shrinking and fragmentation of many 
coastal habitats. The observed adaptive mitogenome evolution may be the imprints of these geographic events, genetic drift 
and selective forces of the distinctive ecoregions which form their habitats. Information regarding genetic differentiation 
and habitat specific substitutions is very valuable for genetic improvement. The reduction in effective population size and 
genetic diversity driven by habitat fragmentation, pollution, invasive species and over exploitation raises alarm signals for 
considering its conservation as an immediate priority. 
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ISOLATION AND CHARACTERIZATION OF AQUAPORIN 1 (AQP1), SODIUM/
POTASSIUM-TRANSPORTING ATPASE SUBUNIT ALPHA-1 (NA/K-ATPASE Α1), HEAT 
SHOCK PROTEIN 90 (HSP90), HEAT SHOCK COGNATE 71 (HSC71), OSMOTIC STRESS 
TRANSCRIPTION FACTOR 1 (OSTF1) AND TRANSCRIPTION FACTOR II B (TFIIB) 
GENES FROM A EURYHALINE FISH, Etroplus suratensis

Wilson Sebastian*, Sandhya Sukumaran, P.U. Zacharia, A. Gopalakrishnan

ICAR-Central Marine Fisheries Research Institute
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wilsonsebastian10@gmail.com

The present study reports the complete sequences of Aquaporin 1 (AQP1) gene and partial sequences of genes, Sodium/
potassium-transporting ATPase subunit alpha-1 (Na/K-ATPase α1 subunit), Osmotic Stress Transcription Factor 1 (OSTF1), 
Transcription Factor II B (TFIIB), Heat Shock Cognate 71 (HSC71) and Heat Shock Protein 90 (HSP90) obtained from 
mRNA and genomic DNA of Etroplus suratensis. They are candidate genes involved in stress responses of fishes. AQP1 
gene was 2163 bp long. Its mRNA sequence has 55 bp 5’UTR, 783 bp open reading frame (ORF), 119 bp 3’UTR, three 
intronic regions and 90% identity with AQP1 of Oreochromis niloticus. The partial Na/K-ATPase α1subunit gene had a 
length of 5998 bp with an ORF of 2213 bp and 12 intronic regions. The partial OSTF1, TF IIB, HSC71 and HSP90 mRNA 
sequences obtained were 1473 bp, 587 bp, 1708 bp and 151 bp in length respectively. 

All the genes showed a high sequence similarity with respective genes reported from fishes. Comparison of AQP1 and Na/
K-ATPase α1 genomic DNA sequence of E. suratensis collected from different water system showed two types of AQP1 
with one synonymous mutation in exon-1and higher sequence difference in intronic regions (including addition, deletion, 
transition and transversion mutations) with few synonymous and non-synonymous mutations in the exons of Na/K-ATPase 
α1. The sequence information of these major candidate genes involved in stress responses will help in further studies on 
population genetics, adaptive variations and genetic improvement programs of this cichlid species having aquaculture, 
ornamental and evolutionary importance.
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DESIGN, FABRICATION AND EVALUATION OF PORTABLE SOLAR DRYER FOR 
DRYING FISH AND FISHERY PRODUCTS
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Lalitha Ranganathan and Balasundari Subbiah
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A study was conducted with the aim of designing, fabrication and evaluating the drying efficiency of newly designed solar 
dryers for fish and fishery products. The material used for drying was salted fish (Sardinella longiceps). Rate of drying was 
found to be influenced by the atmospheric temperature and humidity, either using aluminium based solar dryer (ASD) or 
HDPE (High density Polyethylene) based solar dryer (HSD). In the case of ASD the drying period was 7 hrs compared to 
HSD which took about 12 hrs. Various parameters such as proximate composition, moisture content, TPC, TFC, TVBN 
content and PV during drying and storage were monitored. The quality of dried samples of ASD showed significantly 
superior compared to HSD dried samples. Hence, the aluminium based solar dryer is recommended for drying fishery 
products for a small scale production.

In our country the majority of those involved in drying or 
salting of fish is low income group. Sun drying hardly involves 
any expenditure as sun’s radiation is plentifully available 
free of cost. Disadvantages in sun drying are contamination, 
over drying, long drying period, maggots infestation etc. To 
overcome this disadvantage an attempt was taken to design 
a solar dryer. It will be cost effective, simple to construct, 
compact and efficient for fishery products.  

A scaled down version of ASD and HSD of dimension 120x 
80x 80cm was fabricated (Fig.1). Sardinella longiceps was 
dry salted and subjected for drying in the dryers. Various 
parameters such as moisture content, TPC, TFC, TVBN 
content and PV during drying were monitored. The quality 
variations fish samples were significantly lower when dried 
using the ASD compare to HSD. For conducting storage 
studies, the dried fish samples of both the dryers were packed 
in low permeable polypropylene- polyamide bags and stored 
at room temperature for about 60 days. Quality parameters 
viz., moisture content, TPC, TFC, TVBN and PV content 
were evaluated during storage. Both ASD and HSD remained 
acceptable throughout the storage period. However, the quality 
of fish dried in ASD was found to be superior compared to 
their respective HSD dried control samples.
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EFFECT OF DRYING METHODS ON QUALITY OF DRIED Stolepherous indicus
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In this present study, effect of drying methods on quality of dried Stolepherous indicus was evaluated.  Frequency of drying 
was found to be inclined by the atmospheric temperature and humidity, either using aluminium based solar dryer (ASD) 
or HDPE (High density Polyethylene) based solar dryer (HSD). In the case of ASD the drying period was 6 hrs compared 
to HSD which extended to about 10 hrs. Various parameters such as proximate composition, moisture content, TPC, TFC, 
TVBN content and PV during drying were determined. The quality of dried samples of ASD showed significantly superior 
compared to HSD dried samples. Hence, the aluminium based solar dryer is recommended for drying Stolepherous indicus 
in a small scale production.

Sun drying hardly involves any expenditure as 
sun’s radiation is plentifully available free of 
cost. Drawbacks in sun drying are high chance 
of contamination, over drying, prolong drying 
period, maggot infestation etc. To overcome these 
disadvantages an attempt was taken to standardize 
drying method using various types of solar dryers 
(Fig.1) for enhancing the quality of Stolepherous 
indicus. It will be cost effective, simple to construct, 
compact and efficient for fishery products.  

A scaled down version of ASD and HSD of dimension 
120x 80x 80cm was used for drying dry salted 
Stolepherous indicus (Fig.1). Various parameters 
such as moisture content, TPC, TFC, TVBN content 
and PV during drying were monitored. The quality 
variations fish samples were significantly lower 
when dried using the ASD compare to HSD. The 
dried fish samples from both the dryers were packed 
in low permeable polypropylene- polyamide bags 
and stored at room temperature However, the quality 
of fish dried in ASD was found to be significantly 
higher compared to their respective HSD dried 
control samples. Henceforth, the aluminium based 
solar dryer is recommended for drying Stolepherous 
indicus in a small scale production
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SCAMPI (Macrobrachium rosenbergii) CULTURE IN MINE WATER: A CASE STUDY

Kamalini  *, Aishwarya Chakraborty,  A.Gopalakrishnan
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In India, farming of M. rosenbergii gained prominence in the late 1990s as the demand for prawns was increasingly felt as 
an alternative to the tiger shrimp Penaeus monodon, the farming of which had suffered heavy losses from viral epidemics, 
and many legal regulations restricting production. A locally adapted seed production technology had also been standardized 
by research institutions in the late 1980s for mass production of prawn juveniles that facilitated rapid expansion of farming 
areas in different parts of the country. In the present study, the scampi culture in the mine water of NLC Indian Ltd, Neyveli.  
This study area is situated (Lat. 11.61˚N, Long. 79.49˚E) in the block 10, Neyveli T.S, Cuddalore,  TamilNadu.  NLC India 
Ltd. has given a new dimension to bio-diversity conservation by introducing integrated fish farming. Under its corporate 
social responsibility plan, NLCIL developed its Kundan tank, a mine water body spread over nine acres. Totally seven 
ponds, in that one pond was stocked with Scampi seeds procured from a commercial scampi seeds. In the present attempt, 
the growth, survival and production were studied. 
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ORNAMENTAL FISH CULTURE IN ASIAN COUNTRIES
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Scientific and professional approach in the culture of ornamental fish enabled Asian countries (Singapore, Japan, Indonesia, 
Malaysia, Thailand, Sri Lanka) in attaining the top supplier position in international trade. Ornamental fish farms in Asian 
countries are large scale, capital intensive with high production capacity. The paper details a comparative analysis of 
ornamental fish culture and breeding in Singapore, Malaysia, Indonesia, Sri Lanka and India. 

Ornamental fish species bred in the surveyed farms are quite varied. Arowana (Scleropages sp.), Koi carps (Cyprinus 
carpio), Goldfishes (Carassius auratus), Platy, Sword tail, Guppy, Molly, Gouramis, Tetra, Catfish are bred in large scale 
in Singapore. Areas focused in breeding here are production of novel varieties, fish quality evaluation and enhancement 
and development of stress resistance. Quality of the fishes bred and the quality of farms in the country is monitored 
by AVA (Agri Veterinary Authority) through regular inspections. AVA has schemes that accredits farms to attain high 
standards of management practise and hygiene. In the breeding of marine ornamental fishes in Indonesia, the species 
that top the list are Banggai cardinal fish (Pteropogon kauderni) and Clownfish (Amphiprion Sp.).  Corals are farmed 
by propagation in shallow coastal waters and farms. During the last decennia the breeding of freshwater fish is gaining a 
large share in the export from Indonesia. Malaysia is known for its extensive farms for breeding freshwater fish. The main 
fishes bred includes Arowana (Scleropages formosus), Discus (Symphysodon sp.), Livebearers, Barb, Gourami, Tetras, 
Cichlids, Blood parrots and Stingray. Shifted focus from wild caught marine ornamental fishes towards breeding exotic 
fishes especially Guppies (Poecilia reticulata) of high quality and good strains earned Sri Lanka a reputation in the world. 
NAARA (The National Aquatic Resources Research and Development Agency) coordinates the researches in fisheries and 
NAQDA (National Aquaculture Development Authority) supports the breeders with regular technical training. Breeding 
exotic ornamental fishes in India aims at catering to the unending demand in domestic market. In India, ornamental fish 
breeding is recommended as a low investment activity suitable for small areas. Of late there is an increase in the number 
of large scale and capital intensive fish breeding units in India. State fisheries, MPEDA (The Marine Products Export 
Development Board), NFDB (National Fisheries Development Board) and Fisheries universities contribute to sector 
development.  Indigenous ornamental fish breeding (Sahyadria denisonii, Carinotetraodon travancoricus, Channa sp.) have 
to be increased for sustainable export trade from India. Asian countries obtained an added advantage in international trade 
as their product portfolio is enriched with extensive product range of marine, fresh water, exotic and indigenous fishes.

The farms in these countries vary from traditional open water farming to high technology, intensive controlled farming 
with advanced infrastructural facilities and recirculating systems. Position of farms in strategic locations, demarcated 
layout, bio secure facilities for breeding, nursery, feeding, quarantine, research and development ensure consistent supply 
of quality fishes. Quality assurance of facilities and fish provides the clients an edge over their competitors which is ensured 
by good management practises and log keeping. A good number of farms have started getting certified by ISO-9001:2008, 
ISO-9001:2015 etc. Subtropical climate in Asian countries serve as an added bonus to breeding. Comparative analysis of 
breeding systems in Asian countries projects the prospect of further elevation of their position in international trade.
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IMPACT OF DIETARY LEVEL AND RATIO OF n3/n6 FATTY ACIDS ON DISEASE 
PROGRESSION, PHYSIOLOGICAL RESPONSE AND INFLAMMATION IN ATLANTIC 
SALMON CHALLENGED WITH AMOEBIC GILL DISEASE (AGD)
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Gill infections are wide spread in commercial aquaculture operations and represent a source of progressive stress for the fish. 
Amoebic gill disease (AGD) is an ecto-parasitic infection in the gills causing a proliferative response in the gill epithelium, 
leading to impaired gaseous exchange. The significance of gill health in aquaculture is well recognized; nevertheless, 
dietary influence on gill infections is poorly understood. Inflammatory responses in AGD infected fish indicate a relation 
with the dietary n-6/n-3 fatty acid ratio. We therefore hypothesized that dietary n-6/n-3 ratio will influence the immune and 
inflammatory response in AGD infected gills. 

Atlantic salmon (80 g) were fed with four different diets with 
different ratios of n-6/n-3 fatty acids; ranging from 1.3 to 6.0, 
(1.3 (diet 1), 2.4 (diet 2), 6.0 (diet 3) and 1.3 with high n-3, 
n-6 level (diet 4)).  The diet with the n-6/n-3 ratio of 6.0 was 
included to make sure potential n-6 effects, while the three 
other diets had more commercially relevant n-6/n-3 ratios 
and levels. After a pre-feeding period of 3 months, Atlantic 
salmon of ~300 g were used in a challenge trial with amoebic 
gill disease (AGD).

Fish from each diet regime were challenged by a standard 
and well-established laboratory challenge model using a 
clonal culture of Neoparamoeba perurans. The subsequent 
development of the disease was monitored (by gross gill 
score), and samplings conducted before infection and at 
weekly sampling points for 5 weeks (wk) after infection. 
AGD challenge did not have a significant impact on the 
growth of the fish during the 5 wk period, but fish given 
the feed with the highest n-6/n-3 ratio had reduced growth 
compared to the other groups. Total gill score for all surfaces 
and severity of gill lesions showed a significant increase 
with time, reaching a maximum at 3 wk post-challenge and 
declined thereafter irrespective of the dietary fatty acid ratios 
(Fig.1). Other physiological and inflammatory responses are 
being examined to better understand the impact of dietary 
n-6/n-3 fatty acid ratio on AGD in Atlantic salmon post-smolt. 
These include gill fatty acid composition and expression of 
immune and inflammatory markers in the gills, which will 
be presented.
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EFFECT OF AEROBIC MICROBIAL FLOC ON WATER QUALITY, GROWTH, SURVIVAL 
AND DIGESTIVE ENZYME ACTIVITY OF Penaeus vannamei IN INTENSIVE NURSERY 
REARING IN RACEWAY SYSTEM
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A 30 days feeding experiment was performed to investigate the effect of promoted aerobic microbial flocs (AMF) on growth 
performance, feed utilization, digestive enzyme activity of the Penaeus vannamei (PL15) and extracellular enzyme activity 
of the microbial floc in intensive nursery rearing zero water exchange system. AMF- based tank with commercial feed 
and AMF incorporated feed (25% level) at same crude protein (35%) level, and clear water system with commercial feed 
operated in raceways (30 tons capacity) at the stocking density of 1500/m2. At the end of the experiment, the extracellular 
enzyme activity of the collected microbial floc from treatments influenced the digestive enzyme activity of the animal. 
Meanwhile, the specific activity of the protease, amylase, and lipase in hepatopancreas, stomach and intestine of the 
shrimp showed significant (P < 0.05) increase in treatments than control. There was no significant difference in the growth 
performance of the shrimp among treatments and significantly higher than control (P < 0.05). The present study elucidates 
the suitability of AMF incorporated feed for enhanced growth and digestive enzyme activity in white leg shrimp.



732

ACUTE TOXICITY OF LAMDA-CYHALOTHRIN AND THE HISTOLOGICAL CHANGES 
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Cyhalothrin is one of the synthetic pyrethroid pesticide which is commonly used to kill pests like aphids, Colorado beetles, 
thrips, Coleoptera larvae and adults in agricultural crops such as cereals, cotton, potatoes, vegetables etc. Since fishes 
have poor ability to metabolize and eliminate such xenobiotics as compared to those of higher vertebrates, these pesticides 
become relatively more toxic to fish species as compared to that of mammals and birds. 
To investigate the acute toxicity of pesticide, lambda cyhalothrin on Tilapia (Oreochromis Niloticus), 96 hours Lethal 
Concentration 50 (96 hrs LC50) was determined and histological changes in gill and liver tissues was also examined. For the 
acute toxicity experiment, the fishes were exposed to different concentrations 0, 0.75, 1.5, 3, 6 and 12 ppb and the mortality 
rate of fishes in each concentration was recorded and fed in the probit software. 

The results showed that maximum mortality was observed in higher concentrations (6 and 12 ppb) and minimum mortality 
was found at 0.75 ppb. The LC50 value for the cyhalothrin pesticide on tilapia was found at 2.26ppb. The histological 
changes such as gill lesions, necrosis, curling of secondary gill lamellae, hyperplasia and clubbed tips of secondary gill 
lamellae were observed in gill tissues. In the liver tissues, changes such as irregular shape of nucleus, melano macrophage 
aggregation, hepatolysis and vaccuole formation were observed. This toxicity study concludes that cyhalothrin pesticide is 
highly toxic to tilapia even at low concentration of 2.26 ppb. Thus the usage of the pesticide should be restricted to have a 
healthy ecology and minimal use is recommended.



733
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Reproduction in all vertebrates, including fish is controlled by the brain-pituitary-gonad (BPG) reproductive axis. Kisspeptins 
(Kiss) encoded by kiss genes are one of the prime upstream regulator of BPG axis and regulates the synthesis and secretion 
of gonadotropin-releasing hormone (GnRH). These Kiss and GnRH peptides stimulate secretion of pituitary gonadotropins, 
follicle stimulating hormone (FSH) and luteinizing hormone (LH), which regulate steroidogenesis in the gonads resulting 
in modulation of reproductive cycle. Gonadal sex steroids, in turn feedback the brain-pituitary axis to exert positive and 
negative effects. Previous studies indicated that Nile tilapia expresses kiss2 (Gen Bank accession no. JN565693) and three 
gnrh (gnrh1, gnrh2 and gnrh 3; AB101665-7) forms in the brain (Parhar et al., 1998; Ogawa et al., 2013). In the Nile tilapia, 
all three GnRH neuronal populations express kisspeptin receptors, and suggested to be an important signal for GnRH 
neuronal migration and gonadal development. The other regulators of kiss and gnrh expression in the Nile tilapia shown to 
be thyroid hormone and estrogens (Parhar et al., 2000, 2004). Immunocytochemical studies have indicated an involvement 
of GnRH1 (seabream GnRH form) during early development and sexual differentiation (Swapna et al., 2008). GnRH1 and 
GnRH3 neurons control reproductive function through modulating pituitary fsh (AF289174) and lh (AY541609) expression 
(Rosenfeld et al., 1997). However, dopamine inhibits gonadotropin release from the pituitary of tilapia (Levavi-Sivan and 
Yaron, 1995). To understand the duality of pituitary gonadotropins, specific ELISAs for measurement of FSH and LH in 
Nile tilapia have already been developed (Aizen et al., 2007). Recent studies have indicated that gonadotropin-inhibitory 
hormone (GnIH, LPXRFa; KF444208) and neurokinin B (NKB, KF471673) acts directly on the pituitary cells independent 
from GnRH or Kiss peptides (Biran et al., 2014; Ogawa et al., 2016). Emerging studies suggest that Kiss-GnRH pathway 
could be involved in reproductive and non-reproductive functions; however not necessary in the activation of BPG axis. 
Reproductive axis of tilapia has been shown to be modulated by a number of central and peripheral factors and their 
importance in controlled reproduction will be presented. 
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Introduction of aquaculture should proceed in the context of regional sustainable development. This is especially important 
in arid and semi-arid regions, where the environment is highly variable, and conflicts between the different users of 
natural resources  easy  arise. Such conflicts are especially acute when using fresh water, which is always in short supply. 
Development of aquaculture in saline/hypersaline lakes  without compromising the supply of drinking water can partly 
avoid the freshwater use conflicts. Such aquaculture must be profitable and sustainable. To be so its development needs to 
be based on sound scientific background and take into account individual peculiarities of water bodies. 

What concept is better to  manage aquaculture development in saline lakes? In general ecology, there is the traditional 
view on ecosystem being in a quasi-stable equilibrium, fluctuating around a single global equilibrium point, and smooth 
changes prevail in its dynamics. However, all real ecosystems have several alternative stable states and may demonstrate 
a regime shift, which is a abrupt, persistent large change in the structure and functioning of them. Every ecosystem may 
realizes a smooth adaptation to environmental changes if they are within an existing norm of reaction. If changes exceed 
this norm, destabilization of an ecosystem occurs and its transit into a new state (Fig.). In an extreme and highly changeable 
environment of arid areas, lake ecosystems  are more responsive to climate changes and anthropogenic impacts; different 
alternative stable states may be separated more easily. Own data of long-term study on hypersaline lakes in arid Crimea 
(Russia) helped us identify several alternative stable states in the dynamics of their ecosystems. Similar alternative states 
were also found in the Australian saline lakes. Transiting from one state to another, lakes/lagoons/ponds shift from one 
potential of aquaculture development to a different one. Different ecosystem stable states generate different resource 
potential and various possibilities for their  use by humans. An example of the Crimean saline/hypersaline lakes show that  
humans may use filamentous green algae Cladophora and the crustacean Artemia during one ecosystem state, but in other 
years, they may harvest amphipod crustaceans and grow fish. Long-term sustainable use of saline lakes requires a diversity 
of alternative strategies of aquaculture development, and timely switch from one strategy to the alternative.

This study was supported by the Russian Science Foundation (grant 18-16-00001).
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INTER-ANNUAL VARIABILITY OF Chlorophyll-a AND IMPACT OF EXTREME CLIMATIC 
EVENTS ALONG THE SOUTH-WEST COAST OF INDIA
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The inter-annual variability of Chlorophyll-a (Chl-a) along the South Eastern Arabian Sea (SEAS) has been studied during 
1998 to 2016 using various satellite data products. The monthly data for Chl-a, Sea Surface Temperature (SST), Sea Level 
Anomaly (SLA) and Ekman Mass Transport (EMT) were analysed to explore the possible causative factors influencing 
the variability in Chl-a. The Hovmoller analysis of Chl-a revealed inter-annual variability and it is concurrent with the 
above mentioned environmental variables (Figure 1). The occurrence of extreme climatic events such as El Niño-Southern 
Oscillation (ENSO) and Indian Ocean Dipole (IOD) were noticed during the study period. The SST anomaly derived from 
monthly SST data showed an increasing trend after 2012 that also reflected in the Chl-a concentration along the coast of 
SEAS. There is a major change of nearly 2- 2.5 OC in the SST anomaly during 2015-2016 which coincide with ENSO event. 
During this period, a considerable decrease in Chl-a concentration has also been observed. An alteration in the Walker 
circulation pattern during ENSO event and unusual warming during IOD events results variability in coastal dynamics 
along the west coast of India. This changes probably will have an impact on Chl-a in the coastal waters of SEAS.
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ENVIRONMENT – CAUSES AND EFFECTS 
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An attempt has been made to develop a holistic understanding of factors determining the variability in primary productivity 
along the coastal waters of west coast of India. Analysis revealed that, marked asymmetry in temperature and phytoplankton 
biomass was observed between the south-west and north-west coast of India. Inter-annually there are some uncertainties 
observed in the seasonal rise and fall of sea surface temperature (SST) and productivity pattern along the west coast of 
India. This changes in productivity pattern and temperature probably will have an impact on carrying capacity of coastal 
waters of eastern Arabian Sea. 
   
A slab physics model “EMPOWER” with utility of seasonal oscillation of mixed layer and temperature are used in this 
study for the understanding of primary productivity along the west coast of India. Results of analyses of euphotic zone 
depth, mixed layer depth, temperature and nutrients revealed that nitrates acts as the limiting factor for determining the 
productivity along the eastern Arabian Sea. Along the south-west coast of India, even though the mixed layer was limited to 
the vicinity of euphotic zone during both the summer and winter monsoon, the coast manifested enhanced productivity only 
during the summer monsoon. This was due to the entrainment of nitrates into the mixed mixed layer due to the upwelling 
during the summer monsoon (Figure1&2). During the winter monsoon the coast was chracterised by downwelling and 
nitrates were detrained from the mixed layer. The productivity information of coastal waters can be an indicator of the 
carrying capacity of the aquatic environment available for mariculture operations
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DIETARY CAROTENOPROTEIN FROM Parapeneopsis stylifera SHELL WASTE 
MODULATES COLORATION AND ANTIOXIDANT ENZYME ACTIVITIES OF THE HIGH 
VALUE ORNAMENTAL FISH, OSCAR Astronotus ocellatus
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Prem Prakash Srivastava and N. K. Chadha
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Shrimp shell waste is one of the potent sources of carotenoid as well as bioactive compounds which can not only enhance 
the economy from shrimp however additionally reduce the pollution potential from shrimp waste.

An investigation (120 days) was carried out to evaluate the utilization efficiency of carotenoprotein extracted from shrimp 
shell incorporated in fish feed at different inclusion levels. Carotenoprotein extracted from Parapeneopsis stylifera shell 
waste by enzymatic hydrolysis was incorporated in diet of Astronotus ocellatus at 0% level (T1), 5% level (T2), 10% 
level (T3) and 15 % levels (T4) respectively. Growth, color and oxidative stress enzymes were evaluated at the end of the 
experiment. After 16 weeks of trial, albino Oscar fishes fed with 0% as well as 10% of carotenoprotein incorporated diet 
registered lower values of SGR, FER, Lightness (L*), Redness (a*) and yellowness (b*), compared to higher levels of 
incorporated treatments. Antioxidant enzymes like SOD and Catalase values both in gill and liver were found to be lower in 
T2 as well as T3 as compared to control and T1. Moreover, the color in terms of redness and chroma was found to be higher 
in T2 (10% carotenoprotein incorporated diet) as compared to T3 (15% carotenoprotein incorporated diet). No significant 
differences were found in the BCR of T2 as well as T3. Hence T2 (10 % carotenoprotein) has been recommended to be the 
most effective and economical inclusion level of carotenoprotein from a cheap crustacean waste source.

This technique aimed at formulation of a novel low-cost feed for enhancement of antioxidant capacity and color of 
ornamental fishes, by incorporation of carotenoid from shrimp shell waste in its most potent form i.e.,  carotenoprotein 
(which is comparatively stable than carotenoid itself), has been documented for the first time. Dietary incorporation of 10% 
carotenoprotein enhanced growth, coloration as well as antioxidant activity in albino oscar (A. ocellatus) and this inclusion 
level can be a farmers’ advisory for maximizing their  profit.
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DETERMINATION OF THE EFFECTIVENESS OF DIFFERENT ANESTHETIC DOSES OF 
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Pawan kumar Sharma*, J Stephan Sampath Kumar, B. Ahilan, A. Uma

Dr. M.G.R. Fisheries College and Research Institute Ponneri
Tamil Nadu Dr. J. Jaylalithaa Fisheries University, Tamil Nadu- 601204
Email- pawan.sharma32224@gmail.com

Pearl spot, Etrophus. suratensis average weight 20.12±2.29 g were collected from Pulikat Research Center of Tamil Nadu 
Dr. J. Jayalalithaa Fisheries University. Known volumes of 2-phenoxyethanol (500 µL/L,875 µL/L, 1000 µL/L and 1125 
µL/L and 1250µL/L) were initially mixed with water (30 mL) in a reagent bottle (50 mL) and then stirred to disperse 
the chemical to form small droplets before adding to anaesthetic induction tanks. Three stages of induction (I-1, I-2, I-3) 
and three stages of recovery (R-1, R-2, R-3) were considered in E. Suratensis and the data were observed for each fish 
separately by using stopwatch. Mean induction time and recovery time of anaesthesia were compared among treatments 
using one-way ANOVA. 

The longest time for induction was observed at 500 𝜇lL−1 (237.6±7.99 seconds), while the shortest time occurred at 1250 
µlL−1 (46.4±2.97 seconds) (Table-1). The longest time for recovery was observed at 500 µlL−1 (180.4±3.51 seconds), while 
the shortest time occurred at 1250 µlL−1 (44.8±2.86 seconds) (Table-2).

The results indicated that 2- phenoxyethanol can be used as an efficient anaesthetic for the handling of E. surantensis and 
the lowest effective concentration to induce anaesthesia is 500 µlL−1. 
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Fish reproductive biology is very important and basic requirement to plan a better production, conservation and 
management strategies of fishery resources. According to FAO (2018), common carp is the third most widely cultivated 
and commercially important freshwater fish species in the world. Being a hardy species it also became an integrated part 
of Indian aquaculture. So the objective of this experimental study was to perceive the effect of age of broodstock on its 
biological characteristics and reproductive profile of different age groups (virgin and 1+ year) in captivity of common carp 
(Cyprinus carpio var. communis). 

Results revealed that conditions of both groups 
were satisfactory in the environment based on 
condition factor (K>1). GSI and HSI had shown 
an inverse relationship as in males GSI (%) 
ranged between 6.96±1.09-7.20±1.17 while HSI 
(%) ranged from 0.49±0.41- 0.54±0.24 during 
spawning season similarly in females GSI (%) 
were 8.18±1.32 9.81±1.32 and HSI (%) ranged 
from 0.96±0.49 to    0.66±0.49. In case of males, 
only spermatocrit value showed a significant 
increase with age (p<0.05), as in 1+ year male 
spermatocrit (68.33±0.87%) was higher as 
compared to virgin males (60.50±0.90%). While, 
maternal age has shown a significant effect on 
fecundity as well as ova diameter (p<0.05) as 
given in table 1. Similarly, absolute fecundity of 
1+ year was also higher than virgin females as 
depicted in table 1. While, relative fecundity was 
observed higher in virgin group females. Mean 
fertilization rate and hatching rate were found 
higher in 1+ year (74.33±1.15% and 62.66±2.52% 
respectively). Fertilization rate also exhibited a 
positive correlation (r=0.838) with ova diameter.    

It was also reported that hatching rate (%) for 
1+ year progeny (62.66±2.52) was significantly 
(p<0.05) higher than virgin progeny (60.33±3.21). 
While, yolk sac absorption (hours) was time-taking 
in 1+year progeny (110.00±6.00) as compared to 
virgin group progeny (97.33±3.05). The investigation proved that the study of the effect of age on reproductive performance 
is support for high-quality fish production. In support of that present study showed that 1+ year group male-female cross 
have better gamete quality, survival rare and progeny performance in comparison to the virgin group of common carp.
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The Indian fish market was worth INR 1,004 Billion in 2017 and it is further projected to reach INR 1,821 Billion by 2023, 
at a CAGR of 10.4% during 2018-2023. Freshness,  intact, taste, less wastage, easy to cook, less ammonia compounds, less 
red meat, value addition, less cost, easy purchase without any negotiation, acceptable price, proper handled, availability, 
etc. are found to influence the marketing of fishes in the country. The key intermediaries in fish marketing are: auctioneer, 
wholesaler, retailer and the vendor. There is no clear boundary between intermediaries and they perform several functions 
while marketing fish.

Three types of supply chains were noticed in selling fish through super shops. Online sale of fish and fish-related food 
products through the website and mobile van are seen as newly emerged sales method (Fig. 1). E-commerce website 
and a mobile app to help fisher folks sell their products online directly to the customers have been in use. There are three 
key factors that determine marketing success: trust, targeted audience and budget. Farm gate sales are a common type 
of marketing found throughout traditional small farming sector which is considered to be the best way for immediate 
realization of money by the producer (Fig.2). 

The only immediate solution to this problem of inconsistent price and soaring demand is to promote the culture practices in 
the form of ponds, cage culture, aquaponics units, etc. to make available fish in every corner of this country.
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WHEN CARRYING CAPACITY EXCEEDS IN SHRIMP FARMING
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If 25 years of experience with shrimp production has taught me (Dr Manoj M Sharma) anything, it is that rapid, unchecked 
expansion usually leads to rapid, devastating decline. As the managing director of Mayank Aquaculture Private Limited, 
I have been farming shrimp for more than two decades in India’s second largest shrimp producing state, namely Gujarat. 
 
Over that period, he has watched the growth of shrimp ponds in his area boom from one pond to 10,600 – as well as its 
decline due to rampant diseases affecting shrimp production.

Focusing his scope on Gujarat, Manoj expanded on the farmers shift from large scale Monodon production to producing 
Vannamei at an equally sizeable scale. “We were the first to talk about farming Vannamei the Monodon way because all our 
farms are equipped for 10 to 15 (m2) [Please check if correct measurement] stocking density and I was the first to practice 
Vannamei on the scale of Monodon. We even reached up to about 19 (m2) Vannamei in 2015 and 2016,” he said. Gujarat’s 
shrimp usually grew to a size range of between 30 to 45g but growth began to slow down in 2017, as Vannamei could not 
reach the 20 to 25g range. By the first half of 2018, 85% of ponds were affected by White Faeces Disease (WFD), EHP and 
Running Mortality Syndrome (RMS). It lead to a crash harvest of shrimp in the range of 15 to 20g.

In this case study Manoj experimented with his own farms in 2017 to better understand the issues of disease. He picked 
four different sites – an old pond with an old creek (OPOC); new pond, old creek (NPOC); new pond, new creek with 
high salinity (NPNC-HS); and a new pond, new creek with low salinity (NPNC-LS). All aspects from feed, stocking 
density, seed and protocols or farm management were constant, with the water source and location as the only variables.  
 
Results from the OPOC showed slow growth with 140 days of culture (DOC) producing 36 to 40 count/kg with a 62.5% 
survival rate. “The FCR was very high, ending up at 1.8 because we started using biomass after every successful moult,” 
he clarified. The NPOC showed an average growth with 133 DOC, producing 33 to 37 count/kg shrimp count with a 75% 
survival rate. While the NPNC-HS displayed slow growth with 155 DOC, but also yielded good production count of 40 to 
45kg kg and a 90% survival rate. “Vannamei is not tolerant to salinity or temperatures above 32 degrees. But nothing happened 
to them even at temperatures that went up to 35 degrees because the water source was very pure,” said Manoj. However the 
NPNC-LS exhibited super growth with only 105 DOC yielding 38 to 40 count/kg with a FCR of 1.15 and a 95% survival rate.  
 
“The outcome of the case study was an eye opener. It very clearly showed that what matters is organic matter. The moment 
you have piles of organic load into the new incoming source, then you have problems,” he said. Adding that shrimp health 
is directly related to water sources. “For the success of shrimp farming, it’s now very clear to us, the pond carrying capacity 
versus the number of ponds over the creek is a detrimental factor.
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Postprandial samples of 45 and 90 days post hatching (dph) golden mahseer (Tor putitora) juveniles were taken in 
triplicates, at 1, 6, 12, 18 and 24 hours of feeding, for identification of potential histological appetite markers such as goblet 
cell (GC) dynamics (esophagus, fore, mid and hindgut), luminal dynamics, pancreatic zymogen granules (PZGs), and 
hindgut supra-nuclear vesicles (SNVs). At 6 hours of feeding, numbers of GC in esophagus were found to be drastically 
lower compared to all other time, and the gradual building up of same was found after 12 hours. Foregut distention was 
found to be started at 1 hour, peaked at 6, and constriction continued until 24 hours. A gradual progression in density and 
size of SNVs in hindgut were observed between 6 to 12 hours of feeding; in 18 to 24 hours, they were found to be gradually 
decreasing. The hindgut-GCs on the other hand, were seen to be frequent at 24 hours. Maximum reduction in PZGs was 
seen at 6 hours of feeding; and following that, the gradual increase was seen at 12, 18, and 24 hours. Long story short, in 
November (15-17 ºC, on macerated goat liver diet), digestion in golden mahseer juvenile peaks at around 6 hours of post 
feeding, absorption of nutrients last from 6 to 12 hours. Based on interplay of these identified appetite markers, it can be 
concluded that digestion apparatus in golden mahseer juveniles starts to reorganize and get ready for second meal after 6 
hours of post feeding.
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Online courses, where at least 80% content is delivered online, on Artificial Intelligence (AI), Internet of Things (IoT), Big 
Data (BD), Machine Learning (ML), Block chain (BC), etc. are becoming popular choices among tech savvy youth with 
eye on job market as their societal benefit is becoming real by the day. But, there is talent shortage given the nascent stage 
of these developments while the demand is predicted to increase exponentially in near future. Recognising the limitations 
of conventional curriculum and pedagogy in Indian Universities, this paper proposes integrating online courses on subjects 
like AI, IoT, BD, etc. in the agriculture and fisheries sciences curriculum harnessing ICT and new age pedagogy. There 
are already examples of using AI for social good in fisheries and aquaculture. The field is very dynamic as the recent 
LinkedIn report alerts that the shelf-life of skills is < 5 years and many of today’s fastest growing job categories did not 
even exist five years ago. In such a scenario, any curriculum, including fisheries and agriculture, shall have courses on 
AI, IoT, BD, ML, BC, etc. along with skilled resource persons to teach them  are the key. An analysis of existing and 
evolving pedagogical frameworks was carried out using a desktop based review of offline and online resources as well as 
interaction with post graduate students, academicians and policy makers. Based on this, an innovative pedagogical model 
for generation next is proposed in this paper which integrates the already available online courses on these subjects offered 
by reputed Universities and Organisations from across the world into the curriculum of Indian Universities. Many students 
are found to register for such online courses from Udacity, Udemy, Coursera, HarvardX, EdX, learn with Google, and 
Indian organisations like IIITs, IITs, TCS and Massive Open Online Course (MOOC) platforms, both free and paid, to 
have additional skill sets but unable to formally account them in their academic programs. The credit framework for online 
learning courses through UGC’s Choice Based Credit System and SWAYAM Regulation 2016 can be the starting points to 
further revolutionise the way next gen agriculture and fisheries professionals learn. Now, the universities can permit credit 
transfers for courses done on SWAYAM platforms, including the course on AI, to the tune of 20%, which is a notable leap 
in credit mobility. In order to ensure best quality content are produced and delivered, nine national coordinators have been 
appointed, though ICAR / agriculture and allied fields are not included. Few universities have even recognised NPTEL 
course credits and certificates as part of their assessment system. Some spadework has already been done to pave the way 
for integration of MOOCs in NARES with NAAS-CoL brainstorming session (2014) and the Fifth Deans Committee 
(2017) endorsing the idea. NAARM, TNAU, MANAGE, IIT Kanpur, BHU, etc. have online courses, some already being 
offered on SWAYAM platform. Maharashtra Animal and Fishery Sciences University (MAFSU) and few SAUs have 
recognised identified online courses as equivalent to face-to-face refresher courses under Career Advancement Scheme 
(CAS) of UGC which is a win-win situation for the university and the teachers in terms of time, logistics and money. 
Though these developments are progressive and given the fact that the credit recognition systems are still evolving, a lot 
more needs to be done and is possible.  

Review of online market in USA revealed that 28% of higher education students (5.8 million) are enrolled in least one 
online course, and their enrolments continue to grow, even in the face of declining overall higher education enrolments. 
Market forecasts from 2018 to 2023 predicts that the global online education market is projected to witness a CAGR of 
10.26% to reach US$286.62 billion from US$159.52 billion in 2017. North America leads the way for the online education 
market, closely followed by Asia-Pacific which is bound to become a major market in the upcoming years. Percent of 
higher education institutions that currently have a MOOC increased from 2.6% in 2012 to 11.3% in 2015. About 30% of 
chief academic officers surveyed in USA report that their faculty accept the value and legitimacy of online education. The 
analysts forecast the India online education market to grow at a CAGR of 20.03% during the period 2018-2022 with 
penetration of smartphones and internet connectivity in the country. 

Market trends reveal that students take online courses outside the framework of their own University systems also and the 
market is continuously growing. A pilot study of 35 PG students to assess their behaviour towards online courses at ICAR-
Central Institute of Fisheries Education (CIFE), Mumbai revealed that 17% have undergone some free/paid online course 
during the last 2 years which provided certificate and was of at least 10-20 days duration, major reason being to learn a skill 

(Continued on next page)
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and earning a certificate for strengthening their bio-data. In one of the courses entitled Intellectual Property Rights offered 
at ICAR-CIFE, students complete a free primer online course from WIPO on the advice of course teacher. Students have a 
positive attitude towards online courses. Students have shown a keen interest in undertaking courses on AI, IoT, BD, ML, 
BC, etc. offered by other universities/organisations and will be more accepting of these courses if these are integrated in 
the academic curriculums as it will give them a competitive edge and improve their employability. 

Based on these analyses, this innovative model called as ‘Gen Next Pedagogy’ was  developed which advocates integrat-
ing online courses on AI, IoT, BD, ML, BC, etc. in the agriculture and fisheries sciences curriculums by method of credit 
transfer in the under graduate and post graduate academic programmes. In India, regulations seem to be accommodative 
under specific frameworks of MOOC/SWAYAM/NPTEL with or without credit transfers. But this model advocates allow-
ing students to take up online courses under all frameworks globally. The ‘Gen Next Pedagogy’ model has two components. 
First is selecting appropriate online courses on AI, IoT, BD, ML, BC, etc. offered by other universities/organisations by an 
expert committee and by using web based tools and the second is to permit Universities for credit transfer of these online 
courses in their academic programmes up to the tune of 20% of total credits. This model can be adopted for fields other than 
AI as well. This study was focused on AI because it is felt that education system of the countries should enable agriculture 
and fisheries sector should have trained youth in AI, and enable the fastest growing sector in food production to become 
an early adopter of AI. 
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The shrimp genome is large, with high repetitive content and a very complex genome for sequencing.  A high quality draft 
whole genome assembly of Indian white shrimp Penaeus indicus has been obtained in the present study using PacBio-
Sequel platform. The shrimp genome size which was estimated to be 2.47 ± 0.04 pg by flow cytometry analysis, could be 
successfully assembled using canu assembler. Proportion of 95.54 % of shrimp genome could be assembled which generated 
83892 no. of contigs, 2368024291  bp total assembled length, and  54266 bp N50, with largest contig of 1278629 bp  with 
34.84%  GC content. BUSCO analysis showed high level of genome assembly completeness with some fragmentation. 
This high quality assembled genome of P. indicus reveals basic genomic composition and will be useful as a reference 
genome for comparative genomics of other penaeid shrimp species and genetic improvement programmes of P. indicus. 
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Circular RNAs (circRNAs) provide us a new perspective to study the transcriptional regulation of Megalobrama 
amblycephala. In order to understand the molecular structure and potential function of M. amblycephala circRNAs, a 
circRNA library constructed from the mixture of 10 fish tissues (brain, eyes, heart, liver, spleen, kidney, intestines, skin, 
muscle, gill) were sequenced, and 101958628 clean reads were obtained. 

Through performing the analysis with three algorithms, find_circ, CIRI2 and CIRCexplorer, a total of 10542 circRNAs 
were identified (Figure 1). Of total circRNAs, 4444 (42.2%) M. amblycephala circRNAs showed their similarity with 
zebrafish and grass crap. 2033 circRNAs with high credibility were identified by all three algorithms. The bioinformatics 
analysis of those 2033 circRNAs showed that 639 (31.4%) circRNAs contained internal ribosome entry site (IRES), while 
1887 (92.8%) circRNAs contained Open Reading Frame (ORF) and 581 (28.6%) circRNAs with both IRES and ORF 
had the potential to translate proteins (Figure 2). Mam_circ_9493, Mam_circ_2856, Mam_circ_1505, Mam_circ_922, 
Mam_circ_2817, Mam_circ_2818 contained multiple miRNAs binding sites, and Mam_circ_8063, Mam_circ_8064 and 
Mam_circ_8065 contained multiple U7 small nuclear RNA, indicating the potential of circRNAs to participate in gene 
regulation via small RNA. 
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Aquaculture operations and scientists have begun to adopt new smart farming technologies, including computer control 
systems. Nowadays, by controlling the environmental conditions and system inputs (e.g. water, oxygen, temperature, feed 
rate, and stocking density), physiological rates of cultured species and final process outputs (e.g. ammonia, pH and growth 
rate) can be regulated. These are exactly the examples of practical measurements that will allow aquaculture facilities 
to optimize their efficiency by reducing labor and utility costs. Anticipated benefits for aquaculture process control and 
artificial intelligence (AI) systems are increased process efficiency; reduced energy and water losses; reduced labor costs; 
reduced stress and disease; improved accounting; and improved understanding of the process. This paper explores the 
sciences, technologies, and implementation of the technologies necessary for the development of computer intelligent 
management systems to enhance d aquaculture production. Today’s artificial intelligence system offers the farmers and 
aquaculturists with a proven methodology for implementing smart farming systems which are both intuitive and inferential.
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Over the last decades, aquaculture, a key provider of seafood, showed rapid growth in terms of production volume and 
economic yield. With the increase in production, the likelihood of facing biological, economic and social challenge occur 
which influence the ability to maintain ethically sound and eco- friendly production. Hence it is important for the industry 
to monitor and control the effects of these challenges to avoid the upscaling potential problems. Smart farming technology 
aims to apply control-engineering principles in improving the farmer’s ability to monitor, control and document biological 
processes in fish farms. Intelligent and smart farming contributes to moving commercial aquaculture from the traditional 
experience-based system to a knowledge-based production regime. This can be achieved through the use of emerging 
technologies and automated systems. 
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MORTALITY IN CAGE FARMED JUVENILE SILVER POMPANO,Trachinotus blochii: 
A CASE STUDY

Saloni Shivam* , K.Raghu Ramudu, Satya Prakash, N.K Sanil, A. Anuraj, P. Suresh Babu, T.Senthil Murugan,    
Jayasree Loka
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System and species diversification is considered as hallmark of 
sustainability of aquaculture industry. In this respect, ICAR-Central 
Marine Fisheries Research Institute has been engaged in demonstrating 
culture of silver pompano in marine cages to fisher-folk in different 
maritime states. However, at times the farming operations are hampered 
by disease outbreaks often leading to complete loss of stocks. At the 
marine cage farm of Karwar Research Centre of CMFRI, Karwar an 
incidence of disease outbreak was noticed during June, 2018 in cultured 
pompano. The affected fishes had stopped feeding and were lethargic. 
Excessive mucus secretion at the skin surface and gills were observed. 
Hemorrhage was present in caudal area with complete loss of scales 
on both sides. Gills appeared pale with presence of Amyloodinium 
ocellatum. The base of pectoral fins and dorsal fins also showed signs 
of hemorrhage. Internally, liver was pale and inflamed.  Pale colored 
peritoneal fluid was also observed. The bacteria from moribund silver 
pompano was isolated and identified as Vibrio harveyi based on 
biochemical characteristics and 16S rRNA gene sequence analysis. 
The 16S rRNA gene sequence (1418 bp,GenBank accession no. 
MK100328) exhibited 100 % identity with V.harveyi strains 8TCBS3 
(KU525086.1), X11XC19 (KM881533.1). This study concluded the 
coinfection of Vibrio harveyi and Amyloodinium ocellatum as the 
cause of mortality in cage cultured silver pompano, 
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The occurrence of EHP in Maharashtra and Gujarat Penaeus vannamei was assessed. In the present study, shrimp samples 
from two districts of Maharashtra (Thane and Raigad) and two districts of Gujarat (Navsari and Surat) were collected 
over a period of two years (February 2016 to April 2018). A total of 4513 shrimp samples were assessed for the presence 
of EHP by Molecular characterization. Out of shrimp samples collected, about 45% samples were positive for EHP. The 
screening of EHP was done by single step and nested PCR targeting spore wall protein gene (SWP) of EHP resulting in 
product size of 514 bp and 148 bp for EHP respectively.
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STRATEGIC PLANNING, POLICY AND TECHNOLOGICAL INNOVATIONS TO 
PROMOTE RAINBOW TROUT Oncorhynchus mykiss FARMING IN INDIA

Atul K Singh

Former Director ICAR-DCFR & Emeritus Scientist
ICAR-National Bureau of Fish Genetic Resources, Lucknow -226002 (Uttar Pradesh) India

The Himalayan states of India namely J&K, Himachal Pradesh, Sikkim, Uttarakhand and Arunachal Pradesh have plentiful 
water to raise trout which is a low volume high value species and health food.There are number of government farms and 
hatcheries in different states yet the production has been limited. Of late private farmers adopted trout farming practices 
that have helped the process of elevating the trout production from mere 147 tonnes to over 1000 tonnes per annum. 
Considering the huge gap between the actual and prospective trout production, a GIS based mapping of trout potential 
area/streams, scientific management of trout culture to intensify rainbow trout production keeping in view the water 
budgeting.Laying the base for genetic improvement programs, genetic variability in different rainbow trout stocks has been 
characterized using DNA marker technologies to draw strategic breeding programme to manage the introduced fish.Cost-
effective feeds with better-feed conversion ratio have been developed forfostering growth and production on the sustainable 
use of feed ingredients. Farm operation and activities like fish seed transportation are being scientifically optimized to 
support the private trout growers.To minimize land and water usage in trout culture, water recirculation system has been 
developed on trial basis. Moreover, rainbow trout brood banking and triploid production trials have also been initiated 
beside comprehensive disease surveillance and developed diagnostic/control methods. The concept of cluster farming 
modules and culture chains are also gradually sensitized and promoted through institutional support by sharing technical 
knowledge and science base culture technology that facilitate high returns on investment. All these multipronged strategies 
have been understood stimulating vertical and horizontal expansion of trout production in India.Due to the increased health 
consciousness and increased purchasing power of the consumers, meeting demand oforganic trout production in future 
should be ensured.Further, it is also advocated that the value of recreational fishing tourism in the different areasshould 
also beenabled to clinch the economic influences of different management actions, such as fishingregulations, in addition 
to their biological effects. The paper presents proposals on priorities, planning and policy related to trout farming in India.
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EFFECT OF PHYSICO-CHEMICAL PARAMETERS ON PLANKTON COMPOSITION IN 
FISH CULTURE PONDS OF KABIRDHAM DISTRICT, CHHATTISGARH, INDIA

Sweety Singh*, Deepika, M.M. Bhosale, Prashant Uraon and Dushyant Kumar Damle
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TNJFU, Thoothukudi 628008
sweetysinghcof@gmal.com

The aim of the present study was to evaluate effect of physico-chemical parameters on plankton diversity of four lakes 
of Kawardha, Chhattisgarh. The physico-chemical parameter has significantly affected plankton diversity (p<0.05). 
Kankali pond was found to be more productive (113.44±6.67 indi./mL) with slightly alkaline pH (8.793), higher oxygen 
saturation (8.581mg/L) and optimum hardness (116.785 mg/L) followed by Bhojali pond (81.216±5.31 indi./mL). The 
identified zooplankton groups included Cyclops, Copepods, Keratella spp. and Paramecium spp. while the phytoplankton 
included Spirulina spp., Volvox spp., Euglania spp., Spirogyra spp. and Chlorella spp. In phytoplankton, Chlorella and 
Spirulina were observed in bulk while in zooplankton, Cyclops and Copepods were observed in huge quantity. Based on 
data obtained, the lowest productivity was observed in Rewabandh pond (29.99 ± 0.33 indi./mL) because of lower water 
quality like less dissolved oxygen (4.886 mg/L), more free CO2 (2.41 mg/L) and higher transparency (30.379 cm). From the 
results obtained, it can be concluded that the selected ponds can efficiently be used for fish production. The purpose of this 
study was to propose the government about the potential of fish culture in these ponds for effective utilization of available 
resources and to generate daily livelihood for local people.
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The flathead grey, Mugil cephalus (Linnaeus 1758), is the largest mullet species of the family Mugilidae. The species 
forms an economically important fishery and aquaculture species throughout its range. It is a euryhaline species which 
is found in pelagic regions near shores, lagoons, estuaries, lower courses of rivers and freshwater. Information of genetic 
diversity plays an important role in making informed decisions for scientific management of any fish species. In current 
investigation, intraspecific genetic variability was examined in M. cephalus individuals (n=263) collected from total six 
major locations of east and west coasts of India. 

Sequence analysis of mitochondrial gene Cytochrome b (1141bp) revealed 64 distinct haplotypes. The mean nucleotide 
composition of sequences was A (24.9%), T (29.0%), C (31.5%) and G (14.6%). The results displayed high level of 
haplotype (0.676-0.852) and low nucleotide diversity (0.0011 to 0.0012). Partitioning of genetic variance (AMOVA) 
revealed significant genetic differentiation among locations. The among group variance was 16.41% while the within 
population 76.9%. The coefficient of genetic differentiation (0.2310; P<0.05) and levels of gene flow indicated that the 
population is sub-structured with moderate to high level of genetic variability between populations. The current findings 
have implications in the fishery management and stock conservation of this species across its natural habitat.
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Aquaculture of tilapia is although an old endeavour has taken a significan leap in the commercial fish farming in India 
marginally exporting Nile tilapia while looking forward to meet the huge demand for the fish in the domestic as well 
as international market. Culture of Nile tilapia Oreochromis niloticus (L.) is mostly practiced in tanks, ponds or cages 
and is clustered in Andhra Pradesh, Tamilnadu and Kerala states with  an estimated production of around 20,000 metric 
tonnes while MPEDA has targetted its production close to 22,000 metric tonnes by 2020. Under the existing regulatory 
framework, the introductions of improved strains, implementation of quarantine and biosecurity, the fish production from 
pond, tank and cage culture has resulted into sinificantly rasied commercual productions. 

However, tilapia now form part of the fish fauna in several important river streams, the Godavari, Krishna, Cauvery, 
Yamuna and Ganga Rivers and reservoirs. In these river streams and reservoirs, tilapia and Indian economic local fish 
species share a common food niche, the success of one in competition with the other has been determined by the ability 
of the fish to breed and propagate. Tilapia has created its own ecology, for survival thriving and developing its colony for 
perpetuation. Given the propensity of tilapia for auto-stocking, indigenous species that breed in the ecosystems have to 
struggle to coexist with tilapia and the naturalized breeding population of tilapia in rivers and reservoirs is being considered 
to be responsible for declines catches of Gangetic carps and other local fish species but positively contributing towards the 
over all production. Released tilapias as a result of anthropogenic activities tend to establish in waters that have deteriorated 
or in quasinatural water bodies such as reservoirs, rivers and irrigation systems. 

Over the last two decades, the aquaculture entrepreneurs and farmers have been demanding importation of many improved 
strains and varieties of tilapia or improved production including monosex production technology to compete in global 
markets. Suggestions for further improvement of tilapia production in India are proposed for further distribution of 
improved stocks, better formulated and floating feeds, deployment of advanced aquaculture production systems, monosex 
culture and continued quarantine and tighter biosecurity standards. 



755
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Chhattisgarh Kamdhenu Vishwavidyalaya, Durg
Abhineetsingh6144@gmail.com

The present study is aimed to know the status of primary productivity of four freshwater ponds namely Bhojali pond, 
Kankali pond, Khalhey pond, & Rewabandh pond. Results indicate that Primary productivity and plankton density of 
Kankali pond is higher than Bhojali pond, Rewabandh pond & Khalhey pond. High productivity of Kankali pond favours 
better growth of fish and therefore the fish culture may be carried out in the Kankali pond. With application of proper 
Management practice the Bhojali pond can also be prepared for fish culture.
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The growing interest for inland saline aquaculture can help to utilize the vast resource of salt affected areas and trigger 
towards variety of aquafarming activities. Among the different nutrients, dietary protein is the most crucial factor for the 
success of the fish culture both in terms of cost of production and growth of the fish. There is lack of information on optimum 
dietary protein level in the diet of GIFT reared in Inland Saline Water. Therefore, a 30 days feeding trial was conducted to 
determine the effect of dietary crude protein (CP) level on growth and nutrient utilisation of GIFT reared in Inland Saline 
Water. Seven iso-energetic (4000 Kcal DE/ kg) and hetero-nitrogenous purified diets namely T20 (20% CP), T25 (25% 
CP), T30 (30% CP), T35(35% CP), T40 (40% CP), T45 (45% CP), and T50 (50% CP) were formulated and prepared. 
Three hundred and fifteen (315) acclimated GIFT juveniles (average body weight 2.68±0.01g) were randomly distributed 
in seven treatment groups with triplicates following completely randomized design. Stocking density was 15 fish per tank 
(300 L capacity, 200 L water volume) and the salinity of water was maintained at 10 ppt throughout the experimental 
period. Experimental fish were fed to respective diets at satiation level thrice daily. Results indicated that weight gain (WG) 
%, specific growth rate (SGR), daily growth rate (DGR), and feed efficiency ratio (FER) were significantly higher (P <0.05) 
and feed conversion ratio (FCR) was significantly lower (P <0.05) in fish fed diets containing 40 and 45% CP.



757

GENETIC DIFFERENTIATION AND PHYLOGENETIC RELATIONSHIP OF ELEVEN 
ASIAN SISORINAE GENERA (SILURIFORMES: SISORIDAE) WITH NEW RECORD OF 
Pseudolaguvia foveolata

Archana Sinha*, Kavita Kumari, Manas H.M., B.K.Behra and B.K.Das

ICAR-Central Inland Fisheries Research Institute
Barrackpore, Kolkata 700120 West Bengal (India)
sinhaarchana@yahoo.com

Studies on Sisorinae systematics have been largely restricted to morphological data with few studies on examination of 
phylogenetic relations. However, no study has been done to evaluate genetic distance of genera under Sisorinae sub-
family and detailed phylogenetic relations within it. We used nuclear rag2 gene and mitochondrial COI genes from 64 
species to examine genetic differentiation and phylogenetic relationships within eleven Asian Sisorinae genera. Range 
of interspecies K2P distance for rag2 was 0-0.061% and COI was 0-0.204%. Maximum likelihood (ML) tree revealed 
((Erethistini, Sisorini), Bagariini) relationship based on rag2 gene however COI gene showed ((Sisorini, Bagariini), 
Erethistini) relationship. We recovered three major subclades, Bagariini, Sisorini and Erethistini of subfamily Sisorinae. 
Further new record of Pseudolaguvia foveolata (Erethistini) has been documented based on thirteen specimen collected 
from Torsa River, Jaldapara, Alipurduar district, West Bengal, India (26°43’44.66”N and 89°19’32.34”E), thus extending 
its distribution range in Brahmaputra drainage, India. This report gives additional information on occurrence of the species 
along with morphometric and meristic data and a comparison with the unique Type specimen (Holotype: UMMZ 244867) 
of P. foveolata  collected from Teesta River at Teesta barrage (26°45’10”N and 88°34’11”E) West Bengal.
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Aquaculture has become a major economic activity around the world in food production sector, and the annual production 
has been raised up to 300 million metric ton (FAO, 2016). In India, the total shrimp production has been reached around 4, 
97, 622 metric ton in the year 2015 -16. Over the last five years, the culture area has been considerably increased from high 
saline to low saline area. Due to heavy intensification of aquaculture activity, managing nitrate pollution in aquaculture 
ponds during culture period has become a challenge. Using microbes to remove nitrogenous waste is a better way for the 
waste management. Denitrification process is an important reductive process (NO3 into N2) to manage nitrate pollution. 
The intermediates such as nitrite and ammonia are toxic to both fresh water and marine aquatic animals. For the complete 
nitrogen waste removal, aerobic denitrificans are recently interested, which can use both oxygen and nitrate nitrogen as 
the terminal electron acceptors. Hence, developing consortium of bacterial population for the management of multiple 
nitrogen contaminants and to remove complete nitrate without nitrite accumulation from water and solid nitrogeneous 
waste are essential for aquaculture waste management. Halophilic bacteria can resist most of the rigid conditions, and also 
overcome high saline complications in most of the aquatic pond. Hence, in the present study, we identify bacteria capable 
for nitrogen removal from saltpan and develop a consortium for simultaneous nitrification and denitrification without nitrite 
accumulation. The sediment and water sample from Marakkanam saltpan was collected and bacteria were isolated either 
through direct plating or enrichment techniques. The isolated bacterial cultures were identified as Halovibrio denitrificans 
by polyphasic taxonomy including biochemical assays, and 16S rRNA gene sequencing. The nitrogen removal capacity 
was measured by spectrophotometric method, and role of enzymes in the reduction of nitrogen were tested using qRT-
PCR technique. From the data, we found that the nitrate was reduced to nitrite within 6 hours but nitrite was not further 
reduced completely under aerobic condition. However, the accumulation of nitrate and nitrite were completely reduced 
under anaerobic condition within 3 hours of treatment. Hence, these kind of environmental bacterial consortium will be 
helpful for waste treatment system in aquaculture and other industrial waste management, in which, H. denitrificans will 
a play vital role.
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Oil palm kernel meal (PKM) (Elaeis guineensis), an agro-industrial waste and a non-conventional feed ingredient is gaining 
importance due to its nutrient digestibility (a better growth promoter) and ready availability (lower price) hence, used as 
an feed ingredient in aqua-diets. 

An experiment was conducted for 60 days in 350 L FRP tank on rohu (Labeo rohita) fingerlings (average of 8.6 ± 0.04 
cm length and 7.2 ± 0.01g body weight) to determine the effects of dietary incorporation of PKM on growth and physio-
metabolic responses of the fish. Five iso-nitrogenous diets namely control (without PKM), T1 (5% PKM), T2 (10% PKM), 
T3 (15% PKM) and T4 (20% PKM) replacing sunflower oil cake and deoiled rice bran, were prepared and fed twice daily at 
a rate of 5% body weight. Growth, digestive, metabolic and anti-oxidant enzyme analysis revealed weight gain and specific 
growth rate (SGR) values showed a gradual increasing trend in T1 (5%), and T2 (10%) groups compared to T3 (15%) and 
T4 (20%) after 15th day of feeding trial. Feed and protein efficiency and apparent net protein utilization were recorded to 
be significantly higher in T1 and T2 groups. The digestive (amylase, protease, and lipase) and metabolic enzyme profiles 
also indicated a significantly (p˃0.05) better response towards 5 and 10% levels of inclusion. Highest superoxide dismutase 
(SOD) and catalase (CAT) activities were recorded in liver in higher inclusion groups (15 and 20% respectively) which 
were significantly different (p<0.05) from other groups. Therefore, dietary PKM inclusion level of 10% (T2) improved 
growth and physio- metabolic performance of the L. rohita fingerlings, indicating that it can be effectively utilized as a 
cost-effective feed ingredient for optimum growth and metabolic performance of rohu. Thus, this alternative feed source 
(PKM) containing an economical agro waste by-product, shall help in reducing the feed cost in carp culture operations. 
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DETECTION OF RAINFALL INDUCED LANDSLIDE THROUGH SLOPE STABILITY 
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The Andaman and Nicobar Islands which comes under agro-climatic zone XV are characterised by least variations of 
maximum and minimum temperature during the entire year. Due to the influence of SW monsoon which prevails from 
May to September and followed by NE monsoon along with the cyclone thrash out in November, Port Blair of South 
Andaman district receives a huge volume of annual rainfall i.e in excess of 3000 mm. This investigation has been carried 
out to determine rainfall induced landslide at Chakkargaon of Port Blair. 2D Electrical Resistivity Tomography (ERT) and 
Self potential technique have been applied to assess the slope instability of this area. The elevation model of the area is 
prepared using Surfer software. Four 2D ERT profiles with the Wenner array configuration were carried out to study the 
distribution of subsurface electrical resistivity of the slope. Geo-electrical data shows several zone of low resistivity values 
(12 Ohm–66 Ohm), identified as a water saturated weathered /fracture zone. The water saturated zone plays a major role in 
the triggering process of landslide as they increase the unit weight of the mass. The negative potential values (-0.2mV to 
-0.34mV) of Self-Potential at various parts of the subsurface may have been due to water infiltration at the fracture as well 
as weathered zone and indicate the direction of the water flow. 

During the monsoon period, due to intense rainfall and the water infiltration cause a decrease in soil suction and shear 
strength and increase in shear stress, which might have  induced slope failure at Chakkargaon slope. Therefore, it is 
necessary for continuous monitoring of water content within the slope using 2D electrical resistivity tomography and 
self-potential method on a regular basis. The integrated analysis enable us for a better understanding of slope stability and 
developing an early warning system of slope failure by which we can reduce the severity of damage.
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WITH DIFFERENT DRY PELLET AS FEED
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Scalloped spiny lobster (Panulirus homarus) is an export commodity and high economic value in Asian-Pacific markets, 
but the wild population was already over fishing. The purpose of this study was to determine the best dry pellet as feed for 
scalloped spiny lobsters grow out in concrete tank.

The study was conducted using 9 concrete tank 2x1x1 m; with three treatment and 3 replicates. Three different dry pellet 
were used as treatments, i.e.: pellet commercial for grouper (A), pellet commercial for shrimp (B), and dry pellet formula 
Gondol Institute of Mariculture  Research and Development (IMRAD) (C). The stocking density of spiny lobster (total 
length 13.1cm and body weight 78 g) was reared at 25 ind./cage. A complete random design was used as an experiment 
design. Data was analyzed using ANOVA and descriptive statistics. Feeding times were twice a day at 08.00 and 15.00 at 
local time; wit dose 10% of biomass for fresh feed and 3% for dry pellet. The samplings were conducted every month to 
measure of survival rate (SR), total length (TL) and body weight (BW). On the end of the experiment also take  a sample 
of blood for haemocyte counting. The result of experiment during 5 month rearing show that the best survival rate (94.67 
%) was on treatment C, followed by treatment A (84.25%) and treatment B (82.67%). The highest final body weight on C 
(204.1 g), followed by A (168.6 g) and B (144.1 g). The number of haemocyte was almost the same between treatments with 
haemocyte number about 240-290 x 104 sel/ mL. From these results it can be concluded that dry pellet formula IMRAD 
Gondol is more feasible than commercial pellet for grouper and commercial pellet for shrimp as feed for rearing of scallop.
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Guppy (Poecilia reticulata) is an economically valuable species ranking among the top 10 most popular ornamental fishes. 
Guppies are widely used as a model organism in genetic studies due to short generation interval, ease of breeding and 
establishment of populations in laboratory, and the availability of many strains. Genetic improvement in the ornamentation 
traits like colour & colour patterns, size etc and development of new strains can be achieved through genetic selection for 
heritable traits and help sustain and enhance the ornamental fisheries. The present study was aimed to estimate the genetic 
parameters of ornamentation traits as well as the genetic gain obtained for orange spots. 

A base population was established by breeding 50 full-sib families from a wild strain of guppy collected from Mumbai, 
Maharashtra, India and the F1 generation was produced following a nested mating design using the selected fishes of base 
generation. The fishes were selected based on number of orange spots and total area of the orange coloration. Body size 
traits and number of orange spots & their area and intensity were recorded for 258 and 213 individuals in the base and F1 
generation respectively at 90 days of age.     

The average length of guppies were 21.04 ± 0.24 mm. Between family variations was observed for body size traits and 
number of orange spots indicating the presence of genetic variation in these traits. In the present study the number of orange 
spots ranged from one to five. Low to moderate heritability estimates were shown by the ornamentation traits (Table 1). The 
estimated genetic gain for number of orange spots was 0.08 which was about 3.96 percent and the realized genetic gain was 
about 20 percent. The study indicates that the number of orange spots in guppy can be improved by adopting appropriate 
genetic selection methods. 
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In developing countries, there is a severe shortage of animal protein sources which resulted in dramatic increase in their 
prices. Aquaculture has the potential to overcome  the animal protein shortage by increasing fish production through 
feeding fish balanced artificial diets. This spurs an effort to define and develop alternative ingredients, in particular, those 
of vegetable origin which are inexpensive ingredients.  The present study following this effort is conducted, where cabbage 
leaves  concentrate meal (CLMC) as a replacer for fish meal in Nile tilapia diets.

There were positive effects of producing cabbage leaves concentrate meal in our laboratory from fresh cabbage leaves waste 
on crude protein and negative effect on crude fiber where the crude protein was increased but crude fiber was decreased.

Seven diets were prepared whereas the first diet is a control diet ( based on fish meal as a sole source of protein).The protein 
of fish meal was replaced by cabbage leaves concentrate meal at 0.0, 2.5, 5, 7.5,  10, 12.5 and 15% replacement levels (diets 
1, 2, 3, 4, 5, 6 and 7 respectively). 

Each diet was fed to duplicate aquaria (10 fish each) with an average weight of 1.6 g. By the end of experiment (13 
weeks).  Nile tilapia fed diets 1, 2, 3, 4 and 5 obtained the best growth performance (body weight and SGR). No significant 
differences in FCR , PER and ANPU for fish fed the experimental diets. No significant differences in body condition 
factors and survival rates for fish fed the experimental diets. No significant differences in carcass ash and crude protein 
but significant differences were recorded in moisture and crude lipids for fish fed the experimental diets. No significant 
differences in HSI, GI and plasma albumin whereas  significant differences in plasma total protein, plasma globulin and 
plasma glucose in fish fed the experimental diets. The best profit index (1.65) was obtained by fish fed diet 5 where 10% of 
fishmeal protein was Replaced by CLCM protein.

From the results of the present investigation it could be concluded that 10% replacement of fish meal protein by cabbage 
leaves concentrate meal protein could be used safely in tilapia diets.
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Climate change is one of the most critical global challenges today where CO2 concentrations in atmosphere are increasing 
at an alarming rate. Eutrophication is another environmental problem which is driven by the nutrient enrichment caused 
by anthropogenic activities. The present work was conducted to study the relationship of eutrophication status to ocean 
acidification in Mumbai coastal waters. Sampling was carried along the Mumbai coast at four different locations based on 
the stress factors like pollution, sewage discharge etc. Water quality parameters such as water temperature, salinity, pH, 
dissolved oxygen, alkalinity, ammonia, nitrate, nitrite and phosphate were estimated for all the stations from September 
2017 to May 2018 for a time period of 9 months. Water temperature varied from 25 to 31°C, pH: 7.4 to 8.3, salinity: 32 to 
39ppt, dissolved oxygen: 2 to 9.6mg/l, alkalinity: 125 to 364mg/l, ammonia: 4.77 to 22.14μM nitrate: 10.22 to 38.18μM, 
nitrite: 0.21 to 7.67μM, phosphate: 0.09 to 7.25μM. The physicochemical parameters such as temperature, salinity, pH 
and alkalinity were used as the inputs in the CO2sys program (Lewis and Wallace, 1998) and the pCO2 level (μatm) was 
estimated for the Mumbai waters. The resultant pCO2 was found to range from 204 to 1770μatm which is significantly 
higher than the global average value of 380μatm. 

The result of the present study clearly indicate the susceptibility of coastal waters towards ocean acidification as a 
consequence of higher magnitude of eutrophication status prevailing in the near shore areas adjacent to metropolitan 
cities like Mumbai. Thus the marine species inhabiting in this variable coastal environments is more pronounced to ocean 
acidification effects.
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Shrimp farming has changed from traditional small scale to ultra intensive farming system in South-East Asia. Due to 
intensification, which ultimately leads to number virulent disease outbreaks in grow out, nursery and also in the wild. 
Among the diseases, the White spot syndrome virus (WSSV) outbreak is a notorious pathogen belongs to the Genus 
whispovirus, family Nimaviridae and it was first identified in the early 1990’s. The serious outbreak of WSSV in shrimp 
grow-out farms and also the prevalence white spot syndrome virus (WSSV) infection in the wild population including the 
wild brooders affected the Penaeus monodon culture worldwide and also India. In the present study, an attempt was made 
for the investigation of the prevalence of WSSV in the wild Penaeus monodon population i-e Vellar Estuary. Further, PCR 
confirmed WSSV positive wild shrimps were fed (oral ingestion) to Penaeus monodon and mud crab (Scylla olivacea) for 
the infectivity study.  The shrimp infectivity study showed 100% mortality was reached on 5th day of post infection and in 
the case of mud crab the chronic mortality started only on 35th day abd extended beyond 45 days. Hence it is concluded that 
the mud crabs not only an asymptomatic carrier but also host for the WSSV. 
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Fish culture can be integrated with agriculture and other allied farming activities such as poultry, dairy, piggery and goat 
rearing which play an important role as a tool for farmers’ livelihood. To popularize integrated fish farming, the Front 
Line Demonstration (FLD) programme on integration of pig with fish farming was implemented during September 2013 
in villages of Dakshina Kannada district such as Machina, Amtur and Kaliya by choosing three farmers who have basic 
facilities for fish culture (1000 sq. m. pond) and rearing piglets in their field. 

Fish seed (Catla, Rohu and Common Carp fingerlings) and Yorkshire piglets were provided as critical input. Trainings 
were conducted to create awareness among the farmers and regular field visits were made for monitor the programme and 
concluded with field day celebration. The results indicated a fish yield was 3.54 t/ha besides pig yield totaling 3000 kg with 
a B: C ratio of 2.81. The overall expenditure incurred was worked out to be Rs. 1,95,000/-  per ha with a net return of Rs. 
3,52,950/-. Farmers opined that Integration of pig with fish farming was more profitable since sale of pigs as well as piglets 
earned them additional income besides fish yield. 
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Present study was done to assess the crustacean’s assemblage in multiday trawls during August 2016 to April 2017 at 
Mangaluru fishing harbour, Southwest coast of India. Studies regarding the identification, comparison of the species along 
with their seasonal variation were carried out. A total of 26 species belonging to 2 orders, 7 families and 16 genera 
were recorded from 16 sampling multiday trawls. Family wise Penaeidae (Fenneropenaeus indicus) was found to be 
dominant followed by Portunidae (Portunus pelagicus), Palinuridae (Panulirus versicolor), Squillidae (Oratosquilla 
nepa), Solenoceridae (Solenocera choprai), Calappidae (Calappa lophos) and Lysiosquillidae (Lysiosquillina maculate). 
Based on diversity indices the maximum values were recorded during the Post-monsoon and Pre-monsoon seasons and 
minimum during the monsoon season. 
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The current study was carried out for 147 days to assess the Vibrio count of Litopenaeus vannamei culture ponds from 
Vakapadu, Visakhapatnam District, Andhra Pradesh, India. Three ponds were selected, one is control and other two were 
experimental (Pond A and B). The physico-chemical parameters of the culture ponds were recorded by adopting standard 
methods. During summer crop the control ponds were harvested at 24.0 gm on 107th day and at 31.0 gm on 121st day for the 
year 2017 and 2018 respectively due to the incidence of Vibriosis disease. Where as in winter crop during 2017 the control 
pond was harvested at 5.5 gm on 47th day because of Vibriosis but in 2018 the control pond was harvested normally at 32.5 
gm on 145th day, as this pond is free of Vibriosis. Experimental ponds were harvested normally in summer season at 30.5 
gm on 124th day & 31.0 gm on 127th day during 2017 and 34.0 gm on 127th day & 35.5 gm on 127th day in the year 2018 
respectively. In the winter season of year 2017, experimental ponds were harvested normally at 28.0 gm on 124th day as 
well as on 127th day. In the year 2018 winter, the experimental ponds were harvested at 36.0 gm at 146th day and 35.5 gm at 
147th day respectively. This study suggests that the probiotics are the key agents which have a great impact on the reduction 
of total Vibrio count in culture ponds of L. vannamei. 
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Fish waste management has been tedious process for both municipality and as well as sea food processing industries due to 
its high organic content. Fish waste is often classified as a certified waste with high disposal cost. The fish manure usually 
contains organic matter and minerals such as calcium, phosphorus, potassium, magnesium. These minerals are limiting 
nutrients for growing Azolla.

Fish manure was prepared by dumping fish waste, saw dust and water in the barrel, which took nearly two months composting. 
This compost manure was used to grow culture Azolla .The Azolla culture set up had a barrel (100 cm*30cm*30cm), 10cm 
layered red soil and 15 cm level of water, and inoculum of 10g of Azolla .10 g of compost fish manure was added initially 
for the growth, subsequently 2g of manure was added with an interval of 3 days. After two weeks of experiment, the 
quantity of Azolla increased to 30g in weight. 

To conclude Fish manure has all the limiting nutrient which is required for the growth of azolla in abundance.Hence fish 
manure is one of the alternative nutrient source for culturing azolla with conventional sources. 
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Organic food products sales in the market have continued to grow and the sale reached around 39.7 billion USD in 2015. 
Recently, an increasing demand for functional food ingredients or nutraceuticals in the food sector because of their beneficial 
health effects. An accumulated evidences report that marine algae are considered as potential renewable resources which 
harbor wide range of secondary metabolites such as carotenoids, sterols, polyphenols and lipids with broad spectrum of 
biological activities for improving health and wellness. Sargassum sp. belongs to brown algae contains a specific carotenoid, 
fucoxanthin which is reported to show anti-inflammatory, anti-obese and anti-cancer properties. Thus, the present study 
aimed to develop a bakery product, cake using marine alga (Sargassum polycystum) powder as a functional ingredient in 
the formulation. The cake was prepared with marine algal powder (10, 15 and 20 % (wt/wt) of total ingredients), along with 
wheat flour, butter, egg white, milk and sugar. After baking, the products were subjected to sensory and nutritional quality 
analysis. The results showed that cakes made with 10 and 15 % algal powder were more likely preferred by the sensory 
panelist compared to 20 %. The biochemical composition of the cake had ranged from, protein 8.3 to 12.06 %, fat 10.26 to 
24.5 %, carbohydrate 42 to 43 % and ash 1.1 to 1.9 %. Further, higher content of phenolics and flavonoids in marine alga 
incorporated cake provides value to the product as functional food product. 

DEVELOPMENT OF MARINE ALGA-BASED EXTRUDED SNACK PRODUCT AND 
EVALUATION OF ITS NUTRITIONAL QUALITY

Nimish Mol Stephen*, Balasundari S, Rathnakumar K, Felix S

*Department of Fish Processing Technology
Dr. M.G.R. Fisheries College and Research Institute
Tamil Nadu Dr. J Jayalalithaa Fisheries University
Ponneri – 601 204, Tamilnadu
*Presenting author e.mail: nimish@tnfu.ac.in

Marine algae also called as “Sea vegetables” have been used for centuries in the preparation of salads, soups and also in 
the preparation of low-calorie foods. Recently, an increasing demand for functional food ingredients or nutraceuticals in 
the food sector because of their beneficial health effects. Marine algae are reported to possess several bioactive compounds 
such as carotenoids, sterols, polyphenols and lipids with both human nutritional and medicinal/pharmaceutical value. 
However, utilization of these functional renewable resources in Indian food and confectionary preparations is very 
limited.  Sargassum sp. belongs to brown algae contains a specific carotenoid, fucoxanthin which is reported to show anti-
inflammatory, anti-obese and anti-cancer properties. Thus, the present study aimed to develop an extruded snack product 
using marine alga (Sargassum swatzii) powder as a functional ingredient in the formulation. The product was prepared with 
marine algal powder (5, 10 and 15 % (wt/wt) of total ingredients), along with corn flour, rice flour, green chili powder and 
mango powder. After extrusion, the products were subjected to sensory and nutritional quality analysis. The results showed 
that the products made with 5 and 10 % algal powder were more likely preferred by the sensory panelist compared to 15 
%. The biochemical composition of the product had ranged from, protein 5.2 to 8.7 % and fat 0.57 to 1.5 %. Further, higher 
content of phenolics and flavonoids in marine alga incorporated (10 %) product provides value to the product as functional 
food product. 
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Myanmar is among the poorest countries in the world facing undernutrition and stunting in broad areas of the country. 
Especially in rural areas, the availability of essential proteins, minerals, and vitamins year-round is insecure. Additional 
compounding drivers are land-use issues and a lack of modernisation in the agricultural sector for decades. Small-scale or 
backyard aquaponics provide up to 10 times higher yields than traditional paddy fields and can be operated in a staggered 
production securing availability of nutrition all-year long. Home-made supplements such as insect feeds and fertilizer 
contribute to a self-sufficient production. Solar panels connected to a 12V or 24V car-battery is common and easy to use to 
circulate water between fish tank and plant container via pump. Plus, a breeding program for genetically improved farmed 
Tilapia (GIFT) is already established by World fish and the Department of Fisheries in order to distribute subsidized brood 
stocks and fingerlings, which makes GIFT available for small-scale farmer.

The overarching goal of this research is to analyse productivity and profitability of different aquaponic systems, such 
as raft-, gravel, and NFT-systems or mixed systems country-wide. Therefore, three Aquaponic systems are set up at the 
University of Yangon Research Center stocked with GIFT as it is one of the most suitable and well-known fish species 
in aquaponic. First objective is to proof economic efficiency by accounting costs for investment and maintenance against 
revenue from sales, but also applicability in Myanmar. Second is to investigate optimal order of crop rotation and fish 
stocking over a three-years period. Third objective is to explore feed production systems utilizing protein-rich insects and 
left-over greens.

Basic affordable aquaponic systems driven by solar energy and using locally available crops are thought to generate income 
opportunities and will support the availability of nutrition in form of fresh vegetables and fish.
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Bread is a staple food and fortification with seafood was attempted to develop a healthy bread. Marine protein bread was 
prepared using all-purpose flour, fish, crab, shrimp, and depurated oyster meat powder, sugar, vegetable oil and milk 
powder. The ingredients were mixed with water and baked at 150o C for 30 minutes. The bread loaves were packed in PP 
pouch, sealed and stored at room temperature. The developed product was assessed for its nutritional, biochemical and 
microbial quality. The product had 10 % protein, 23 % fat and 5 days of shelf life. Cost of Production was Rs. 35 for 300 
g pack.

Marine protein bread can be taken as any meal of the day, eaten as a snack and used an ingredient in other culinary 
preparation such as sandwich burger, etc. Marine protein bread is a highly suitable diet for people who are living an active 
lifestyle, training for sports and building muscle mass. Two slices of marine protein bread give 10g of high-grade seafood 
protein apart from omega-3 fatty acids.

There was 35% raise in protein content of the product compared to commercially popular brands of breads. Marine protein 
bread is the smart choice for the needy population.\
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There is a growing gap in worldwide protein supply. To elaborate, on the demand side the world population is projected to 
reach 9.6 billion by 2050 - 70% of this growth is expected to be in urban areas with high meat consumption.  On the supply 
side, the existing protein sources for the animal feed market, i.e., fishmeal and soybean meal, are both constrained by climate 
variability and land/water availability. For instance, over the last decade the cost of fishmeal, the widely used protein source 
for aquaculture, has almost tripled. This presents a significant market opportunity for sustainable and cost effective protein. 
String Pro, our product, is a superior protein from methane that addresses this growing gap. We leverage methane as a 
source of carbon to manufacture green chemicals and feed ingredients.  We are amongst a handful of companies worldwide 
and the only Asian company to successfully enable methane based value chain for protein feed ingredient.

The advantages of String pro are 1) cost-effective, sustainable and novel protein 2) proprietary technology platform, 3) 
significantly lower cost of production, 4) reliable protein supply, 5) easy traceability, 6) environmental sustainability and, 
6) cradle-to-cradle solution for a low carbon future.

With >65% protein and an amino acid profile similar to fishmeal, String Pro, is a very attractive replacement for fishmeal. 
Our initial testing of String Pro as a fishmeal replacement for rainbow trout shows that it is a quality replacement. In brief, 
we conducted a 9 week feeding trial in juvenile rainbow trout (~21 g), where String Pro was used to partially or completely 
replace fish meal (25, 50, 75 and 100%) in the test diets. The experiment was conducted in a small recirculatory aquaculture 
system. At the end of the trial, zootechnical results indicated that feed efficiency (1.2-1.3), FCR (0.8) and growth was 
appreciably high in all the dietary groups. However, as expected, feed intake was found to decrease at higher fish meal 
substitution and had an impact on performance indices. While the absolute feed utilisation and growth response are very 
promising, further optimization of the protein production process and addition of feed attractants could facilitate substantial 
inclusion of the String Pro protein in aquaculture feeds.  
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Fourteen farms from Krishnagiri, Thiruvarur, Thanjavur and Nagapattinam districts of Tamil Nadu was surveyed to 
study the incidence of parasites in Genetically Improved Farmed Tilapia (GIFT). Among the 14 farms selected, seven 
farms practiced polyculture of carps and GIFT and seven farms practiced monosex tilapia farming. The study was carried 
out to find the level of incidence between the two farming practices. Samples from polyculture farms revealed that the 
higher infection of Argulus  in order Rohu > Catla > Mrigal no infection on GIFT. Out of the seven polyculture farms, 
four farms revealed Argulus infection and no infection of parasite was observed in three farms. Among the seven farms 
practicing monoculture of tilapia, no Argulus infection was observed. Monogenean trematodes like Dactylogyrus was 
identified in three farms and no infection of parasite was identified in remaining four farms. Protozoan Parasites like 
Trichodina, Apiosoma, and Tetrahymena was identified in both culture practices. In both culture practices, Lernaea was 
not noted on Tilapia but observed on Indian Major Carps (IMC). Study on the different management practices adopted in 
the selected farms revealed use of antiparasitic agents and organic agents use in nine farms and three farms respectively 
for parasite control and the remaining two farms does not adopt any treatment methods. Common antiparasitic agents such 
agent as Cypermethrin, Dichlorvas, Ivermectin and deltamethrin were used as parasitic control. During the study period, 
unwarranted method of treatment of parasites was observed. 

Fish is one of the important food source which supplies low cholesterol and high protein to approximately 60% of the 
World population. Most of the developing countries obtain 30% of the annual animal protein requirements from fish. 
Parasitic infections cause less production and high economic losses by direct fish mortality. Under natural conditions, 50 
to 90% of freshwater fishes harbor at least one species of parasites. The selection of a certain host species by ectoparasites 
must be governed mainly by factors in the host surface.   Thus, chemical stimuli emitted from the host have been suggested 
to attract the parasites and even initiate certain behavioral and physiological changes in the parasite. The parasitic infection 
give indications of water quality since the parasite infection level commonly increase with organic load. Parasites and their 
host usually live in equilibrium. However, in crowd conditions of the host, such as in fish ponds parasitic diseases can 
spread very rapidly and cause heavy mortality. The paper deals with the incidence of fish parasites in farms of Tamil Nadu. 
The paper also documents the treatment and management measures adopt
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Shrimp farming is a high profit business in the world. Intensification of shrimp culture is the most common method to 
increase the turnover of the shrimp production and thereby meeting the shrimp demand. On the other hand, intensification 
leads to various problems such as increased disease outbreaks, increased feed cost (60 to 80%) and low water quality due 
to overfeeding. Shrimp farming should be sustainable and eco-friendly which is exactly where the aquamimmicry concept 
is of great importance.

In aquamimmicry, the natural production of zooplankton is stimulated by adding fermented carbon source along with 
probiotics. The carbon sources can be soy bean, rice bran or wheat bran. It creates the bio-floc in the pond which helps to 
maintain the water quality and the zooplankton (copepods) production which act as a supplemented nutrition to the shrimps. 
The copepods contain astaxanthin, amino acids and omega 3 fatty acids which improves the quality of the shrimp meat.

Biofloc technology is thus the application of aquamimmicry concept. Adaptation of this technology can reduce feeding 
cost and improves the sustainability of shrimp farming. Researchers can also play an active role to further optimize this 
protocol. 
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Lobster are highly prized commodity and a delicacy for Chinese and Japanese society. In India there is a high potential 
for growing this in sea cage because India has long coast line. The present study was conducted in Tharuvaikulam in 
Thoothukudi district, Tamil Nadu. The aim of this study was to assess the economic feasibility of capture based mariculture 
of spiny lobster Panulirus homarus in open sea. This study also reports the socio-economic potential of spiny lobster 
culture and how it can be a good livelihood opportunities and also produce income generation in coastal Tamil Nadu. 
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Fresh Water Management is very much essential which demands an increase in agricultural, industrial and other 
requirements in India. The Quality of Fresh Water is characterized by chemical, physical and biological content present 
in water. Traditional water quality monitoring involves three steps namely water sampling, Testing and investigation. 
These are done manually by the scientists. The manual methods of determining the water quality parameters are tedious, 
time consuming and non economical process. It is high time to maintain the water quality parameters using automated 
techniques because the fish health and survival rate are the two important parameters for increase production rate. Now 
there is a huge demand in maintaining a real time database for storing and analyzing the selective water quality parameters 
in hatcheries. Firebase is a powerful, simple, and cost-effective object storage service built for Google scale to provide 
efficient and real time storage.

The present study aimed to investigate the performance of sensors and database management in hatcheries. The selective 
water quality parameters are set inside the hatchery tank. The sensors are interfaced to the microprocessor and data are 
transmitted to the firebase through the NODE MCU an efficient Wi-Fi module. The captured analog data is converted to 
digital format by Analog and Digital Convertor.

The Software Algorithms are written in Arduino IDE. The selective water quality parameters are checked with the threshold 
limits. The coding is also done for connecting the Wi-Fi module to the firebase. The LCD display is connected to the circuit 
and the reading is noted. Firebase stores the values continuously and it will be helpful in terms of any anomalies (Fig2) This 
study will help us to find out the exact time of failures. It will be helpful for the farmers to have increased survival rate and 
help them to monitor the fish health.

The (Fig1) represents the storage of values in firebase from the sensors and it is used to analyze the data in terms of 
anomalies. In future the data collected and stored in firebase will be linked with mobile application and alert the user in 
terms of anomalies.
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A 42-day indoor feeding trial was conducted to evaluate the growth performance and feed utilization of juvenile white 
shrimp Litopenaeus vannamei fed with diets containing different supplement levels of papin enzymes. The commercial 
white shrimp feeds containing 36% crude protein were incorporated with graded levels of papin enzymes (0, 250, 500, 750 
and 1000 mg kg-1) and used in the feeding trial. Shrimp (mean initial weight, 0.13±0.004 g) were fed three times daily ad 
libitum at an initial feeding allowance of 10% total body weight day-1. A completely randomized design was used in the 
study and shrimp were stocked at a density of 10 animals 20 L-1 black round plastic tank in triplicates. Results showed 
that the different levels of dietary papain enzymes significatly affected (p<0.05) on final body weight (5.3-5.5 g shrimp-1), 
survival (80-96.7%), and total moulting shrimp (36-48 times). In terms of weight gain, the diet with no papain enzymes 
and the highest papain enzyme inclusion level of 500 mg kg-1 diet seemed to have better performance  (p<0.05) than 250 
mg/kg diet. However, the shrimp fed diets containing papain enzymes at 500, 750 and 1000 mg kg-1 diets showed a better 
feed utilization (Feed Conversion Ratio (FCR) 4.5-5.3 and weight gains than those of shrimp fed the feeds containing 
papain enzymes at levels of 0 mg and 250 mg kg-1 diet (FCR 6.32-8.62; weight gain 4.31-4.92 g). The results indicated that 
dietary papain enzymes supplementation had a significant influence (p < 0.05) on feed utilization. Shrimp fed the 500-1000 
mg algae extract kg-1 diet had a significantly better feed intake, FCR and weight gain (p < 0.05) than the shrimp fed the 0 
mg and 250 mg algae extract. These results suggest that supplementation of papain enzymes at a dose of 500-1000 mg kg-1 
can be used to get a better feed utilization performance (reduce 41.7% FCR and enhance 21.4% weight gain) white shrimp 
L. vannamei. However, a dose of 500 mg papain enzymes kg-1 diet is recommeded to add in diet to get a better FCR and 
growth performance of juvenile L. vannamei. 
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India has become the hotspot for aquaculture in the world with continued increase in production and productivity for the 
past few years. Shrimp production grew multifold, making India to cross China, which is till date the largest producer of 
shrimps in the world. India contributed over six percent of global fish production. The expansion of Aquaculture production 
is restricted due to the pressure it causes on the environment by the discharge of waste products in the water bodies and by 
its dependence on fish oil and fish meal. Aquaculture using biofloc technology (BFT) offers a solution to both problems. It 
combines the removal of nutrients used by the water with the production of microbial biomass, which can in insitu used by 
the culture species as an additional food source. Intensive aquaculture must deal with its impacts on the environment in the 
form of water pollution and the use of a good water quality within aquaculture systems and produce additional food for the 
aquaculture organisms. This will augment our capability to steer the microbial aggregation to obtain optimal morphological 
characteristics (floc size and floc size distribution) to serve as food for the culture species for its replacement to fish meal. 
Currently, research is mainly focusing on the nutrient removal from the water and not so much on the compositional aspects 
(protein, polyunsaturated fatty acids, lipids, poly β hydroxybutyrate) of the bioflocs, although the latter can represent a 
major added value for aquaculture. The nutritional value of the bioflocs, as well as their morphological characteristics, 
are dependent on a large set of operational parameters currently under development in BFT aquaculture systems. The 
adoption of biofloc technology in the outdoor and indoor systems has been well documented and indoor culture trials 
showed significant difference in terms of production and productivity. The microbial composition in triggering the immune 
performance of the animals remains unexplored and magnificent role of biofloc technology can be well adopted in India to 
raise the standards of fish and shrimp farming activities in India.
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The present study was undertaken to monitor the influence of open sea floating cage culture system of spiny lobster, 
Panulirus polyphagus on hydro-biological parameters off Veraval, north-west coast of India. Two culture sites about 900 
m away from the sea shore and one reference site 1 km away from cage site were selected off Veraval coast for the marine 
cage farm. The hydrological parameters viz. salinity, temperature, pH, Dissolved Oxygen (DO), nutrients (NO3, PO4), 
ammonia, chlorophyll-a, total suspended solids (TSS), Gross Primary Productivity (GPP) and Net Primary Productivity 
(NPP) and biological parameters viz. phytoplankton diversity were analyzed. There were no significant differences (P > 
0.05) in pH, salinity, GPP, NPP, Ammonia, Nitrate, Phosphate, Chlorophyll levels and phytoplankton biomass between 
the reference sites and in the culture sites before and during the culture operation. There were significant differences (P < 
0.05)  in DO and TSS levels between reference sites and cage culture sites during the cage culture activity (M-W U test = 
25.2, P < 0.05 for DO and M-W U test = 21.5, P < 0.01 for TSS). Totally 47 species of phytoplankton were observed during 
the study. The overall species richness, diversity and evenness indices (5.47, 2.83 and 0.80 respectively) were high for the 
reference sites when compared with cage culture sites before and during cage culture activity. Bray-Curtis cluster analysis 
revealed that before culture 96.41% similarity was found between the lobster cage culture sites and the reference sites and 
during the culture period 88.62 % similarity was found between the lobster cage culture sites and the reference sites. The 
study result reveals the absence of nutrient and ammonia loading on the environment due to lobster cage culture activity. 
The water quality parameters recorded from cage were optimum during the lobster culture and hence made no adverse 
impact on the surrounding environment. 
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In the last few decades pollution associated with point and non-point sources have been identified as serious threat to 
water quality around the world. The demand for water in Mangaluru city of Dakshina Kannada district is 162 MLD and 
the present supply is 140 MLD. There are a number of industries situated in the vicinity of the coastal areas that discharge 
the treated effluents into the Arabian Sea. At present the total effluents discharged is 80MLD which is expected to increase 
with more industries to be commissioned in the Special Economic Zone (SEZ) and the expansion of the existing industries. 
Fresh water is most precious commodity in the earth so to protect this either it should be reused or recycled. Industrial 
utilization of fresh water is very high compared to the domestic use thus it is time to think how to utilize the same water 
after repeated treatment and making the industry as zero discharge. 

Phytoremediation techniques are a low-cost alternative for wastewater treatment and in many cases, it could be coupled 
with nutrient recovery and biomass production (Srivastava et al. 2008).M/s. Mangalore Refineries and Petrochemicals 
Limited (MRPL) has advanced waste water treatment facilities.Of the treated waste 70% of it is re-usedand remaining is 
discharged into sea at 650 m seaward at Surathkal and Chitrapur. The effluent quantity is 30.375MLD. The effort of our 
studies is to make it more environmentally friendly technology so that the whole water of the industry can be reused.

Eicchornia crassipes is a highly adaptive aquatic plant and recently it has been identified as a means of producing biofuel.  
It is resistant to pest and diseases and naturally grows in stagnant ponds and lakes. It has high cellulose and lignin content 
per unit volume of dry matter. 

Trials were conducted by using this plant in treated effluent water of Mangalore Petrochemicals and refinery Ltd. Standard 
methods were used to estimate the reduction in nutrients and pollutants. There was reduction in phosphate, ammonia, 
cyanide and sulphide level in the treated water within 6 days of treatment.  Atomic absorption spectrophotometer for heavy 
metal analysis of the leaves showed an increase of 40% and 55% in Cu and Cd uptake. It was evident that the plant is 
capable of absorbing heavy metals in addition to reduction of nutrients.  This will help the industry to further reduce the 
available nutrient load and heavy metals from the treated effluent if passed through the Eicchornia bed so that it can be 
reused in the industry. More experimental trials need to be conducted with better facilities to standardize the method and 
design structures for large scale treatment for effluent of water.
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Population increase coupled with the destruction of mangrove forest through human activities such as deforestation, 
conversion of mangroves to agricultural land, sewage discharge and effluent from industries has negatively impacted the 
environment and led changes in the water (Hauff et al., 2006; Smith, 1992; Lugo and Snedaker, 1974) and sediment quality 
of mangrove ecosystem. Mangaluru (12.87°N 74.88°E) is one of the urban coastal cities in Dakshina   Kannada  district 
of Karnataka. It has a population of 5,55,244 (as per 2011 estimated) and area of 132.45 km2. The major rivers Netravati 
and Gurupura forms an estuary and drain into the Arabian Sea.  Destruction of the mangroves on the river banks and in the 
estuarine area had led to decrease in mangrove area. Water and sediment quality parameters were monitored from two sites 
in Gurupura river a degraded ecosystem in which mangroves were planted and another a non-mangrove area. In addition to 
this a natural mangrove area in less disturbed habitat with better diversity of mangroves in Hegemadi situated on the banks 
of Shambhavi river was selected. Principal Component Analysis (PCA) was carried out to ascertain the most important 
parameters influencing the stations selected in combination as well as separately in  mangroves  planted area (St-1), a non-
mangrove habitat (St-2) and a natural mangrove ecosystem (St-3). Water and sediment quality data were collected for a 
period of 6 years (2011-2016) on monthly basis from the stations. Fig. 1 depicts the PCA biplot of all parameters estimated 
for the three stations under study.

It was seen that the influence of salinity was the highest in the system and diagonally opposite to that of nutrient silicate, 
indicating that rainfall and consequent river discharge contributed to the growth of mangroves. Moreover, rainfall, silicate, 
nitrate and phosphate were correlated. In the natural mangrove ecosystem (St-3) the major contributors   were in the order 
Salinity (24.9%) >Rainfall (16.7%)>Silicate (12.1%)>pH (8.7%)> Chlorophyll c(7.3%)> Nitrate (6.3%)> Chlorophyll a 
(5.3%)> water temperature(3.9%)> Chlorophyll b (3.3%). In St 1 and St 2 the contribution of Chlorophyll was not observed 
indicating lesser productivity due to disturbed ecosystem.  It was seen that pH was observed to be diagonally opposite 
to rainfall, silicate, nitrate and phosphate in all the three stations indicating that lesser river discharge could negatively 
influence the ecosystem. The Sand % and Silt % was also observed to be diagonally opposite in all the three stations. A 
diversity rich mangrove ecosystem had more silt as the roots help retain the turbid water during monsoon. June, July and 
August were the months   observed contributing to the growth of mangroves. 



783

FISH HATCHERY 2.0 AND IMPLICATIONS IN DOUBLING INCOME OF FISH FARMERS

JITENDRA KUMAR* SUNDARAY & P N ANANTH

ICAR-Central Institute of freshwater Aquaculture, Kausalyaganga, Bhubaneswar, Odisha

Indian Aquaculture has seen a greater growth and many states have become prominent in providing profitable livelihoods. 
The recent initiative under the development scheme “blue revolution” envisaged by Government of India (GoI) was 
expected to be a game changer with positive results. By 2015, GoI called for a mass call in the sector with an idea to 
double the farmer’s income (DFI) through many initiatives by strengthening infrastructure and accelerating development 
activities.  But much water has not flown with the targeted year of 2018. 

It is observed that there has been an expansion in fish seed production (fry) through the “blue revolution” initiative though 
the country is self-sufficient with its demand.   Fish seed production in the country is through a network of about 4500 
hatcheries (Indian Major Carps, Exotic species, Scampi, Air breathing fish and Tilapia,) and seed growers. Plagued with 
constant price of Indian Major Carps ( IMC) seeds, in the recent past there is a shift to produce exotic fish species seed 
which fetches better price. Bringing the fact there are three exotic species which are predominant in the market of which 
one is banned, the other one is permitted and left is yet to get a clearance from the authority. In this scenario the one which 
has not been looked upon is on quality seed though the country is self sufficient in seed production. For promoting quality 
seed production NFDB has initiated to promote an improved rohu variety “Jayanti rohu” which has 18% genetic gain. Day 
by day the awareness and farmers requirement for quality seed is increasing and a development direction in these lines is 
a must. 

In the case of brackishwater aquaculture the sector is still dominated by crustaceans and till the year 2007 P.monodon was 
ruling and at present the  exotic cultivable shrimp species ( (Littopenaeus vannameii)  is heading the sector with much 
preference. Earnest efforts were taken to popularise some of the high valued species in this sector like Seabass, Milk 
fish, Cobia, Pearl spot, Mullets and others, but in vain. Though attempts were taken only few recognised hatcheries and 
government institutes still produce seeds of these high valued species but the existing 246 shrimp hatcheries across the 
country never encashed to produce fish seed, why?. In the case of marine fish seed hatchery though technology was in 
public domain for use there were not many takers rather the government R&D institutes in seed production. 

This paper is all about the pathway for developing the aquaculture seed production system focussing on how this can 
happen to double the farm/farmer’s income. The chosen path for development of aquaculture has to be in line with the 
changing requirements of the market and demand especially with the exotic species. Slight deviations towards quality seed 
production can enhance the profitability of grow out fish farmers. Survival rate of fish seed is directly dependent on quality, 
which is not a concern with hatchery owners. Prevailing resources can be used for quality seed production is the direction 
in which the sector should move. The paper also provides information to direct the sector towards efficient hatchery 
system (Hatchery 2.0). A generation shift has to be seen in hatchery system, for improving existing freshwater fish seed 
production and exclusive hatchery for producing seeds of exotic fish species. A Public Private Partnership for multi species 
fish seed production, convergence of R&D institutions like ICAR, SAU and ministerial institutes (Rajiv Gandhi Centre for 
Aquaculture) to produce quality seeds and other unique initiatives have to be thought of. The paper ends by concluding that 
the sector need to be viewed in a system perspective having broader lens with an inclusive growth.  
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Recent outbreaks and spread of tilapia lake virus (TiLV) in several countries were reported. It appears that tilapia at 
all age groups is susceptible to TiLV infection. However, there is limited understanding how TiLV produce disease in 
tilapia. Laboratory challenge of naïve Nile tilapia (Oreochromis niloticus) and red hybrid tilapia (Oreochromis spp.) 
develop clinical signs of TiLV infection including skin redness, skin erosion, anemia, exophthalmos, corneal opacity, 
and abdominal swelling. The histopathological lesions of challenged fish included syncytial formation and necrosis of 
liver cells with eosinophilic intracytoplasmic inclusion body. In the hematopoietic tissues such as spleen and anterior 
kidney of challenged fish, depletion of red blood cells and infiltration of lymphocytes with foamy appearance cells are 
commonly observed in heavy TiLV-infected fish. To date, the TiLV disease could be produce via intraperitoneal injection 
or cohabitation of susceptible fish with disease fish. The cohabitation model suggests that TiLV is horizontally transmitted 
in the fish population via direct contact of moribund fish. To support this hypothesis, we demonstrated that TiLV genomic 
RNA could be detected in mucus using reverse transcription quantitative polymerase chain reaction (RT-qPCR). Moreover, 
mucus from TiLV-infected fish produces CPE formation in E-11 cells suggesting a live viral particles are present in the 
mucus. Commonly, TiLV and various bacteria could be detected in moribund fish. Our results showed that concurrent 
infection of fish challenged with TiLV and bacteria produce severe clinical signs with higher mortality than the single 
infection. Severe inflammation and tissue damage were obviously notified in the co-infected fish. Currently, there is little 
information available how TiLV cause disease in tilapia. Recently, our study revealed that most important warm water fish 
species are resistant to TiLV infection with exception of giant gourami (Osphronemus goramy). Genetic analysis of TiLV 
from different geographic isolates revealed the virus is divergent. Although more information improve our knowledge of 
TiLV pathogenesis, additional experiments will help us understand how TiLV cause infection and induces severe diseases 
in tilapia. These data could be applied for the intervention measures to control the disease. 
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Practical formulation of high value feeds with no or low fishmeal requires commercial accessibility to ingredients containing 
high levels of digestible protein and nutritional supplements that can fill the gap in nutrient specifications of the feed when 
fishmeal is removed. The ingredients need to be extensively characterized with respect to nutrient content and digestibility 
so that a reliable matrix can be developed in the formulation program. Establishing the effect of the ingredient on animal 
performance based on long-term feeding trials will be helpful for the feed manufacturer to set minimum and maximum 
levels of the ingredient in the program. Critical gaps to fill in the nutrient and functional specifications of the feed when 
fishmeal is removed are amino acid balance, highly unsaturated fatty acids, cholesterol and attractants and palatability 
enhancers. Suppliers of the nutritional supplements need to consider concentration of active principles, cost, dosage and 
application methods when offering a solution. In the area of attractants and palatability enhancers, ingredients such as krill 
and marine protein hydrolysates that can be added at low inclusion levels provide flexibility for the feed manufacturer to 
choose a wide variety of macro ingredients to meet protein and energy requirements.          
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Hatcheries from Thanjavur District of Tamil Nadu is the major supplier of fish seed to the carp farming in Tamil Nadu. 
These hatcheries mainly breed catla, rohu and mrigal. Generally, these hatcheries maintain the broodstock without adequate 
attention of genetic consideration. They use the same brooders for seed production continuously without exchange or 
replacement. Due to this, inbreeding may occur at faster rate due to the small effective population size. Therefore, the 
present study was conducted to estimate effective population size and inbreeding rate in Indian Major Carps in Tamil Nadu 
hatcheries.

The data for this study were collected from four hatcheries from 2014 to 2018 for four breeding seasons. Pedigree records 
are not maintained in these hatcheries. The data were collected on the species, month and year of breeding, number of 
males, number of females used for breeding and number of females spawned. The inbreeding rate was estimated based on 
the effective population size. The effective population size (Ne) was estimated by the method described by Falconer and 
Mackay (1998). In the present study, the effective population size for catla ranged from 3 to 49. It was 8 to 39 in rohu and 3 
to 49 in Mrigal. The inbreeding rate ranged from 1.50 to 24.63, 3.75 to 19.53 and 1.50 to 24.63 per cent for catla, rohu and 
mrigal respectively. It was observed maximum inbreeding rate in catla due to smaller effective population size. 
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Pati Regency lies the north-east coast of Java sea. This area is considered as one of the important landing place in Java.   
To date the climate  and ecosystem of fisheries resource are changing rapidly, while the habit and behavior of traditional/ 
conventional fishers is relatively unpromptly to response the changes. The main objective of the study is to outline  the 
strategy to improve the welfare of small-scale fishers by using the smart-fishers application of ICT for their daily fishing. 

The hybrid method of combination between quantitative and qualitative approaches were applied  to analyze the data.  In-
depth interview with the competence informants of the stakeholders had been carried out using qualitative method.  Atlas 
TI software had been invoked to construct the triangulation from the qualitative data. Further, descriptive statistics was 
employed to provide the socio-economic indicators of fish’s producers, traders, and other stakeholders involved. 

The results indicated that many of the traditional fishers are relatively sluggist to follow the phenomena changes, either 
in climate phenomena  or in ICT innovation. In fact, they have to follow the changes, of course with different level of 
adaptation and mitigation intencity. Hope this study will able to provide the small scale fishers for better understanding and 
awareness  to use the ICT from the smart-fishers (Nelayanpintar) application in guiding their job or business with better 
productivity performance.
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Metagenomics is one of the fields to study the genetic contents of the microorganism communities directly from the 
environment by combination of genomic technologies and bioinformatics tool. This present a study was conducted to 
determine the bacterial diversity and the functional annotation in the ecosystem of tropical marine fish

The DNA was extracted from feces (combined of intestinal content and mucosa) of tiger grouper (Epinephelus 
fuscoguttatus) (n = 9) and Asian seabass (Lates calcarifer) ( n = 9) as well as the water samples (3 L) using commercial 
kit. The DNA were subjected to the 16s rRNA amplicon sequencing using the Illumina Miseq platform. The water samples 
(W1 and W2) showed higher richness compared to the feces samples from tiger grouper and Asian seabass (Fig. 1). Feces 
samples from tiger groupers (TG1 and TG2) and Asian seabass (AS1 and AS2) were dominated by order of Vibrionales, 
Clostridiales and Fusobacteriales meanwhile the water samples dominated by of Actinomycetales and Stramenophiles 
(Fig. 2). Investigations on functional annotations for all samples, using PICRUSt, revealed a number of functions related 
to environmental information processing, metabolism and cellular processes. 
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Calcium application to aquaculture in form of lime is an age old practice with many advantages such as improvement of 
water quality, disease prevention, plankton production and as fish feed supplements (calcium forms an integral part of 
bones and exoskeleton of finfish and shellfish). Moreover due to intensification and horizontal spread in aquaculture, the 
demand of calcium salts liming materials goes high. Abusive use of calcium in the aquaculture system damages the soil 
fertility and pond environment. Calcium carbonate (CaCO3) is also widely used as a dietary supplement; however, oral 
absorption efficiency of CaCO3 is extremely low and may be overcome by applying nano-sized elements with properties 
like non-toxicity, biocompatibility with bodily fluids. Similarly the report says that moisture absorption of feed decreases 
with increasing nano-CaCO3 thus increases the storage life. Nano compounds of calcium have also found to enhance 
the plankton production. In our previous study, nano- CaCO3 at one tenth dose of bulk lime has found to increase the 
alkalinity of pond water. Like calcium, phosphorus (P) plays a critical role in primary productivity and its maintenance in 
any aquatic system, utilized in several metabolic processes and is present in bony structures. Eutrophication is a threat to 
quality of surface water bodies (SWB) and to bio-diversity of the aquatic ecosystem. Excess application of Phosphorus is 
one of the causes of its accumulation in SWB. Phosphorus buffering also contributes to eutrophication and remains a major 
problem years after the release of Phosphorus, is brought under control. The addition of small amount of phosphorus or, 
nanophosphorous can remove excess from soils; provided the solution-P is maintained in such a manner that productivity 
is sustained. In such endeavors, Phosphorus must be applied in amount exact to the crop requirement. Nano-P application 
can deal with twin contradictions - low solubility and excess application. Thereby it reduces phosphorus build ups in 
soils, reduces its load in SWB, and checks the imbalance in aquatic biodiversity. Nanophosphorus may replace the bulk 
used in aquaculture and can reduce the algal bloom problems many a time faced in fertilized ponds. Slightly alkaline pH 
helps in increasing the availability of phosphorus from the pond sediment, hence the use of both Calcium and phosphorus 
nanoparticles can give aquaculture and pond management practices a new direction by reducing its bulk use and can be 
used more efficiently.  Zinc is an essential trace mineral for fish, plankton growth. The present form of Zinc application is 
in form of Zinc Sulphate, which is only available @ 15% to the fish. Nanoform of zinc through feed has is also found to 
improve growth and disease resistance in fish, moreover its use in feed has also reported to enhance the shelf life of feed 
and its ingredients.
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Ornamental fish industry has blossomed into a separate industry since two decades. The dynamic industry now has targeted 
wild indigenous ornamental fishes from India. One among the goals of ICAR-Central Institute of Freshwater Aquaculture 
(CIFA) include research and livelihood development programmes through ornamental fish culture. Indigenous ornamental 
fishes are having high popularity and demand in the international market. Mainly barbs from the Western Ghats and cat fishes 
from North Eastern region are exported from India. ICAR-CIFA till now has concentrated on 16 commercially important 
indigenous fishes and able to breed successfully in captivity. It starts from wild collection of juvenile’s till breeding and 
larval rearing of the selected species. After successful broodstock development attempts were focussed on spawning fishes 
in creating conducive natural environment. Breeding strategies were applied according to the breeding behaviour and egg 
characteristics of the fishes. Since most of the fishes are smaller in size, many a times hormonal inducement is avoided. 
If initial breeding attempts turn into failure, hormonal dose is applied through intra-peritoneal injection. Concrete or fibre 
reinforced plastic (FRP) tanks having water holding capacity of 1000-1500 litres are used. Our decade of experience 
in breeding barbs, rasboras and gouramis conclude that for successful captive breeding and domestication, broodstock 
developement by feeding optimum diet and larval rearing is to be standardised. Shining barb, an improved variety of rosy 
barb (Pethia conchonius) is one of the first indigenous ornamental fish variety from India developed by mass selection 
method at this institute.
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Sagarika Swain1*, A. S. Pawase1, Aditya Pratap Acharya2, R. K. Pai1, R. M. Tibile1, S.T. Indulkar1 
and R. A. Pawar1
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Immunostimulants are substances which stimulate the specific as well as non-specific defence mechanism of fish. This 
also enhances resistance against pathogens and reduces stress. The present study was conducted to evaluate the immune-
stimulatory effects of different Immunostimulant incorporated diets such as brewer’s yeast, vitamin C, vitamin E and 
ginger which were equated against commercial diets. The experiment was conducted in 20 fibreglass tanks each of 400 
L capacity with 50 fishes per tank. The experiment was subjected to five treatments and four replicates using completely 
randomized design (CRD). Experiment was conducted for 90 days. After 90 days of feeding experiment, experimental 
fishes were challenged intra-peritoneally with pathogenic bacteria, Aeromonas hydrophila. Results indicated that out of 
the five tested diets, ginger incorporated diet was significantly increase the Hb, RBC,WBC and  Hct  in both  pre- as 
well as post-challenge study (P < 0.05). The outcome concludes that the Zingiber officinale powder can act as good 
immunostimulant which may possibly enhance the non-specific immunity and disease resistance of striped catfish against 
Aeromonas hydrophila infection.

PERUSAL OF BARBONYMUS GONIONOTUS FOR SCAVENGING THE BIOFOULING AND 
ENHANCING PRODUCTION EFFICIENCY IN POLYCULTURE WITH PANGASIANODON 
HYPOPHTHALMUS IN TROPICAL INDIAN RESERVOIR: A BIO-MANIPULATION 
STRATEGIES TOWARDS GREENING OF INLAND CAGE ENVIRONMENT

H. S. Swain*, M. H. Ramteke, S. Kumari, A. K. Sahoo, D. K. Meena, U. K. Sarkar & B. K. Das

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata-700120
*Presenting author: himanshufishco@gmail.com

An experiment was conducted to evaluate the perusal of herbivore fish, Barbonymus gonionotus (commonly called as java 
punti or gonionotus)  for savaging bio-fouling organisms and salvaging production efficiency, in cage polyculture with 
Pangasianodon hypophthalmus (pangas)in a tropical Indian reservoir, Salia, Odisha.  The polyculture experimental setup 
followed Randomized Block Design (RBD) in five treatment group of species ratio of pangas and gonionotus: (P:G) 80: 
20 (T‐1), 60: 40 (T‐2), 50:50 (T-3), 40:60 (T-4), 20:80 (T-5), and monoculture of gonionotus and pangasius designated as 
T-6 and T-7,respectively. All the experimental treatments carried out in two replicates. Stocking density was maintained @ 
50no./m3. Growth and survival of gonionotus and pangasius was found significantly (p<0.05) higher in T-1 (80:20, P:G). 
The growth of biofouling organism is completely controlled in cages stocked with gonionotus. Plankton and periphyton 
density was also found lower in polyculture and monoculture of gonionotus than the monoculture of pangas. The food 
selectivity index of gonionotus indicated positive preference towards the biofouling organism while pangas shows negative 
preference (value). Thus, present study suggested that 20% incorporation level could enhance production efficiency in 
commercial grow‐out pangasius cage farming on one hand, and pave a prolific way for creating a green environment by 
salvaging the inland cages through savaging the biofouling organisms for sustainable cage farming in tropical reservoirs 
on other hand.
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FEASIBILITY STUDY OF GROW OUT FARMING OF LABEO ROHITA FOR INLAND OPEN 
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Cage culture emerged as potential sector to enhance the fish production from inland open waters. However proper species 
selectionwhich having good market demand is need of the hour as the traditional cage cultured species, pangasius and 
tilapia are having least market demand in India and abroad as well. Therefore a study was conducted to evaluate the 
feasibility of grow out farming of rohu for cage culture in different tropical reservoirs of India.  The study was under 
taken at three different agro-climatic condition; Salia reservoir, Odisha, Palair reservoir, Telengana and Kamath reservoir, 
Maharashtra, India.The advanced fingerlings of L. rohita were collected locally as per the size availability and stocked in 
the cages @10 nos/m3 in three different reservoirs. The initial stocking size of L. rohita was 30.0 ± 6.24 g, 45.5 ± 7.50 g 
and 10.79 ± 3.54g in Salia reservoir, Palair reservoir and Kamath reservoirrespectively. After 180 days of culture the final 
weight of L. rohita in Salia reservoir and Palair reservoir were298.5 ± 16.23 g and 450.77 ± 32.76 g respectively. However 
the growth of rohu was 415.58 ± 27.62 g at Kamath reservoir after 240 days of culture. The present study was first attempt 
to study the grow-out farming of rohu in inland open water cage culture and the result showed possibility of incorporation 
of rohu in inland cage culture along with species like Pangasius and Tilapia.Further stocking density and stocking size of 
rohu is need to be standardized for inland cage culture. 
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GLOBAL RESEARCH IN CLIMATE CHANGE AND FISHERIES: A SCIENTOMETRIC 
ANALYSIS
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Climate change has become one of the most contentious as well as pressing issue of our times. Changes and variations 
in rainfall pattern and temperature has already begun to adversely affect capture and culture fish production. The Kyoto 
Protocol in 1997 and its subsequent ratification by most countries has given a fillip to research studies on climate change 
and its impacts. Climate action is now one of the Sustainable Development Goals. An attempt has been made to track the 
impactful scientific literature produced on climate change in relation to fisheries since 1990 till 2018. The open source 
freeware Publish or Perish (PoP) desktop application was used to collect the scientific articles subjected to a scientometric 
study.

Several relevant word combinations of ‘climate change’, ‘fisheries’, ‘aquaculture’, ‘fish’, and ‘aquatic environment’ were 
used as search terms in PoP. After repeated screening, a total of 1221 unique articles were collected and then subjected to 
descriptive statistical analysis using MS-Excel and a data visualization software Power Bi. The results showed that output 
of scientific literature on climate change and fisheries significantly increased since 2005. The five journals Journal of 
Coastal Research, Natural Hazards, Ocean and Coastal Management, Journal of Coastal Conservation and Sustainability 
Science were found to be the top most preferred journals by authors for publishing climate change in fisheries related 
studies. The top 3 highly cited authors are EH Allison, WWL Cheung and JM Roessig who were affiliated to institutions 
in USA and Canada. The majority (381; 31%) of the publications are single authored while 21% (260) are double authored 
publications.  The author impact results shows that RJ Nicholls has the highest score (h index - 118) followed by ER 
Thieler (h index - 33). Similarly analysis done for Indian authors indicated that most number of articles were published by 
E. Vivekanandan (7; CMFRI), R.S. Mahendra (6; INCOIS) and A. S. Rajawat (SAC). 
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EFFECT OF DIETARY NANO-ZINC OXIDE ON GROWTH AND CALPAIN ACTIVITY OF 
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Zinc is one of the important micronutrients required by all organisms throughout their life in minor quantities to perform 
a wide range of physiological functions. Fishes accumulate zinc both from water and dietary sources. However; dietary 
zinc is more efficiently absorbed than waterborne zinc. Calpains are important proteolytic enzymes which hydrolyze 
myofibrillar proteins which contributes to rapid softening of flesh. The dietary zinc can chelate the available calcium in the 
body and thus make it unavailable for the calpain to act. In the present study, an attempt was made to investigate the role 
of nano-zinc oxide (nano-ZnO) as a dietary supplement and its effect on the growth and calpain activity of Pangasianodon 
hypophthalmus against a control group fed with normal inorganic zinc. 

A 30 day feeding trial was conducted to study the impact of dietary nano-zinc oxide on the growth and muscle development 
in P. hypophthalmus. Three experimental feeds were prepared with different concentration of nano-ZnO (30, 65 and 100 
mg nano-ZnO Kg-1 Diet) based on LC50 value against a control feed (T0) with inorganic zinc (30mg kg-1).One hundred and 
twenty fishes with an average weight of 7.5 ± 0.5g were randomly distributed in four treatments with triplicates. 

Specific Growth Rate (SGR) data shows highest growth was shown by the control group compared to all other groups 
followed by the group fed with 65 mg nano-ZnO Kg-1 diet. The least growth was shown by the group fed with 100 mg 
nano-ZnO Kg-1 diet (T3) due to its toxic effects.The calpain activity was higher in T1 group which showed the lowest zinc 
accumulation. The low zinc concentration in carcass with high calpain activity in T1 indicate the chelation of calcium 
by zinc is less in this group and the calcium dependent calpain activity was least in T0 group due to strong chelation of 
available calcium by zinc. Overall, it can be concluded that nano- ZnO reduce growth in high concentration. However, 
65mg kg-1 nano-ZnO can be incorporated in P. hypophthalmus diet without any detrimental effect on growth and calpain 
activity. 
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Gowsalya T*, Stephen Sampath Kumar J and Sundaramoorthy B.

Dr.M.G.R.Fisheries College and Research Institute
Thalainayeru, First Line beach Road
Nagapattinam – 611 001
gowsalya91.thangasamy@gmail.com

Thanjavur predominantly involving in Aquaculture activity after agriculture because the presence of vast potential of 
inland fishery resources. (5150 ha) The present study was analysed the influence of rainfall on inland fish production. The 
secondary data regarding Thanjavur district were collected from authorized sources such as State and District Fisheries 
Department, India Meteorological Department and Thanjavur District Statistical Department.Fish production of Thanjavur 
depends on canal irrigation and rainfall. The total gross irrigated area of Thanjavur is 2,39,668 ha, in which 1,74,473 ha 
area is irrigated by canal, tanks and wells. Relatively greater area is irrigated by canal (1,36,232 ha). Thanjavur district 
is benefitted more by North East Monsoon Rainfall feeds Cauvery, Grand anicut and other water canals. Normal annual 
rainfall of Thanjavur is 956mm.

Thanjavur has positive trend on inland fish production from 2013-14 onwards and has reached 13% in total inland fish 
production of Tamil Nadu during 2016-17. The achieved Annual Average Growth Rate (AAGR) was 63.54% for the last 
four years. Correlation regression analysis was engaged to find out relationship between Annual Average Rainfall and 
inland fish production of Tamil Nadu and Thanjavur. Inland fish production of Tamil Nadu has direct relationship (R-0.84) 
while Thanjavur has indirect relationship (R-0.16) with Annual Average Rainfall (mm).
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SCREENING AND OPTIMIZATION OF POLYPEPTIC ENZYME CELLULOSE FROM THE 
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The present investigation was carried out to analyze the screening and optimization of cellulase producing microbiome 
from the gut of marine fish Siganus javus. A major role of cellulases is the bioconversion of cellulosic waste materials into 
biofuels. Four different strains of intestinal microflora showed cellulase producing activity, of which Bacillus subtilis was 
observed to be the most potent strain in cellulase production. The strain showed high enzyme yield (88 U/ml) when glucose 
was used as the carbon source. Maximum enzyme production was achieved at pH 9.0 and at a temperature of 370C. The 
information generated through the present investigation contributes to the incorporation of these bacteria in commercial 
production of cellulase enzyme. 

ISOLATION AND IDENTIFICATION OF HALOPHILIC AMINE FORMERS FROM SALT 
CURED SARDINES AND SEERFISH

T. Surya*, G. Jeyasekaran, R. Jeya Shakila, B. Sivaraman, N. Asha Hema Malini and V. Alamelu

Department of Fish Quality Assurance and Management
Fisheries College and Research Institute
Tamil Nadu Dr. J. Jayalalithaa Fisheries University
Tuticorin- 628 008, Tamil Nadu, India
Sunya2910@gmail.com

This study was performed to examine halophilic biogenic amine (BA) forming bacteria from the two most important 
commercial dry fishes such as wet salted sardines and dry salted seerfish. General quality parameters like moisture, water 
activity, TVB-N were examined for the samples and halophilic bacterial count also examined and it was ranged from 
5.69 to 6.49 log cfu/g.  Halophilic amine foming bacteria were isolated.  Out of 92 isolates 63 were amine formers which 
represents 68% of the total isolates. Only 15 representative isolates were identified and sequenced following amplification 
of bacterial 16Sr RNA by PCR and subsequent sequencing of the specific target region. Most of them were gram-positive, 
and belonged to the genera viz. Staphylococcus (5 Nos.), Bacillus (7 Nos.) and Salinicoccus (1 No.) mainly. Only two 
isolates were gram-negative belonging to the genus, Providencia (2 Nos.). Providencia and Salinicoccus are reported for 
the first time as halotophilic amine forming bacteria from salt cured fishes. Bacillus is the major group identified other than 
bacillus 33.3 % of total isolates were staphylococcus which might be expected as a result of unhygienic handling and cross 
contamination during salting and drying. This study was carried out to isolate the biogenic amine (BA) forming bacteria 
from salt cured sardines and seerfish that too halophilic in nature. This result will be much useful to fish curing industry, 
food safety authorities, research scholars, fish processors. 
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Marine ornamental shrimps are one of the popular aquarium pets, preferred by the aquarists/hobbyists. In order to meet the 
ever increasing marketing demand of ornamental shrimps, these organisms are being over exploited from the wild, causing 
severe damages to the coral reef system, in addition to stock depletion. To reduce the pressure of wild shrimp collections 
and maintain the trade sustainability, it is the need of the hour to develop suitable captive breeding technology for these 
high value resources. 

Developing divergent breeding populations of ornamental shrimp species in captivity will help understand the reproductive 
glitches, adaptation and elucidate the host interaction. In this context, the ICAR - NBFGR has initiated a program to 
establish a Germplasm Resource Centre for the Ornamental Shrimps at Agatti Island, Lakshadweep. In this connection, live 
specimens of five species (Stenopus hispidus, Gnathophyllum americanum, Saron marmoratus, Ancylocaris brevicarpalis 
and Thor amboinensis) were collected from wild for captive propagation. Among them, S. hispidus. S. marmoratus and A.  
brevicarpalis were successfully developed as brooders and bred in captivity. Larval rearing and juvenile production of these 
three species are in progress at the Agatti Germplasm Centre. As such, suitable strategies have been adopted for collecting 
the organisms from wild; water quality standardization has been done and feeding regimes have been established. 

The outcomes of this programme will help greatly in conserving the natural populations of the ornamental shrimps through 
stock enhancement. Further, popularization of the breeding technology will help the islanders of the Lakshadweep to get 
additional income, as alternate livelihood, besides their routine income. 



798

MASS PRODUCTION OF PEARL SPOT, Etroplus suratensis IN BRACKISH WATER LINED 
PONDS USING HUMAN GONADOTROPHIC HORMONE 

T.L.S. Samuel Moses*, S. Felix and V. Ezhilarasi 

Assistant Professor, Dr. M.G.R. Fisheries College and Research Institute, TNJFU, Ponneri, Tamil Nadu, India
Email ID: samuelmoses@tnfu.ac.in 

Of the 12 trials conducted in triplicates using Ovaprim, Ovatide, WOVA FH and HCG in 3 different doses in 300 lit FRP 
tanks, HCG hormone was most effective in inducing spawning of pearl spot in FRP tank. Then the concentration HCG 
was standardised. Of the concentration 100 IU, 500 IU, 1000 IU, 1500 IU & 2000 IU per kg evaluated, 1500 IU/ kg has 
given the best results. Based on the primary results, mass breeding of pearl spot in polythene Lined pond of 80 square 
meter area in Brackishwater using HCG (1500IU/Kg) was attempted in duplicate and the experiment was repeated 3 times. 
The matured healthy brooders of Avg. length;16.2 cm and weight; 115.1g were selected and induced with HCG hormone 
@ 1500 IU kg-1 of fish in the intraperitoneal region (Fig.1). The induced bred fishes were immediately released into the 
polythene lined ponds.. The pond was provided with pipes for the flower pots for hiding and for adhesion of eggs. The sex 
ratio of 1:1 was maintained throughout the study. Totally 18 brooders were used for the study. After the eggs are laid by 
the female and are stuck to the substratum one by one, the male fish fertilizes them immediately. The process of egg laying 
and fertilization continues several times and the eggs are cemented closely without touching each other. As the yolk is fully 
utilized, within a week, the wrigglers develop their locomotor abilities and become free swimming and the larvae gradually 
move in pond surface in schools and swim freely in to the open waters. More than 3000 young ones were harvested from 
the brackish water lined ponds. The parental patronage is continued for about two months till the young ones scatter out 
and move freely for search of particulate food materials.
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The present study is carried out to inventorize the variations in plankton and associated benthic fauna in mangrove ecosystem 
with reference to polluted and unpolluted sites, viz. Bhayandar, Lokhandwala and Dharamtar near Mumbai. A total 34 
genera of phytoplankton were identified from all the three stations. Diatoms were most dominant group of phytoplankton 
in all stations. Zooplankton were identified under 11 groups in which most dominant zooplankton group was tintinnids 
followed by copepods. Composition of benthic fauna in these present observation showed dominant group polychaetes and 
barnacles. Dharamtar had maximum number of species occurrence followed by Bhayandar and Lokhandwala. Occurrence 
of organisms like polychaetes and blue green algal dominance endorses the pollution at Lokhandwala. This study form a 
base line data for area line Dharamtar and Bhayandar, where developmental processes are on grow. The Mumbai coast has 
been undergoing major changes due to coastal development and anthropogenic interference especially connection with 
municipal solid wastes, sewage discharge and aquatic pollution of anthropogenic activity.

BIODIVERSITY OF MANGROVES AND ASSOCIATED BENTHIC ORGANISMS ALONG 
MUMBAI COAST, INDIA

Suman Takar*,1,2, U.R.Gurjar2, Jyoti Saroj1, A.Dwivedi2, Geetanjali Deshmukhe2 and A.K.Jaiswar2 

* 1 Department of Fisheries Biology and Resource Management, Fisheries College And Research Institute
Thoothukudi, Tamil Nadu, India – 628 008
2 Division of Fisheries Resource, Harvest and Post-Harvest Management, ICAR-Central Institute of Fisheries 
Education, Mumbai – 400 061
* Corresponding author: takarsuman42@gmail.com 

The present study was carried out from intertidal mangrove ecosystem around Mumbai coast. The mangrove areas in and 
around Mumbai are both degrading and in good conditions as well. The substratum are mainly sandy, muddy and rocky 
patches. Altogether 9 true mangrove species were recorded from the selected sites. Maximum diversity was recorded at 
Dharamtar followed by Bhayandar and Lokhandwala. Avicennia marina and A. officinalis were the dominant species at 
all the stations followed by Rhizophora mucronata. A groups of benthos were identified from all the three stations, which 
include bivalves, gastropods, polychaetes, crabs, barnacles. Dominant group of benthos such as barnacle and polychaetes 
in all three stations. Presence sewage wastes and municipal solid wastes will increase due to threats for mangrove forests 
as well as aquatic flora and fauna. The developmental processes like coastal roads, ports, jetties and freeing the vulnerable 
areas for ownerships etc. will certainly have adverse impact on the coastal forests and in turn on fisheries production.
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Saline engrossed ground water of Haryana region of India can neither be utilized for agriculture purpose nor for household 
activities. The level of salinity in this region varies from 5-15ppt maybe a potential site for rearing high valued brackishwater 
fish species like Mugil cephalus (mullet), which is well known for its flesh quality. Therefore, 60 days feeding trial was 
conducted to illustrate the effect of protein levels on the growth performance, enzyme activities and haematological 
parameters of mullet reared in inland saline water (ISW). During the experimental period, potassium and magnesium 
fortified ISW was used with constant salinity of 10 ppt.  Six isoenergetic (14 kJ g−1) and isolipidic (5%) diets with Sesbania 
bipinosa leaf meal (10%) were formulated containing 24% (T-1), 26% (T-2), 28% (T-3), 30% (T-4), 32% (T-5) and 34% (T-
6) dietary protein and fed to 216 fingerlings (2.5 ± 0.5g) stocked randomly in triplicates. The significantly higher (P<0.05) 
weight gain %, specific growth rate (SGR), lower food conversion ratio (FCR), proteases, lipase, aspartate transaminase 
(AST) and alanine transaminase (ALT) were observed in T-5, T-6 and T-4 groups. Significantly higher (P<0.05) RNA/
DNA ratio and whole -body protein was found in the T-5 group. Protein efficiency ratio (PER) and protein productive 
value (PPV) decreased with the increasing dietary protein level upto 28% and then increased at 30 and 32% dietary 
protein. Significantly higher (P<0.05) HSI, VSI, liver glycogen, body lipid was found in T-1 and T-2 groups while malate 
dehydrogenase (MDH), superoxide dismutase (SOD) and catalase in the T-1 group. Amylase and Lactate dehydrogenase 
(LDH) activities remain unaffected. Based on the present findings, it can be concluded that feeding of 30% dietary protein 
promote better growth performance and nutrient utilization in mullet reared in ISW. 
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Rainbow trout is considered as a most cultivable coldwater exotic species in India. One of the major constrains in rainbow 
trout farming is infections with oomycetes, saprolegnia species in early stages of life. The losses due to saprolegniasis 
is around 5-10 % reported by many authors in rainbow trout farms & hatcheries, sometimes these losses are increased 
upto 50% in many cases. Malachite green is one the most promising antioomycetes agents against pathogenic oomycetes, 
but because of the carcinogenic & toxic effect it was banned in EU countries in the year 2004. In India, there is no 
such regulation or law for use of drugs for aquaculture uses. In present study, we have investigated the nine available 
antioomycetes agents against four isolated saprolegnia sp from different life stages of rainbow trout, & kept malachite 
green as control. We performed Invitro study to evaluate the efficacy against sporulation, germination and mycelial growth 
of isolated ooomycetes. In-vivo experiment were also conducted to test the safety of continuous exposure of live eggs, 
sac fry & fry stages of rainbow trout to different concentration of Boric acid  & Formalin.  In vitro study suggest, highest 
minimum inhibitory concentration (MIC) with  boric acid, which was found to be 500 ppm for Saprolegnia diclina & 1000 
ppm for Saprolegnia parasitica & Saprolegnia australis. Like wise, lowest MIC was observed with chitosan at 10 ppm for 
Saprolegnia australis & saprolegnia diclina. The high hatchability and safety while in vivo testing of boric acid with eggs 
may be suggested, safe use within 1000 ppm treatment. While, 10 ppm formalin may be used safely for egg yalk as well 
as fry stages of rainbow trout.  In future, Field trial may be conducted for most promising treatment combination while 
challenge with different species of saprolegnia in rainbow trout farms and hatcheries. 
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Biofloc technology is a very promising for stable and sustainable production as the system has self-nitrification process 
within culture ponds with zero water exchange (Yoram, 2000, 2005a&b & Yoram, et at 2012).  The technology has been 
successfully applied commercially with shrimp (L.  vannamei) in Belize (McIntosh, 2000a, b & c, 2001). It also has been 
applied with success in shrimp farming in Indonesia, Malaysia (Taw 2004, 2005, 2008, 2010: Taw & Setio, 2014). 

Biosecurity starts with farm designs which has been changed to treat incoming water before use and also treating waste 
water and finally to RAS systems (Taw 2017). Biosecured pond designs with HDPE liners, covered ponds, secured inlet 
and outlet gates emerged. Among the operation technologies biofloc system is one of the most recent one. 

A simple system incorporated with conventional autotrophic algae base considered as semi-biofloc has been successfully 
operated in Malaysia (Taw et. al, 2013) & Myanmar (Taw & Tun, 2013).  The technology has been utilized in other groups 
of species including P. monodon (Smith 2008), and freshwater prawn Macrobrachium. Also, recently applied in shrimp 
broodstock (Chime 2011), hatcheries, nurseries and also in raceways (Moss, 2006: Samocha 2009) production facilities. 
The system was recently applied in Saudi Arabia desert environment successfully (Taw, et.al 2016) The effect of bioflocs 
on growth and immunity on P. vannamei has been studied by Jang, In-Kwon (2012), Kim, Su-Kyoung, et al (2013), Julie E., 
et al (2014). Bioflocs with unicellular protein (CP 30-50%) is natural extra nutritious feed for the shrimps. Recently a few 
studies on biofloc were reported at Aqua 2018 in Montpellier, France organized by WAS and EAS. According to Fletcher 
(2019) study backs biofloc benefits in shrimp production allowing shrimp farmers to double stocking densities without 
impacting growth rates. A success story - Biofloc Technology in Shrimp Farming has been discussed by Magadadyasty 
(2019).

Main economic benefits of shrimp biofloc system are - better biosecurity (zero water exchange - RAS), stable water quality 
(DO & pH), low FCR (1.0 to 1.2), higher energy efficiency (680-1,000 kg/hp), maximum production of 5.0mt/ha in 0.25 
ha ponds to 12 kg/m3 in Raceways.  Probiotic bacteria produced in situ (better immunity) leads to sustainable production.



803

EFFECT OF STOCKING DENSITY ON GROWTH PERFORMANCE AND SURVIVAL 
OF Labeo rohita AND Catla catla IN NET SCREEN BARRIER SYSTEM IN CANAL OF 
SUNDARBAN, INDIA
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A study was conducted to investigate the effect of stocking density on growth performance and survival of Indian major 
carp Labeo rohita and Catla catla by installing net screen barrier system in Bishalakhi canal of Sundarban. The treatment 
had four stocking density 0.5 (T1), 1 (T2), 2 (T3) and 4 (T4) nos. per m2. Advance fingerlings with average weight of L. 
rohita 16.2±2.1 g and C. catla 14.8±1.6 g were stocked into 4 net screen barrier system at ratio of 1:1. The fishes were fed 
with a diet containing 32% crude protein and 5 % crude lipid at 4% of their body weight twice a day for 120 days. The 
final average weight of fishes were ranges from 80.09±6.8 – 91.27±8.7 g & 59.36±5.5 – 68.33±6.2 g and average daily 
weight gain ranges from 0.53±0.02 – 0.63±0.04 & 0.37±0.01 – 0.45±0.02 g day-1 for L. rohita & C. catla respectively. 
Fishes stocked with lower stocking density showed better growth performance than higher stocking density. The highest 
final average weight gain and average daily weight gain was noted at a stocking density of 0.5 nos. per m2 (T1). However, 
there was no significant difference between the treatment T1 and T2 (P< 0.05). Survival rate of fishes was not affected by 
stocking density (p<0.05). Based on growth parameters, it can be concluded that the most effective stocking density was at 
0.5 nos. per m2. The study suggest for sustainable use of these unexploited resources.
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OCCURRENCE OF Vibrio vulnificus, aN EMERGING PATHOGEN IN AQUACULTURE 
PONDS
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Vibrio vulnificus is a gram negative bacterium considered to be important pathogen in seafood handling, consumption and 
after wound contact of aquatic environment.  Infection may result from consuming or handling contaminated seafood or 
from exposing open wounds or broken skin to contaminated salt or brackish water. The multiple ports of entry make the 
bacteria commercially important with the increased quantum of vulnerable population. Vibrio vulnificus is especially virulent 
in patients with liver disease and iron storage disorders.  V. vulnificus infections, can lead to sepsis and severe wound 
infections with fatality rate of 50% for bacteremia and 25% for wound infections. Aquaculture samples such as shrimp, 
Fish, sediment and water have taken from Ernakulam, Trissur and Alleppy districts of Kerala screened for Vibrio vulnificus. 
283 samples  were collected for protocol standardization. With different combinations SOP developed for obtaining Vibrio 
vulnificus. After SOP development, samples were screened for the parameters such as Total viable bacterial count (TVBC) 
and Total Vibrio count (TVVC) for the comparison of occurrence.  Bio typing and molecular typing done as per BAM 
protocol. Virulence Markers such as swarming, capsule formation, enzyme production, toxin production, hemolysis and 
siderophore production were checked for both environmental and pathogenic isolates. This study may help in future control 
of this emerging pathogen. 
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SUSTAINABLE FISHING METHOD OF NICOBARI TRIBAL FISHERMEN OF CAR 
NICOBAR ISLAND, ANDAMAN AND NICOBAR ISLANDS
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Fishing methods of Nicobari tribes of Car Nicobar Island of Nicobar district, Andaman and Nicobar Islands was studied 
from May 2013 to January 2014. The data were collected from the tribes of Perka, Mus, Teetop, Sawai, Kakana and 
Big Lapathy villages of Car Nicobar Island through personal interview, field observation and discussion with age old 
experienced fishermen using a well-structured survey schedule. The common fishing crafts operated in the island were 
Hodi, Dugout canoe and Plank built open boat propelled by oar, sail and out board engine. The fishermen in this island were 
doing subsistence fishing by using sustainable fishing gears. From the study, it was found that the traditional fishermen 
of Car Nicobar Island employed hand line, spear, gillnet and cast net. Hand line, Troll line and Gill net were the common 
gears operated by the motorized fishermen. Among the reported fishing gears, the usage of both spear and hand line was 
ranked top (30%), followed by hand line (17%), and a combo of spear, hand line and cast net (16%). Apart from occasional 
catching of turtle, sharks, lobsters etc., fin fishes and molluscs were the common marine fishery resources harvested from 
the coastal waters. 
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GROWTH PERFORMANCE STUDY OF GIFT TILAPIA FRY AT DIFFERENT SALINITY 
LEVELS 
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GIFT tilapia fry of mean initial weight of 0.15 g ± 0.05g were properly acclimatized  with a gradual increase in salinity at 
a rate of 5 g L-1 per day until reaching the desired salinity level in 40-L plastic trough at a stocking density of 10 fish per 
trough. Experimental  fries were fed with commercial diet of 40% crude protein content for 90 days. Effect of salinity on 
growth performance and overall survival were studied at different range of salinities 0, 5, 10, 15 and 20 g L-1. 

GIFT tilapia fry were sampled ten days intervals during the entire experiment to assess the growth rate against different 
salinity ranges. Significant (P < 0.05) effects of salinity on growth performance were assessed. 

The research study showed that the final average body weight at 5 g L-1 salinity treatment was significantly (<0.05) differed 
from 15 g L-1 salinity group. There was no significant difference in final mean body weight of 0 and 15 g L-1 treatment 
groups. However, fry growth at 15 g L-1 saline treatment group showed an improved performance of 3.527 ± 0.249 in 
specific growth rate and 1.74 ± 0.171 of FCR compared to the other treatments. Higher survival rate was observed at 0 ppt 
as control, with 96.667%.
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TREND ANALYSIS OF FISH PRODUCTION IN TAMILNADU, INDIA
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Tamil Nadu is one of the state in India has vast inland fishery resources (3.83 lakhs ha.) in the form of ponds, tanks, river, 
reservoirs and brackish water and the potential of the state is 4.5 lakhs tons. Since, Tamil Nadu is rich in resources, the 
production was only 1.97 lakhs tons (2016-17) due to under utilization of available resources. It indicates that inland fish 
production of the state will be increased in future. In this study, the trend of inland fish production, seed production of Tamil 
Nadu and their relationship were analyzed between the duration 2006-07 and 2016-17. The study revealed that Average 
Annual Growth rate of fish seed production and inland fish production was 126% and 1.85% respectively. The calculated 
total growth rate for the 11 years was 20.45%. The linear regression line was engaged for the analysis of inland fish and 
fish seed production data with the duration of 11 years. The figure 2 shows that there is no relationship between fish seed 
production and inland fish production of Tamil Nadu (R² = 0.001). Figure 3 shows that there is irregular growth rate during 
the 11 years (R² = 0.006). A strong significant relationship (R² = 0.673) between inland fish production and years, which is 
represented by Figure 1.  It indicates the fact that increasing trend of inland fish production of Tamil Nadu. 
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LYTIC BACTERIOPHAGE ISOLATED FROM SEMI INTENSIVE SHRIMP FARM AND 
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Bacteriophage therapy is one of the potential and safer methods to control bacterial pathogens in the aquaculture industry 
recently. The present study, lytic bacteriophage was isolated from the effluent water of pacific white shrimp Litopenaeus 
vannamei semi intensive culture. The sample was screened against different bacterial pathogens including Bacillus cereus 
WPD, Vibrio harveyi, V. vulnificus, V. parahaemolyticus and V. alginolyticus for the confirmation of bacteriophages. The 
initial screening result revealed that, the phage possessed the strong lytic activity against V. vulnificus. There is a least 
activity observed against V. harveyi and V. alginolyticus. There is no lytic activity observed against B. cereus WPD and 
V. parahaemolyticus. The host range was performed against the same pathogens which used for the isolation process 
using spot test method. Further the in vivo biofilm inhibition method was performed against V. vulnificus in different 
concentration of lytic phage to find the better inhibition of biofilm on HPDE surface. The results revealed that, using 200 
µl concentration of phage was effectively inhibit the V. vulnificus biofilm formation. The present study revealed that, the 
isolated phage is useful to control the V. vulnificus pathogen. 
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AN EMPIRICAL ANALYSIS OFSOCIO-ECONOMIC VULNERABILITY OF COASTAL 
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The marine fishery, being a common property resource, is prone to externalities due to climate change thus affecting 
sustainability of fish stock and further impacts livelihood of fishers. In this context, a baseline study was undertaken 
to assess the socio-economic vulnerability to climate change of coastal communities at household level in Thoothukudi 
district encompassing 24 fishing villages with a sample size of 1741 coastal households. Secondary data sourced census 
villages (n=17) in the district were also considered for a comparative approach. The criteria and indicators were developed 
through literature survey, expert consultation and statistically validated through Weighted Sum Model (WSM) and Multi-
criteria approach (AHP). As a function of exposure, sensitivity and adaptive capacity, Cumulative Vulnerability Index 
(CVI) was estimated using primary datasets through established institutional mechanisms at household, village and taluk 
level.Based on CVI values, 9 fishing villages were identified as highly vulnerable and the results revealed that exposure 
and sensitivity components were found to be the significant contributors to the cumulative vulnerability in the district. 
The Socioeconomic Vulnerability Index (SeVI) based on sensitivity and adaptive capacity for fishing and census villages 
were estimated and the observation indicate that 63% of the fishing villages were socioeconomically highly vulnerable; 
suggesting that improving their socioeconomic status would have a significantly higher impact on vulnerability reduction. 
A two-dimensional decision matrix was developed to identify the socio-economic vulnerable villages in each taluk based 
on their level of sensitivity and adaptive capacity. To aid in planning the appropriate location-specific interventions and 
programmes, the socioeconomic vulnerable indicators were designated as ‘drivers’ (indicators with significantly high 
indices and to be intervened in priority) and ‘buffers’ (indicators with low and moderate indices). 
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STATUS OF WATER QUALITY IN SELECTED SHRIMP FARMING CREEKS IN 
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The present study was carried out to determine the physico-chemical characteristics and microbiological aspects of ten 
selected creeks in Nagapattinam District during January 2018 to December 2018. Most of the creeks fall in the range 
of 7 to 7.5 pH range while Sempodai, followed by Vettaikaranirupu, Vellapallam and Kallimedu showed pH above 8. 
Salinity of most of the creeks were recorded in the range of 20 to 35 while some creeks viz., Sempodai followed by 
Kallimedu and Thopputhurai showed above 50 ppt just before monsoon rains. The maximum salinity has been recorded 
as 61 ppt at Sempodai creek. Alkalinity values were fall in the range of 50 to 150mg/l as CaCo3 for most of the creeks 
except Vellapallam creek wherein wider variations in alkalinity 112 to 270 ppm was recorded. The maximum value of 
hardness (12000ppm) was measured at Sembodai creek followed by Kallimedu. After monsoonal rain a sharp decrease 
in hardness was observed in almost all the creeks. Highest ammonia concentration was recorded (2ppm) at Nagoor Vettar 
creek followed by Sempodai while rest of the creeks were fallen in the range of 0 to 0.5 ppm. The nitrite value was found 
to be higher at Karuvelankadai creek. Maximum phosphate concentration was observed at Karuvelankadai, Periyathumbur 
and Kallimedu creeks.  TPC showed an increasing trend from the start of the year towards the end in most of the creeks 
except in Veilankanni, Vettaikariniruppu, Vellapallam and Thopputhurai where a mixed trend in TPC was observed. The 
presumptive pathogenic Vibrios were maximum at Vellapallam creek (1800 cfu/ml) followed by kallimedu, Karuvalenkadai 
and Veilankanni.  A few creeks showed differences with the regular pattern due to the variables like flow of water, pollution 
from the nearby farms etc. The seasonal variations were found in the water quality parameters among the creeks with 
respect to the standard water quality parameters. 
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BIOFLOC SYSTEMS AS NURSERY REARING UNITS FOR Penaeus vannamei SHRIMP 
CULTURE SYSTEMS BY UTILIZING MOLLASSES AS CARBON SOURCE
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Biofloc Technology is gaining popularity for culture of shrimp, tilapia and recently its usage in other culture sectors like 
ornamental culture is also evident. After the introduction of Penaeus vannamei in India the shrimp production in the 
country has touched new highs. But over the years the farmers are facing many other problems viz., size variation, slow 
growth, running mortality syndrome, white feces, AHPND, white gut syndrome, white muscle syndrome etc. To cope with 
these issues many new technologies were introduced and one among that is nursery rearing of vannamei seeds prior to grow 
out. The main aim of the nursery rearing is reducing the phase of seeds in grow out, increased immunity against diseases, 
compensatory growth in grow out phase and reduction in cost of production. In this context the present study aims to nurse 
the P.vannamei seeds in biofloc nursery rearing systems by utilizing molasses as carbon source. 

The study was carried out in one ton tanks in triplicate wherein 1500 P.vannamei post larvae were stocked per cubic meter. 
Control tanks were also maintained in triplicate with clean water systems. The growth characteristics, survival was taken 
into consideration to assess the system efficiency. A significant difference was observed in the growth characteristics 
between biofloc and control tanks.
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THE TEMPERATURE EFFECTS IN DIFFERENT SALINITIES PERFORMANCE AND 
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The study was carried out to evaluate the effect of temperature and salinity on digestibility, growth performance and feed 
utilization of snakehead (Channa striata). The experiment was conducted to evaluate the growth and feed utilization of 
snakehead fingerlings (6.53±0.09 g). After 8 weeks, snakehead growth performance and feed utilization efficiency increased 
with decreasing salinities at higher temperatures. The highest survival rate (98.9%), daily weigh gain (0.72 g/day), specific 
growth rate (3.51 %/day) were found in the treatment 31°C-0‰, which were not significant difference to 28oC-0‰, 28oC-
6‰ and 34°C-0‰ treatments. The lowest growth and survival rate were found in the treatment 34°C-9‰ (66.7%) and 
34°C-6‰ (68.9%), which were significantly lower than that of the others. Food conversion ratio in treatment 34°C-9‰ 
(1.23) was significantly higher than other treatments. In conclusion, combined temperature and salinity significantly affect 
snakehead growth performance and feed utilization.
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Green water, composed of either single or multiple microalgae, has several practical implications including direct food of 
early stages of fish and crustaceans, probiotic action, immune enhancement, microbe control, water refinement and so on. 
Microalgae are diverse group of aquatic organisms with varying biochemical compositions and therefore, it is necessary to 
investigate suitable microalgae for specific fish species. The positive impact of adding green water in prawn larval rearing 
tanks is not well studied and therefore, the present study is aimed to evaluate the suitability of green water composed of 
single and multiple microalgal strains and their potential effects on survival rate (%), growth (as larval condition index, LCI) 
and larval development (larval stage index, LSI) of fresh water prawns (Macrobrachium rosenbergii). In this study, freshly 
hatched larvae (zoea1) were reared until the first post larval stage in plastic aquaria (10 liter, 12ppt, 12L:12D conditions) 
dividing into five treatment groups, such as T1 (without green water, control), T2 (Chlorella vulgaris), T3 (Nannochloropsis 
salina), T4 (Thalassiosira pseudonana) and T5 (composed of three above microalgae at 1:1:1). Microalgal concentration in 
all tanks were maintained as 10×105 cells/ml-1cells. Each treatment had 50 larvae, which were randomly distributed into 
three replicates. Larvae were fed 6 times a day with Artemia nauplii at the concentration of 4-6 individuals/ml-1. Water 
quality parameters such as temperature, salinity, DO, pH, turbidity, ammonia, nitrite and nitrate levels were recorded twice 
a day before and after water exchange. Survival rate, LSI and LCI were significantly higher (P<0.05) for larvae reared 
under all microalgae based green water than respective control. Maximum larval performance was attained in green water 
incorporated with C. vulgaris (survival 67.3%, LSI 24.8 days, LCI 16.1±2) followed by N. salina (56.1%, 27.2, 13.4±3), 
mixed microalgal (46%, 32.4, 9.4±6), T. psuedonana (41.6%, 34.3 days, 7.9±5), and control group (39.7% and 35.3 days 
and 7.3±6). Water quality parameters were remained in optimal limit except in the case of Ammonia and nitrite levels. 
In conclusion, the application of green water enriched with C. vulgaris is highly recommended for the sustainable larval 
production of fresh water prawns. 
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Silver moony, Monodactylus argenteus (Linnaeus, 1758) belonging to the family Monodactylidae (order: Perciformes) is a 
species of high demand in the international ornamental fish industry. The present study gives details of captive broodstock 
maturation, induced breeding and larval rearing of silver moony for the first time. Sub-adults of silver moony collected 
from Vennangupattu backwaters, Tamil Nadu, India (n=200 avg weight, 50 ± 7g) were maintained in fixed cages (pvc 
mesh cages, 2x1x1m, 20mm) in pond system at Muttukadu Experimental Station, ICAR-CIBA at a stocking density of 
20 per cage and fed with formulated broodstock feed (2mm, CP: 52%, CL: 10%) and Artemia biomass at for 10 months 
and monitored for captive maturity. The reproductive period based on the number of milting males and vitellogenic 
females was from February-March, the peak reproductive maturity was observed in February. Breeding system consisted 
on FRP tanks, capacity 500 l (salinity 31ppt, temperature 280C, ) provided with hide outs. Female with oocyte diameter 
> 500 μm and males with oozing milt were selected to maintain a sex ratio of, male: female; 2: 1 in the breeding tank. 
Hormonal induction for breeding was done using LHRHa. Spontaneous spawning and fertilisation was observed after 36 h 
of hormone administration.  A total of 4040 were spawned and the fertilization rate was estimated with 75%. The fertilized 
eggs were transparent, pelagic, non-adhesive with single oil globule, egg diameter, 860 ± 14.11 μm, oil globule, 233 ± 
6.31 μm. Incubation was done in 200 l black, cylindroconical tanks. Incubation period was observed to be 18 h and the 
hatching percentage was 90%. Newly hatched larvae were, 1.60-1.67 mm. Larvae were stocked at 5 no l-1 in 500 l FRP 
tanks, initial mouth opening and complete yolk absorption was observed at 48 h and 96 h respectively. Larval rearing was 
conducted using live feeds; rotifer, copepods and Artemia nauplii; phytoplankton concentrations, Nanochloropsis occulata 
was maintained at 100-200 x 103 cell ml-. After 20 days post hatch the larvae reached the average size of 8.35 mm (7.6 to 
9.1 mm). Percentage of survival was 42%.  Development of seed production of silver moony will pave way for transition 
of ornamental fish trade of this species from that based on exploitation of wild caught stocks to sustainable captive seed 
production systems. 
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Assessment of catch rate of Anchovy fishes from Kyeintali coastl area, Rakhine State was presented in the paper. Anchovy 
fishes is small, common forage fishes under the family Engraulidae. Most species are found in Marine waters and several 
will enter brackish water. It is one of the ecological important species and provides good earning for the local communities 
in Rakhine State. Dried Anchovy from Rakhine State is popular and export to many other places. The main operation for 
catching Anchovy is purse sein net. In the present study, a total of 7 species such as Septipinna taty, Thryssa baelama, 
Thryssa setirostris, Stolephorus commersonii, Stolephorus indicus, Coilia dussumieri and Coilia ramcarati of Anchovy 
fishes were recorded from Kyeintali coastal area during the period of study. The identification keys for those species were 
also presented. Monthly occurrence of Anchovy species, catch rate and gear operation in the study area was recorded. 
Among the species, Thryssa setirostris, Thryssa baelama, Stolephorus commersonii and Stolephorus indicus were found 
in all months for year round. The catch weight of Stolephorus indicus is recorded as the highest catches representing 14.3 
% (202721.3 kg of total catches) and the catch weight of Septipinna taty is recorded as the least representing 1.5% (15993. 
6 kg of total catches). However, the catch rate of the Anchovy fishes in Rakhine State is decreasing within more than ten 
years. 
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The present study was carried out to determine the antibacterial effect of Streptococcus faecium isolated from the gut 
of freshwater fish Cyprinus carpio cummunis on Cirrhinus mrigala against Aeromonas hydrophila. The freshwater fish 
Cyprinus carpio cummunis was collected from Dal lake, Srinagar, Jammu & Kashmir. A total of 6 bacteria were isolated 
from the above collected fish intestine. The antibacterial activity of the isolated strains against Aeromonas hydrophila 
was screened by agar well diffusion method.  Among the 6 strains, the best antibacterial activity was observed as 17mm 
in MC5 strain. This strains was identified as Streptococcus faecium by 16s rRNA sequencing.  The S. faecium strain was 
supplemented with pellet feed at three different concentrations such as, 100, 250 and 500 mg per 100g feed. Then it was fed 
to Cirrhinus mrigala for 60 days and the growth performance such as weight gain, SGR, FCR was analyzed and observed 
good results. After feeding experiment, it was challenged with Aeromonas hydrophila and the mortality rate was observed 
daily up to14 days. The mortality of experimental groups were significantly (P< 0.05) decreased with increasing the 
concentration of probiotic strains than the control group. During the challenge experiment, the immunological parameters 
such as blood parameters, prophenoloxidase, respiratory burst activity and superoxide dismutase activity was analyzed at 
an every 7 days intervals. All the tested immunological paraters of experimental groups were significantly increased than 
the control. During the challenge experiment, the A. hydrophila load from skin and muscle tissues were also isolated and 
the result observed that, A. hydrophila load was significantly reduced, which depending on the concentration of probiotic 
strain. 
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White Feces Syndrome (WFD) has been an idiopathic disease causing significant economic losses for shrimp farmers in 
Asia. The syndrome is characterized by transformation and sloughing of microvilli of the hepatopancreatic tubule epithelial 
epithelium leading to the  accumulation of aggregated, transformed microvilli (ATM) in the tubule lumens (Sriurairatana et 
al., 2014), white fecal materials in the gut, and the floating feces on the pond water surface. Since 2017, the ShrimpVet lab 
has been working on transmission models for WFD with focus on bacterial etiology. Based on initial result of these studies, 
several management strategies have been applied, including: algal bloom control, better feed management, application of 
probiotics application, better bio-remediation strategies, and functional diets. Those studies have proven effective to reduce 
WFD both in the laboratory and grow out in pond conditions.

Early Mortality Syndrome (EMS) or Acute Hepatopancreatic Necrosis Disease (AHPND) have been characterized and 
determined with the pathogens since 2013. Since then, there ShrimpVet lab has been made several attempts in order 
Vietnam to reduce the impact of AHPND in productions. These includes: better hatchery, nursery, and grow out protocols. 
With regards to hatchery protocols, several improved practices have been applied including: PCR screening for all material 
(brood stock, live feed, Nauplii, and post larvae before harvest), better sanitation, better bio-remediation with focus on 
Vibrio the reduction of vibrios. The same sanitation, probiotics, and bio-remediation approaches have been applied in 
nursery and grow out practices. Several trials using “functional diets” with feed additives added in feed ingredients before 
extrusion showed positive result in both disease prevention and growth performance. An overall antibiotic-free farming 
protocol is achievable.

In practice, Vietnam has been moving a long way from a very natural based farming system with less biosecurity and 
antibiotics-based farming protocols to a more controlled farming methods since the outbreak of EMS/AHPND in 2010 
and EHP in 2014. Several new practices have been applied including: screening for diseases (EMS/AHPND, EHP, WSSV) 
through out the farming cycle, better pond preparation with good probiotics blooms before stocking, plastic-lined pond 
farming protocol, nursery phase at the farm level, routine/daily application of bioremediation, daily shrimp pond waste 
removal, probiotics top-coating in feed, and functional feed. With better adaptation to new farming protocols, it appears 
that the shrimp farming becomes more predictable, explaining the fast increase of Vietnamese shrimp production in recent 
years.
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VIET NAM AQUACULTURE INTRODUTION
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With a coastline of more than 3,260 kilometers (2,026 miles) and numerous islands and bays, Vietnam has huge geographic 
potential for aquaculture, Its exclusive economic zone accounts for nearly 30 percent of the South China Sea. In particular, 
the waters in the country’s west, with fewer storms, and the deep waters in the central region are ideal for large-scale 
farming of marine fish species. 

Key aquaculture sectors include pangasius, shrimp, tilapia, snake head and increasingly also bivalves and marine fishes 
such as cobia, seabass and grouper.

Currently ranked as the fourth-largest producer of seafood from aquaculture, behind China, Indonesia, and India, Vietnam 
produced 3.84 million metric tons (MT) of farmed seafood in 2017. That was more than 53 percent of Vietnam’s total 
seafood production of 7.23 MT, which itself represented an increase of 5.2 percent year-on-year over Vietnam’s total from 
2016. 

Aquaculture Vietnam will cover the whole aquaculture sector value chain, including feed, health and nutrition, genetics, 
equipment, processing and much more. Aquaculture is essential to meet the future demand for seafood products. The sector 
plays an important role in the economy of Vietnam. Seafood exports in 2016 grew by 7.4 percent in value to US$7.05 
billion, accounting for 24 percent of the country’s total agricultural, forestry and fisheries exports. aquaculture production 
accounts for about 65% of Vietnam’s total fisheries exports in value.

In order to maintain the growth rates, the locals focus on improving the quality of seeds, reorganizing the production chain 
and locating the material zones close to the processing plants to provide raw materials sufficient for export activities. In 
addition, domestic enterprises are proactive in investment and foster the application of aquaculture science using technology 
for sustainable development. 

Vietnam’s aquaculture sectors development by partnering with governments, NGO’s, industry and academia to promote 
best practice production systems that are environmentally friendly, consumer-oriented and economically viable.

Given aquaculture’s strategic importance, the Vietnamese government aims to massively upgrade the country’s shrimp 
industry with a view to boosting exports. Prime Minister Nguyen Xuan Phuc recently said the shrimp industry should strive 
for an export value of US$10 billion to account for 10 percent of the country’s GDP. He noted that    “inadequate high tech 
for intensive farming has resulted in only modest productivity of 250 to 300 kilos of shrimp per hectare; if productivity is 
doubled, we can immediately reach our goal.”
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Fishers around the protected Rushikulya rookery in Ganjam district, Odisha face job loss for seven months (i.e., November-
May) every year due to the fishing ban in vogue. A study was undertaken to understand the present socio-economic status, 
document on-going livelihood activities and assess preferences for possible alternative livelihood options.

The primary household level data was collected using 
a pre-tested interview schedule. Descriptive statistics 
was used to summarise the results. A logistic regression 
model was fitted on the socio-economic variables on 
dichotomous household per capita income to identify key 
factors influencing the income variable while Analytic 
Hierarchy Process (AHP) was employed for knowing the 
choice priority of fishers among the alternative livelihood 
options. 

The results revealed that about 70% of the respondents 
were middle-aged (36-59), more than half had no literacy 
(54%), and were mainly from the two lower castes namely 
Nolias (71%) and Keutas (29%). With the average family 
size of 4.2, they had an average monthly per capita income 
of ₹3741. Logistic regression model predicted secondary 
occupation, family size and fishing experience to be the 
significant factors determining the household income, 
with model prediction accuracy of 81.6%. Alternative 
livelihood activities, grouped into two activities as 
fisheries related and non-fisheries related, such as “Fish 
marketing / business” (29%) and “Poultry farming” 
(15%) were perceived to have highest priority by fisher 
households. Thus, the findings could help in framing 
appropriate livelihood strategies for the upliftment of 
Rushikulya fishers.
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Rapid and uncontrolled expansion of the marine aquaculture industry has made negative impact on the marine environment, 
mainly due to the discharge of organic waste on occasions directly into sensitive marine ecosystems. The rapid growth 
of aquaculture is accompanied by increased discharge of nutrient-rich wastewaters into rivers and coastal waters, leading 
to eutrophication, and deterioration of water quality. Bioremediation of aquaculture waste using seaweeds as nutrient 
scrubbers and oxygenators provides good alternative and cost-effective, conventional treatment systems. Seaweeds may 
play a vital role in improving water quality and contribute to sustainable aquaculture.

In present study, we evaluated the growth engineering and bio-filtration efficiency of green seaweed sp. Monostroma in 
mariculture wastewater (MWW) collected from Shrimp farm located in Maharashtra, India. The MWW showed pH of 
7.62, Salinity in ppt: 15, total N: 13.83 mg/L and total P: 0.42 mg/L. In artificial light, the DGR (%) of Monostroma sp. at 
different density (0.25 to 1 g/L of seawater) ranged from 3.78 to 17.84% with optimum at 0.250 g/L. Similarly, the DGR 
(%) in different light intensity (3000 to 12000 lux) ranged from 4.66 to 15.18% with optimum at 9000 lux. 

The optimized growth conditions were further used to grow seaweed sp. in the MWW. The DGR (%) of Monostroma sp. 
in MWW (in artificial light) was found to be 18.60. The culture of this sp. was further taken to environmental chamber 
(natural sunlight) for further growth studies. The DGR (%) of this sp. at different density of 0.25 to 9 g/L was found to be in 
the range of 7.12 to 18.48% in 4 days at sunlight intensity of app. 1900-50000 lux (morning to evening) (Fig.1). After 4th 
day the reduction in total N (~80%) and total P (~65%) was observed. Further the growth of Monostroma sp. for 12 days 
showed DGR of app. 17%. All the growth experiments were carried out in AWW without addition of external nutrients.                                             

The proximate analysis of harvested biomass from the AWW has moisture content; 78-80% (FW), ash content; ~25.7%, 
protein; ~15.7%, carbohydrate; ~40% and lipid content of ~4.8% on dry weight basis. 
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Success or failure of any aquaculture venture largely depends on the right selection of the site with the proper carrying 
capacity assessment for it. In choosing a site several factors other than the physical aspect of the site are to be considered. 
This presentation provides an explanation to selecte a proper site for aquaculture including the process used to determine 
the carrying capacity of such sites. Example of DHI work in site selection and impact assessment for aquaculture in 
different countries from around the world will be presented.

The site selection study included an initial suitability screening, based on analysis of production potential, risk of diseases, 
environmental impact and spatial planning issues such as shipping, marine protected areas and fishery. Segregation from 
sensitive marine habitats and existing or future approved sea space designations or activities and locating sites that are 
optimal for fish growing and fish farming operations is critical for ensuring the viability and sustainability of the operation. 

The impact assessments involved full-scale 3D hydrodynamic and ecological modelling addressing four central 
environmental concerns; water quality - including medicine and chemicals, eutrophication signals, deposition of organic 
waste on seabed, and impacts on marine protected areas and water bodies.

The site selection study should be treated as a high-level analysis. There are stakeholder consultations and further technical 
assessment needed to confirm the suitability of specific sites. The planning process for approval of a site for fish farming 
involves multiple stakeholders across government. Environmental baseline studies and impact assessment based on state of 
the art model tools should also be completed for each specific site to confirm the suitability and potential carrying capacity. 
The impact assessment will allow identification of specific mitigation measures for each site. Ideally the new fish farm(s) 
should follow best practice (ie. refer to Aquaculture Stewardship Council – ASC - and/or Best Aquaculture Practice - BAP 
- guidelines). 
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Tannins are water-soluble polyphenols commonly found in higher herbaceous and woody plants. Those extracted from 
sweet chestnut Castanea sativa, classified as hydrolysable tannins (HT), consist of esters of ellagic acid with core molecules 
composed of polyols such as carbohydrates and phenolics. As reported, HT possess a wide range of properties, such as 
antimicrobial, antioxidant, immunostimulant, anti-inflammatory, etc., that could result in an improvement of the intestinal 
health, growth, and disease resistance. Indeed, the benefits of HT as functional feed additives in terrestrial farm animals 
have been reported in different studies. However, there is limited literature on the effect of tannins on fish production, and 
practically no data available regarding their effect on cultured shrimp. For this reason, the present studies were aimed at 
assessing the effects of dietary HT from sweet chestnut on different parameters in shrimp and different species of fish. 

Three 60-day feeding trials were carried out in parallel in Guangdong Ocean University, China, in three different species: 
catfish (Ictalurus punctatus), shrimp (Litopenaeus vannamei), and brown-marbled grouper (Epinephelus fuscoguttatus). 
In addition, a 28-week feeding trial was carried out in a commercial red tilapia (Oreochromis sp.) farm in Thailand. The 
experimental diets were a control diet (C) and three basal diets including different amounts of Farmatan Aqua, a tannin-rich 
extract bound to protein (0.1% FA, 0.2% FA and 0.3% FA). Parameters of growth performance, immune and antioxidant 
systems, and gut microbial populations were evaluated.
 
After 60 days of experimental feeding, a significant improvement (p < 0.05) was observed in the growth performance and 
survival of the animals fed diets including Farmatan Aqua in the four species. The activities of superoxide dismutase (SOD) 
and nitric oxide synthase (iNOS) were also higher in grouper and catfish fed the experimental diets than in those fed C 
during the majority of the experimental period. Results pointed out the positive effects of a dietary inclusion of 0.1 – 0.3% 
of Farmatan Aqua of as functional feed additive in shrimp and fish diets. Full results on all the assessed parameters in the 
four species will be further presented and discussed.     
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Andhra Pradesh is the leading and model aquaculture state in India. The aquaculture in the state has been recognized as a 
world class aquaculture site as it has witnessed all the three different phases of blue revolution. Inspite of the unprecedented 
development of diversified pond  aquaculture in the state, in the recent times, many economically important problems have 
been persistently identified,  which are  threatening the sustainability  of the culture systems ,like infectious diseases, feed, 
water quality problems and degraded quality of brood stock and seed. The solutions  are need to be addressed, for  the  
profitability   and sustainability of the Fresh water Fish culture .
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Internal organs of fish viz. liver, gills, kidney and brain are the most vulnerable organs that accumulate pesticide residues 
from the aquatic system. A preliminary study conducted on the extent of OCP residues in the freshwater fishes of Manimuthar 
Dam, Tamil Nadu indicated that alarming levels of endosulfan residues in the surface water (34 µg l-1) and fish edible 
tissues (26 µg kg-1). This study was planned to examine the diffusion of OCP residues from internal organs to edible tissues 
of rohu (Labeo rohita) held in ice. The OCP pesticides were extracted from the samples as per AOAC 2007.01 method 
using QuEChERS extraction kit and analyzed using GC-MS. The total OCP residues were high in liver (246 µg kg-1), 
followed by gills (226 µg kg-1) and intestine (167 µg kg-1). Edible muscle tissues contained less OCP residues (54 µg kg-1). 
Endosulfan, endrin and DDT were the major OCPs in liver and intestine ranging from 53- 66 µg kg-1, 45- 53 µg kg-1 and 
26- 35 µg kg-1, respectively. On storage of whole rohu in ice, the total OCP residues in muscle tissues increased to 152 µg 
kg-1; while in gill tissues it reduced to 129 µg kg-1. In the liver, the total OCPs increased to 317 µg kg-1on day 5; and to 933 
µg kg-1 on day 9. Total disintegration of internal organs beyond day 5 of storage had resulted in such abnormal increase in 
OCP residues of liver – like mass. It is evident that OCP residue accumulation in edible muscle tissues had occurred due the 
diffusion from gills and not from the liver. Although the total OCP residues had increased 3 folds in muscle tissues on day 
9, accumulation of BHC and heptachlor was 6 folds; endrin and DDT was 4 folds; aldrin was 3 folds; and endosulfan and 
cypermethrin was 2 folds. Correspondingly, in the gills the loss of endosulfan, DDT, endrin and heptachlor was 40%; while 
aldrin was 60% and BHC was 30%. Total fat present in these tissues did not correlated with the diffusion of OCP residues; 
as gills had more fat than muscle tissues. It has been hypothesised that specific class of lipids or fatty acids derivative in 
the tissues are responsible for the accumulation of OCP residues. The water- octanol coefficient (Kow) also plays a role in 
diffusivity of OCP residues in tissues. The study these inferred that although diffusion of pesticides can occur to the edible 
tissues during ice storage, the level noticed were far below the permissible limit for endosulfan, endrin and DDT. However, 
in case of alarming level of pesticides in surface waters, there may be chances for more accumulation in gills, which in turn 
diffuse to fish tissues on storage in ice.
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Marine fishery resources provide a lot of benefits to the society and environment especially in employment, income and 
nutritional security; however, the current issue is natural marine fisheries resource degradation due to anthropogenic 
activities. Therefore, managing the resources is necessary to maintain sustainability. In this regard, many marine fishery 
regulations were implemented by the government but there is a lack of reports on the effectiveness of regulations in 
sustainable management. Hence, assessment of efficiency of marine fishery regulative measures in sustainable development 
are required which may help to modify and form new regulative measures by policymakers. 

The present study was attempted to analyse the role of marine fishery regulations in sustainable development. Gulf of 
Mannar coast of Tamil Nadu was selected as study area for the research because of its importance as a coastal zone. 
Stratified simple random sampling method was used with sample sizes of 450 fisherman, 100 policymakers and 100 policy 
implementers in the present study. Primary data were collected from the respondents on the perception of marine regulative 
measures through field survey and online survey by survey schedule and questionnaire. The collected data were analysed 
by scoring technique and the result revealed that prohibition of exploitation of resources by destructive gears, explosives 
and poison, restriction of number of fishing boats, restriction of number of fishing gears which exploit juveniles in the 
backwaters, estuaries and shallow inshore waters, mesh size regulation, minimum legal length for capture and seasonal 
ban on existing marine fishery regulations were significantly accepted by the fishermen of non-motorised, motorised and 
mechanised craft categories but it was emphasized by all the fishermen that prohibition of using fishing gear with a mesh 
size of 10mm (knot to knot) to prevent juvenile catch for conserving the marine fishery resources was considered the most 
effectual. 
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The crab fishery in India is fast developing, and there is vast scope for crab meat, both at national and international markets. 
The three spotted swimming crab, P. sanguinolentus, is one of the most common and commercially important crab found 
along the east cost of India. Among the maritime states, Tamil Nadu ranks first in crab landings. More number of crabs 
was landed at Gulf of Mannar and Palk Bay. The main aim of this study was to know the stock level of P.sanguinolentus 
and its current intensity of exploitation in Gulf of Mannar. The stock assessment of the portunid crab P. sanguinolentus 
was studied for one year along the Gulf of Mannar coast. The sampling stations were Therespuram, Vellapatti, Vedalai and 
Periyapattinam. Fortnightly samples were collected from these landing centers and each crab was measured and recorded 
for its sex, carapace width, carapace length, abdomen width, chelate length and body weight by using Vernier caliper. The 
catch and effort data and landings of crabs were recorded on the sampling day. The data were analyzed by using FiSAT II 
software.

P. sanguinolentus was available throughout the year at Gulf of Mannar coast. In general, this species were abundant in 
shallow depth of 10 – 15 m. The bottom set gill net is mainly used for crab fishing and it is locally called as ‘nandu vallai’.

The recruits of P. sanguinolentus were recorded throughout the year with peak during September for males and November 
for females. The fishing mortality of adult males and females of P.sanguinolentus were found to be high.  

The natural mortality was high in the length group of size less than 7cm. The difference between the annual catch and MSY 
for males was 0.34 t and for females was 0.82 t. The present exploitation for male and female was almost equal to the MSY.

Hence, the present effort could be continued without any increase to obtain biologically optimum yield. Crabs have high 
consumer demand and the resource needs proper management for its sustenance. 
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The present study was carried out to analyse the effect of altered temperature conditions on the growth of three different 
strains of V. parahaemolyticus viz., VP5, VP22 and VP12.  Known doses of three strains of parahaemolyticus was injected 
into clams and kept at the following temperatures viz., 370C and 300C, 200C and 100C until the shells gaped.  All the three 
strains of V. parahaemolyticus was multiplied rapidly in live clams held at 37°C and 300C (increase of 4 logs CFU/g at 20 
and 25 h). V. parahaemolyticus in clams stored at 10°C and 20°C showed 2 log CFU/g and 1 log CFU/g decrease at 72 h 
and 136 h, respectively. 

Vibrio parahaemolyticus is an important seafood borne human pathogen worldwide and associated with gastroenteritis 
outbreaks including India. Growth of pathogenic                     V. parahaemolyticus is influenced and altered by many 
environmental factors including temperature. The present study was undertaken to determine if there were any differences 
in growth of potentially pathogenic V. parahaemolyticus VP5 (tdh+trh-), VP22 (trh+tdh-) and VP12 (tdh+trh+) in relation 
to presence of virulence genes in clams (Meretrix meretrix) when exposed to different postharvest temperatures. Each 
set of depurated clams (Meretrix meretrix) were then spiked with known doses of pathogenic V. parahaemolyticus and 
kept at selected storage temperature. Similarly, the experiment was conducted for all the three strains. At selected time 
intervals, 3 - 5 of clams were homogenised and analysed for the growth of V. parahaemolyticus using MPN-PCR targeting 
tlh gene. It was observed that the growth variability among all the three strains was significant at all storage temperatures.  
In this study, VP5 (tdh+trh-) exhibited a rapid growth rate at 370C and 300C followed by 200C when compared with VP22 
(trh+tdh-) and VP12 (tdh+trh+).

It was found that the growth was rapid at optimum and higher temperatures while the growth of V. parahaemolyticus was 
drastically reduced at 100C. This study revealed that the genotypes or strain variability also influences the growth pattern 
of V. parahaemolyticus. Largest growth variability was observed at stress/non optimal conditions. However, these results 
indicated that temperature near 100C represented the growth/no growth boundary for all the strains of V. parahaemolyticus 
and viability at this temperature was depended on strains. These results also showed that the storage of clams at 100C have 
a negligible impact on the risk of V. parahaemolyticus illness.
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V. parahaemolyticus is a halophilic bacterium of marine origin. Being halophilic, they have a mandatory requirement of 
sodium chloride for their growth. In this study, the effect of NaCl concentrations on relative expression of T3SS2β effector 
protein vopA was studied and the gene confirmed to be up regulated in VP22 (tdh-trh+) and VP12 (tdh+trh+) strains at 
different time intervals at 1% and 2% NaCl concentrations.

Generally, V. parahaemolyticus isolated from oysters and clams culturing environments were found to contain T3SS (Yu 
et al., 2013). The expression of   virulence genes of V. parahaemolyticus is influenced and altered by many environmental 
factors including salinity. The type III secretion system (T3SS) of V. parahaemolyticus has been suggested as an important 
virulence factor (Broberg et al., 2011). T3SS2 is reported to be responsible for enterotoxicity and playing a role in the 
environmental fitness of strains (Matz et al., 2011).  The present study was undertaken to analyse the impact of different 
salinity conditions on the virulent T3SS2 gene vopA expression in three different strains of V. parahaemolyticus viz., VP5, 
VP22 and VP12 at different concentrations of NaCl such as 3.5%, 2% and 1% at different time intervals such as 0 h, 6 h, 
12 h and 24 h post infection. RNA polymerase A gene (rpoA) was used as a house keeping gene. The relative expression of 
virulence genes of V. parahaemolyticus in broth was analyzed by StepOne Plus Real Time PCR using 2X SYBR green super 
mix. Melt curve analysis was performed immediately after amplification to avoid false positive results. Relative expression 
ratio (R) was calculated by the formula R=2-ΔΔC

T.  Pure culture of 107 CFU/ml of V. parahaemolyticus was inoculated in LB 
broth. The optimum salinity of V. parahaemolyticus such as 35 ppt (3.5%) was used as reference in this study.

It was observed that the virulence gene viz., vopA was expressed at all the salt concentrations whereas the level of expression 
varied. In post VP22 (tdh-trh+) infected sample, the vopA was significantly up regulated in 1% at 6 h post infection. At 
2% NaCl concentration, the gene was significantly up regulated to a level of 8 fold at 24 h post infection. It was noted 
that there was a significant difference in the expression of gene between time intervals and also between 1% and 2% NaCl 
concentrations.  Relative expression of vopA gene from VP12 (tdh+trh+) infected sample was significantly up regulated 
immediately after 0 h post infection with the value being 12 fold at 1% NaCl and 16 fold at 2% NaCl concentrations which 
gradually reduced till 24 h post infection. It was found that there was significant difference (p<0.05) between time intervals 
at 2% NaCl and between 12 h and 24 h in 1% NaCl concentration. 
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The wholesale fish market at Gazipur is one of the largest regulated fish markets in India. Market primarily deals with 
freshwater fishes followed by marine fishes and shrimps. Fishes come from Rohtak, Haryana, Andhra Pradesh, and Gujarat. 
It is also distributed to several retail outlets/markets. It has 252 wholesale shops and 70-80 retail stalls. The average 
quantum of fish arrival is about 100-150 tonnes/day. Of the total supply, freshwater fishes contribute 60% due to high 
demand. Most preferred species are Catla, Rohu, Mrigal and Pangass. Cultural preference, taste and cost are main reasons 
for this preference. Shrimps constitute <5 % of total supply on an average with 1-2 tons/ day. Monodon, Vannamei and 
Macrobrachium sp. in different size categories are the common shrimp commodities in the market. This study analyses the 
price trends of shrimps as well as expected future prices through forecasting technique (ARIMA). 

The result shows that price of all three shrimp size categories have increased at a marginal rate (0.5 % CGR) over the 
years between 2010 and 2018 (Fig. 1). Among three sizes, the 50 count (SHRIMP-50) has high price fluctuations, perhaps 
due to higher consumer preference for this size category. Significant seasonal price variations were observed in all 3 size 
categories. Price peaked during winter months and dipped during festival seasons. Increase in supply of vannamei on one 
hand and limited demand for shrimps on the other hand were the main reasons for price fluctuations over the years in 
CGR analysis. Price forecast for next 6 months from October 2018 to March 2019 of shrimp20, Shrimp50 and shrimp70 
have decreasing, increasing (more demand), and constant trends respectively. Prevalence of growing demand for shrimp 
among consumers may enhance its supply, especially count50 in the Gazipur market and would be the efficient outlet for 
the budding shrimp farmers.



830

MARKET STUDY OF FRESHWATER FISHES IN DELHI’S GAZIPUR WHOLESALE FISH 
MARKET

V. Pownkumar *, P.S. Ananthan, and V. Gomathy

ICAR-Central Institute of Fisheries Education, Mumbai-400 061
pownkumar.fecma703@cife.edu.in

The wholesale fish market at Gazipur is one of the largest regulated fish markets in India. Though a metropolis with 
populations from across India including coastal states, freshwater fishes dominate the Gazipur market (60%). The market 
has two types of major sources: fresh fishes come mainly from nearby states of Rajasthan, Uttar Pradesh, Haryana and 
Punjab while chilled / frozen fishes arrive mainly from Andhra Pradesh and Gujarat. Gazipur market in turn supplies fish to 
all the retail markets in the Delhi region including the major ones such as Chittaranjan Park and INA markets. The market 
has 252 wholesale shops and 70-80 retail stalls that handle about 100-150 tonnes/day. The study deals with the structure 
and conduct of the Gazipur wholesale fish market, assesses the price trends and consumption pattern, and finally forecasts 
the prices for the near future. Results show existence of two dominant marketing channels for major fresh water fishes 
namely Catla and Rohu. 

In channel 1, the fish farmer sells fish to commission 
agent-cum-wholesaler, who sell to the retailer, and finally 
sell to consumer. In channel 2, the fish farmer sells fish to 
commission agent-cum-wholesaler, who sell  to  the consumer. 
Price spread for Catla on Channel 1 (Rs. 29) was more than 
the channel 2 (Rs.14) (Table 1), indicating greater efficiency 
of the latter (5.4) due to few intermediaries. The marketing 
cost incurred by wholesalers and retailers are Rs 2.6 and Rs. 
4.7 respectively. Income has been found to be the significant 
influence on fish consumption expenditure. Seasonality was 
found in price trends with prices peaking during the winter 
months (November-March) indicating greater demand and 
relatively lowers supply. 

Forecasting analysis (ARIMA) has shown that the price of 
Rohu would remain almost constant at the present level till 
the 2019 summer at Rs.8995 / quintal while the Catla price 
is likely to increase marginally (<1 %). Lack of cold storage 
facilities and infrastructure for effective waste management 
to convert waste into valuable by-products viz., fish meals, 
fish oils etc. are the primary constraints found in the market.
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SEAWEED EXTRACT AS AN ORGANIC MEDIUM FOR THE GROWTH AND 
MAINTENANCE OF MARINE MICROALGAL SPECIES
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The effect of drifted seaweed extract on the growth of marine microalgae viz., Chlorella marina and Nannochloropsis 
oculata was studied. Drifted seaweeds constitute 70% of brown seaweeds. The drifted brown seaweeds (Sargassum wightii, 
S. oligocystum, Padina tetrastromatica, Stoechospernum marginatum and S. vulgare), green algae (Caulerpa toxifolia and 
Caulerpa racemosa), red seaweeds (Gracilaria edulis and Kappaphucus alvarezi), and seagrass (Halodule, Cymodaceae 
and Zostrea sp.) were collected from the coastal region of Thoothukudi, Gulf of Mannar, southeast coast of India. Seaweed 
extract was prepared and the growth of the microalgal species in seawater with seaweed extract was compared with Conway 
medium. Aqueous seaweed extract was prepared according to Cho et al (1999) with minor modifications. The chemical 
composition of the drifted seaweed powdered sample is shown in Table1. 

Two culture treatments were tested: seawater with Conway medium, seawater with seaweed extract at different 
concentrations such as 1.5, 3 and 5ml of extract for 100 ml of seawater and seawater without nutrient enrichment. The 
culture media was inoculated with respective algal cells as initial concentration from stock culture.Cell density of all 
treatments with triplicates and control were measured at alternative day using hemocytometer. 

The results of the study indicated that higher densities of 13.20n×106 were observed in Chlorella marina on 9th day of 
culture period at 1.5ml seaweed extract (Fig.1).  Similarly, the growth and cell density of Nannochloropsis oculata (15.37 
n×106) was almost similar to that of walne’s medium (16.71n×106) on 11th and 9th day of culture period respectively (Fig.2). 
However, the cultures maintained using seawater without nutrients did not show any growth. Thus, it could be concluded 
that seaweed extract could be used as an alternate source of organic medium for the growth and maintenance of marine 
microalgae in hatcheries of aquaculture industry. 
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CONSUMER PREFERENCE TOWARDS  SEAFOOD AMONG WOMEN CONSUMERS 
FROM DIFFERENT WORK STATUS : A SEMANTIC DIFFERENTIAL ANALYSIS

*Arundhathi, V., Mini Sekharan, N.

School of Industrial Fisheries
Lakeside Campus, CUSAT
Cochin–682016
arundhathivnair@outlook.com

Seafood is an essential component of the daily food intake owing to its nutritive value, ease of availability and affordability. 
The aim of the study is to understand whether working status of women consumers has influenced the consumer behavior 
towards seafood. 

A sample of respondents including working and non-working women consumers (n=69) in Cochin in Kerala state, India 
were surveyed on seafood consumption and preferences. Opinions are presented on a controlled scale between 14 bipolar 
variables. The findings are plotted in a semantic differential scale which indicate that, in the case of the preferred attribute 
- fish species, the mean value of variable of working (3.29) and non-working (3.25) women is plotted nearer in the scale 
showing their similarity in preference. Mean value and nearness in plotting in the case of the preferred attribute- Price of 
the seafood (3.4, 3.33), purchase time (3.58, 3.54) and place of eating (3.22, 3.12) also indicate the similarity in mean value 
of the variable or the preference of working and non working women consumers.

Working and non-working women consumers differ in the case of preferred attributes such as freshness identification (3.04, 
3.63), frequency of eating (3.09, 3.67) and use of cut, dressed/marinated seafood (3.42, 3). In the case of freshness of the 
food, working women does not seem to be as concerned as non working women. Compared to the non working women, the 
frequency of eating of seafood is lesser among working women. To reduce effort and time, working women prefer purchase 
of cut/dressed/marinated seafood. As a result they are not able to analyze freshness parameters while non-working women 
get enough time to analyze fish or fishery product before purchase. Hence it is important for the marketer to understand 
the attribute preferences of different market segments such as working and non working women or other segments while 
marketing seafood. Marketers can effectively target different market segments with quality products, different strategies 
and approaches if their preferences are identified by such comparative analysis.
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EFFECT OF SALINITY LEVELS ON GROWTH, FEED UTILIZATION, CARCASS 
COMPOSITION AND DIGESTIVE ENZYMES ACTIVITIES OF JUVENILE PEARLSPOT 
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The present study was conducted to elucidate the growth ability of the fish pearl spot (Etroplus suratensis) to know the scope 
of this species for aquaculture under various salinities. Juveniles of Pearlspot of mean standard length, 9.73 ± 0.38 cm and 
mean weight,  21.10±0.65g, were reared at three salinities viz., 0ppt (T1), 15ppt (T2) and 25ppt with 3 duplicate each, for 
a period of 60days, in 50t capacity raceway system to evaluate the effect of salinity on growth, survival, digestive enzyme 
and carcass composition. Growth and survival were recorded after every two weeks. At the end of the rearing period results 
showed that salinity (p<0.05) influenced juvenile pearlspot growth performance and survival.  Among the treatment groups, 
fishes reared under 15ppt salinity group showed the highest growth performance in terms of  biomass (42080.00±1049.1), 
SGR (0.33±0.009), WGP (24.69±0.74), MGR(3.66±0.09), FCE (8.23±0.24) and lowest FCR (0.12±0.003) followed by 
0ppt and 25ppt. The carcasses compositions also showed a significant difference attributed by different level of salinity. The 
digestive enzyme activity of 15ppt salinity group possessed an enhanced amylase (0.006±0.00), Protease (0.599±0.13) and 
Lipase (0.526±0.17) activity compared to other treatment. The levels of Total hardness, Total alkalinity and Ammonia -N, 
were within the acceptable limits for the growth of the fishes in the raceway based system. The present study demonstrated 
that salinity of 15ppt and 0ppt was effective for improving the overall growth performance, carcass yield and digestive 
enzyme in raceway based system. The study concluded that E. suratensis can adapt well to the new salinity conditions 
thereby suggesting its potential as candidate for fish farming under different external salinities.



834

CHANGES IN DIGESTIVE ENZYME DURING THE INITIAL ONTOGENY OF PEARLSPOT, 
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A study was performed in order to understand the development of digestive physiology during the initial ontogeny of 
pearlspot (E. suratensis) for which the activity of specific and total activity of different pancreatic (trypsin, chymotrypsin, 
amylase and lipase), gastric (protease) and intestinal (alkaline phosphatase) enzymes from hatching to 60 days post hatch 
(dph) was determined by means of biochemical analysis. The larvae were reared at 28.2 ± 0.4oC with rotifer from mouth 
opening (4 dph) until 15 dph. Furthermore, they were reared by feeding with commercial microparticulated feed (200µ) 
from 20 to 60 dph.  Enzyme activities for amylase and lipase activity were detected before the onset of exogenous feeding, 
indicating that these enzymes were genetically pre-programmed. Our results showed that the activity of amylase was 
detected from the first day increasing at 5dah and reaching their maximum activity at 30 dph. The Protease activity of 
pearlspot was firstly detected at 30 dph, indicating the appearance of functional gastric gland. Alkaline phosphatase specific 
activity was detected from hatching onward, showed marked increase and reached a maximum activity between 13 and 
19 dph. Furthermore, the lipase activity is detected on 3 dph and keeps decreasing and reached maximum on 20 dph.  
Accordingly, the larvae of Pearlpsot possess a functional digestive system before the onset of exogenous feeding and the 
digestive capacity gradually increases as development progresses. The abrupt increase in alkaline phosphatase activity 
between 10 and 20 dph demonstrates onset of juvenile-like digestive mode in pearlspot larvae. Based on these results, it is 
concluded that E suratensis has a great capacity to digest all kinds of food items included artificial feed and completes its 
digestive enzymatic machinery from day 10 after hatching, therefore is recommended to perform the transition from live 
feed to inert feed at 15 dph.
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HISTOLOGICAL ANALYSIS OF THE MALE GONADS OF THE BRACHYURAN CRAB, 
Perisesarma bidens (DE HAAN, 1835)
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This paper provides the morphology of the male reproductive system and spermatophore formation in the brachyuran 
crab, Perisesrma bidens. The male reproductive system comprises of paired symmetrical testis, highly coiled vas deferens, 
saccular accessory glands and ejaculatory duct which opens out as intromittent organ. The testicular tubules display three 
zones: germinal zone (GZ), transformation zone (TZ) and evacuation zone (EZ). Histologically, the testes consist of large 
number of testicular lobes containing spermatogonial cells that differentiate into spermatocytes and a collecting duct. 
Spermatogenesis occurs within the testis and subsequently reaches the vas deferens through the collecting duct.  Anatomically 
and physiologically the vas deferens is divided into anterior vas deferens (AVD), middle vas deferens (MVD) and posterior 
vas deferens (PVD). The columnar epithelium of AVD secretes glycoproteinaceous and mucoproteinaceous secretions 
to assist in grouping of sperms and spermatophore formation. MVD and PVD are filled with granular glycoproteins and 
alcianophilic secretions encapsulating spermatophores. The accessory gland seretions are akin to PVD and the enormous 
amount of these ductal secretions possibly supports easy transport of spermatophores during copulation. The ejaculatory 
duct is multilayered structure and extrudes the spermatophore and seminal secretions towards the gonopores. A delicate 
tissue attached to the ejaculatoryduct  is androgenic gland. This reproductive study would obviously help us to clarify some 
of the aspects of seminal biology and its function during fertilization, a process which highlights interesting peculiarities 
in crabs. 
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The Ashtamudi Estuary (Kerala, India) is a major source of short-neck clams (Paphia malabarica) that supports the 
livelihood of about 3,000 people. As the Ashtamudi short-neck clam fishery is India’s first MSC certified fishery from 
November, 2014, continuous monitoring of physic-chemical parameters is very much essential. Present paper deals with 
the study of physicochemical parameters of water and sediment of two stations in Ashtamudi Estuary. Among the stations, 
monthly variations in the physical and chemical parameters such as temperature (23.7 to 31.2ºC), pH (6.8 to 9.2), Dissolved 
Oxygen (2.1 to 7.8 mg/L), Salinity (6.0 to 36 ‰), Ammonia (0.004 to 0.207 mg/L), Nitrite (0.0 to 0.009 mg/L), Nitrate 
(0.001 to 0.105 mg/L), Phosphate (0.00 to 0.07 mg/L), Total suspended solids (TSS) ( 19.2 to 208.4 mg/L), Particulate 
Inorganic Matter (PIM) (5.0 to 173.2 mg/L), Particulate Organic Matter (POM) (3.8 to 42.1 mg/L), Chlorophyll ‘a’ (0.3 to 
20.8 mg/L), Chlorophyll ‘b’ (0.0 to 1.76 mg/L), Chlorophyll ‘c’ (0.0 to 2.85 mg/L), major elements of organic substance, 
namely, Nitrogen (0.01 to 0.17%),Carbon (0.4 to 3.4 %), hydrogen (0.04 to 0.67%), Sulphur (0.04 to 0.35%),organic 
carbon ( 0.1 – 1.0 %) and sediment texture were investigated. All the parameters were within permissible limits. Most of 
the months (7 months) in Stn I & II, soil texture was ‘’ Loamy fine sand’’, followed by sandy loam except in January month 
in station II, wherein texture was fine sand. 



837

 EFFECT OF ORGANIC ACID SUPPLEMENTED DIET ON GROWTH DYNAMICS OF 
POPULAR ORNAMENTAL FISH Cyprinus carpio var koi 
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Feed cost is a major expense in aquaculture production and hence ingredients that improve feed efficiency have to be 
included while formulating feed composition.  There are nutritive and non nutritive feed additives that play a major role 
directly or indirectly in the fish physiological system. Organic acids play a major role in dietary acidification by improving 
the gut health and stimulating better growth performance and survival in ornamental fishes. The right type and concentration 
of organic acids can enhance the growth parameters and feed utilization of ornamental fishes.  A 12 week feeding trial was 
carried to assess the growth performance, proximate composition and survival of koi carp (4.12±0.05 g)   fed with diets 
supplemented with (0.5%, 1.0% and 1.5%) of organic acids in triplicates. Control (C) was maintained in replicates fed 
with diet without the use of organic acids. Experimental diets (D1, D2, D3) were fortified with mixture of organic acid 
(malic acid and oxalic acid). All the diets were fed till satiation to the test animals. The exogenous factors such as feeding 
frequency, temperature, aeration and water quality parameters were uniformly maintained at optimum level as these factors 
play a significant role in the body composition. Growth performance was recorded weekly and proximate composition of 
the test animal done at the end of the experiment. Supplementation of the diet with organic acid blend showed a significant 
difference in the biological parameters such as final body weight, final length gain, weight gain, specific growth rate, FCR 
and survival rate with respect to the control animals. Fish fed with the diet supplemented by 1% of organic acid blend 
showed better FBW (12.32±0.002), WG (8.17±0.18 ), ADG (0.095±0.01)SGR (1.29±0.05), FCR (1.56±0.04),  and survival 
rate (95%), compared to the control. The results correlated shows that the acidification of the fortified diets improved the 
biological parameters and survival rate in Koi carp. Dietary acidification would have inhibited intestinal bacteria from 
competing with the host for essential nutrients and reduction of ammonia as metabolite and thereby improving the growth 
and survival rate.
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Synthetic films are predominantly used in packaging industry because they are flexible, durable and easily synthesizable. 
Major threat to the environment is conventionally using films are not biodegradable. But the films are produced from 
natural resources that are biodegrable and eco-friendly to the environment. Seaweed extract carragenan is used a natural 
resource for producing biopolymer because it is quite cheap, abundant, biodegradable and edible. Hence, biodegrable film 
was developed using the red seaweed (kappaphycus alvarezii), which is collected from the coastal area of Mandapam, 
Ramanathapuram district in Tamil Nadu serves as the raw material for synthesis of bio film. The carrageenan was extracted 
by means of alcohol precipitation method. 

The present study was aimed to investigate the optimum composition of 
carragenan extract and additional plasticizer that gives the mechanical 
property. 

The bio films were made by phase inversion method with four carrageenan 
concentration of 1%, 1.25%, 1.5% and 1.75% (w/v) respectively. Glycerol 
and palm oil used as plasticizer with two concentrations of 1% and 10% 
(v/v). 

Printing is done by pouring the film forming solution in Petri dishes. The 
main problem arises during the peeling section as because of the peeling 
is done manually (human error). Hence until getting success in all the 8 
samples, the process is repeatedly done. The first trial gives 62.5% success 
(5 out of 8), the second trial gives 66.6% success (2 out of 3) and third trial 
gives 100% success (1 out of 1). 

The films obtained were all transparent and optical clear to the naked eyes. 
The films were very sensible to water, being easily dissolved in distilled 
water.

Most importantly, the produced biofilm is edible and fully compostable. The 
developed biofilm paves the way for fishing community as economically 
sustainable. 
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SIGNIFICANCE OF ENDEMIC FISHES FOR CULTURE BASED FISHERIES IN HARANGI 
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Western Ghats is one of the biodiversity hotspots of India with numerous native flora and fauna. Harangi reservoir (12° 29’ 
30” N 75° 54’ 20” E) with a water spread area of 1910 ha at Full reservoir level (FRL) on Cauvery river system in Western 
Ghats harbours a good number of endemic ichthyofauna. Physico-chemical parameters of reservoir water like temperature, 
pH, specific conductivity, dissolved oxygen and total hardness ranged from 21.5-31.3 oC, 6.34-8.57, 48-119.5μs/cm, 6.86-
9.48 mg/l and 18-50 mg/l, respectively and are within the favourable range for fisheries enhancement. However, better 
management techniques should be practiced in order to increase the productivity of this reservoir. 

A total of 35 species belonging to 10 families and 6 orders were recorded from this reservoir. Limnetic zone of the reservoir 
reflects more faunal diversity than littoral zone. Based on temporal analysis highest diversity was recorded during post 
monsoon season followed by pre-monsoon and monsoon with Shannon diversity index values, 1.887, 1.51 and 1.457 
respectively. Spatial diversity analysis showed that lotic zone of the reservoir has high diversity (1.745) followed by lentic 
(1.646) and intermediate (1.576) zones.  

Our study indicates that 35% of fishes recorded from this reservoir falls under the threatened category. Recreationally 
important sport fishes like Tor khudree and Tor putitora, commercially important fishes like Wallgo attu, Ompok pabo, 
O. bimaculatus and Mystus malabaricus are under the threatened category. Exotic fishes, Oreochromis mossambicus, O. 
niloticus, Cyprinus carpio and Clarias gariepinus encountered in this reservoir may impact endemic fauna. Ornamental 
fishes like Chanda nama, Barulius gatensis, Pethia conchonius, P. ticto, Puntius sophore were also recorded from this 
reservoir. These economically important fishes need to be included suitably for species diversification through aquaculture 
and culture based fisheries. It is suggested to study the genetic diversity for conservation and stock improvement of this 
important endemic fishes. 
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Working towards a sustainable aquaculture industry, it is very important to take into account the prevention of possible 
diseases. However, many of the conditions under which shrimp are being produced may result in stressful conditions 
for both the pond environment and the shrimp and thus present opportunities for infectious diseases. There are several 
strategies that can be applied to reduce the chances of diseases, while taking into account the sustainability of production. 
Among them are biosecurity and good production management, but also preventive strategies are used to improve the 
health of shrimp so that they are more resistant to possible diseases.

Interest in the use of marine algae in animal production is increasing, mainly due to the wide range of biological activities 
attributed to it, such as immunomodulatory, antioxidant and antiviral properties. Using the vast sustainable resources of 
marine algae off the coast of Brittany, France and in collaboration with several research bodies, Olmix has been able to 
isolate, identify and concentrate sulphated polysaccharides that have different activities to support the general health of 
animals. Some of these isolated polysaccharides include activities such as immunomodulation, the improvement of lipid 
metabolism, mucin secretion and the strengthening of intestinal barrier functions.

Using these resources, that come from the same environment in which the shrimp grow, Olmix has been able to demonstrate 
that polysaccharides alone or in combination can help improve the health of shrimp so that they can better cope with 
diseases. Knowing that most diseases enter orally, a combination of polysaccharides with synergistic functions was put 
together to improve the health of shrimp with the immunomodulator MSPimmunity and to improve the intestinal barrier 
with MSPbarrier.

The following test was carried out at the CIBNOR facilities in La Paz, Mexico. After a period of acclimatization, the shrimp 
were kept in 1000-L tanks at a density of 120 animals/m2 and randomly assigned to one of the 5 treatments in triplicate. The 
treatments included a positive and negative control, and 4 different inclusion levels of the polysaccharides MSPimmunity 
and MSPbarrier (0.1, 0.2, 0.3 and 0.5%), in a blind test. After 4 weeks of feeding with the different diets, the shrimp were 
subjected to a bath challenge with Vibrio parahaemolyticus causing AHPND. The mortalities were recorded daily.

Analyzing the results of the test, it is evident that with an inclusion of 0.5% of the MSPs in the diet, the survival rate 
of the shrimp challenged with the pathogen causing AHPND was significantly improved. In this test it is seen that the 
polysaccharides extracted from seaweed can improve the health of the shrimp naturally.
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Intensive cultivation of animals reared for human consumption makes them susceptible to stresses arising from 
overcrowding, heat, ammonia accumulation and diseases. Nutritional supplements and biological actives have gained 
prominence in improving stress and disease tolerance to ensure high productivity. Seaweeds are a rich source of natural 
biological actives that can be extracted using scalable technologies. 

We have specifically extracted biologically active compounds from red seaweeds and administered them to commercially 
cultivated species of shrimp and fish to understand its effect on increasing survival, tolerance to temperature and salinity 
stresses, as well as resistance to bacterial diseases in lab and field experiments.

We find that the red seaplant extract improves survival of P. monodon larvae by upto 20%, increases resistance of P. 
monodon larvae to Vibrio harveyi infection by at least 50%, and enhances the survival of P. monodon post-larvae by upto 
35% (relative to control). The same extract also increases both survival and tolerance to salinity stress of L. vannamei 
post-larvae upto 13% and 19% respectively. Interestingly, the yield of Tilapia fry, by weight, also increases by upto 38% 
by including this extract in their feed. In addition, Tilapia fry also showed higher survival of upto 31% relative to control. 

Our results indicate that red seaweed extracts possibly stimulate the immune systems of these animals to sustain the stresses 
of intensive cultivation. We present a natural and sustainable feed additive from red seaweed that improves animal health 
and productivity to meet the increasing demand for meat protein.
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Since 1980s many schemes have been implemented by Government of India in view of the Freshwater Aquaculture 
Development. Freshwater Fish Culture Development Agency was playing a vital role in Freshwater Aquaculture 
Development among small and marginal farmers. The quantum of subsidy was a motivational factor for the fish farmers to 
sustain the enterprise. In this line the National Mission for Protein Supplement programme implemented during 2012-2013 
and consequent replication of the same scheme through National Agriculture Development Programme in Cauvery Delta 
Region had a impact in total value chain of the Freshwater Fish Culture. For achieving better growth rate and development 
of aquaculture sector, there is need for integration of various production oriented activities such as production of quality 
fish seeds, quality fish feed, availability of technology, post harvest processing and marketing facilities in close vicinity 
where commercial aquaculture is undertaken by farmers. Cluster farming approach by forming groups among farmers is 
encouraged to adopt good and advanced aquaculture practices in hatchery and farming through this scheme.  The State 
fisheries departments would be the nodal agencies for the implementation of the project. 

This integrated approach of aquaculture system through cluster farming seeks to incorporate the backward and forward 
linkages such as (i) Hatchery (ii) Nursery (iii) Rearing Ponds (iv) Culture Ponds (v) Inputs (vi) Feed Mill (vii) Marketing 
Infrastructure etc.  The quantum of subsidy and the Integrated Aquaculture Approach was a major factor to achieve the 
success through this scheme in Cauvery Delta Region.
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Present study aimed to investigate the post flood impact on fishing communities in district Srinagar. In this connection the 
socio-economic status, literacy levels and psychological impact of floods on the fishers of Dal Lake was studied. Three sites 
viz., Habak (site I), Konikhan new road (site II) and Dobhighat (site III) were randomly selected and the fishers residing 
around these areas of the lake were randomly surveyed through well structured and in depth guided schedule. At site I, 
96.67% of respondents were found associated with fisheries sector where as others opted other professions to earn their 
livelihood. The post flood scenario revealed that most of the houses (67%) from the study sites were found completely 
damaged while as 91% of total craft and 97% of the total gear was enlisted in the same category.The respondents revealed 
that fishes in all sites suffered disease outbreak in post flood period. There was 100% disease outbreak found in the entire 
sites as revealed by the respondents. This not only made fish unsuitable for human consumption but also affected the 
economy of fishers. 

Fish production was also found reduced after 3-6 months of floods in all the sites, site III among which was severely 
affected. Apart from this, Nadru (nelumbo nicifera), an economically important plant in Dal Lake was also found with 
diminished production in all the sites. Respondents revealed that they received no support from the state government after 
floods, where as very few received compensation. Majority of the respondents reveal that they were not satisfied with 
the help, provided, if any, by the government, respondents from Khonikhan new road (100%) denied any help from the 
government.
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The Chirostoma estor estor, commonly known as white fish, is an endemic species of great importance in the area of   Lake 
Patzcuaro, located in the state of Michoacan, Mexico. This represents a large income in the local economy, unfortunately 
it is currently in danger of extinction due to the pollution of the lake and its excessive fishing. National institutions, 
through aquaculture farming, have made efforts in the conservation of this type of fish, however there is still a lack of 
penetration of the scientific sector in this problem. This paper presents a computational model for the evaluation of non-
ionized ammonium which is highly toxic and of vital importance in aquaculture farming systems. Using an Artificial 
Neural Network (ANN), a relationship is established between non-ionized ammonium (NIA) and parameters such as pH, 
temperature and total ammonia (TAN). Data bases obtained from measurements in culture ponds and generated by similar 
models have been proposed to generate efficient RNA training.

The computational model is divided into four stages (figure 1), in the first a database was simulated using the model 
proposed by Kennet. In the second stage it has a pre-processing so that the efficiency of the ANN is not diminished by a 
poor selection of patterns. The third stage consists of an ANN whose topology is given by the expression , which indicates 
that it consists of two inputs, a number of hidden layers  with  neurons in each hidden layer and one output. Finally, in the 
last stage the value of NIA is obtained.

The lowest MSE was the criterion for the choice of ANN configuration, both in the training set and the test set, and this 
was obtained with the topology . The results obtained by the training of the RNA show a learning rate of 99.91% of success 
in the approach. In the visualization of these results it is important to underline that each parameter (temperature and pH) 
individually affects differently the behavior of the NIA, for which the evaluation of the RNA for each of these was carried 
out individually (figure 2). 
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Agar is a unique phycocolloid produced from the cell walls of red algal species belonging to the families: Gracilariaceae, 
Gelidiaceae, Pterocladiaceae and Gelidiellaceae (Armisen and Galactas 1987). Global agar manufacturing industries 
annually produce 14,500 metric tons of agar with market value of US$246 million from 125,200 dry tons of agarophytes 
and had a remarkable 70% growth  (Porse and Rudolph 2017). Among the agarophytes, genus Gracilaria alone shared 91 
% of the raw material supply chain (i.e. 114,100 dry tons) annually (Porse and Rudolph 2017) for world’s agar production. 

In India, 26 agar factories are present. The total annual production of agar in India ranges between 100 - 132 t, utilizing 
about 880-1100 t of dry agarophytes and mostly for production of food grade agar. The available agarophytes resources 
from natural habitats are inadequate to cater to the needs of the local industry. Hence high quality agars are consequently 
expensive products. The gap between the demand and supply can be bridged through mariculture practices for seaweeds by 
cultivating the useful species on commercial scale. CSMCRI (Frontier research institute in seaweed research) developed 
successful cultivation technology-Floating Bamboo Raft culture method for year round cultivation of three economically 
important agarophytes Gracilaria debilis, Gracilaria dura and Gracilaria edulis to meet out agar industries raw material 
demand. Mariculture of all three agarophytes showed daily growth rate 3.5% day-1 and fulfilled global standard growth rate 
value (3.5% day-1) recommended for mariculture of seaweeds. 
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Immuno-stimulation has been widely acknowledged as a potential approach to prevent and control diseases in shrimp 
aquaculture. However, studies over its possible overstimulation hasn’t been much investigated. Thus, the present paper 
was conducted to evaluate the immune-modulatory effects of dietary supplementation of marine sulfated polysaccharides 
(MSPs) extract of green algae Ulva lactuca on pacific white shrimp Penaeus vannamei. 

Shrimps of 0,52+0.02g were fed diets supplemented with 0%, 0,2%, 0,4%, 0,8% and a 0,2% equivalent biomass of Olmix 
MSP® extract for 60 days. Growth and survival were not significantly affected, whereas immune parameters (White blood 
cell count, Respiratory burst and phenol oxidase activity) were significantly improved indicating that MSP® inclusion in 
the diet at the given dose and duration of the trial modulate immunity without affecting growth performances. To further 
investigate the immune modulatory effect of this MSP® extract, an immersion challenge with the LC50 of WSSV was 
conducted for 11 days. Shrimp survival was found to be significantly higher in groups with supplementation at 0,2% and 
0,4%. Protective effect of both doses was further evaluated for 17 days by comparing the survival of the shrimp when 
feeding with MSP® was continued or halted after WSSV infection. Higher survival was recorded in both groups that 
received continuous supplementation and, in the group, fed 0,2% that received no further supplementation suggesting that 
there is a longer protective effect when MSP® is given at 0,4%. These present findings provide proof on the efficacy of the 
Olmix MSP® extract to modulate P. vannamei immunity when administered at an optimum dosage. 
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The present investigation deals with the assessment of nutritional quality characteristics of commercially important finfish 
and shellfish of the Gulf of Mannar coast.  Three fish landing centres namely, Thoothukudi (Station -1), Veerapandianpattinam 
(Station -2) were selected and the commercially important fish samples were collected for proximate composition.  Two 
fish species from each category viz.  Pelagic (Sardinella longiceps and Selaroides leptolepis), demersal (Epinephelus 
quoyanus and Lethrinus lentjen) and bottom (Penaeus semisulcatus and Portunus sanguinolentus) were used for the 
present study.  Totally six samples were collected periodically from October 2012 to March 2013 to assess the proximate 
composition, in the above selected fishes with respective stations.  The proximate composition of collected fish samples 
were analysed by adopting the standard procedure.  Among two landing centres, the highest value of moisture (81.73%). 
The maximum value of crude protein (19.77%) was recorded in Selaroides leptolepis followed by Penaeus semisulcatus 
(19.42%), Epinephelus quoyanus (18.91%), Lethrinus lentjen (18.79%), Sardinella longiceps (16.92) and Portunes 
sanguinolentus (16.90%). Similarly, the highest value of crude fat (6.87%) was recorded in  Sardinella longiceps  followed 
by Penaeus semisulcatus (0.62%), Lethrinus lentjen (0.49%), Selaroides leptolepis (0.47%), Epinephelus quoynaus 
(0.45%) and  Portuns sanguinolentus (0.36%).  In ash and carbohydrate contents in all the varieties of fishes there was not 
much variations observed.
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The Ashtamudi Estuary (Kerala, India) is a major source of short-neck clams (Paphia malabarica) that supports the 
livelihood of about 3,000 people. As the Ashtamudi short-neck clam fishery is India’s first MSC certified fishery from 
November, 2014, continuous monitoring of physic-chemical parameters is very much essential. Present paper deals with 
the study of physicochemical parameters of water and sediment of two stations in Ashtamudi Estuary. Among the stations, 
monthly variations in the physical and chemical parameters such as temperature (23.7 to 31.2ºC), pH (6.8 to 9.2), Dissolved 
Oxygen (2.1 to 7.8 mg/L), Salinity (6.0 to 36 ‰), Ammonia (0.004 to 0.207 mg/L), Nitrite (0.0 to 0.009 mg/L), Nitrate 
(0.001 to 0.105 mg/L), Phosphate (0.00 to 0.07 mg/L), Total suspended solids (TSS) ( 19.2 to 208.4 mg/L), Particulate 
Inorganic Matter (PIM) (5.0 to 173.2 mg/L), Particulate Organic Matter (POM) (3.8 to 42.1 mg/L), Chlorophyll ‘a’ (0.3 to 
20.8 mg/L), Chlorophyll ‘b’ (0.0 to 1.76 mg/L), Chlorophyll ‘c’ (0.0 to 2.85 mg/L), major elements of organic substance, 
namely, Nitrogen (0.01 to 0.17%),Carbon (0.4 to 3.4 %), hydrogen (0.04 to 0.67%), Sulphur (0.04 to 0.35%),organic 
carbon ( 0.1 – 1.0 %) and sediment texture were investigated. All the parameters were within permissible limits. Most of 
the months (7 months) in Stn I & II, soil texture was ‘’ Loamy fine sand’’, followed by sandy loam except in January month 
in station II, wherein texture was fine sand. 
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More than half of the world population lives within 100 km of the sea, and depend directly or indirectly on coastal and marine 
ecosystem for their livelihood. However, these ecosystems are being increasingly impacted by anthropogenic perturbations 
and natural hazards including climate change. Major processes affecting these fragile ecosystems and livelihood of people 
include sea water intrusion, coastal erosion, waterlogging and salinization. The condition was deeply aggravated in the 
Indian Ocean region after December 2004 tsunami.  Therefore, it is imperative to develop innovative and adaptive methods 
for conservation and sustainable utilization of coastal resources.  

In these areas land shaping such as broad bed and furrow (BBF) system and rice–fish culture is a viable option to cope 
with the natural hazards occurring due to sea water intrusion and climate change.  To evaluate the feasibility and impact 
of such systems in the lowlying areas a study was under taken in the tropical islands of Andaman and Nicobar, India.  It 
encompasses assessment of the impact of tsunami and water logging on soil characteristics and effectiveness of some of 
the technological interventions in restoring the productivity of selected degraded areas. BBF system is made by digging the 
waterlogged land to make furrow of 6 m width and 2 m deep and raising the land 1 m height and 4 m width using the cut 
soil in a way that there is raised bed and furrow alternatively.  

This system made in the low-lying degraded coastal areas improved the drainage of the raised beds which simultaneously 
resulted in harvesting of rain water in the furrow.  The surface soil pH of the beds was slightly acidic (6.36) whereas it was 
significantly lower (5.8) for the surrounding soils.  Moreover, the salinity level in the beds of BBF made in water logged 
soil was much lower (1.5 dSm-1) than under saline soils (>2.0 dSm-1). The salt concentration in saline soils remained higher 
throughout the dry season but after onset of monsoon the salt level has decreased.  Significantly lower Na+, Ca2+ and SAR 
values were observed in the beds of BBF than both the initial value and the surrounding areas.  The harvested rainwater 
in the furrows (4476 m3 ha-1) could be used for providing life saving irrigation for crops grown during dry periods on the 
beds and even in the adjoining areas.  The system also provided ample scope for crop diversification and the cropping 
intensity increased upto 170 – 218 % while it was only 90 % in no intervention areas but cultivated.  The combined effect 
of higher crop, fish and water productivity resulted in higher annual net income for BBF system due to round the year crop 
cultivation and higher fish productivity.  BBF system made in water logged soil was highly significant than BBF in acid 
saline condition followed by bunded areas and degraded land.  
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Freshwater fishes contain monounsaturated fatty acids (MUFAs), long-chain polyunsaturated fatty acids (PUFAs) and 
saturated fatty acids (SAFAs), polyunsaturated fatty acids (PUFAs) are particularly vital due to their ability to prevent 
psychiatric disorders, cardiovascular disease, and some other illnesses such as thrombogenesis, atherosclerosis, cancer, 
high blood pressure, and skin diseases. There is inter and intra species variability in the fatty acids composition of fish lipids 
(polyunsaturated fatty acids in particular). The  aim  of  the  study  was  to investigate  the  fatty  acids  constituents  of  
some Indian loach freshwater fish species by determining the amounts of saturated, monounsaturated, and polyunsaturated 
n-3 and n-6 fatty acids.

Diversified fresh captured fishes were sorted and identified by the fish taxonomist. Namely Botia lohachata (BL), Botia 
ghetto (BG) and Lepidocephalus thermalis (LT), were obtained from Fishermen at the lake site of three different locations 
of India. The fatty acid composition was evaluated with the capillary gas chromatography method. The fatty acids   were   
analyzed   on   an   Agilent   Gas Chromatograph   6890N   with   a   flame-ionization detector (FID). FAMEs were identified 
comparing their retention time with the commercial standard mixtures FAME Mix, C4-C24 analytical standard (Supelco 
Inc., Bellefonte, PA, USA).  

The lipid content of the studied fish species are given in Table 1. The amounts of Omega-6 fatty acid (ώ6) were found to 
be the highest in L. thermalis (03.45%). Among three fishes L. thermalis has higher nutritional value due to the unsaturated 
fatty acids particularly PUFAs which is higher than Botia lohachata and Botia ghetto. ώ6 benefits decline the risk of 
diabetic nephropathy and rheumatoid arthritis. Species, season, geographical regions, age, and maturity influence the 
fat content. The fatty acid composition of the studied fish groups especially L. thermalis indicate that the fish have the 
considerable nutritional capacity. L. thermalis has very good market value in Tamil Nadu and it is considered to be delicacy. 
A management programme for this species conservation should be undertaken.
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Proteins are made up of amino acid chain. Isoelectric focussing, 2 D gel electrophoresis, immunoblotting, autoradiography, 
mass spectrometry and SDS-PAGE are widely used to identify specific proteins and their diversity. SDS-PAGE stands 
for sodium dodecyl sulphate - polyacrylamide gel electrophoresis. Generally, a gel is used to identify protein or DNA, by 
separation of bands in each sample’s specific lane. SDS-PAGE separate proteins based on their mass, the high molecular 
weight at the top and the low molecular weight on the bottom of its gel lane. Universally, protein is used to refer as 
complete biological molecule of any organism. Thus, the degree of relatedness of the two species can be estimated from 
the amount and expression of similarity between their protein makeups. The aim of the study was to investigate the protein 
profile pattern of three Indian loach species namely Lepidocephalus thermalis, Botia lohachata and Botia ghetto by SDS-
PAGE. Protein was extracted from three different species of whole loach and compared by using 10% polyacrylamide gel 
electrophoresis.  

The individual bands were corresponding to different proteins and varied in expression pattern between species. In addition, 
some bands (i.e., proteins) visible in one species fingerprint but not in another. In general, protein fingerprint patterns 
obtained from different species are more similar when the species are more closely related and less similar when they are 
more distantly related. In this study, we observed differential expression pattern of proteins in three species (indicated by 
arrow head in Figure 1). To study further, the differently expressed protein will be characterised by LC-MS/MS studies and 
the spectral data will be utilised to identify the specific protein. 
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EFFECT OF BROWN SEAWEED EXTRACT COATING AND VACUUM PACKAGING ON 
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This study evaluated the effect of brown seaweed coating on the quality of reef cod(E.diacanthus) fillets stored under 
refrigeration. Treatments: T1(control) air packaging, T2(vacuum packaging), T3(air packaging+2%brownseaweed coating) 
and T4(vacuum+2% brown seaweed coating). TVB-N, TMA-N, PV, TBA value showing sign of deterioration increased 
during refrigerated storage. Biochemical values were relatively higher in reef cod fillets stored in air pack followed by 
vacuum packing. This coating showed the higher antioxidant and preservative effects with vacuum packed. E.coil and 
S.aureus was not detected in any of the samples. Among all treatments, T4 was the most effective one to inhibit the 
biochemical microbial and sensory spoilage process. Overall, brown seaweed extract coating(2%,w/v) and vacuum 
packaging showed a synergistic effect for shelf life extension. Brown seaweed extract has the potential to explore as a 
natural antioxidant and antimicrobial agent for preserving of reef cod fillet during refrigerated storage for extended shelf 
life. 
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This aquaculture practice is based on “indigenous technical knowledge” to control pH in carp culture ponds.

Production is mainly dependent on water quality of the culture pond. pH is one of the important water parameters which 
regulate the carp production and its value may increase or decrease in pond due to various pond conditions. Higher pH can 
be reduced by keeping banana trunks/stumps in ponds for 3-4 days. 

Plenty of banana trunks are available at banana gardens for which farmers do not incur any cost. Banana trunks weighting 
1.5-2 ton/ha are released in pond water having pH on higher side. Initially banana trunk pieces float on water surface and 
slowly due to absorption of water, settle down in the pond. 

Result: During this process, the pH of the water reduces and reaches optimum levels. Afterward, these banana trunks 
remove manually. Due to this process, there are no other effects/alterations of other water parameters.
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By practices of organic aquaculture, we can gain production of high quality food by managing the natural resources and 
environment without any negative effects. This aquaculture practice is based on “indigenous technical knowledge” to 
prevent spawn mortality in hatchery.

In hatchery operation, farmers always want to produce better quality spawn so as to increase the survivability rate. But it 
is observed that, after the development of the fertilized egg, many spawns die. This is due to the immature spawn coming 
out early from fertilized eggs by the action of hatching enzyme.

To solve this problem, local farmers apply a preparation made from Haritaki and Khayer.
Haritaki is a fruit of Catechu plant ( Acacia catechu, A. Chundris) and Khayer is a latex type substance which comes from 
the stem of Acacia Catechu plant. Khayer is sold in the market in solid form.
Steps:
1. The preparation is made – 2 kg of ‘Haritaki’ powder and 250g of ‘Khayer’ powder.
2. These are mixed and added to 3 liters of water and left overnight for soaking.
3. The mixture is heated for one hour and the colour of solution changes from brown to black.
4. The solution is filtered using a cloth.
5. The filtered solution is applied @ 600ml per 100 liters of eggs. 
6. The filtered eggs are treated with the mixture for 5 minutes in ‘hundi’ (vessel).

Result :  Due to the application of this mixture the outer membrane of the fertilize eggs become hard because of the 
presence of tannin, which also increase the size of spawn. This technique improves survival and health of spawn.
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Chhattisgarh is the 6th largest fish producing state with a total fish production of 3.422 lakh tonnes. In Chhattisgarh, 
fisheries development programmes are implemented through State and Central plans. Fisheries development programmes 
are playing very important role in increasing the fish production of the state, thus a study was conducted to analyze the 
impact of fisheries development programmes on livelihood of fish farmers. A total of 120 beneficiaries were selected from 
4 blocks of Raipur district (Tilda, Abhanpur, Dharsiwa, and Arang). Data was collected using interview schedule and 
impact was studied for five livelihood capitals using before-after scores. Appropriate statistical tests were performed to test 
the difference between the scores. Study has revealed that fish farmers have benefited from these fisheries development 
programmes reporting improvements on all livelihood capitals. Wilcoxon Signed Rank Test revealed a significant difference 
between before-after scores for all livelihood capitals at 5% level of significance and physical capital showed 39.69% 
change in the scores. This was followed by natural capital (37.20%), financial capital (29.64%), human capital (25.83%) 
and social capital (24.58%). It can thus be concluded that there is improvement due to fisheries development programs on 
all livelihood capitals for fish farmers.  
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EFFECT OF DIFFERENT PROTEIN AND FAT LEVELS ON AMINO ACID AND FATTY 
ACID VARIATION IN MORPHOTYPES OF NURSED Macrobrachium rosenbergii POST 
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An experiment of 60 days was conducted to assess the effect of variation in dietary protein and fat in diets on growth of 
nursed Macrobrachium rosenbergii Post larvae (PL) which were stocked in 300 L tanks at stocking density 2 PL/10 L 
(N=50). They were fed with two formulated feeds with different dietary protein and fat levels; first treatment (T1) with 
35% protein and 5% fat, and second treatment (T2) with 40% protein and 5.5% fat. After 60 days, among the 2 treatments 
3 morphotypes were recorded according to growth, i.e. M1≤4.0cm, M2=4.1-4.5cm and M3>4.5cm among which M1 were 
considered stunted or laggards and M3 were considered jumpers. Overall survival percentage in treatment T2 (79.33 ± 3.06) 
was observed to be higher than that of treatment T1 (76.67 ± 3.06). Weight gain, specific growth rate, feed conversion ratio 
and protein efficiency ratio in treatment T2 were also observed to be favorable among two treatments. The amino acid and 
fatty acid profile of the whole body tissues of jumpers (M3) and laggards (M1) from treatments was found to have only 
major differences among Methionine, Valine and Tyrosine for amino acids and among all Monounsaturated Fatty Acids 
(MUFAs), linoleic acid and eicosapentaenoic acid (EPA) for Polyunsaturated Fatty Acids (PUFAs).
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Curing is a traditional and cheapest method of preservation of fish. Cured sardine fetch a high price and are easily prone 
to spoilage (lipid oxidation, halophilic bacteria and mould spoilage leading to rancid odour, fat oxidation, dark patches on 
the muscles), hence it needs to be properly processed and stored. The present investigation was carried out for a period of 
90 days on the effect of salting and sundrying of sardine (Sardinella gibbosa) on the changes in proximate composition, 
fatty acid profile, biochemical and sensory qualities during their storage at room temperature. The moisture, protein, fat, 
and ash content ranged between 24.20 ± 0.08  to 8.16 ± 0.08 %, 58.29 ± 0.28 to  75.18 ± 0.26%, 2.81 ± 0.47 to 6.23 ± 0.52  
and 11.08 ± 0.20 to 14.7 ± 0.25 %, respectively in salt cured sardine. The initial biochemical quality indices such as FFA, 
TMA, TVB-N and TBA of salt cured sardines were 0.09 ± 0.03 %, 27.8 ± 0.43 mg%, 93.8 ± 1.02 mg% of and 90.5 ± 0.65 
µmol/kg fat, respectively, whereas in control samples the values were comparatively higher than other samples. During 
storage period, these values gradually increased. The study for 90 days on sensory evaluation of the salt cured sardine also 
indicated that these cured fish were acceptable. Also analysis of fatty acid profile by GC showed that salted sardines (S. 
gibbosa) were rich in polyunsaturated fatty acid (PUFA). Among PUFAs, EPA increased from 8.7 to 10.1% and DHA from 
15.2 to 17.2% until 45 days of storage and subsequently a slight reduction was recorded. Therefore, overall study revealed 
that the salt cured sardines possess health beneficial PUFAs in higher proportion even after processing  inturn ultimately 
benefit to the consumers.
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USING A FUZZY ANALYTICAL HIERARCHY PROCESS

*Midory Esmeralda Vigueras Velázquez, Jose Juan Carbajal Hernández, Romeo Urbieta Parrazales, 
Luis Pastor Sánchez Fernández

Corresponding author-  mesmevel@hotmail.com

Chirostoma estor estor commonly known as whitefish is an important species that is endangered due to the high levels of 
pollution seen in its ecosystem and severe overfishing. A fuzzy analytical hierarchy model for assessing water condition 
(subsequently FAHP-WQI) from whitefish in intensive culture ponds was developed. FAHP-WQI combines analytic 
hierarchy process and fuzzy logic. 

Temperature, pH, dissolved oxygen and ammonia were considered. Based on the measurements of them, FAHP-WQI 
obtained an indicator of regarding the water quality condition as a good or bad. It was tested and evaluated in intensive 
ponds. Additionally, individual weights are computed and allocated according to the parameter importance on the water 
evaluation.

This was compared with similar models and the proposed index shows a good performance in real environments. Due 
to index proposed by National Sanitation Foundation (NSF) provides a good basis for the freshwater quality assessment 
because a weight is assigned to each parameter according to their importance. In Fig.1 is possible to appreciate that NSF 
shows greater quality, the origin of this difference is in the importance assigned to dissolved oxygen, where practically the 
result depends primarily on this parameter.

Then, FAHP-WQI was compared with Canadian Council of Ministers of Environment Water-Quality Index (CCME), 
which is not composed of a weight system. CCME is calculated using different equations, which they take into account 
the scope, frequency and breadth. As reflected in Fig.2, CCME shows quality in maximums values, this is because it is an 
average of all the parameters involved is done, which is why can compensate bad conditions of one parameter with the 
good ones of another.

This model emerges as an alternative, suitable and reliable tool for the aquaculture of any aquatic species, only ranges must 
be set up for each species
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Seafood plays an important role in food and nutritional security of nearly one-fifth of global population. In India there 
are 5.4 million people directly or indirectly engaged in fisheries activities, of which, 3.8 million are fishermen and 1.6 
million are fisherwomen. Among the maritime states, Gujarat continued to being the topmost position since 2014 with 7.86 
lakh tonnes production (CMFRI, 2018). Traditionally, fishing was the subsistence occupation of kharwa communities in 
Veraval, Gujarat. In kharwa community, women play a significant role in maintaining household and community needs. 
They are mostly involved in fish selling in the local market and or as labours in different seafood processing plants of 
Veraval. Their role in fishery sector is unarticulated and unacknowledged. Kharwa fisherwomen generally don’t venture 
into entrepreneurship, primarily due to lack of skills and marketing opportunities. 

ICAR-Veraval RC of CIFT has been engaged in identifying and implementing potential livelihood options for the kharwa 
fisherwomen through technologies developed at the institute. VRC of ICAR CIFT has identified a fisherwomen’s Society, 
Sagar Manthan Machhimar Utthan Mandal (SMMUM) for training and skill development. With the financial support from 
NFDB, a series of skill development programme was conducted by the team of scientists on local need based value added 
products like fish cheese ball, fish cutlet, fish samosa, shrimp pickle, fish pickle and fish sandwich. After training, the 
women from the society were encouraged to participate in local melas for the marketing of their products. ICAR-CIFT has 
supported the group in getting the space for stall and provided logistic support. In their first mela participation the group 
earned a profit of Rs 47,000 in three days. The initial success encouraged them to take the venture in big way.Currently 
the society has applied for registration and started their brand “Real taste of Seafood” which is also applied for trade mark 
registration. The skill development programme and other support from ICAR-CIFT is bringing a positive change in the 
community which will have long lasting impact on societal development. 
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Curing is a traditional and cheapest method of preservation of fish. Cured sardine fetch a high price and are easily prone 
to spoilage (lipid oxidation, halophilic bacteria and mould spoilage leading to rancid odour, fat oxidation, dark patches on 
the muscles), hence it needs to be properly processed and stored. The present investigation was carried out for a period of 
90 days on the effect of salting and sundrying of sardine (Sardinella gibbosa) on the changes in proximate composition, 
fatty acid profile, biochemical and sensory qualities during their storage at room temperature. The moisture, protein, fat, 
and ash content ranged between 24.20 ± 0.08  to 8.16 ± 0.08 %, 58.29 ± 0.28 to  75.18 ± 0.26%, 2.81 ± 0.47 to 6.23 ± 0.52  
and 11.08 ± 0.20 to 14.7 ± 0.25 %, respectively in salt cured sardine. The initial biochemical quality indices such as FFA, 
TMA, TVB-N and TBA of salt cured sardines were 0.09 ± 0.03 %, 27.8 ± 0.43 mg%, 93.8 ± 1.02 mg% of and 90.5 ± 0.65 
µmol/kg fat, respectively, whereas in control samples the values were comparatively higher than other samples. During 
storage period, these values gradually increased. The study for 90 days on sensory evaluation of the salt cured sardine also 
indicated that these cured fish were acceptable. Also analysis of fatty acid profile by GC showed that salted sardines (S. 
gibbosa) were rich in polyunsaturated fatty acid (PUFA). Among PUFAs, EPA increased from 8.7 to 10.1% and DHA from 
15.2 to 17.2% until 45 days of storage and subsequently a slight reduction was recorded. Therefore, overall study revealed 
that the salt cured sardines possess health beneficial PUFAs in higher proportion even after processing  inturn ultimately 
benefit to the consumers.
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Agriculture in the hills has limitations with a number of factors such as small land holdings, dependency on rain for 
irrigation and temperate climate.  Mid hills suffers from the paradoxical situation of being classed as both ‘high potential’ 
in rainy season but ‘water scarcity’ in summer and winter. These factors force the human resource to migrate from the hill 
to plain areas for earning their livelihood resulted in barren lands. In this context, fish farming with vegetable production is 
an option of earning to the rural people of hills especially farm women. Polythene lined pond provide facility for rainwater 
harvesting in uplands and its storage for the multiple use such as fish farming and horticulture. These polytanks are also 
provided increasing water temperature besides the control of water seepage.  Polyculture of exotic carp is common practice 
in mid hill condition, which is a supplementary feeding based practice. Silver carp and common carp do not grow well 
in this polyculture system due to low thermal regime, less plankton in pond water. Only grass carp perform better growth 
even in winter season. Feeding cost to growing exotic carps is also not affordable to the farmers.  Hence, an attempt has 
been made to evaluate the growth of grass carp in three culture systems such as   traditional practice of Polyculture of 3 
exotic carps such as silver carp (Hypophthalmichthys molitrix), grass carp (Ctenopharyngodon idella) and common carp 
(Cyprinus carpio var. communis), polyculture of grass carp with common carp and monoculture of grass carp in polytanks 
located in mid altitudinal area of Kumaon hills (950-2000 msl) coupled with impact on pond water qualities. In 9 months 
field study, data revealed   that the mean weights and daily weight gains of grass carp in monoculture and polyculture with 
2 species were significantly higher than those in polyculture of 3 species (control). A significant difference was observed 
with 22% increase in monoculture and 37% increase in polyculture of 2 species in total production over the control 
units. Water quality parameters also reflected a conducive environment for the growth and survival in both the treatments. 
Economically, 24-37% increase in net income with better size of harvested fish was observed in treatments over the 
traditional practice. Fresh azolla feeding was adopted to feed the grass carp which has been reduced 24% feeding cost. 
Hence, polyculture of grass carp with common carp is an economic, technically feasible and eco friendly practice for the 
mid altitudinal area in hills.
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Microsporidians are obligate intracellular parasites that infect both vertebrates and invertebrates. The pathogenic potential 
of microsporidians in fishes has not yet studied for most of the wild fishes. Mudskippers (Family: Gobiidae) are one of 
the largest groups of amphibious teleosts. They have a significant role in benthic ecology and recognized as potential bio-
indicators  of ecosystem. However, studies on the parasites infecting the mudskippers are scanty. 

With this back ground, the present study was carried out to identify and characterize the microsporidian parasites infecting 
mudskipper Boleophthalmus dussumieri, using light and scanning electron microscopy, histopathology and molecular 
methods. 

B. dussumieri collected from Mumbai, Maharashtra, India showed a microsporidian infection in the liver with a low 
prevalence (11.6%). Large whitish cysts (xenomas) of 0.3-0.5 mm were observed in the liver of fish (Fig. 1). The cysts 
enclosed pyriform spore measuring  2.9-3.77 X 1.85-2.67 µm and it was similar to the species of genus Microgemma 
(Fig. 2). Histological observations of infected liver revealed distinct xenoma of the microsporidian. Scanning electron 
microscopy of the infected liver showed a distinct groove on the anterior end of the spore for polar tube extrusion. The 
partial 18S rRNA sequence (~1000bp) of the microporidian showed an average of 1.8% genetic divergence with other 
reported species of Microgemma. 

Based on the morphological, histological and molecular sequence information, the hepatic microsporidian was found to 
be a new species and named as Microgemma boleophthalmi sp. nov. after the generic name of the host. This is the first 
description of a microsporidian from B. dussumieri and also the first report of the genus Microgemma from India. 
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The mechanism of sex differentiation is unknown in the mud crab, Scylla paramamosain. In the present study, the results 
showed that the gender could earliestly be distinguished by the characteristics of pleopods at the third stage juvenile crab. 
We first confirmed that crustacean female sex hormone (CFSH) played crucial role in the development of external sexual 
characteristics in S. paramamosain through RNA interference knockdown. In addition, it showed that the expression levels 
of Sp-cfsh was highest at the pre-molt stage in both sexes along the molting cycle at the third stage juveniles. With the 
development of external sexual characteristics (from the third stage to the forth stage, the main sexually differentiated phase 
of the pleopods), the expressions of Sp-cfsh were similar between the two sexes. At the fifth stage, when the gonopores 
occurred, the expressions of Sp-cfsh significantly increased in females but decreased in males compared with the forth 
stage, respectively. The combined results revealed that Sp-cfsh was involved in regulating the development of external 
sexual characteristics in S. paramamosain, especially for the gonopores in females. 

THE SINGLE-MOLECULE LONG-READ SEQUENCING OF Scylla paramamosain

Yilei Wanga*, Haifu Wana, Xiwei Jiaa, Zhihua Zoua,Wanshu Hongb, Ziping Zhangc*, 

a Fisheries College, Jimei University, Xiamen, 361021, Fujian, P. R. China
b College of Ocean and Earth Sciences Xiamen University, Xiamem 361102, Fujian, P. R. China
C College of Animal Science, Fujian Agriculture and Forestry University, Fuzhou, 350002, Fujian, P. R. China 

Scylla paramamosain is one of important aquaculture crabs, which has great economical and nutritional value. As we 
all know, few full-length crab transcriptomes are available. In this study, a library from 12 different tissues including 
gill, hepatopancreas, muscle, cerebral ganglion, eyestalk, thoracic ganglia, intestine, heart, testis, ovary, sperm reservoir, 
and hemocyte was constructed and sequenced using Pacific Biosciences single-molecule real-time (SMRT) long-read 
sequencing technology. A total of 284803 full-length non-chimeric reads were obtained, from which 79005 high-quality 
unique transcripts were obtained after error correction and sequence clustering and redundant. Additionally, a total of 
52544 transcripts were annotated against protein database (NCBI nonredundant, Swiss-Prot, KOG, and KEGG database). 
A total of 23644 long non-coding RNAs (lncRNAs) were identified. Our study provides a rich set of full-length cDNA 
sequences for S.paramamosain, which will greatly facilitate S.paramamosain research.
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The rapid increase of world population in last decades puts added pressure on the aquaculture industry to improve fish 
production, quality and shelf life. One of the focuses is to implement advanced fish preservation means for all after harvest 
operations. Shrimp is one of the most delicate and highly perishable seafood products. It spoils fast at higher surrounding 
temperatures. Once quality is lost, no amount of manipulation can restore it. Proper cooling and preservation of shrimp 
is therefore of great importance in maintaining its premium quality, especially during the harvesting and transportation 
process.

This paper introduces an advanced cooling and preservation technology – ice slurry, and highlights its key features and 
benefits for the shrimp harvesting and processing operations. An efficient two-in-one slurry solution is provided to deal 
with challenges involved in today’s harvesting and transportation process. Installation examples of ice slurry in the shrimp 
industry demonstrate that ice slurry is a rewarding technology. It provides three time faster cooling rate as compared to 
other ice technologies and maintains shrimp in low temperature levels, therefore improving quality and food safety. It 
improves yield and extends shelf life. It also saves operating costs in labor, sulfite, energy and ice. 
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Cooperative society is a voluntary association of persons who work together to promote their economic and social interests. 
Cooperative organizations are now widespread all over the world. The United Nations Organization declared 2012 as 
the International Year of Cooperatives, highlighting the contribution of cooperatives to socio-economic development, 
particularly their impact on poverty reduction, employment generation, and social integration. In India, as per National 
Federation of Fishermen’s Cooperatives Ltd (FISHCOPFED) there are one National Level Federation, 20 State Level 
Federations, 3 Regional level Federations, 141 District Level societies and 20,639 primary fishermen cooperative societies 
with the membership at the primary level of 31,78,239. Of the total primary fishermen cooperatives about 3007 are marine 
cooperatives societies. The Maharashtra state has one State Level Federation, 2 Regional Level Federations, 36 District 
Level societies, 3315 Primary Fishermen Cooperative Societies with total membership of 3,32,636. Among them, 354 
are primary marine cooperatives societies. A study was done with the objective to assess potential of employment generation 
by marine fisheries cooperative organizations. For this,  the functions played by different cooperatives were studied. 
Interview schedule was used to collect information. A total of 39 cooperatives were selected for this study from Maharashtra 
state, where chairperson/secretary/members of Board of Management were interviewed and their perceptions on possible 
employment generation under different functions were collected. It was found that cooperatives perform functions such as 
production; handling and processing; marketing; supply and services; consumption, social and community services.

Under production function; cooperatives usually do activities like handling issues of boat/net/gear ownership, fish catching 
and participation in share of catch, imparting production information, fishing site search etc. The cooperative authorities 
suggested that if cooperatives purchase their own fishing boats it can provide employment opportunity to members. Also, 
owning their own nets and gears and providing it to their members can also generate employment opportunity for net repair 
and maintenance. Providing information on fish availability and fishing grounds as paid services to members would give 
employment opportunity to youth members of cooperatives. Under handling facilities; carrier boat service, landing services 
at jetty, drinking water facility, fish storage, ice storage, ice plant facilities on nominal charges can also give employment 
opportunities to number of cooperative members. Another function undertaken by cooperatives is processing. Processing 
function includes fish drying on racks/kiln, smoking kilns, gutting, filleting, packaging, salting, fish products like marinades 
and delicacies and quality control. Under the function of processing; establishment and management of drying yards, 
processing facilities, freezing plants, cold storages were suggested as possible areas where employment can be generated. 
Under the function of marketing; cooperatives are engaged in auction/sales facilities, market information, transport - 
chilled/frozen products, offsite fish markets, retail outlets, export marketing - negotiation, organization and advertising. 
Possible areas of employment generation suggested were sales facilities, marketing information services, transportation 
of fishes, operating offsite fish market, retail outlets and export. Cooperatives are effectively performing the function of 
providing input services like supplying fuel, spare parts, ice, consumption items, nets and gears. This provides employment 
opportunities to their members. However, they suggested that there is potential of employment generation in boat building 
and repair, engine workshop, net-gear making & repairs and beaching facilities.

 In addition to these functions, other employment opportunities suggested were first aid, pharmacy, medical and recreation.  
Therefore, it can be concluded that the marine fisheries cooperatives of Maharashtra have the potential of employment 
generation based on the functions they undertake.
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The term environmentally sustainable feed is usually defined as a feed which does not use fishmeal or fish-oil-based feeds 
from unsustainable fisheries and in general is continually moving towards using alternative raw materials for example 
plant or animal based ingredients originating from sustainable agriculture and contribute minimal amount of pollution to 
the ponds. In recent years, significant efforts and funds have been expended in the pursuit of such sustainable shrimp feeds. 
The ultimate goal of such endeavors is the availability of a feed which do not use any marine meal such as fish meal and/or 
fish oil, which is however, comparable in all feed quality aspects and growth performance potential, to the feed containing 
fishmeal and/or fish oil. The sustainable feed must able to provide complete nutrition for optimal growth performance, must 
be palatable and digestible thereby having high nutrient conversion efficiency and having low feed wastage – contributing 
to the sustainability of the culture ponds.

Several technological developments, such as the availability of new ingredients, and feed additives, over the recent years 
have made it possible to realize the aim of replacing fish meal and/or fish oil. This paper sets out to describe the process 
involved in the development of environmentally sustainable shrimp feeds – utilizing new ingredients and feed additives, 
for use in commercial aquaculture. Weeaqua Consultant
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Modern Asian aquaculture relies on intensification of pond and cage farming to support increased production volumes 
and improve production efficiencies. However, increasing stocking densities has direct effects on animal stress levels, 
suppresses immune response, and has indirect effects on fish due to excess nutrient loading and reduced water quality 
conditions. Outdoor farming has to face changing environmental conditions such as fluctuating temperatures and salinity, 
with day-length and light intensity affecting natural productivity. 

With disease-causing pathogens ubiquitous in the environment, animals already under stress exhibit weakened barrier 
defences and compromised immune system functionality and responsiveness, such that problems with disease and low 
survival rates are common and almost inevitable. All of these stress factors combined with exposure to pathogens often 
result in conditional changes of vitamin and amino acid requirements. 

Water-soluble vitamins are co-factors for enzymes, are essential for amino acid metabolism, and are needed for almost all 
other metabolic processes.  B-complex group vitamins are required for responsiveness to numerous stress factors, and are 
indispensible for cellular energy synthesis and storage. Vitamin C has great importance supporting cellular antioxidant 
defence against pro-oxidants and oxidative stress, and detoxification of xenobiotics and toxins in the liver. Fat-soluble 
vitamins have many inter- and intra-cellular functions such as metabolic regulation, antioxidant defence of membranes and 
similarly offer protection from pro-oxidants and oxidative stress.

Amino acids, being essential building blocks for synthesis of all proteinaceous tissues as well as metabolically active 
proteins, hormones, and antioxidant enzymes, are also indispensible for cell proliferation needed to support cellular 
immune response and wound repair. Free amino acids have a role in osmoregulation and cellular and tissue homeostasis. 
When normal energy supplies are depleted, a number of amino acids may be catabolized to provide a source of localized 
energy for immune system activity as a last resort. 

In fish, a strong immune response usually involves strengthening of barrier defences (mucus, enzymes and antimicrobial 
substances) as well as the mobilization of phagocytes and macrophages that, using reactive oxygen species (ROS) both as 
a killing agent and a signaling molecule, increase internal oxidative stress requiring antioxidant defence.

Consideration of the nutrient composition of aquafeeds with the knowledge that requirements are dynamic rather than 
static in relation to stress, immune defences and physiological responses to environment will improve the capability of our 
farmed animals to adjust, adapt and survive all threats. 
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Shrimps are the prime resource from both commercial fisheries and for aquaculture in many countries, account for more 
than 30% of global consumption of seafood Worldwide. Species identification using morphological criteria is difficult to 
non-specialist, and shell-less specimens, processed products or larval and juvenile forms are morphologically unidentifiable. 
Therefore, to enforce labeling regulations and prevent product substitution, there is a need for sensitive analytical methods 
that can be used to determine the species of a seafood product with no detectable external features. This study describes a 
multiplex PCR assay with species-specific primers based on the 16S rRNA mitochondrial gene to identify the commercially 
important shrimp species such as; Fenneropenaes indicus, Penaeus monodon, P. semisulcatus, Litopenaeus vannamei, and 
fresh water prawn Macrobrachium rosenbergii. The regions which show maximum interspecific variations were selected 
through whole mitochondrial genome analysis and which paves a way to design five pairs of species-specific primers based 
on the 16S rRNA were developed for species identification. The sensitivity estimation indicated that the species-specific 
primers could correctly amplify the target 16S rRNA gene and which yield band sizes of 220, 376, 846, 275 and 750 bp 
respectively.  The specificity of the primers was very high since it doesn’t cross-react with any one of the closely related 
species under the same family. The unique band patterns were also obtained in processed shrimp products without any 
degradation or alteration in the major fragments. The proposed method was also validated with 66 shrimp products such as 
frozen, fried, cooked and canned shrimp products collected from all over the country. 

This is the first time that directs species-specific multiplex PCR assy was developed and fully validated for rapid and 
economic simultaneous identification of five commonly consumed shrimp species. Instead of simplex PCR which detects 
only one species at a time, such a multiplex platform can reduce cost by at least fivefold by detecting five different 
species in a single assay platform. Thus, the developed protocol can be performed within 2 hrs to authenticate five shrimp 
products of commercial significance so it can be used to expose fraudulent substitution of processed shrimps in national 
and international trade.
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The Nile tilapia (Oreochromis niloticus) is a globally important fish species for freshwater aquaculture particularly in 
tropical and subtropical areas. However, aquaculture in many African countries including Ethiopia is not well developed. 
One of the main reasons is lack of better performing O. niloticus strains than the wild strain that can grow well in different 
production systems. Thus, developing fast growing Nile tilapia strain that can grow in a wide range of production 
environments are vital. The aim of this study was to estimate genetic parameters and determine level of genotype by 
environmental interaction for harvest body weight of fish measured in two production systems i.e. high input production 
system (Hi-P) and Low input production system (Li-P).  For this purpose, harvest body weight of 2,421 fish from 81 full 
sib family groups reared in two production systems were recorded. The heritabilities estimated from bivariate model were 
0.26 and 0.19 for Hi-P and Li-P respectively, with high genetic correlation (0.85).
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Vannamei culture in India has gone through a super-fast development stage in the past decade, and become one of the 
largest production countries in the world with total production of 620,000 tons (source from FAO) in 2018. Under the 
explosive growth of vannamei farming, plenty of new entrants with out well-educated farm management knowledge have 
started culture and expanded in massive ways. In this condition, some key factors in farming management has been ignored.

As a result, in the last 4 years, it was noticed that farmers are facing more and more failure problems like virus and bacterial 
diseases and some slow growth and mortality syndromes. To control the issues, more and more farmers started to use 
antibiotics. When we look at the shrimp import data from FDA and EU, refusals due to antibiotics residue sharply increased 
and it seems not easy to recover. More and more attention should be paid to rise the importance of sustainable and healthy 
culture.

By learning from the history of other big vannamei farming countries like China, Thailand and Vietnam which faced 
serious culture problems, the whole industry realized the importance of good farm management, especially bio-security 
and disease prevention by maintaining good pond and shrimp conditions. Farm-care products play critical roles here and 
are paid high attention on the application. 

Farmer are often confused by the varieties of product that are available in the market, since different companies have 
numbers of products and present different concepts. In this presentation, presenter will share experiences of using farm-
care products and the key points of farm-care products in shrimp farming.
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Vannamei culture in India has gone through a super-fast development stage in the past decade, and become one of the 
largest production countries in the world with total production of 620,000 tons in 2018(source from FAO). Under the 
explosive growth of vannamei farming, plenty of new entrants without well-educated farm management knowledge have 
started culture and expanded in massive ways. In this condition, some key factors in farming management has been ignored.

As a result, in the last 4 years, it was noticed that farmers are facing more and more failure problems like virus and bacterial 
diseases and some slow growth and mortality syndromes. To control the issues, more and more farmers started to use 
antibiotics. When we look at the shrimp import data from FDA and EU, refusals due to antibiotics residue sharply increased 
and it seems not easy to recover. More and more attention should be paid to rise the importance of sustainable and healthy 
culture.

By learning from the history of some other big vannamei farming countries like China, Thailand and Vietnam which faced 
serious culture problems, the whole industry realized the importance of good farm management, especially bio-security and 
disease prevention by maintaining good pond and shrimp conditions. Farm-care products play critical roles and are paid 
high attention on the application in these countries. 

Farmers are often confused by the varieties of farm-care products which are available in the market, since different 
companies have numbers of products and present different concepts. In this presentation, presenter will share experiences 
of using farm-care products and the key points of farm-care products in shrimp farming.
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T. mookalee is a potential candidate species for marine and brackishwater aquaculture possessing high economic value. 
It is recognized as promising candidate species for mariculture because of their attractive appearance, fast growth rate, 
adaptability to culture environment, acceptability to formulated feed, firm white as well as tasty meat and high market 
demand.The present study aimed to investigate the effect of different feeding regimes (feed restriction) on compensatory 
growth of Indian pompano fingerlings. 180 fingerlings were distributed into three treatments in triplicate. Fingerlings were 
fed with artificial commercial diet of 1.8mm pellet size containing 45% CP. The treatments followed were: fingerlings 
fed with 5% of biomass (control); fingerlings fed with 3% of biomass (T1) and fingerlings fed with 1% of biomass (T2). 
At the end of 45days culture the fingerlings from T1 and T2 were divided equally in two groups as T1A and T1B (fed for 
15days @5% of biomass), T2A and T2B (fed for 30days @5% of biomass) respectively. Analysis of growth data revealed 
that during the first phase of the trial for 60days; the T1A and T1B performed with better WG % (175.31±0.31), FCR (1.49) 
and SGR (1.69) when compared to T2 groups. After 75days of culture, the same (T1 A and T1B) performed significantly (P< 
0.05) better with WG % (269.46±1.26), FCR (1.43) and SGR (1.75) when compared to control groups of fingerlings. Cost 
of production per kg of fish reduced by 23% with the feeding strategy of restricted feeding with 3% of biomass for 45days 
followed by normal feeding with  5% biomass for next 30days. This feeding strategy can be practically applied in grow out 
of Indian pompano especially when cultured in high stocking density with minimum feeding for long duration followed by 
normal feeding for short duration which will reduce the cost of production for pompano during culture.
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Chaetoceros calcitrans is a small, fast-growing marine diatom used widely in aquaculture industries, as it is comprised of 
high nutritional value essential for most of the marine filter feeders. It is rich in EPA and Vitamins (B2 & C). It is often used 
in hatcheries, particularly in the production of shrimp larvae and bivalve spat. This species gives vital energy and organic 
nutrients for the growth and development of larvae and juveniles. Based on the importance of Chaetoceros calcitrans 
culture, an attempt was tried to harvest the microalgae biomass by flocculation. Flocculation of the Chaetoceros culture 
was performed in 500ml beaker with the adjustment of pH with 5N NaOH. The pH varied from 8.4 – 11.9. Flocculation 
efficiency was estimated at 4hrs from an aliquot of the medium which was collected for measuring optical density from a 
height of 100cm from the bottom of the beaker. The optical density of the aliquot was measured by UV spectrophotometer 
(Biotech Epoch 2) at a wave length of 750nm. Structural stability of the flocculated micro algal concentrate was investigated 
by Evans Blue staining. The flocculation efficiency showed significant (p<0.05) increase from initial pH of 8.4 to the 
induced pH of upto 10.2 and it was reduced at pH of 10.3 and henceforth became stationary upto pH of 11.9. The Evans 
Blue staining confirmed that the cells were individually dispersed upto induced pH of 10.2. It was observed not to take any 
stain so that the microalgal cells were intact with good viability so that the culture is able to progress from the flocculated 
cells. Whereas, for the cells flocculated with induced pH of 10.3 to 11.9, the cells were aggregated and the Evan’s blue 
solution was diffused into their protoplasm region and stained the cells blue in colour. So it is concluded that induced pH 
of 10.2 may be optimum with better flocculation efficiency for the harvesting of Chaetoceros calcitrans. 
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Being a tropical country, India has multi-species and multi-gear fishery that lands huge quantity of by-catch. Also, over 
exploitation and over capacity in the Indian EEZ has led to average production almost near to its production potential of 
4.41 mmt with a reduction in catch per unit effort (CPUE). Fishing in deeper waters and selective catch are two major 
options to conserve the resources in territorial areas. Traditional fishers of Thoothoor fishing village in Kanyakumari district 
of Tamil Nadu target resource-specific shark fishery in international waters. Fishermen from this area are traditionally shark 
hunters and masters of deep-sea fishing. Face to face interview with the fishermen of Thoothoor was conducted using a 
structured questionnaire during December 2018 to February 2019 to estimate the economic efficiency and feasibility of 
Thoothoor deep sea fishing. Fishers from eight villages,viz.,Eramanthura, Pozhithura, Thoothoor, Vallavila, Chinnathurai, 
Puthanthurai, Marthandamthurai and Neerodi are engaged in deep sea fishing. About 600 vessels operate in the international 
waters using two types of gear: long line and drift gillnets for a duration ranging from 25-45 days/ trip. The distance varied 
from 400-1000 nautical miles from the shore and depth of operation from 200-300 fathoms. The main target fishes are 
sharks, tuna and bill fishes. The major shark species caught are Carcharhinus leucas, C. limbatus, C. falciformis, C. 
brevipinna, Galeocerdo cuvier, Centrophorus sp, Echinorhinus brucus, Sphyrna mokkaran, S. lewni. The fishes are landed 
mainly in Cochin and Thengapattanam fishing harbours. The average operational cost for deep-sea vessels engaged in 
targeted shark, tuna, bill fish and large perch fishery works out to Rs. 659845/- and the net profit Rs. 2401612 /- per trip. Of 
the total operational cost, expense incurred on engine fuel was the most significant factor contributing to 72% followed by 
Kerosene (9%), ice (7%) and ration (6%) and miscellaneous (6%). 
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Understanding the role of women in fisheries, a key role in the post-harvest, but their work is often invisible, non-counted, 
under-valued and excluded from decision-making, leadership positions from the community. Jaisamand Lake, the second 
largest artificial lake in Asia covers 7,160 ha water spread area with a catchment area of 1813 km2. The population of 
fishers around 2542 in the lake region of Jaisamand, these tribal fishers are mainly dependent on the lake for livelihood. 

This study carried out to explore the gender role in lake fisheries chain through understanding the which activity done by 
whom. A customized tool of Gender Analytical Framework was employed to understand the role of gender in the lake 
fisheries chain. In the activity tool, male and female both were engaged in fishing, (72.5%) of the mending and net repairing 
work done by both male and female, only (12.5%) of the female was reported in net mending, repairing work. 

In marketing activities, loading and unloading of catch at the market were mostly carried out by male fishers, only (2.3%) 
of the female were engaged in marketing activities, loading, and unloading. (70%) of the family decision was taken by both 
male and female in the family, only 10% of the family decision were taken by female only. (67.5%) money management 
by both male and female fishers followed by (20%) of the female fishers only, Women have low participation in decision 
making in the fisheries management process. It was maybe because of the process of fishing were different from the marine 
capture fisheries.
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The present study was conducted to evaluate the growth performance of Indian major carps fed with supplementary feed 
in four micro-water sheds of Rajasthan viz. Bhimsagar, Mohamed Falashiya, Baga-Ka-Naka and Har-Ka-Naka during 
February to May, 2016. The principal aim of the study was to assess the importance of supplementary feeding in culture-
based fisheries. Unlike the pond or cage culture, supplementary feed is not supplied in micro-water sheds or culture-
based fisheries system (CBFS). In Rajasthan, various number of micro-water sheds have been constructed primarily for 
the purpose of rain-water harvesting and for improving irrigation facilities. But nowadays these aquatic resources are 
being utilized for serving multi-activities viz. domestic uses and for capture-cum-culture fisheries etc. due to an increasing 
interest of local masses. Micro-water sheds are the most preferable water resources and are easily available with local tribes 
of this region for fish culture.

Supplementary feed @ 1% of body weight was given to fishes in two micro-water sheds Bhimsagar and Mohamed Falashiya 
while another two water sheds (Baga-Ka-Naka and Har-Ka-Naka) were treated as control (no supplementary feed). Physic-
chemical parameters were monitored at regular interval & found to be non-significant between treatments and control. 
Physic-chemical parameters viz. water temperature, pH, dissolved oxygen, total alkalinity, hardness, salinity, dissolved CO2, 
electrical conductivity, total dissolved solids, nitrate-nitrogen and orthophosphate were observed for four months study 
period and indicated that the water of these micro-water sheds remained congenial for the survival and growth of Indian 
major carps. A commercial floating feed (28% protein, 4% fat) was used to assess the fish growth performance in culture-
based fishery. The supplementary feeding revealed significant impact on fish growth performance i.e. specific growth rate 
(SGR). Results indicated that the net weight gain and SGR were higher in Bhimsagar and Mohamed Falashiya as compared 
to Har-Ka-Naka and Baga-Ka-Naka. Therefore, it is recommended to use supplementary feed in culture-based fisheries for 
higher returns, based on the present study. 
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Ornamental fisheries is an emerging business which has vast opportunity for growth. Government of India has identified 
ornamental fish sector as one of the thrust area as a small-scale fishery activity for generating employment opportunities 
and augmenting foreign exchange earnings. Marine Products Export Development Agency (MPEDA) introduced the 
Rainbow Revolution Scheme in the year 2007 with the mandate to encourage breeding and export of ornamental fish and 
there are about 300 beneficiaries of this scheme in Maharashtra. This paper addresses the objective if ornamental fisheries 
have created equitable entrepreneurship and employment opportunities for both men and women. Out of 110 ornamental 
fish entrepreneurs in Maharashtra, 82 units are owned by men and 28 by women and most graduates from middle age 
group with 5-10 years’ experience in this business. Most have established the production units with their own funds for 
self-employment. A total of 60% of entrepreneurs reported that they earn between Rs. 10,000 to 30,000 / month. All have 
undergone trainings in ornamental fisheries. One unit of ornamental fisheries creates 2-3 numbers of jobs for cleaning, 
feeding and marketing. The involvement of women was higher in activities like feeding (53.40%), cleaning of tanks and 
siphoning (49.51%), feed preparation (51.46%), setting of fish for breeding (53.33%), removal of offspring and marketing 
(47.57%) as compare to men. It is a family managed enterprise, the women and children do the routine activities like 
cleaning, feeding and management of production units. It was found that men spent 7.75 hours/day towards management of 
ornamental fish production units whereas women involvement was reported to be 4.00 hours/day. It is encouraging that 25% 
of entrepreneurs are women and are managing the business on their own. Even when the numbers of men entrepreneurs 
are high, participation of women in the business is significant as they are involved in activities like feeding, cleaning 
and marketing of ornamental fish production. The study suggests that the role of women in ornamental fish production 
can be enhanced through targeted schemes for women with a focus on increasing ownership and training programmes. 
This will make the business more equitable and sustainable. There is further scope to increase women entrepreneurs 
for which cluster approach is suggested. It can be concluded that these are start-ups where men and women both have 
benefitted from the Government schemes. Amongst all sub sectors of fisheries, ornamental fish culture has emerged as an 
equitable entrepreneurship and employment provider. 
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Present work was carried out to study the soil fertility of eight aquaculture farm located in the bank of vellar estuary, 
Parangipettai. Sediments sample was collected from two spots of every pond (one from the center and another from 
the outlet of the ponds). Farms were separated into two groups diseased and non diseased farms. Parameter such as pH, 
electrical conductivity and nutrients were analysed in the dried sediment samples in the laboratory. Disease affected 
farm showed the pH of 7.6 to 8.5 whereas non disease farm showed pH of 7.5 to 8.3. Electrical conductivity in disease 
affected farm was observed between 1.9 to 3.1 whereas in non disease farm, 1.6 to 2.6. Amount of nitrogen was less in 
disease affected farm (18.75 to 121.23 kg/acre) whereas nitrogen was high in non disease farm (77.75 to 160.25 kg/acre). 
Phosphorous amount available in disease affected farm was from 1.1 to 3.52 kg/acre whereas in non disease farm, 1.34 to 
2.14 kg/acre. Potassium present in disease affected farm was ranging from 86.4 to 172.8 kg/acre whereas in non disease 
farm it was ranging between 151.4 to 171.1 kg/acre. From present study in inferred that the soil quality also plays a key 
role in the productivity of shrimp ponds due to soil-water interaction. 
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The parasitic nematode Philometra sp infect in the economically important fish ovary of Otolithes ruber and Terapon 
jarbua respectively. Here we report new information on these themes from assessments of infected and non-infected hosts 
collected from Parangipettai different landing center in 2018. Otolithes ruber, the maximum (65 %) prevalence of parasitic 
infestation was observed during premonsoon 2018 in Parangipettai. Whereas minimum (17%) was during the postmonsoon 
2018 in Parangipettai. The higher (9) mean intensity of parasitic infestation was noted during postmonsoon 2018 in 
Parangipettai, whereas minimum (2.7) was during summer 2018 in Parangipettai. Terapon jarbua, the maximum (98 %) 
prevalence of parasitic infestation was observed during summer 2018 in Parangipettai. Whereas minimum (27%) was during 
premonsoon 2018 in Parangipettai. The higher (12.5) mean intensity of parasitic infestation was noted during postmonsoon 
2018 in Parangipettai, whereas minimum (7.8) was during monsoon 2018 in Parangipettai. Light microscopy describe 
the worm having anterior end, posterior end, oral aperture circular large, surrounded by cephalic papillae. Buccal cavity, 
esophageal, intestine brown, straight, ending blindly; anterior end of intestine relatively narrow; Posterior end of intestine 
atrophied. Scanning electron microscopy were showed cephalic end rounded, cephalic papillae unclear, oral aperture, 
cephalic papillae arranged in two circles, lateral amphids; internal circle of papillae consisting of four larger submedian 
and two minute lateral single papillae, whereas external circle formed by four submedian pairs of papillae. Posterior end 
attached by short ligament ventrally to body wall near caudal end, anus present. The histopathology showed ovary tissue 
savior damage in to ova of yolk degenerated, nematode tissue accumulation in host egg mass, lateral hypodermal cords 
were bands, presents of Langhans-type giant cells and necrotized nematode tissues surrounded by proteinaceous matrix.
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The peppermint shrimp Lysmata vittata (Caridea: Hippolytidae) is a marine caridean shrimp popular in marine aquarium 
trade, the species is known to display the sexual system of protandric simultaneous hermaphrodite. In this study, based on 
captive bred specimens, the complete ontogenetic gonadal development of L. vittata was studied both morphologically and 
histologically, from newly settled juveniles until they reached euhermaphrodite phase. It was found that in all specimens 
examined (carapace length: 1.8 - 8.5 mm), including the newly settled juveniles, possessed ovotestes, which comprised of 
an anterior ovarian and a posterior testicular part. Based on both morphological (e.g. size, color and shape) and histological 
features (e.g. oogenesis and spermatogenesis), four gonadal developmental stages were defined and described for L. vittata. 
From Stage I to III, the testicular part of the gonad became gradually mature but the ovarian part was still immature, 
which is defined as the male phase. Surprisingly, it was found that even in the newly settled juveniles, a small amount of 
spermatozoa was presented in the testicular part of their gonads. At Stage IV, both the testicular part and the ovarian part 
were mature and hence is defined as euhermaphrodite phase. This is the first time that complete ontogenetic gonadal and 
external sexual character development have been described and staged for a species from the genus Lysmata from newly 
settled juveniles to euhermaphrodite phase.
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Asian seabass is an important aquaculture species in Southeast Asia, Australia and some other countries. The Temasek 
Life Sciences Lab (TLL) and Marine Aquaculture Center (MAC), AVA have worked on the genetic improvement of 
Asian seabass in Singapore since 1998. In the past 20 years, we have developed extensive genomic resources and tools 
for Asian seabass breeding, including the whole genome sequence, mtDNA, a BAC DNA library, transcriptomes from 
different tissues, high-density linkage maps, DNA markers covering the whole genome, microsatellite and SNP genotyping 
platforms, statistical platforms for QTL mapping, GWAS, conventional selection and genomic selection (GS). In 2003, we 
established a founder population of over 500 Asian seabass brooders, which were collected from the wild of four countries, 
including Indonesia, Thailand, Malaysia and Singapore. After four generations of extensive selection using conventional 
and molecular breeding approaches, we have established three elite lines, one for quicker growth, and another for disease 
resistance and the third for higher omega-3 contents. The hybrids generated by crossing different lines are available for 
commercial production, while the three elite lines are being further selected using DNA markers identified using QTL 
mapping and GWAS for important traits. Currently, gut microbes are being studies and will be used for selection elite 
fishes. In this presentation, I will talk about some details of our breeding program.
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Surrounded by the sea on three sides, fish farms were active in Korea, especially in the South Sea and the West Sea. The 
farms were mainly adjacent to the land so that they can be easily affected by pollutants coming from the land. Several 
studies have been conducted on the distribution of the indicator bacteria (Escherichia coli, Fecal streptococci) in the 
aquaculture, there is a lack of information on susceptibility to antibiotics. Seawater samples were collected from off the coast 
of Seosan, Wando, Yeosu, Tongyeong, and Namhae(West Sea; Seosan, South Sea; Wando, Yeosu, Namhae, Tongyeong), 
where fish farms were densely populated, in April, June, August and October 2018. Antibiotic susceptibility testing was 
performed based on CLSI guideline M100-S25 and using 16 antibiotic agents. They include Ampicillin (AMP), piperacillin 
(PRL), ticarcillin (TIC), amoxycillin/clavulanic Acid (AMC), cephalothin (KF), cefuroxime (CXM), cefoperazone (CFP), 
ciprofloxacin (CIP), nalidixic acid (NA), gentamycin (CN), streptomycin (S), tobramycin (NN), tetracycline (TE), 
oxytetracycline (OT), chloramphenicol (C), trimethoprim/sulfamethoxazole (SXT).  Escherichia coli (n=65) was most 
and least abundant seawater samples taken from Seosan (40%), Wando(35%) and Yeosu (2%), respectively. And Fecal 
streptococci (n=136) was most abundant in Seosan (47%) and Namhae (26%), but Tongyeong was not detected. Results 
of identification of 10 strains to Fecal streptococci, Enterococcus sp. was the most abundant, followed by E. faecalis, E. 
hirae, and E. Casseliflavus. Approximately 57% of Escherichia coli was resistant against AMP, followed by KF, TIC, and 
S, respectively, 52%, 41%, and 40%. The results show that the indicator bacteria from this study are not related to aquatic 
animals but to the pollutants emitted from the land, when using antibiotics in farms, the use of antibiotics that are highly 
resistant should be reduced.
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Viral Nervous Necrosis (VNN) is considered to be a serious disease of several marine fish species. VNN causes 100% 
mortality in larval stages while lower losses have been reported in juveniles and adult fish. Thus, this case study was 
conducted to detect the presence or absence of VNN, associated factors and genotypes in Malaysian hybrid groupers. A 
batch of hybrid groupers were followed from larvae stages to the market size. The hybrid groupers, water samples, live 
feed and artificial fish pellet were collected at each time of sampling from day 0 till 180 from a West Malaysian hybrid 
grouper hatchery. The PCR analysis was conducted using the primers designed by Nishizawa et al. (1994) and Pena et al. 
(2008). A total of 113 out of 146 pooled samples including hybrid grouper, water and artificial fish pellet demonstrated 
positive results for the presence of VNN. The clinical signs observed in the samples include darkened skin, deformation 
of backbone, distended abdomen, skin lesion and fin erosion. VNN was present throughout the life stages of the hybrid 
grouper with the first detection at day 10. VNN associated factors identified in this study include high temperature, high 
DO, high salinity, ammonia, fish size (adult) and life stages (age). Detection of VNN in water samples demonstrated 
evidence of horizontal transmission. All the nucleotide sequences in this study revealed high nucleotide identity of 88% to 
100% to each other, Striped Jack Nervous Necrosis (SJNNV) and reassortant strain RGNNV/SJNNV isolate of 430.2004 
(GenBank accession number JN189932.1) (n=26). The phylogenetic analysis showed the presence of quasispecies in each 
positive samples based on type of samples and life stages. This is the first detection of VNN with high similarities to 
RGNNV/SJNNV reassortants in Malaysian hybrid groupers and South East Asia.
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At present, many invertebrates have been proved that they do have immune priming, but the relevant mechanisms are still 
unknown. In this study, the crabs stimulated firstly by heat-killed V. parahaemolyticus or injected by physiological saline 
were challenged again at 168 h by live V. parahaemolyticus (HkVp+Vp group and spss+Vp group respectively). The 
survival rate of HkVp+Vp group at 72 hours was 20.66% higher than that of spss+Vp group. In the serum, the AKP activity 
of the HkVp+Vp group was significantly higher than that in the primary immunization group (HkVp group) and spss+Vp 
group at the early stage of infection, the LYS activity was significantly higher during the entire infection period than HkVp 
group and spss+Vp group (except 3 h), and the ACP activity was lower in the entire infection period than spss+Vp group, 
but there was no significant difference (except 6 h and 12 h). In the hepatopancreas, the activities of AKP, ACP, and CAT 
were significantly higher in the early stage of infection than HkVp group and spss+Vp group. The activities of LYS and 
T-SOD were higher in the whole infection than spss+Vp group, but there is no significant difference. By comparing the 
gene quantification results in the hemocytes and hepatopancreas of HkVp+Vp group and spss+Vp group, the molecules 
that may play a role in the early stage of the immune priming process of the crab in the hemocytes are Dscam, PPAF1, 
Serine, Hyas, AKP, CAT, SOD, TPx, TNF, MIF, Cactus, ALF3, ALF4, ALF5, and ALF6, and later acting molecules are 
Cru, LITAF, Pero, Hemo, MyD88, and Tube. The molecules that function throughout the entire period are: C-lectin, FREP, 
iNOS2, Spaetzle; In the hepatopancreas, the molecules that may play a role in the early stages of the immune priming 
include: Dscam, PPAF1, Serine, Hyas, AKP, CAT, SOD, ALF6, TNF, MIF, Pelle, Spaetzle, Dorsal, and later stage include 
LITAF and Pero. The molecules that function throughout the entire period are C-lectin, Tube, Tpx, Cru, and ALF5. In 
summary, the immune function of the crabs was enhanced when they received the same Vibrio repetitive stimulation, 
indicating the presence of immune priming in the mud crabs.



884

SNAKEHEAD FISH (MURREL) FARMING PRACTICE & FEED TECHNOLOGY IN INDIA

Zhang Taoping*, Narasimha Rao Tatavarthy, Dai Jielin, Dong Qiufen, Zhang Taizhuo

Guangzhou Nutriera Biotechnology Co., Ltd.
Unit 1209, Building1, Zone4, Helenbergh Creative Industry Park
Panyu District, Guangzhou, Guangdong, 511400, China
bondping0621@163.com

The air-breathing snakehead fish Channa striata commonly called stripped murrel in India, is one of the most sought-
after freshwater fishes and is widely regarded as a high-value food fish in India. Stripped murrel (called “Korrameenu” in 
Telugu) Channa striata enjoys a good deal of popularity as a food fish and there exists a great market demand in several 
states of India, including Andhra Pradesh, West Bengal, Telangana, Tamil Nadu, Karnataka etc. Live snakehead fish fetch 
a stable high price between INR 400-500/kg (USD 6-8/kg) in different retail markets. Because of the high edible and 
medicinal value, and also facing the risk of population decline, stripped murrel has been officially declared as “state fish” 
for Telangana in 2016.

Although induced breeding of snakehead fish has been successful by various institutions and individuals, farming/grow 
out has been restricted to stocking a few fingerlings in extensive carp ponds to control weed fish. However, murrels in 
such ponds are harvested only once every two to four years when the carp ponds are dried. All previous attempts at rearing 
this species have focused on using either live fingerlings, or trash fish and trash fish mixed with pelleted feed, or mash 
feeds made from powdered dry fish. Rearing of murrels by using trash fish or farm made feeds would easily result in a 
deteriorated water quality and pond bottom and usually in such conditions the entire stock of fish is lost to EUS (Epizootic 
ulcerative syndrome) a fast spreading, deadly disease to which this species is particularly vulnerable. 

Considering the need to bring more high value species into aquaculture in India and current snakehead fish commercial 
culture situation, Uno feeds – one of India’s largest extruded fish feed manufacturers, who has come to Guangzhou, China 
to search the technical support from Nutriera. Lots of valuable achievements have been attained since last three-year great 
efforts on the stripped murrel Channa striatus breeding and farming practice.

In this report, presenter will share the experiences of induced breeding, commercial farming and feed technology about 
striped murrel in India.
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China’s seafood imports balloon by 44% to $12bn in 2018 (source ITC), while shrimp products occupy nearly 20%, as 
the country continues to change the face of global seafood trade. Now China is the biggest shrimp products consumption 
and the second biggest import country, and imported around 200,000 tons shrimp from India in 2018 and keep increasing. 

As a traditional aquatic products consumption country, coastal citizens eat more seafood and prefer to eat live products in 
the past while inland consumed more freshwater fish like grass carp and snakehead fish. But thanks to the development of 
e-commerce and cold-fresh logistics, seafood availability rises up in inland places and consumption grows dramatically. 
In the meantime, food safety has been paid highly attention to, especially antibiotics and banned chemicals will be very 
strictly detected. 

China government realized the fast up-raising seafood requirement, and started to support import policies to the major 
shrimp produce countries, like India and Ecuador. We have a strong believe that China will be one of the largest importers 
of Indian shrimp and fish (pangasius and tilapia, seabass, snakehead fish) in the near future. But considering Indian farming 
model, there are still some points we need to overcome to match China market requirement, like how to produce small size 
shrimp while not reduce the annual production, how to adjust shrimp body color and flavor through feed nutritional level, 
and how to maintain antibiotics free products by using functional feed to improve survival rate, how to solve yellow fish 
meat issues 

In this presentation, the reporter will show China seafood consumption facts and the future trend, and also figure out the 
potential opportunities for Indian processors and exporters to China market.
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The air-breathing snakehead fish Channa striata commonly called stripped murrel in India, is one of the most sought-
after freshwater fishes and is widely regarded as a high-value food fish in India. Stripped murrel (called “Korrameenu” in 
Telugu) Channa striata enjoys a good deal of popularity as a food fish and there exists a great market demand in several 
states of India, including Andhra Pradesh, West Bengal, Telangana, Tamil Nadu, Karnataka etc. Live snakehead fish fetches 
a stable high price between INR 400-500/kg (USD 6-8/kg) in different retail markets. Because of the high edible and 
medicinal value, and it’s also facing the risk of population decline, stripped murrel has been officially declared as “state 
fish” for Telangana in 2016.

Although induced breeding of snakehead fish has been successful by various institutions and individuals, grow out has 
been restricted to stocking a few fingerlings in extensive carp ponds to control weed fish. However, murrels in such ponds 
are harvested only once every two to four years when the carp ponds are dried. All previous attempts at rearing this species 
have focused on using either live fingerlings, or trash fish and trash fish mixed with pelleted feed, or mash feeds made 
from powdered dry fish. Rearing of murrels by using trash fish or farm made feeds would easily result in a deteriorated 
water quality and pond bottom and usually in such conditions the entire stock of fish is lost to EUS (Epizootic ulcerative 
syndrome) a fast spreading, deadly disease to which this species is particularly vulnerable. 

Considering the need to bring more high value species into aquaculture in India and current snakehead fish commercial 
culture situation, Uno feeds – one of India’s largest extruded fish feed manufacturers, who has got technical supports from 
Nutriera of China. Lots of valuable achievements have been attained since last three-year great efforts on the stripped 
murrel Channa striatus breeding and farming practice.

In this report, presenter will share the experiences of induced breeding, commercial farming and feed technology about 
striped murrel in India.
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China’s seafood imports balloon by 44% to $12bn in 2018 (source ITC), while shrimp products occupy nearly 20%, as 
the country continues to change the face of global seafood trade. Now China is the biggest shrimp products consumption 
and the second biggest import country, and imported around 200,000 tons shrimp from India in 2018 and keep increasing. 

As a traditional aquatic products consumption country, coastal citizens eat more seafood and prefer to eat live products 
in the past. But thanks to the development of e-commerce and cold-fresh logistics, seafood availability rises up in inland 
places and consumption grows dramatically. In the meantime, food safety has been paid highly attention to, especially 
antibiotics and banned chemicals will be very strictly detected. 

China government realized the fast up-raising seafood requirement, and started to support import policies to the major 
shrimp produce countries, like India and Ecuador. We have a strong believe that China will be one of the largest importers 
of Indian shrimp and fish (pangasius and tilapia) in the near future. But considering Indian farming model, there are still 
some points we need to overcome to match China market requirement, like how to produce small size shrimp while not 
reduce the annual production, how to adjust shrimp body color and flavor through feed nutritional level, and how to 
maintain antibiotics free products by using functional feed to improve survival rate, how to solve yellow fish meat issues 

In this presentation, the reporter will show China seafood consumption facts and the future trend, and also figure out the 
potential opportunities for Indian processors and exporters to China market.
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