




 

 

 

 

Souvenir 
 

 

World Brackishwater Aquaculture Conference 
 

22-25 January, 2019  

Chennai, Tamil Nadu, India 

 

 

 

 

 

 

 

 

 

 

Society of Coastal Aquaculture and Fisheries (SCAFi) 

Central Institute of Brackishwater Aquaculture (CIBA) 

 



                 

 

Convener: 
Dr. K. K. Vijayan 
Director, ICAR-CIBA and President, SCAFi 
 
Organising Secretary: 
Dr. Shankar V. Alavandi 
Principal Scientist & HOD, ICAR-CIBA 
 
 
Published by: 
Dr. K. K. Vijayan 
Director 
ICAR-Central Institute of Brackishwater Aquaculture 
75, Santhome High Road,M.R.C.Nagar 
Chennai – 600 028, Tamil Nadu, India 
 
 
Compiled & Edited by: 
Dr. M. Muralidhar 
Dr. K.P. Kumaraguru Vasagam 
Dr. C.P. Balasubramaniam 
Dr. K. Vijaykumaran 
Dr. P. Ezhil Praveena 
Dr. T. Sathish Kumar 
Dr. Aritra Bera 
Dr. T.N.Vinay 
Dr. J. Raymond Jani Angel 
Mr. I. F. Biju 
 
 
January, 2019 

 



 

 

 

PREFACE 

All over the world, the demand for food, especially sea food is increasing, and aquaculture is the 

fastest growing food producing sector across the world and also recognized worldwide as one of the most 

efficient and promising contributor to the protein production. The short spell of the history of aquaculture 

has shown its remarkable ability to innovate itself where spinoff from scientific research has been the driver. 

Advances continue at ever increasing pace at each level of production chain. World aquaculture production 

has reached US$243.5 billion mark, where brackishwater aquaculture is one of the most vibrant production 

systems among the global aquaculture sectors. It is inspiring to witness the spectacular growth of this 

industry in India, spearheaded by shrimp farming with an export of about 7 billion US$ plus in 2017-18,  

which was only an embryonic industry during the early 1990s. The growing brackishwater aquaculture has 

originally been aimed at international market to a large extend. However, it is now well acknowledged that 

brackishwater aquaculture can help in the production of food, livelihood and social benefits. Despite the 

importance of brackishwater aquaculture in food security as well as in the economy and social stimulus of 

many tropical nations, it is surprising that to date no international conference, holistically addressing the 

brackishwater aquaculture, has been convened.  

To address this apparent lacuna, Society of coastal aquaculture and Fisheries (SCAFi) and ICAR-CIBA is 

jointly organizing a world conference on brackishwater aquaculture, BRAQCON 2019. This conference is 

expected to be a significant event in the fisheries sector in the context of Brackishwater Aquaculture, Coastal 

Ecosystem, Food security and societal development. This is a unique platform that confluences academic 

researchers, industrialists, farmers, market analysts, policy makers and other government officials from both 

India and abroad. Conference would provide a single platform for all the stakeholders of the sectors viz. 

farmers, private sector, governments and government agencies, to meet and exchange the ideas to find a 

wayforward. BRAQCON 2019 envisages to deliberate on current topics concerning the brackishwater 

ecosystem and sustainable aquaculture with focus on species and system diversification, nutrition and feed 

biotechnology, disease and health management, genomics and biotechnology, economics and social issues 

I am extremely delighted to understand that this conference has received wide attention among 

researchers, academicians, policy makers, aqua farmers and other stake holders of the sector, from India 

and abroad. I hope that this conference would enrich the brackishwater aquaculture, with science and 

technology backstopping. BRAQCON 2019 is conceived a biannual event, and organized as a four day event 

Dr.K.K. Vijayan 
Director, ICAR-CIBA & 
Convener, BRAQCON 2019 
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including a farmers’ conclave and three days of scientific conference. This souvenir showcases a snapshot on 

the research and development efforts being carried out by scientific research institutes, academia and 

industries.    

The conference is supported by several central and state government agencies, industry, farmers and 

other stake holders of the sector. Without their generous financial support, this conference could not have 

been organized. I am extremely grateful to all the Directors of research Institute, Vice chancellors and 

Technical Directors of private sector who contributed articles to this souvenir. I am deeply indebted to all 

lead speakers and chairs of the conference, and their presentations and expertise will certainly add an 

important dimension to the science of aquaculture.  Finally the conference would not be possible without 

the excellent papers contributed by researchers from India and abroad, and I would like to register my 

sincere appreciation here.  

I hope that this program will further stimulate research in science of aquaculture, and provide 

practitioners with better scientific techniques, which leads to an economically viable and sustainable 

aquaculture. I am honoured and privileged to serve the best recent developments in the field of aquaculture 

through this conference.  

 

 

 
Dr.K.K. Vijayan 

Director, ICAR-CIBA & 
Convener, BRAQCON 2019 
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MESSAGE 

The Hon’ble Vice President of India is happy to know that ICAR – Central Institute of Brackishwater 

Aquaculture, Chennai is organizing an International Conference on Brackishwater Aquaculture  

(BRAQCON 2019) from January 22-25, 2019. 

The Hon’ble Vice President extends his greetings and congratulation to the organizers and the 

participants and wishes the event all success. 

 

 

 
 (D.Prasanth Kumar Reddy) 

New Delhi 

06th December, 2018. 

 

 

 

 

 
 
 
D.Prasanth Kumar Reddy, IAS 
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Prime Minister 

 

 

 

 

 

 
MESSAGE 

It is heartening to learn that the Society of Coastal Aquaculture and Fisheries (SCAFi), Chennai and 
ICAR-Central Institute of Brackishwater Aquaculture (ICAR-CIBA), Chennai are organising an international 
conference on Brackishwater Aquaculture (BRAQCON 2019) at Chennai from 23-25 January, 2019. 

For governments throughout the world, food security and nutrition are the main priorities. Along with 
agriculture, production of seafood, sustainable growth of aquaculture and fisheries must proceed at an 
equitable pace to achieve the twin objectives of providing food security and nutrition. The production of 
seafood can be increased by enhancing the income of aqua-farmers. By utilising technological innovations 
and using biotechnology, the contribution of aqua-farmers can be augmented to strengthen the Blue 
Economy. 

Fisheries and Brackishwater Aquaculture possess tremendous growth potential in the coming years. 
Our Government has created Fisheries and Aquaculture Infrastructure Development Fund (FAIDF) in an effort 
to double the income of aqua-farmers, as well as provide a boost to the fisheries sector. The aquafarmers 
can also derive benefit from opportunities under the Start-Up initiative and usher in a Blue Revolution in 
fisheries and aquaculture. 

I am confident that this international conference will suggest measures and share success stories to 
enhance the growth of fisheries and aquaculture in India and other parts of the world. 

Best wishes for successful deliberations at BRAQCON 2019. 

 
(Narendra Modi) 

New Delhi 
10 January – 2019 
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MESSAGE 

I am pleased to learn that the Society of Coastal Aquaculture and Fisheries. Chennai in association with 

ICAR-Central Institute of Brackishwater Aquaculture, Chennai is organizing an International Conference on 

Brackishwater Aquaculture (BRAQCON 2019), during 23-25 January 2019. 

I am happy to note that BRAQCON 2019 would be a platform wherein academic researchers, 

industrialists, aqua farmers, policy makers from India and abroad will come together to share their ideas. 

There will be deliberations on current topics concerning the brackishwater ecosystem and sustainable 

aquaculture. Hence the outcome of the conference will have great implications for enhancing seafood 

production and the income of the aqua-farmers. 

I convey my best wishes for the success of the conference and extend my warm greetings to the 

participants. 

 

 

 

(BANWARILAL PUROHIT) 

 

 

 

RAJ BHAVAN,
Chennai – 600 022. 

GOVERNOR
TAMIL NADU 
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J.MERCYKUTTY AMMA 
Minister for Fisheries,  
Harbour Engineering and  
Cashew Industry 
Government of Kerala 

 

07. 12.2018 

 

 

 

MESSAGE 

It is a highly appreciating event and a matter of high level pleasure that ICAR-CIBA in association with 

Society of Coastal Aquaculture and Fisheries (SCAFi) is decided to conduct Brackishwater Aquafarmers’ 

Conclave on 22nd January 2019 at Chennai. The beautiful goal of the programme is to bring together 

Aquafarmers’ of all the coastal States to raise their ideas and voices of their experience and concern existing 

in the field, will open new horizons of solutions and initiatives in this field. No doubt that the result of the 

conclave will create far reaching impact in the Brackishwater fisheries of the State. With high level of joy and 

enthusiasm, I wish all the best for the success of the programme and also congratulate its organizers for 

their efforts in this direction. 

 

 

 

J.MERCYKUTTY AMMA. 

 

 

 

 

Res: ‘Ushas’, Nanthancode, Thiruvananthapuram, Phone : 0471-2725671, 2725673 

Office: South Sandwich Block 
IIIrd Floor, Room No.532 
Government Secretariat 
Thiruvananthapuram 
Phone: 0471-2333526, 2327495 
Mobile: 9447592200 
E-Mail: min.fish@kerala .gov.in 
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Room No.305, 305A 

3rd Floor, Vidhana Soudha 

Bengaluru 560 001 

Ph: 22255023, 22033564 

 

Date: 03.01.2019 

 

 
 

 

MESSAGE 

I am delighted to know that The Society of Coastal Aqua Culture and Fisheries, Chennai in association 

with ICAR – Central Institute of Brackishwater Aquaculture, Chennai is organizing an International 

Conference on Brackishwater Aquaculture (BRAQCON – 2019) at Chennai, Tamil Nadu during  

23-25 January, 2019. 

It is learnt that this Conference is a unique platform for the academic researchers, Industrialists, Aqua 

farmers and policy makers. I earnestly hope that the valuable experience which would be shared by the 

leading experts participiating from across the world will be fruitful. I expect that the CIBA will show a 

roadmap on new opportunities of development of Brackishwater aquaculture in North Karnataka, so that it 

fillip the unemployed youths who dream to venture into aquaculture and its allied sectors as an enterprising 

career. 

I congratulate the organising committee of BRAQCON - 2019 and wish a great success. 

 

 

 

 

(Venkataro Nadagouda) 

 

 

 

VENKATARAO NADAGOUDA 
Minister for 

Animal Husbandry and Fisheries 

 

No: AHFM / 02/ 2019 
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Date: 4 Jan 2019 

 

 

 

MESSAGE 

Brackishwater Aquaculture is an important and revenue oriented fisheries activity. Definitely 

Maharashtra State offers great opportunities and scope for development of Brackishwater Aquaculture. 

It gives me great pleasure that ICAR-CIBA is organizing International conference on Brackishwater 

Aquaculture (BRAQCON-2019) at Chennai, Tamilnadu. 

I convey my best wishes for the souvenir being released, I wish this event to be blissful and successful. 

 

 

 

 
(Mahadev Jankar) 

 

 

 

 

 

 

MINISTER  
ANIMAL HUSBANDRY 

DAIRY DEVELOPMENT AND 
FISHERIES DEPARTMENT 

MAHARASHTRA STATE 
MANTRALAYA, MUMBAI 400 032. 

www.maharashtra.gov.in 
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MESSAGE 

I am pleased to learn that ICAR – Central Institute of Brackishwater Aquaculture (ICAR – CIBA). Chennai 

in association with the society of Coastal Aquaculture and Fisheries (SCAFi), is organizing an International 

Conference on Brackishwater Aquaculture (BRAQCON 2019)  at Chennai, Tamil Nadu, India during 23rd – 25th 

January 2019. 

 I am happy to know that BRAQCON 2019 will provide a unique platform for an august gathering of 

various stakeholders involved in innovative activities and various aspects of brackishwater aquaculture and 

fisheries, nationally and internationally. I also hope that the aqua farmers would immensely benefit from the 

Brackishwater Farmers’ Conclave being organized 22nd January 2019 as a part of BRAQCON 2019. 

I wish the organizers of International Conference on Brackishwater Aquaculture (BRAQCON 2019) and 

the Farmers’ Conclave and the events related to all Success. 

  

 

 
(Dr.J. BALAJI)  

 

Dr. J. Balaji, IAS 
Joint Secretary (Fisheries) 
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MESSAGE  

Coastal Aquaculture Sector plays a vital role  in Indian Economy and its full potential is yet to be fully 

conceived by the planners and policy makers. We are working towards the country’s mission of “Sustainable 

growth of Indian fisheries and aquaculture by interfacing research, education and extension resulting in a 

proper fit between the human needs and the habitat, with an important role in global fisheries”. The vast 

area of water resources available in Tamil Nadu provides huge scope for expansion of aquaculture for which 

various Development schemes initiated by Government of India together with the State Government, 

Technology transfer from Central and State Institutions along with the farmers involvement has played a 

crucial role resulting in the establishment of a number of shrimp hatcheries and farms in the coastal State of 

Tamil Nadu. This sector provides Food, Employment and Prosperity to the people as well.  

The pioneering  research taken up by CIBA in hatchery seed production of brackishwater finfishes is a 

milestone in Indian Fisheries which  has shown a lot of promise for commercial aquaculture of finfishes such 

as Sea bass (Barramundi), milkfish, pearl-spot and mullets.  

    The International Conference on Brackishwater Aquaculture (BRAQCON 2019) organized by CIBA and 

Society of Coastal Aquaculture and Fisheries (SCAFi) is an excellent platform to learn the practices, 

advancements in other countries which will aid in  planning the way forward to promote and develop eco-

friendly and sustainable aquaculture practices in the country. The National Farmers’ Conclave organized on 

22 January 2019 will give an excellent glimpse of the Brackishwater Aquaculture world to the farmers on 

state of the art technologies, knowledge sharing, inputs, machineries, products, gadgets and services  

leading to new partnerships and improved farming. This would provide an immediate thrust to the 

aquaculture industry to expand in all possible ways.   

The presence of CIBA and conducting of BRAQCON in Chennai will be a boon to the farmers and 

entrepreneurs of Tamil Nadu. Brackishwater aquaculture has tremendous scope for enhancing aquaculture 

production fulfilling the national vision of ‘Blue Economy’ in the days to come and I wish CIBA and the 

organizers of BRAQCON 2019 for convening a valuable conference in Tamil Nadu in order to develop the 

Brackishwater Aquaculture sector of the country.  

 
Chennai - 600035                                                                                                                Sd/-G.S.Sameeran 
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MESSAGE 

  It gives immense pleasure to learn that ICAR-Central Institute of Brackishwater Aquaculture (CIBA) 
and Society of Coastal Aquaculture and Fisheries (SCAFi) are jointly organizing the “World Conference on 
Brackishwater Aquaculture”- BRAQCON 2019 during January 23-25, 2019 at ICAR-CIBA, Chennai, India. 
Further, the Brackishwater Farmers’ Conclave being organized on 22nd January 2019, as a part of the 
BRAQCON 2019, is a great initiative.  

Brackishwater aquaculture, particularly shrimp farming, is one of the most dynamic and fastest 
growing food producing sectors contributing substantially to the economy and sustainability of coastal 
communities worldwide. The impressive performance of Indian seafood exports,that has crossed US$ 7 
billion during 2017-18, is a great encouragement for the industry, which would definitely help in keeping 
the growth pace of brackishwater farming, especially the shrimp farming. Production of 0.6 million tonnes 
of shrimp, accounting for nearly 70% of the seafood exports during the year valued at over US$ 4.8 billion,is 
a significant mark for the industry. 

I am sure, the “BRAQCON 2019” would provide appropriate platform for the scholarly interactions 
among the researchers, academicians, policy makers, entrepreneurs and farmers associated with the sector 
for greater deliberation on every associated aspect for sustainable development of the brackishwater 
aquaculture sector. Further, I sincerely wish that the proposed Farmers’ Conclave would also bring good 
numbers of aqua-farmers from all the coastal and inland shrimp farming states and provide them 
opportunity for close interactions with all the other associated stakeholders.  

I, on behalf of the Indian Council of Agricultural Research, extend a warm and hearty welcome to all 
the invited speakers, especially from overseas, participants of the Brackishwater Farmers’ Conclave and 
BRAQCON 2019. I place on record my sincere appreciation to the Convener and all others for their effort in 
organising these important events. I wish “BRAQCON 2019” and “Brackishwater Farmers’ Conclave” great 
success. 

 
(J.K. Jena) 
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Technological Spinoff by ICAR-CIBA Towards the Development  
of Sustainable Brackishwater Aquaculture 

Vijayan, K. K.  

Central Institute of Brackishwater Aquaculture, Chennai 

Brackishwater environment is the transitional zone between marine and freshwater systems, and 
therefore, salinity of this system is often subjected to progressive variation between fresh and marine 
salinities. These environments are highly variable, and variation in the time of day and seasonal variations 
make this environment highly dynamic. Flooded rice field adjacent to the natural brackishwater areas were 
used to capture shrimp juveniles in many coastal states of India such as Kerala, Karnataka, Goa and West 
Bengal for centuries.Later, at the advent of frozen shrimp industry in India, the demand for large shrimp has 
increased considerably, and, therefore, it was essential to grow the shrimp in the farm to meet the demand 
of emerging export industry. Thus, the paddy field shrimp fishery has been evolved into a primitive form of 
aquaculture, where growing the shrimp seeds for couple of months without any feed or aeration. The first 
experimental shrimp aquaculture has been carried out by Central Marine Fisheries Research Institute, Cochin 
in 1963 (George et al., 1967), and seeded the way forward for brackishwater aquaculture research and 
development in India. Although extensive farming system of shrimp started as early as 1960s, the industry 
only really began to intensify in the early 1990s, after the successful demonstration of scientific shrimp 
farming with the use of hatchery produced tiger shrimp seed and grow out using formulated feed through 
an MPEDA and DBT project, by TASPARC.  

Brackishwater aquaculture development in India 

Although traditional brackishwater aquaculture practiced in Kerala, Goa and West Bengal was almost a 
polyculture system, this system gradually transformed into monoculture of shrimp due to high market 
demand and availability of the primary requirements such as seed and feed, especially in Tamil Nadu and 
Andhra Pradesh in early nineties. Thus, brackishwater aquaculture in India, as in many Asian countries, has 
become a synonym for monoculture of shrimp. The first recorded data for farmed shrimp production in 
India were 20 mt in 1970 and first major change became obvious in 1991 when it reached 40000 mt.  
Farmed shrimp production showed a remarkable growth during early 1990s. Rapid growth of shrimp 
aquaculture induced an increase in farming area from 65000 ha in 1990, expanded to 0.16 million ha in 
1999, later it has been reduced to 0.12 ha in 2013-2014. Major reduction in area under farming was 
recorded in Andhra Pradesh mainly due to disease problems and related crop failures, where the farmed 
area in A. P. reduced from 85000 ha in 1999 to 36000 ha in 2013-2014, at the same time West Bengal and 
Gujarat showed increase in farming area. However, Andhra Pradesh still contributed more than half of the 
farmed shrimp production in India. By early 2000 shrimp production also increased up to 100000 mt in 
2001.  This growth occurred in spite of the setback caused by white spot syndrome virus (WSSV) in the later 
part of nineties, since 1994. The disease impacted aquaculture industry severely, and many private players 
exited or abandoned shrimp farming by 1997. A recovery and moderate growth happened in the post WSSV 
era from 2000 to 2006, shrimp farming gradually increased and peaked with a maximum production of 
about 1.4 lakh tonnes in 2006, but production reduced drastically in 2008. Again, the introduction of 
specific pathogen free (SPF) vannamei triggered a remarkable upsurge of farmed shrimp since 2010 
resulting in an increased production of about 400000 mt in 2014-15. 

Role of ICAR-CIBA 

Since its establishment almost 32 years ago, ICAR CIBA has been working with the sector in its role as 
an R&D institution, and has become a well-recognized research Institute. From the outset, research 
accomplishment of CIBA has been geared towards the development of appropriate technologies to develop 
economically viable and socially acceptable aquaculture in India. Initially, CIBA was focused in the 
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Integrated multi-trophic aquaculture system (IMTA) 

In order to popularize integrated multi-trophic aquaculture system (IMTA), field trials has been 
undertaken in Sindudhurg district of Maharashtra. Farming trials have been started with candidate species 
of different trophic levels such as, milkfish, mullet, pearlspot, shrimp (generalised opportunistic feeders), 
seabass (carnivores), and green mussel and oyster (extractive species). Preliminary results were encouraging 
for the individual farmers and self-groups involved in this. In order to develop an IMTA model as a viable 
aquaculture option in coastal waters of the Sundarbans, a 150-day on-station experiment was conducted in 
brackishwater ponds at KRC of CIBA, farmers ponds in West Bengal and Sindhudurg District, Maharashtra, in 
combinations such as shrimp and fish, shrimp, fish and agriculture, and different species of fish respectively. 
All the above demonstrations witnessed the economic viability of the IMTA as model for brackishwater 
farming maximizing the outputs with minimum inputs. 

 

 
 

First report of EHP and development of diagnostic kit 

Recently, shrimp farms in Asia and other areas have been reporting heavy infection with a 
microsporidian parasite, Enterocytozoon hepatopenaei (EHP) in cultured P. vannamei impacting the 
production due to severe growth retardation. CIBA’s proactive R &D helped in identifying and characterising 
EHP for the first time from farm-reared P. vannamei from India using light and scanning electron 
microscopy, histopathology, polymerase chain reaction (PCR) and in situ hybridisation. Histology of infected 
animals showed severe degeneration of hepatopancreatic tubules. The DNA based diagnosis developed by 
CIBA is under commercialization. 

Vanami shrimp app 

ICAR-Central Institute of Brackishwater Aquaculture (ICAR-CIBA) has launched an android based mobile 
app – “Vanami shrimpapp”,which will be renamed and launched as CIBA shrimpapp,  for the dissemination 
of technical information among the stakeholders of shrimp farming sector. Presently this app provides 
updated information on the Better Management Practices of Pacific white shrimp (Penaeus vannamei) 
farming in the form of “Frequently Asked Questions” and targeted for shrimp farmers and field level 
extension workers of coastal states. The client user can view the content either topic-wise or through key 
word search. Further, the users can post their queries through ‘post a query’ option and it will be answered 
within two working days. The app is being translated in to Hindi, Telugu, Tamil, Oriya, Bengali and Gujarati 
languages and will be made available. The app will be updated at regular intervals based on the 
technological developments.  
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Way forward 

ICAR CIBA has been playing a pivotal role in developing sustainable brackishwater aquaculture in India 
for the last thirty years. Our research focusses on crucial questions about how to develop strategies for 
sustainable aquaculture, aquatic food security, and how to support rural livelihood.  We have been 
continuously taking effort to ensure that our research effort is reaching to the stakeholders. For 
mainstreaming the brackishwater aquaculture at the broader context of social development, landless and 
underemployed fishers should be brought to the aquaculture sector. CIBA has developed research and 
development programs to achieve these targets: Brackishwater aquaculture for food, employment and 
prosperity. 
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Augmenting Marine Fish Production by Improvising Existing  
Technologies to Underutilized Water Bodies 

A.Gopalakrishnan, Grinson George and Boby Ignatius 

ICAR-CMFRI, Kochi-682018, Kerala 
agopalkochi@gmail.com 

Introduction 

Realizing the value of quality protein, the demand for fish is emerging worldwide. Most of the wild 

harvested fishes from all major fishing areas in the world are performing below sustainable levels. Indeed, 

aquaculture is proposed as a viable alternative to satiate the growing consumer demand for fishes globally. 

Things are not different in India with an ever expanding population and increased demand for fish. ICAR-

CMFRI has recently estimated the increasing demand of fish with a growth rate below two percentages per 

annum in the report prepared for working group-III on blue economy. In 2030, we are expecting the total 

demand to touch almost the double what we are producing now. Looking into different sectorial 

components, mariculture activities may be enhanced to generate nearly three million metric tons of 

production annually. A simple spatial estimate of this indicates nearly one percentage of the coastline to be 

enabled for the mariculture activities so as to achieve this target.Setting aside a target for production and 

space for farming alone will not facilitate mariculture activities as trained or professionally active members 

can only venture in to sea for a commercial gain. A similar taboo prevented other interested stakeholders/ 

entrepreneurs from venturing into coastal waters and open sea for mariculture activities. Therefore, realizing 

the need and future potential, ICAR-CMFRI initiated a specialized division on mariculture and groomed a 

team of scientists to address this challenge of demonstrating and attracting more investment as well as 

farmers into coastal and open sea mariculture. A major thrust given during the last two decades by 

mariculture scientists at CMFRI is on cage farming, brood stock development, seed production, grow out 

protocol, feed development, pathology, site selection using satellite remote sensing, GIS applications for 

mariculture, mariculture biotechnology and pathology, carrying capacity estimation and related challenges. 

As a result of the challenging research, the institute was able to professionally demonstrate cage 

mariculture in almost all maritime states and Union Territories. Recognizing the efforts made by ICAR-CMFRI, 

the union Govt. of India invested on a network program in mariculture which is coordinated by ICAR-CMFRI 

and operationalized in collaboration with a handful of other Universities and Institutes all across the 

peninsular Indian coast and Island archipelagos. Realizing the great opportunities lying ahead 

developmental agencies such as Department of Animal Husbandry Dairying and Fisheries (DADF), National 

Fisheries Development Board (NFDB), State fisheries bodies and even private sector organizations have 

signed MoUs with the Institute to promote mariculture research and its field level demonstrations. At 

present nearly 300 million Indian rupees worth programs are coordinated by ICAR-CMFRI with strategic 

leadership advisers provided to policy planner’s research and development programs for developing and 

refining mariculture technologies and demonstration programme for societal upliftment and various 

networks for disseminating mariculture technologies all along the country. In this souvenir article we are 

addressing all these issues with a view to create better awareness among the participants in Braqcon 

delegates and other interested readers. 

Mariculture- present culture formats among farmers and technologies available 

In India we are developing commercialized mariculture activities and conceived the protocols for the 
following major works: - 
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Hatcheries 

Certified quality seeds in quantity are the need of the hour. There is a vicious circle that the farmers are 
not finding enough volume of seeds for mariculture and hence the do not farm and hatcheries not investing 
in seed production for want of farms who can utilize their seeds. Conventional hatcheries require land-
based/ coastal facilities to rear broodstock and producing eggs through induced spawning. CMFRI is 
establishing national brood bank facilities at Mandapam and Vizhinjam to be followed up with regional 
hatcheries in different maritime states and Union Territories to ensure adequate supply of quality seeds. The 
enhanced number of mariculture cages all along India pinpoints the fact that already we have supply of 
spurious smuggled or illegally produced seeds farmed in India. India is in a process to standardize and 
promote good quality hatcheries to meet the demand for certified quality seed. 

Nursery culture 

The temporal extent of mariculture farming varies from 6-9 months depending upon the arrival and 
strength of monsoon. Therefore, it is necessary to farm a table size fish within this time duration. We have 
to develop a nursery stage which involves the rearing of juveniles to a size conducive to grow out (land 
based or inshore). Fingerlings with stunted growth which will grow into table size in a span to 4-6 months, 
normal fingerlings which require a 6-8 months duration of grow out and juvenile monitoring facilities 
require a nursery farming and is expected to cover about 10% farmed areas in India. 

Grow-out 

In order to achieve the target of producing 50% of additional demand from mariculture, India is all set 
to convert at least 1% of coastal areas into mariculture farms. These farms Includes shellfish culture, finfish 
culture, and seaweed culture (brackishwater bodies/ inshore/offshore). These grow out will include- 1) 
Shellfish culture with floating longlines or hanging cages or rafts as well as free planted— “bottom 
ranching” which includes bottom cages also 2) Finfish culture- Net pens or sea cages (inshore/offshore). 
Either for the conventional rearing of hatchery-reared fingerlings or for “fattening” to add value to wild-
harvested fish 3) Seaweed culture- Rafts or Longlines for aquatic plants 4) Integrated Multitrophic 
Aquaculture (IMTA) Systems for seaweed- Bivalve-Finfish integrated farms 4) Recirculation Aquaculture 
Systems and Land based systems for grow out.  

The approaches for development of the above activities can be (i) evolving viable technologies for seed 
production and farming of a large number of marine fin and shellfish species; (ii) expansion of farm area in 
coastal saline and suitable inshore and offshore regions; and (iii) diversifying production systems such as 
coastal pond, raft and pen farming, and inshore and offshore cage farming. 

Technologies available 

1. Seed production and farming of Cobia  

2. Seed production and farming of silver Pompano and Indian Pompano 

3. Seed production and farming of Asian sea bass 

4. Seed production and farming of Groupers 

5. Sea cage farming 

6. Green mussel, edible oyster and clam seed production and grow out 

7. Seed production and farming of the swimmer crab Portunus pelagicus 

8. Seed production and farming of the green tiger prawn Penaeus semisulcatus 

9. Fattening protocols of spiny lobsters and crabs 

10. Sea weed farming 
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11. Production in Recirculation Aquaculture Systems 

12. Production through Integrated Multi-trophic Aquaculture Systems 

13. Live feed production techniques for larviculture 

14. Marine aquarium techniques 

15. Hatchery production of selected marine ornamental fishes  

16. Marine pearl production. 

Sea cage farming 

It has been expanding in recent years on a global basis and it is viewed by many stakeholders in the 
industry as the aquaculture system of the millennium. Cage culture has made possible the large-scale 
production of commercial finfish in many parts of the world and can be considered as the most efficient and 
economical way of rising fish. The rapid growth of the industry in most countries can be attributed to (i) 
availability of suitable sites for cage culture (ii) well established breeding techniques that yield a sufficient 
quantity of various marine and freshwater fish juveniles (iii) availability of supporting industries such and 
feed, net manufactures, fish processors etc. (iv)strong research and development initiatives from institutions, 
governments and universities and (v) the private sector ensuring refinement and improvement of 
techniques/ culture systems, thereby further developing the industry. India is still in its infancy in sea cage 
farming.For the first time in India as part of R &D cage farming was initiated in 2007. Since then, a lot of 
innovations on designing and fabrication of cages and mooring systems were made which led to the 
development of better designs of cages with improved mooring systems that can withstand rough sea 
conditions. Subsequently demonstrations of cage farming were undertaken along different parts of the 
Indian coastunder a participatory mode with the local coastal fishermen. These demonstrations have created 
an awareness regarding the prospects of sea cage farming in India. Many entrepreneurs, fishermen and 
farmers are coming forward to take up this venture. In thisregard, it is needed to follow 
approachesofdevelopment of sea cage farming mentioned above in the global scenario and also to adopt 
the guidelines of cage farming development developed in India by ICAR-CMFRI and NFDB (NFDB,2018) and a 
massive programme tocommercialise the same will go a long way in realising the Blue economy in India.  

Recirculating Aquaculture System (RAS) 

Closed-system aquaculture presents a new and expanding commercial opportunity. Recirculating 
aquaculture systems (RAS) are tank-based systems in which fish can be grown at high density under 
controlled environmental conditions. They are closed-loop facilities that retain and treat the water within 
the system. In a RAS, water flows from a fish tank through a treatment process and is then returned to the 
tank, hence the term recirculating aquaculture systems. Recirculation systems use land based units to pump 
water in a closed loop through fish rearing tanks and consist of a series of sub-systems for water treatment 
which include equipment for solids removal, biological filtration, heating or cooling, dissolved gas control, 
water sterilization and photo-thermal control. 

The application of recirculation aquaculture technology for growing fish in high densities under 
controlled conditions is a promising opportunity. This approach to fish production minimizes the use of 
water and land and can be potentially expanded to locations that are normally unsuitable for seafood 
production.  

Integrated Multi-trophic Aquaculture (IMTA) 

On a global basis, the mariculture practices are dominated by intensive monocultures which have led to 
sustainability problems, environmental degradation and consequent disease problems. In this context, the 
idea of bio-mitigation of the environment along with increased biomass production integrating 
commercially important species of different trophic levels is emerging as an innovation in aquaculture. 
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Integrated multi trophic aquaculture (IMTA) is the practice which combines in appropriate proportions the 
cultivation of fed aquaculture species (E.g. fin fish / shrimp) with organic extractive aquaculture species (e.g. 
shell / herbivorous fish) and inorganic extractive aquaculture species (e.g. seaweed) to create balanced 
systems for environmental stability (bio-mitigation) economic stability (product diversification and risk 
reduction) and social acceptability (better management practices). IMTA is well recognized as a mitigation 
approach against the excess nutrients / organic matter generated by intensive aquaculture activities 
especially in marine waters, since it incorporates species from different trophic levels in the same system. In 
addition, it is also relevant in the implementation of ecosystem approach to aquaculture (EAA) propagated 
by FAO. IMTA can also increase the production capacity of a particular site. It is well understood that the 
increasing use of coastal waters worldwide coupled with rapid growth and expansion of mariculture 
demand for more sustainable practices and hence the concept of IMTA has much relevance and scope. Both 
the above practices (RAS and IMTA) need to be promoted as futuristic technologies by drawing special 
schemes  

Offshore mariculture 

On a global basis the search for additional areas to expand aquaculture and the identification of new 
farming species of commercial value to satisfy the growing local and export markets are necessitating to 
expand its activities farther off the coast and offshore where more space is available, where competition is 
currently less intense, and where environmental impacts from and on aquaculture can be minimized and 
food safety optimized. Mariculture is considered “offshore” when it is located > 2 km or out of sight from 
the coast, in water depths > 50 m, with waves heights of 5 m or more, ocean swells, variable winds and 
strong ocean currents, in locations that are exposed and where there is a requirement for remote 
operations, automated feeding, and where remote monitoring of operating system may be required (FAO, 
2013).The economic, technological and sustainability issues of developing offshore mariculture in India 
needs to be explored. 

Marine Ornamentals 

Another immense opportunity for India is to augment marine ornamental fish production. On a global 
level, marine ornamental fish trade has emerged as a multi-million dollar enterprise. Over 46,000,000 
marine organisms representing 2500 species are traded annually with a value exceeding US$ 300,000,000. 
(Caladoet al., 2017). It is well established that the long term sustainable option for developing a marine 
ornamental fish trade is through hatchery production. There is scope to develop breeding and seed 
production technologies for a number of species which have high market demand, and develop a trade for 
hatchery produced marine ornamentals in India. The techniques for breeding more than a dozen species of 
ornamental fishes have already been developed by CMFRI and research focus is needed to develop 
technologies for more species since the trade is based on diverse species. Parallel to this, establishment of 
small-scale ornamental fish hatcheries for the species for which hatchery techniques are available can lead to 
additional livelihood option and income generation for rural communities. By formulating appropriate policy 
regulations and guidelines for wild collection of species, and developing commercial production of selected 
species through available hatchery technologies, India has the capacity to emerge as one of the major 
source countries for marine ornamental fish trade. 

Culture of Seaweed and Microalgae 

Sea weed farming offers immense scope as a livelihood opportunity and for developing a large number 
of by-products with several applications. Seaweed farming has the advantage of low capital input as it is a 
primary producer requiring no feed inputs. Additionally in future years, seaweed farming can earn carbon 
credits to the farmers. In India, seaweed farming is at its infancy even though we have technologies for 
farming many species. The current industrial demand for raw material is not met by farmed and wild 
collected seaweeds. Hence, research and development thrust is needed to address the issues facing seaweed 
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farmers and to popularize seaweed farming in India. The production of algal biofuels is a novel area of 
research in India. Algae are known to produce more oil per unit area than conventional oil crops. Research 
on production of biofuels from microalgae is being carried out in many countries. India too needs to explore 
the opportunities of production of fuel from algae since we have a diverse and rich microalgal resource and 
suitable environmental conditions for large scale culture. 

Seed and Feed 

Innovative schemes can be developed for establishing hatcheries, seed banks, rearing units and 
SPF/SPR/genetically improved brood banks. Schemes can be taken up for attracting entrepreneurs to start 
establishing finfish /shellfish hatcheries and nursery units. Centres for the supply of fresh stock of fragments 
and import of germplasm of sea weeds after necessary quarantine need to be set up. A system of seed 
certification can be developed by agencies concerned in order ensure supply of quality seed. Research 
institutes have developed seed production technologies for few commercially valuable finfish and shellfish 
species. Availability of stockable size fingerlings for farming can be assured through establishment of 
nursery rearing in indoor and outdoor facilities. Currently farmed bivalve production is entirely dependent 
on seeds collected from the wild, and this has become a limiting factor in the expansion of production. 
Technologies for bivalve seed production have already been developed by research institutions. Financial and 
technical backstopping needs be provided to establish bivalve hatcheries in major bivalve growing areas.  

Developing bio-secure brood bank for high value finfish breeding and seed production programmes 
deserves prime attention. The broodstock facility with RAS can be used to develop and maintain brood-
stocks of high value marine finfish such as cobia, pompano, groupers, snappers, and breams. Establishment 
of a few marine finfish broodbank is needed to provide fertilized eggs/ newly hatched larvae to the 
hatcheries where further rearing and seed production can be carried out. The RAS will also serve to develop 
the broodstock into spawners through photo-thermal conditioning. Thus, the safety of the spawners and 
year-round controlled spawning are ensured in this system. 

Leasing of mariculture areas 

Indian Constitution empowers the states are to regulate and manage marine fisheries and allied 
activities which include mariculture. The provisions made in the 73rd and 74th amendments to the 
Constitution of India empower the panchayats to perform functions mentioned in the eleventh schedule of 
the Constitution in 29 subjects including fisheries with regard to inland water bodies and therefore, rules for 
leasing water bodies for mariculture can be made by LSGs. The guiding principles in developing mariculture 
activities in open access water bodies would be public trust responsibility where, care would be taken to 
prevent conflicts among other users such as fishers and navigational users; ensure limits to biological 
production based on carrying capacity; integrate principles of sustainability to mariculture by limiting 
impacts on the environment and society; promote conservation of marine habitats and protection of rights 
of those carrying out mariculture. Based on the above, appropriate norms for leasing of mariculture sites 
can be developed and the mariculture farm sites can be leased to the entrepreneurs. 

Conclusion 

The fringe between brackishwater aquaculture and mariculture is quite narrow. Many brackishwater 
species are tamed for coastal mariculture and vice versa. CMFRI Cage technology is prominently used in 
brackishwater, inland, fresh water reservoirs and ponds by innovative farmers. We have to promote all such 
activities with a single goal for augmenting fish production from aquaculture bodies. This conference on 
‘Braqcon’ per se is an ideal platform where ICAR-CMFRI technologies spreading across the country may be 
looked upon by all our venturing entrepreneurs and farmers for adaptation and adoption in their specifically 
specialized micro/macro farming niche with some modification. Let us all join hand and spread the 
momentum gained in cage mariculture to all related sectors to with the intention to achieve our targets 
related to United Nation’s sustainable development goals on poverty alleviation (SDG-1) and food security 
(SDG-2) with life under water (SDG-14)in a climate changing regime (SDG-13) 
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Integration of Freshwater and Brackishwater Farming Systems and  
Research on Resilient Aquaculture Species  

B. R. Pillai and D. Panda  

ICAR-Central Institute of Freshwater Aquaculture,  
Kausalyaganga, Bhubaneswar-751002 

Introduction 

Aquaculture, the fastest growing primary food producing sector, is expected to grow further and meet 
the anticipated shortfall in the capture fisheries production. In 2016 the total aquaculture production of fish 
and shellfish reached over 80 million tonnes (FAO, 2018). At present aquaculture sector is showing an 
annual average growth rate of more than 5 per cent. With such growth rate this sector will be able to 
double its production in 30 years. Due to the high demand of freshwater by other sectors and due to the 
rapid depletion of freshwater   resources, much of this expansion is expected to occur in brackishwater and 
marine environments. Therefore, in addition to increased inland production of freshwater fish a large part of 
the aquaculture expansion is anticipated to take place in the oceans and coastal areas. 

Freshwater Farming System 

Freshwater aquaculture has been the mainstay of Indian fisheries over the years and now with a 
production of 7.2 million tonnes during 2016-17 (DARE, 2017), it is still the largest contributor to total 
fisheries production. However, to feed and nutritionally secure the growing population, India needs to 
double the fish production in coming 30 years. The major water resource for aquaculture production in the 
country is the 2.43 million ha of ponds and tanks, even though there are other potential resources that can 
be utilized for increasing aquaculture production. The country is also blessed with strong diversity of fish 
fauna in our natural freshwater system. Of the 900 plus freshwater species reported in the country at least 
40 have been shown to have culture potential as food fish, while a large number of indigenous small fish 
have ornamental value. Such a strong diversity provides enough scope to diversify our freshwater 
aquaculture system. Commonly raised species in freshwater ponds are the carps, tilapia, catfish, snakeheads, 
trout, and freshwater prawns.  

The water resources available in the country greatly vary in the agro-climatic zones and also within the 
same agro-climatic zone. Though the same principle of farming is followed in all these water bodies, they 
tend to differ due to the adaptive modification incorporated into the system over a long period. Broadly, the 
aquaculture system is divided into conventional system and non-conventional system. The conventional 
system refers to the use of regular pond and tank resources for culture of carps alone or along with few 
other important species like catfishes and freshwater prawn with balanced supplementary feed, fertilizer 
and therapeutics, in combination with pond management. The non-conventional system, however, makes 
use of alternative resources and inputs, and includes integrated farming system, rice-fish farming system, 
sewage-fed fish farming, weed-based farming, cage culture, pen culture etc.  

Conventional culture system 

India is a carp country and majority of the freshwater systems follow carp culture. Over the years, 
attempts have been made to incorporate many other compatible species into the carp polyculture system, 
such as minor carps, barbs, catfishes and freshwater prawn to make the system more productive and 
remunerative. The concept of carp farming is transforming day-by-day from a system of ‘culturing seed to 
table fish’ to a system of ‘fish fattening’ where larger fish are being cultured for shorter period in grow-out 
ponds. Several combinations of culture practices have been evolved in the country to suit the fish species, 
water resources, availability of fertilizer, feed resources, etc. and also the investment potentials of the 
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farmers. At present the carp culture practices in the country can be categorized low, medium and high input 
systems.  

The low-input systems relies on the principle of promoting the natural fish food organism and utilizing 
the same by the fish feeding at the base of the food chain viz., phytoplankton, aquatic weeds and detritus, 
etc. Composite culture of Indian major carps with the exotic silver carp, grass carp and common carp is a 
good example where the latter group utilizes the abundant natural productivity with a far greater output 
than the Indian carps. In fertilizer-based systems, the average fish production remains only at about 500-600 
kg/ha/yr. In a medium-input system, limited supplementation of input in terms of application of fertilizers 
increases the fish production to 2-3 t/ha/year.  Provision of feed can further enhance the fish production 
significantly and production levels of 4-8 t/ha/yr can be obtained using a judicious combination of both the 
feed and fertilizers. The Indian version of high-input system of carp culture is known to be a combination of 
semi-intensive and intensive systems. Such system makes use of quality seed, fertilizers, balance feed, 
aeration and occasional water exchange or replenishments. While use of the medium input system was the 
practice in most of the freshwater ponds till recent years in the country, use of aeration, extruded floating 
pellet feed and water exchange are recently added inputs intended towards higher fish yield to the tune of 
8-10 t/ha in several places in the country. There has been further improvement in the system with provision 
of bio-fertilizers and mechanical aeration. Production levels over 15 t/ha/yr have been possible by adoption 
of this high-input technology.  

The concept of intercropping in the carp production system provides scope to introduce other species. 
Intercropping of minor carps and barbs in major carp pond has proven a 30% increase in yield while culture 
of the non-conventional high-valued species such as freshwater prawn, magur and murrel tend to increase 
the farm income (CIFA unpublished studies). Increasing species spectrum in the culture system therefore 
have been emphasized in recent years for increasing the production and farm income and widening the 
consumer’s choice with species conservation as the secondary objective. 

 Non-conventional system 

Integrated aquaculture systems are more common in freshwater than in brackishwater. Freshwater 
integrated farming systems usually consist of two or three commodities: a fish or crustacean, a plant crop, 
and one or other species of livestock. There is a great diversity of aquatic species, livestock, crops, and even 
forest products that can be included. The culture conditions in an integrated system must be modified to 
allow harmonious coexistence of species and thus satisfy the concept and objective of integration. Livestock-
based aquaculture utilizes the wastes (both feed and excreta), where small livestock like poultry birds, ducks, 
rabbits, pigs or sheep/goats are maintained. Sufficiently high investments are required for the maintenance 
of the livestock and so also care and attention with regard to feed and diseases. The advantage, however, 
lies in ploughing the wastes from the livestock system into fish ponds and harvesting a rich crop. 

The wastewater-fed aquaculture is another form of non-conventional farming system with scope to 
increase the productivity of water, the most precious resource, besides converting the waste energy into fish 
protein. The duck-weed based treatment system developed by ICAR-CIFA in collaboration with the Xavier 
Institute of Management, Bhubaneswar (XIM-B) is a good example of such technology. The sewage-fed 
aquaculture practiced in Kolkata wet lands has a long history for utilization of the wastewater for fish 
production. 

Paddy-cum-fish farming is mostly used in the low land area where rice is the only crop grown once in a 
year. Compatible components selected for incorporation in such system has proven yield improvement, 
efficient resource utilization and increased farm income in many parts of the country. The carp and 
freshwater prawn culture in paddy fields is being practised in many coastal states. Fishes including grass 
carp, silver carp, catla, rohu or common carp are also stocked with prawn. Average marketable prawn size 
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of 70 g (ranging from 15 g –100 g or above) is obtained in 6–8 months of culture giving overall yields of 
500–750 kg/ha additionally with fish. 

Food production through organic farming has recently attracted the global interest as people are 
becoming more conscious about health and demand on organically produced food has increased 
tremendously. Despite its importance, organic farming in aquaculture has only recently been initiated and 
the practice has also become a success in the case of carp and giant freshwater prawn farming in India. The 
first trials of organic farming of freshwater prawn were carried out in Kerala (Kuttanad paddy fields) in 2008 
which was adopted after almost three years of field experimentation with organic paddy production by a 
few farms in Andhra Pradesh. The initiative for the India Organic Aquaculture Project (IOAP) was jointly 
carried out by Marine Product Export Development Agency (MPEDA) and the State Secretariat for Economic 
Affairs (SECO) of Switzerland by adopting organic prawn farming standards from Naturland Germany; and 
Indocert, the local certification agency. Despite a slight reduction in the paddy production and higher cost, 
assessment of the economics of the inorganic and organic paddy and prawn productions reveals significant 
increase in economic returns of the farmers. Further the practice also ensures environmental sustainability 
and social impacts. 

Fish production through cage and pen culture in natural water bodies in recent years has increased 
significantly. Fisheries departments including Jharkhand, Chhattisgarh, Odisha, Maharashtra, Madhya 
Pradesh with support from National Fisheries Development Board (NFDB), have promoted large-scale cage 
farming in reservoirs and as such it is linked to the livelihood of the local fishermen society. Similarly, the 
pen culture technology has the potential to be adopted in the floodplain wetlands of Bihar, Assam and West 
Bengal.  

Reservoirs, one of the most important inland fishery resources offers good potential for capture as well 
as culture-based fisheries development in India. Stocking of giant freshwater prawn seed in the reservoirs of 
Kerala, Maharashtra and Andhra Pradesh has shown highly encouraging results. Indeed, most of the 
production of freshwater prawns from Kerala, Maharashtra and Maharashtra has been reported from 
reservoirs. Stocking of prawns not only provide means of enhancing the production of freshwater prawns in 
the country but also ensure effective utilization of large freshwater reservoirs for prawn farming. Generally, 
reservoirs are stocked with prawn seed of large size (>2g) to ensure better recovery at the end of culture. 
Harvesting is usually done using gill nets set near the water surface in which both fish and prawn are 
caught.  

 

Integration of farming systems  

As a result of climate change, oceans, rivers and lakes are experiencing changes in temperature, acidity, 
salinity and water flows, often negatively affecting ecosystem functions. Increasing demand for aquaculture 
has led to the development of new production systems. Inland saline aquaculture, a land-based aquaculture 
using saline groundwater, occurs in several countries including Israel, the USA, India and Australia. Erratic or 
low rainfall and uncontrolled extraction of ground water for irrigation are the major cause of soil 
salinization in India. The proportion of saline soil is increasing over decades alarmingly. India has a huge 
resource of 1.15 million ha coastal brackishwater cultivable area. There are also 7.0 million ha of inland 
saline areas in Punjab, Haryana, Uttar Pradesh and Rajasthan, which are unsuitable for agriculture, but can 
be utilised for low saline aquaculture purpose.   

In this context research and development on production of salt tolerant species from freshwater to 
brackishwater plays a significant role. Many of the freshwater fish and prawn species are salt tolerant and 
can be successfully cultured in low saline brackishwaters. On the other hand, bringing resilient 
brackishwater species to culture in low inland saline areas remained another choice for the fish grower. 
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However, the first choice can provide adequate seed and can be adopted easily in Indian context. At the 
same time, there are many resilient brackishwater species which can also be cultured in freshwater. 
Integration of the farming systems of such resilient species would provide an opportunity to fish grower to 
choose the choicest species and utilize the available water resources more effectively to produce a wide 
variety of species.   

Resilient freshwater species cultured in brackishwater 

Several freshwater species were evaluated for culture in saline groundwater including salt-tolerant 
freshwater species such as finfish (e.g. Oreochromis niloticus, Bidyanus bidyanus) and crustaceans (e.g. 
Macrobrachium rosenbergii) (Allan et al., 2009). The freshwater prawn M. rosenbergii and other shrimps 
and fishes are produced in rice field aquaculture systems, rivers, canals, and brackishwater areas in the 
Mekong Delta (Mai et al., 1992, Lin and Lee, 1992). In addition to freshwater prawn, the other resilient 
freshwater species i.e. Nile tilapia (mono sex) and Indian major carp (IMC) are also reported to perform 
better in low saline water. The selectively bred Jayanti rohu (genetically improved rohu) is also reported to 
be performing well in low saline (<5ppt) brackishwater areas in West Bengal with minimum disease 
incidence, its performance evaluation in inland saline areas in Haryana is in progress. Many freshwater 
species have shown encouraging results when they are grown in brackishwater/low saline environment. 
Tilapia is an excellent candidate species for culture in brackishwater due to their ability to tolerate a wide 
range of salinity. Salt tolerance in tilapia depends on species, strain and size, adaption time and 
environmental factors. Oreochromis mossambicus, O. aureus and T. zilli are the most salinity tolerant tilapia 
species.  O.mossambicus can tolerate up to 120 ppt water salinity, but can grow normally and reproduce at 
49 ppt. O. aureus and O. niloticus are less salinity tolerant but are being cultured in low saline environment 
(EL-Sayed, 2006). Increasing demand for aquaculture has led to the development of new production 
systems. In addition to IMC, the exotic carps like common carp, grass carp and silver carp can also be 
successfully grown in a composite culture in low saline/brackishwater environment. Migratory fishes like 
hilsa (Tenulosa ilisha) and eel are also evaluated for culture in brackishwater environments. There are several 
other freshwater cultivable species that are euryhaline and we need to evaluate them for their tolerance to 
salinity and develop culture technology for these species in brackishwater. 

Resilient brackishwater species cultured in freshwater 

The common species cultured in brackishwater ponds include pearl spot, Etroplus surratensis, mullet 
(Mugil sp.), milkfish (Chanos chanos), and the different penaeid shrimps (Penaeus monodon, P. orientalis, P. 
merguiensis, P. penicillatus, P. semisulcatus, P. japonicus, and M. ensis). Several brackishwater species have 
been evaluated for culture in saline groundwater including euryhaline finfish (e.g. Lates calcarifer, Sparus 
auratus, Dicentrarchus labrax,  Argyrosomus japonicus), crustaceans (e.g. Penaeus monodon, Litopenaeus 
vannamei, Marsupenaeus japonicus) and molluscs (e.g. Saccostrea glomerata), diadromous species such as 
salmonids (e.g. Oncorhynchus mykiss) (Allan et al., 2009). In many countries mullet fry and fingerlings are 
stocked in inland lakes and reservoirs as a form of fisheries enhancement (culture-based fisheries). Cultured 
flathead grey mullet are usually grown in polyculture in semi intensive ponds and netted enclosures in 
shallow coastal waters. Mullet can be cultured successfully with many other fish, including common carp, 
grass carp, silver carp, Nile tilapia and milkfish, and can be reared in freshwater also in addition to 
brackishwater and marine water (Joseph, 2016). Milkfish is a warm water species and it can be grown in 
monoculture or in polyculture with other finfishes and crustaceans. Technology for broodstock development 
and hatchery for large scale seed production is already established in many countries including ICAR-CIBA, 
Chennai, India. Technology for nursery and grow-out in ponds, pens and cages in fresh, brackish and marine 
environment has already been developed for milkfish. Like mullets, milkfish is one of these resilient species 
for culture in monoculture or in polyculture systems in freshwater environment. Asian seabass is another 
brackishwater species that can be acclimatised to freshwater and cultured in freshwater environment, which 
is presently practised in India also.  
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In case of shellfishes, in Indian states like Andhra Pradesh, Punjab, Haryana, Gujarat, Odisha and West 
Bengal, the culture of Litopenaeus vannamei is also practised in low saline environment either by drawing 
ground saline water or using coastal brackishwater. Farming of P. monodon and L. vannamei also has been 
practised in freshwater environment in India.  

Conclusion 

Aquaculture is expected to meet the future demand of fish due to the near stagnation of the capture 
fisheries since last few decades. The sector has the responsibility to make the aquaculture practice more 
remunerative, sustainable and environment friendly. Introducing the concept of species and system 
diversification to the aquaculture sector can provide enormous scope to utilize the different water bodies 
and ensure effective utilization of the resources with increased productivity level. The researchers across the 
country have been coming up with development of several packages of practices of cultivation of new fish 
species, suited to the diversified resource base. However, further research on developing resilient euryhaline 
breeds and their culture practices in different environment will surely help in increasing the fish production 
in the future scenario of climate change.  
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The long coastline of the country along with large number of calm bays and lagoons offer good scope 
for the development of coastal farming. At present, coastal farming is largely restricted to mussel and oyster 
farming along the selected coastal belts.  In view of the available potential that exists for brackishwater 
aquaculture and mariculture, developmental measures are being initiated recently in large scale to make 
these activities significant contributors in seafood production. During the last couple of decades, 
brackishwater aquaculture sector has witnessed overwhelming growth and is now almost synonymous with 
Pacific white shrimp (P. vannamei) culture. Captive breeding and rearing of Asian seabass (Lates calcarifer), 
pearlspot (Etroplus surratensis), Nile tilapia (Oreochromis niloticus) and Hilsa (Tenualosa ilisha), and captive 
broodstock development of grey mullet (Mugil cephalus) are yet other milestones in the brackishwater 
farming.  Lately, the intense research efforts from R&D Institutions have led to development of the base 
technology for the captive breeding and rearing of commercial finfishes including cobia, Rachycentron 
canadum, silver pompano (Trachinotus blochii) and orange spotted grouper (Epinephelus coioides), with 
which open sea farming has gained a huge mileage in the run towards blue economy. The results are highly 
encouraging for the coastal cage and pen culture trials initiated with cobia, seabass, silver pompano, 
groupers, red snapper, breams, Nile tilapia, lobsters and mud crab. Countries such as China, Vietnam, 
Thailand and Indonesia have gone far ahead in coastal farming while India is yet to make a mark. Mud crab 
is yet another sought after variety and fetches INR 1000 - 1400 per Kg in the world market. Canned crab 
meat, chilled pasteurised crab meat, crab cut, fresh whole cooked, frozen whole-cooked, frozen sections or 
clusters and frozen "snap and eat" legs are some of the crab based products available in market. As all these 
resources have good export potential, the present scenario demands a promising protocol for processing 
and value addition so as to identify them as money spinners in export market.  

Opportunities in the post-harvest sector  

Being one of the fastest growing economies and the second largest consumer market in the world, 
India offers a strong platform for processed seafood industry. The adequately skilled manpower pool and 
the upper-hands in several agro-commodities are added advantages to make strong market capture. The 
prevalent methods in global processed seafood market are segmented into salting, smoking, drying, 
canning, freezing, curing, dehydration, pickling and blanching, surimi processing etc. Minimal processing, 
souz-vide and irradiation technologies are certain high-end technologies, but limitedly adopted by the 
industry. Yet, most of our exports currently are in the frozen form.  A value addition level of 23% is reported 
for seafood in India but not beyond the level of dressed fish (deveined/ blanched in the case of shrimp).  

Value addition: future dimensions  

Value addition is not widely attempted with farmed varieties, compared to the enormous reports 
available on wild varieties. The concept of value addition in seafood sector covers the range of products 
from live fish and shellfish to ready-to-eat/serve convenience products. Being the largest producer of several 
agricultural - commodities, there are ample opportunities for value addition and product development, 
especially ready to eat/ ready to cook (RTE/RTC) products for the domestic as well as export market. Ethnic 
recipes of Indian taste like fish/shrimp pickle, fish/shrimp dishes of different cultural populations, marinated 
fish with Indian spices etc. offer attractive opportunities for seafood processors. However, these attractive 
elements are flattened by the poor infrastructure development and capital investment which considerably 
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retarded the growth of processed seafood market of the country in the past years, both in domestic and 
export domain. 

Surimi and surimi based products are yet another least explored area of value addition in the country, 
inspite of having a number of lean varieties of candidate species globally identified for surimi 
manufacturing. Surimi, a wet concentrate of myofibrillar protein, is an intermediate product in the line of 
globally high demanded candidate products such as sausage, analogue products, and imitation products. 
Worldwide, there is a continuous search of raw material which is suitable for surimi production. Surimi 
production from farmed species shows promising potential for a variety of value added products, and 
indirectly the better utilization of locally reared species. Furthermore, the utilisation of farmed varieties for 
surimi and surimi based products will strengthen the link between increased production and resource 
utilization.  

Thermal processing, though a capital intensive process, can fetch higher margins in export market. It is 
a process of great technological importance in many advanced countries. However, some species do not 
adapt to thermal processing as the flesh disintegrates under the severe thermal processing conditions. Thus, 
the consumer is accustomed to a limited variety of canned marine species such as tuna, crab, lobster and 
shrimp. Hence, a detailed investigation on the suitability of brackish or saline water cultured emerging 
species for thermal processing is demanded which will further broaden the scope of value addition. 

Over the years, consumer demand has shifted towards more convenient on-the-go products, having 
superior nutritional value. In this line, a series of intermediate or low moisture foods such as nutritional bars, 
meat flakes, pasta, noodles etc., have invaded the supermarket shelves.  The intermediate foods are foods 
having low water activity (0.7-0.9), which can be used with/ without rehydration and are shelf stable for 
longer period without refrigeration. Many farmed species such as Nile tilapia and Asian seabass are said to 
have whiter, and tastier flesh, which is best suitable for the product development. The conversion of white 
meat to suitable convenient ready- to- eat products will pave a way for value addition to these species. 

Although fermentation has traditionally been used to preserve fresh fish, especially in tropical climates, 
today it is used to enhance nutritive value, improve appearance and taste, destroy undesirable factors, and 
also to reduce the energy needed for cooking. However, it takes long duration to develop the characteristic 
features of fermentation. Similarly, smoking of fish is done primarily for the unique taste and flavour, 
however the texture of flesh may be affected during the smoking process. Hence, preparation of flavoured 
products with typical flavour extracts may be advised to reduce the process time and can be projected as a 
minimal processing protocol with product diversification scope for chilled high value fishes like sea bass, 
cobia, pompano, and grouper. Also, this opens up value addition opportunities in terms of less intense 
flavour of cultured species owing to the difference in food chain followed in captive condition compared to 
the basic seaweed based food pyramid in marine ecosystem. 

Curing and drying, even though an age-old practice opens up new dimensions and possibilities 
towards value addition in domestic as well as overseas markets. In India as per the estimates, about 17-20% 
of the total catch is converted to dried products and dry fish export contributes to about 7.86% of total fish 
exports. The major importing countries are Sri Lanka, Malaysia, Indonesia, Singapore and United Arab 
Emirates. However there are several factors hindering the addition of dried fishery products to the product 
basket. The major one being, drying is still considered a traditional method of processing, and hence 
standard operating procedures are seldom followed. Moreover, there is a general conception that drying is a 
secondary method for preserving low value varieties and quality compromised materials. Attempts towards 
improving the handling practices right from the point of raw material harvesting till marketing, 
popularisation of improved packaging practices, use of hygienic energy efficient mechanical driers, and 
adequate extension services can facilitate better adoption of drying practice in seafood sector.  
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Post-harvest management of farmed varieties: Major considerations 

Compared to the stagnant production and uncertainty of marine resources from capture fisheries, 
culture fisheries ensures certain unique advantages, the major one being the availability of raw material in 
live condition. However, there are certain considerations in the post-harvest management of farmed 
brackishwater species.  

 The major difference arises in the quality of harvested material at receiving hands, either at the 
processor or at the domestic market. Unlike the marine fishes which are mainly caught by multiday 
fishing operations, and hence the retention of freshness is a major issue, the processors can procure 
the cultured varieties at ‘zero storage time’. However, the baseline information on the quality and 
shelf stability of these species is not well documented globally, which is of utmost importance. 

 There are certain serious concerns regarding the safety of coastal farmed fishes compared to the 
offshore harvested ones viz. pathogenic microbes, heavy metal and pesticide contamination. Proper 
culture environment with unpolluted water and good nutrition is essential in aquaculture systems 
to economically produce a healthy, high quality end product. The areas identified for farming is of 
utmost importance, in terms of microbial flora and chemical load. It is apparent from the 
documented data that there exists a research gap in the understanding that how the culture 
conditions like feed used, stocking density, water quality etc. of the culture system impact the 
nutritional profile, quality characteristics and shelf stability of cultured species.  

 On-farm handling protocols are the back bone of good management practices of farmed fishes. 
Handling of cultivable fish has certain differences compared to wild fish. The general understanding 
is that fish should be carefully separated from the main rearing system into smaller holding units 
without causing much stress than necessary. Secondly, a sufficiently long starvation period is 
necessary to ensure that gut contents are evacuated. This is critical as in heavily fed animals, the 
bacterial enzymes liberated in the digestive tract may cause intense post-mortem autolytic changes, 
leading to the generation of off- odors and flavors, and also visible colour changes in the abdominal 
area. Feeding interruption is crucial if further processing steps are intended. Starvation is also 
helpful in preventing faeces trailing from the anus. Thirdly, the degree of muscle activity prior to 
slaughter is a determinant in how firm the flesh becomes during rigor mortis. The method of 
slaughtering is another important parameter which affects the quality and shelf life of harvested 
fish. In farmed fish, the most popular practice is by way of cold shock by plunging the fish directly 
into ice-cold water. The temperature of the fish just after death will affect the course of various 
biochemical reactions during storage. Lastly, the wholesomeness of the harvested fish depends on 
how fast and effectively these operations being carried out. In this context, there exist huge 
variations in the standard handling practices between the species. At present, this part is feebly 
addressed in literature. 

 It would be important to know whether the meat quality can be maintained when growing the fish 
to higher slaughter weights, so as to choose the slaughter weight which is the best in terms of 
meat quality and nutritional composition. Generally, the higher fat content may have a major 
influence on a number of flesh quality-related parameters such as fillet texture, storage time and 
stability, nutritional value, taste and market acceptance. Moreover, the size of the harvested fish has 
a major impact on progress of rigor. Apart from that wild species is a fast swimming one, however 
under captivity the mobility may be restricted. This variation is expected to introduce a major 
difference in the meat quality, especially in texture. Similarly, species like grouper is a habitant of 
coral reefs, which feed primarily on coral fishes, while in captivity they are weaned to pelleted feed. 
In the case of mud crab, grow out and fattening are usually practiced which follow different 
feeding strategies. This implies that, there is still ample scope for a detailed investigation on the 
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quality and safety status of farmed fishes subjected to its culture conditions with special emphasis 
on its feed composition and harvest size.  

 The quality of fish is a cumulative perception of nutritional composition and factors related to the 
environmental conditions. The spoilage pattern is primarily species specific and can be evaluated by 
sensory, instrumental or chemical methods. Development of a quality index scheme for each species 
will help the consumers to categorise it as a “fresh” or “spoiled” fish. There is a need to evaluate 
spoilage characteristics of these emerging species, as meagre studies are reported in literature. 

 As these fishes are of captive in origin, the presence of volatile components is low, which adds to 
the higher quality of meat; however often susceptible to  'muddy' or 'musty' flavors due to geosmin 
and methylisoborneol. The reduction of muddy flavor and development of fish protein powder is 
another potential area of commercial relevance.  

 Mud crabs are highly preferred delicacies; however, usually captured in a hard shelled state. 
Removal of meat from the hard shell is a tedious task, and is usually achieved by blanching, which 
also results in loss of nutrients to certain extent. So moulted crabs with soft shells are of high 
demand. In-situ softening the relatively hard shell portions without any compromise on meat 
quality is an attractive option, less studied and reported. Value added products from soft shelled 
crabs is yet another opportunity to be explored. 

 Live fish, an indication of most excellent quality, guarantees freshness and hence has more 
consumer demand unlike the processed fish products. At the same time, there are a number of 
factors which need to be considered very critically for improving the survival of fish during their 
transportation from the place of harvest to the hands of consumer. These include the different 
systems for transportation, survival of fish, the biochemical changes and stress during 
transportation, post-mortem fish quality on consumption etc. Apart from careful handling, a 
thorough understanding on the conditions the fishes can tolerate is crucial for designing an 
effective transportation procedure. During capture or transportation, pressure changes might occur. 
Different species may have different tolerance limit depending on whether they have duct from the 
swim bladder or not. For instance, if groupers are exposed to pressure changes, the swim bladder 
may be emptied and the fish lose their buoyancy. Cobia, on the other hand, lack the swim bladder 
and rely on constant swimming. Hence, it is obvious that this requires thorough understanding on 
behavioural pattern of individual species while designing fish transportation systems, and demands 
intense research efforts in future.  

 The recent past has witnessed considerable alterations in consumer preference globally. Inevitably, 
the products whether from wild or captive, must essentially meet the consumers’ changing 
preferences and demands. Apparently, the farming system should generate products of consistently 
high quality and safety. There exists a major challenge for the farming industry, which is the 
consumer’s negative attitude toward farmed seafood. This is quite often related to the possible 
emergences of diseases in aquaculture systems, unacceptable flavour, and even may be the ethical 
reasons such as ‘stress during harvest’. Hence, a well-designed protocol for harvest, onsite handling, 
transportation, processing and value addition need to be addressed as the immediate post-harvest 
management measures for farmed resources. 

 In gist, the major questions to be answered are  

 What are the post-harvest quality issues related to the emerging brackishwater/saline water 
species? 
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 What are the good manufacturing and on-farm handling practices to be followed for each 
species? 

 What is the best harvest size in terms of nutritional composition and meat quality specific to 
each species? 

 Which are the processing technologies best suited for the maximum value realisation of 
individual species? 

 How best the availability of live fish can be ascertained in the domestic market through 
interventions in transportation and holding protocol? 

Value addition of process discards 

Invariably, the term ‘waste management’ in fisheries sector is gradually changing to ‘value addition of 
process discards’. A considerable quantity of fish waste is being generated from processing operations, 
which may go as high as 70% of raw material, and is even more costly to dispose. Considering the 
proteinaceous nature and abundance of biomolecules of medicinal and therapeutic value, fish processing 
waste is classified as ‘a certified or prescribed waste’. Process discards, which is primarily composed of head, 
scale, skin, bone, viscera, fins, eyes, and gills is a major reservoir of high value by-products such as protein, 
fish oil, PUFA, collagen, gelatin, bioactive peptides, chitin, chitosan, glucosamine, calcium, pigments, 
hydroxyapatite etc. Additionally, the bulk reduction technologies may be adopted for the conversion of 
these discards to protein and mineral rich farm inputs such as manure, fertiliser, foliar spray, aquaculture 
feeds, poultry and pet feed etc. through less capital intensive methodologies. On the foremost, a successful 
waste management programme depends on the strengthening the baseline data (waste generation, local 
facilities, current disposal plan, major stakeholders etc). Lack of clear legal classification of secondary 
products in the international market, lack of unified protocols for quality assurance (such as HACCP) and 
vitally, lack of awareness about value generation opportunities from process discards are certain key 
elements restraining the advancement of this segment. Development of efficient means of networking and 
establishing inter-industrial linkages between potential stakeholders (timely follow-up and review of the 
efforts undertaken is a must), generation of  mobile pilot technological platforms for testing and 
demonstrating different technologies, encouraging more public-private-organisational partnership 
(incubation centres for pilot production), introducing public policies and legislations against waste 
dumping, framing policies for better use of fishery wastes (such as coupling of licensing of markets and 
processing facilities with waste conversion measures taken at the source of generation) are certain indicative 
strategies for overcoming the current scenario. 

Future perspectives 

The current status of captive farming in Asia, especially in cages and pens, and the developments 
witnessed globally suggest that the farming of high value fishes such as seabass, mullet, pearlspot, silver 
pompano grouper, cobia and red snapper has a bright future. They have several desirable traits, most 
importantly a rapid growth rate under tropical climate and good flesh quality. Similarly, many of the 
molluscan candidates, in particular, mussels and oysters have captured wide popularity in recent years. As 
the top leading countries in aquaculture, the future production from China and India is likely to be a major 
factor in popularisation of these species for commercial processing operations. Countries such as Vietnam, 
Thailand and Indonesia have gone far ahead in coastal farming, while India is yet to make a mark, even 
though we are having a vast coastal line and all the favourable climatic advantages of a tropical country. 
This increasingly demands viable processing, product diversification, value addition and live transportation 
options for channelizing the harvested resources to domestic and international markets, which is expected 
to make significant increase in the country’s foreign currency earning. The immediate benefit expected 
through brackishwater/saline water farming promotion is minimisation of the dependency on marine 
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capture fisheries for raw material supply, which is already in a highly stagnated and more or less in a 
depleted status. A long term benefit envisioned is to present a viable option for the minimisation of use of 
hazardous preservatives, as practiced nowadays for extending the holding time of raw material with 
vendors. In the case of capture fisheries, which relay on multiday fishing operations, the material is stored 
for more than a week before it reaches the landing centres. Unlike this, in culture fisheries the processor or 
the vendor is on a beneficial side that the harvest operations can be scheduled according to the market 
demand so as to get the material on-board at ‘zero storage time’. This delivers them more retainable period, 
and in turn can refrain from the use of hazardous preservatives. ICAR-CIFT has initiated a three year project 
on developing handling and processing protocols for emerging farmed fishery resources with emphasis on 
coastal enclosure systems. The project covers the various aspects on species specific on-farm handling 
protocols for brackishwater and mariculture species, novel value addition options and live transportation 
protocols.  

Undoubtedly in long run, technology up-gradation will continue to remain as the key element in value 
addition domain, supported by minimal processing options for maximum nutritional retention, innovative 
ideas of packaging,  intelligent systems for quality monitoring etc. High Pressure Processing, even though 
not increasingly invaded in seafood sector currently,  is expected to gain fast pace in coming years as a non-
thermal mean to extend shelf life. Out of box thinking and product development addressing niche markets 
is an important strategy for improving farm income. Transferring such technologies with a viable business 
model has the potential to start new industry and generate additional income to the farmers. Inevitably, a 
solid effort for encouraging value addition in seafood sector emphasises the primary requirement of 
appropriate mechanisation for reducing drudgeries, upgradation of capacity and efficiency for cold chain 
system, as well as development of intelligent and smart transportation techniques for increased shelf life. 
Moreover, parallel developments should be reflected in Governament policies and investor friendly 
incentives, in order to make the industry globally competitive. 
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Coldwater aquaculture faces many challenges, notably, domestication of mahseer, snow trout and hill 
stream minor carps; slow growth of coldwater aquaculture species, water scarcity, development of 
appropriate feeds and feeding mechanisms, hatchery and grow-out technology, tracking the emerging 
diseases and development of their diagnosis and therapeutics as well as water-quality management. These 
challenges provide substantial scope for intervention with biotechnological tools, biofloc, RAS and other 
technologies. Some technologies are modern and novel like genome editing, RNAi based vaccines, DNA and 
RNA vaccines while the others are traditional and practiced from many decades (Subasinghe et al., 2003) 
which demands refinement.  

The infectious diseases like eye disease, gill rot, bacterial septicaemia and saprolegniosis are currently 
considered major threat to the expansion of aquaculture in hilly states of India. In addition, there is 
increasing concern over the consequences of emerging diseases in cold water aquaculture notably VHSV, 
IHNV and IPNV. Conventional diagnostic methods and chemotherapeutants like potassium permanganate, 
salt and formalin are less efficient or totally ineffective for many systemic pathogens (Subasinghe et al., 
2003). The molecular techniques are getting increasing attention for pathogen screening, identification and 
characterisation. In addition, these techniques are providing rapid, efficient, sensitive and specific screening 
of pathogens and enable significant insights about host-pathogen interaction. The advanced molecular tools 
and biotechnological approaches can help in development of alternative therapeutic molecules, effective 
fish vaccines and could prevent the losses in trout hatcheries and raceways due to early detection of 
pathogens/disease causing agent.The increased specificity, sensitivity and rapidity of molecular techniques 
like PCR, LAMP, FISH and real-time PCR for detection of fish pathogens has provided significant roads in 
detection of sub-clinical carriers in population before they progress to produce clinical signs (OIE, 2000). The 
highly specific nature of molecular probes and primers clearly helps in differentiation of significant and 
closely related infectious agents, which helps in focussed disease management intervention and reduces 
control cost. Increased efficiency in detecting the early stages of pathogen development also reduces 
reliance on prophylactic and active use of antibiotics to control disease under culture conditions. ICAR-DCFR 
has developed and standardised the PCR diagnostics for three important cold water viruses IPNV, VHSV and 
IHNV. Fortunately these viruses are absent from the rainbow trout farms of Himachal Pradesh and 
Uttarakhand (ICAR-DCFR, annual report, 2014-2015). The directorate is fully prepared to tackle these viral 
diseases if they emerge in rainbow trout farms in near future. Moreover, Saprolegina spp. have been 
isolated and characterised up to species level by morphological and molecular approach and the doses of 
several commonly available antifungal chemicals and drugs have been standardised and optimised for field 
application (ICAR-DCFR, annual report, 2017-2018). Several bacterial species like Lactococcus garvieae has 
been identified and characterised from the farmed rainbow trout (Shahi et al., 2018) and research and 
development of its anti-infective peptide has been started by the Directorate.  

Harnessing the host specific and nonspecific defence mechanisms in an effort to control aquatic animal 
diseases has considerable potential for reducing the impact and losses from diseases in cold water 
aquaculture. Immunostimulants (Glucans) and non-specific immune-enhancers can be incorporated in diets 
to stimulate the immune system of bloodstock and confer the maternal immunity to spawn, which can 
increase the survival of fry and fingerlings and give them protection against diseases. Such methods are not 
currently practiced frequently especially in brood stock management of cold water fishes. However, the 
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large number of commercial immunostimulants available in the market clearly reflects the interest in this 
area as an alternative method to enhance survival from disease challenges. The results from biological trials 
of these commercial products on trout and mahseer fishes are highly variable, thus, further research is 
required to determine the precise mechanisms of their action and assess their cost-benefit value. ICAR-DCFR 
is currently conducting biological trails of β-glucan on golden mahseer brood stock and other stages, which 
could be beneficial in near future to develop the fisheries and aquaculture of mahseer in mid hill Himalayas 
(Akther, M. S., personal communication). The possibility of biofloc technology for the rearing of Cyprinus 
carpio in mid-Himalayan altitude has already investigated by the ICAR-DCFR, which have shown positive 
impact on water quality, growth and non-specific immune response of fish (Dash et al., 2018). The 
technology needs evaluation and refinement in field conditions for its dissemination in common carp 
culture.  

Delivery mechanism of vaccines, peptides and hormones is important for their efficacy and action in 
host. To enhance the efficiency of therapeutic agents or gonadotropin hormones, Directorate has identified 
and designed the cell penetrating peptides (CPPs) from fish viral proteins like SVCV, IHNV, VHSV which can 
be used for intracellular delivery of DNA, RNA and antisense molecules for the disease management and 
breeding in cold water aquaculture (ICAR-DCFR, annual report, 2017-2018). The most urgent need for cold 
water aquaculture health management is establishment of standards for qualitative and quantitative 
assessment of health status in cold water culturable species. Several immune factors (piscidins, histone 
derived proteins) which gets expressed at varying microbial levels and stress could be used as makers in 
assessing the health status of fishes (Noga et al., 2010). The makers can be used for developing the simple 
and rapid predictive health tests under field conditions by field technicians, veterinarians and farmers 
themselves. The immunological indices can be used as indicators of environment quality and such tests 
could provide an invaluable early warning of stress under hatchery and culture conditions, which can 
prevent disease losses by applying the prophylactic and therapeutic molecules at appropriate time. 
Probiotics are generally administrated as live microbial feed supplements which provide beneficial effects in 
host like optimising of beneficial gut microflora, exclusion of pathogenic bacteria and releasing some 
antibiotics and digestive factors. Probiotics are widely used in animal husbandry but their use in cold water 
aquaculture is still relatively new. In cold water aquaculture, identification of effective and economically 
viable probiotics require greater research to develop optimal strains of probiotics micro-organisms and their 
stringent evaluation under field conditions for economic feasibility. Probiotics and immunostimulants can be 
used as important prophylactic measures in cold water aquaculture to prevent disease losses. 

Currently, one of the most heated debates concerning aquaculture development is the use of fishmeal 
and other animal proteins in aqua feeds (Naylor et al., 2000; Forster and Hardy, 2001). Although fishmeal is 
used for its high quality protein content, it has several disadvantages including high cost and instability in 
supply. Recently, ICAR-DCFR has started to find out the alternatives to fish meal by using plant based protein 
sources. Reports suggest that plant protein has significant potential for addressing the problem of 
phosphorus pollution, since plants do not contain the high levels of phosphorus found in animal protein. 
The Directorate has successfully developed the starter feed of rainbow trout by replacing 50% fish meal 
without affecting the growth and nutrient quality of fish. In the similar lines, Directorate is currently 
focusing on the investigation of various plant species and industrial by products, as new sources for protein 
for aqua feed for rainbow trout. One of the difficulties in using plant proteins and industrial by products in 
aqua feed is the need for proper processing to destroy anti-nutritional compounds which may harm the fish 
once fed. We are looking at the possibilities of dealing with anti-nutritional factors by standardising and 
refining the already available methods to counteract them. Aquaculture development in recent years has 
included investigation into methods for more efficient feeding. More recently, research organisations, such 
as IFREMER, have been looking into the use of demand feeders, where the fish trigger feeding by learning to 
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push a lever (IFREMER, 2000). Demand feeders is also need of hour in cold water fishes  particularly rainbow 
trout cultured under super-intensive system which can minimise the human effort in feeding the fish. 

Availability of quality fry to stock grow out production systems has been one of the most critical factors 
affecting commercial success of fish production (Sorgeloos, 1995). The Directorate has developed 
customised micro-particulate diet specially formulated for 15 days hatchling of golden mahseer (Nanhe 
Mahseer) with promising results in weaning the spawn and increasing the growth and survivability of young 
ones (Akhtar et al., 2012). Similarly efforts are being made to develop the feed for fry, fingerling, grow out 
and brood stock of snow trout’s. For devising the feeding regimen in golden mahseer, histology based 
appetite markers has been screened and identified which provide good opportunity to identify the suitable 
stage for ranching of mahseer in lakes and rivers for stock enhancement and fisheries development. A 
number of cold water fish species inhabiting the Himalayan waters have slow growth rate due to their 
genetic makeup, physiology and the environmental constraints of their habitat. These coldwater fish species 
have potential to become candidate aquaculture species due to their thriving ability in stagnant water 
(ponds) as compared to rainbow trout which requires continuous crystal clear water. To address this issues, 
myogenic regulatory transcripts has been characterised in slow growing Schizothorax richardsonii to 
understand the muscle growth mechanism and bringing the fish under label of culturable species. Further, it 
offers a big opportunity to knock out the genes (myostatin) inhibiting the skeletal muscle growth by 
targeted nucleases like CRISPR/Cas9 and TALENs.  

     
Adopted rainbow trout farms by ICAR-DCFR in Himachal Pradesh, India 
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Abstract 

The Andaman and Nicobar Islands with a coastline of 1,912 km accounts one fourth of India’s 
coastline. The islands have 0.6 million km2 of Exclusive Economic Zone (EEZ) and continental shelf area of 
16,000 km2 (ANDFISH 2005) offering excellent scope and prospects for marine fisheries and aquaculture. 
The marine fish catches stands at 39284 tonnes in 2017-18 against an estimated marine fishery potential of 
1.48 lakh tonnes. The catches are mainly dominated by demersal and pelagic fishery whereas oceanic fish 
catches are contributing less than 4000 tonnes (Unpublished data, Department of Fisheries). The Deep Sea 
fishing sector is not well exploited in the Islands due to various issues such as lack of skilled fishermen, 
fishing crafts, market, and logistic limitations. The 2004 tsunami created havoc and devastation to the 
livelihoods of the farmers as well as the fisheries and other coastal resources in the region causing massive 
damage to the coral reefs as well as mangroves which provides various ecosystem services. Most paddy 
fields were also permanently or partially inundated with sea water during and post tsunami. Aftermath 
there were challenges to reinstate the livelihood of the fishers and to develop ways to ensure sustainable 
utilization of available resources in tsunami inundated areas as well as revival of marine fisheries. Areas such 
as deep sea fishing, cage culture, sea weed farming are some of the avenues that had generated growing 
interests in the past decade. Coastal resources, such as bays, creeks and inlet areas are found to be best 
suited for cage culture of marine fin fishes that are abundant along the Island coasts. The recent growing 
interest on seaweed farming due to its potential in commercial products also raised lot of curiosity among 
stakeholders in finding ways to utilize them for economic and social benefits. There is also a constant drive 
to augment the mariculture activities and enhance production under Blue revolution scheme. Despite these 
striking features, the inbound issue that confronts the fisheries needs to be identified. Developmental efforts 
should be prioritized according to the needs that are concerning the interests of local fishermen or fish 
farmers. Simultaneously efforts should also be streamlined to develop the deep sea fishing sector. This 
article calls to holistically address and prioritize the issues that confront the fisheries sector of Andaman and 
Nicobar Islands and find innovative ways to harness the fisheries resources for the benefit of stakeholders. 

Keywords: Andaman and Nicobar, tsunami, fisheries potential, cage farming, livelihood. 

Introduction 

There is a global concern over the tremendous pressure on coastal and oceanic fisheries in order to 
meet the growing food demand.  Since coastal fisheries around the world collapsed there is a rising 
consideration and pressure on industrial fishing (Norse et al 2012). Over exploitation of fish stocks has also 
led to the attention of alternate production practices like aquaculture to compensate the rising food fish 
demands. Aquaculture sector contributes to 44% of the total food fish production and the sector has rapidly 
grown over past three decades (Oyinlola et al., 2018). Indian fisheries sector is growing at steady pace with 
significant contribution from capture as well as culture fisheries. Though marine capture fisheries were the 
mainstay of marine fish supplies in India, recently mariculture was found to be a promising alternative to 
manage the rising species specific demand by culturing in confined conditions either indoor or outdoor. 
Economically important food fishes if exploited irrationally to meet trade demands could lead to depletion 
of their natural stocks. Recent developments and initiatives on the breeding and seed production of marine 
fin fishes such as cobia Rachycentron canadum, Silver pompano Trachinotus blochii, Indian pompano 
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Trachinotus mookalee have popularized the potential of mariculture towards livelihood and employment. 
Mariculture through sea cage farming was also found to be a promising activity by utilizing natural 
conditions which could be more positive for better management and production. Other coastal aquaculture 
activity such as seaweed farming has also proven its credibility towards livelihood in places like Gulf of 
Mannar and Saurashatra region. Yet the potential of the seaweed farming is only utilized marginally and still 
there is ample scope for expanding the sector in regions like Andaman and Nicobar Islands. Though over 
exploitation is a rising concern globally, the Islands like Andaman and Nicobar Islands is  an instance of 
rarity where the marine catches landed are far below the estimated potential offering more scope for 
exploitation. In the light of this background it is essential to understand the prevailing culture practices and 
frame a suitable roadmap with potential management strategies towards developing an organized 
mariculture and fishing sector in Andaman and Nicobar Islands.  

The Andaman and Nicobar Islands (ANI) form an archipelago of 572 islands (Figure 1 Source: Maps 
prepared using QGIS open source software), situated strategically nearby South East Asian countries (Roy et 
al 2009). The Islands are considered to be biodiversity hotspot with rich endemism among flora and fauna. 
The fish diversity of the ANI comprises 1,434 species belonging to 576 genera and 165 families, of which, 
400 species have commercial importance as food fishes (Rajan et al., 2013).  

 

Fig. 1 Andaman and Nicobar Islands 

The Andaman and Nicobar Islands possess immense potential for the development of mariculture 
because of the availability of numerous bays, creeks and inlets. The Island waters harbor numerous high 
value candidate marine finfishes, such as groupers and snappers offering opportunity for aquaculture which 
could play a vital role in the development of fisheries based entrepreneurship in the islands. Groupers 
belonging to genus Plectropomus and lobsters have a high international market value and have the 
potential for exploitation, owing to the close proximity of these Islands to Thailand, Malaysia and Indonesia 
(ANDFISH, 2005). In the recent past there is a lot of emphasis on aquaculture research in the Islands (Jha et 
al 2017; Daniel et al 2016; Sivaramakrishnan et al 2016 and 2017;  Anuraj et al 2016; Angel et al 2014; 
Kirubasankar et al 2016; 2017). More recently there were initiatives taken by Island administration and other 
government organizations to sensitize the stakeholders on the benefits and potential of cage culture and 
seaweed farming in the Islands. Such events to sensitize the stakeholders towards investing in mariculture 
activities have raised lot of expectations towards the importance of the sector. Post-tsunami, there were 
extensive areas available for brackishwater farming mostly due to paddy fields inundated with sea water. 
Availability of candidate species like seabass, mullets, tiger shrimps and mud crabs made the sector more 
attractive as these species have extensive market demand locally and nationally. In marine fishing sector 
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oceanic fishing sector in the Islands holds tremendous potential for long term economic benefits of the 
Island fishermen and could develop trade linkages with nearby countries such as Thailand, Indonesia and 
Myanmar. The underutilization of the tuna resources, cage culture of marine fin fishes, seaweed culture are 
some of the areas identified for expansion of the marine industry in the Islands. Apart from these areas, 
freshwater aquaculture is a promising aquaculture activity in the Islands with over 2500 ponds available for 
fish culture.  ANDFISH-a road map on fisheries of Andaman and Nicobar Islands formulated as a result of 
expert organization (ANDFISH, 2005), and noticeable brainstorming activities on Island fisheries (Roy et al 
2009) illustrates the gaps and policy issues on Andaman and Nicobar fisheries. 

Marine Capture Fisheries Sector 

Capture fisheries form the mainstay of fish supplies from the islands. The present level of marine fish 
catches are 39284 tonnes.  The detailed information on the marine fisheries sector of the Islands is given in 
Table 1.  

Table 1. Basic Information on Fisheries Sector 

Length of coastline  1912kms  

Continental shelf area 35,000 sq km 

Exclusive economic zone 6.00 lakh sq km 

Marine fisheries potential  

(2005 estimate) 

1.48 lakh tonnes(Pelagic-56000t, Demersal-32,000t and Oceanic-60,000t) 

Oceanic tuna potential 

Coastal tunas 

46,500t 

18,000t  

Information update Year 2017-18  

Marine Fish catches 39284 t 

(Pelagic-19478 t, Demersal- 16731 t and Oceanic 3075 t) 

(SA-29130t, NMA-9749t, Nicobar- 405 t) 

Number of fishing boats  2784 nos (Mechanized- 85, motorized- 1353, country crafts-1346) 

Numbers of fishing gears  Gill nets 4270, Shore seine31, Cast net4411, hook and line15050, long line 

2607 

Fishermen with Biometric ID’s 16788  

Fish landing centers and villages  54 & 104 

Ice plants available  15 (capacity: 223 t/day ) 

Cold storages 08 (capacity: 290 t/day ) 

Fish processing plant 03 (capacity:130 t/day ) 

Fish products exported to mainland Chilled prawn, chilled fish, live crab, frozen lobster, shark fin, dry fish, tuna 

Number of freshwater ponds  over 2500  

(Source: Unpublished data: Department of Fisheries, Andaman and Nicobar) 

There is also a considerable export market for marine fin fishes and shell fishes towards mainland and 
the fishery commodities are being regularly exported to mainland. There were no instances of marine fishes 
getting imported to Andaman showing the self-sufficiency of the Islands to cater the needs of local as well 
as tourist’s population. The major fisheries caught from the pelagic, demersal and oceanic catches are given 
in Table 2. The catches are vastly dominated by all categories of fishes particularly carangids, seer fishes, 
sardines, mackerels, perches, tunas etc. 
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Table 2. Major catches in pelagic, demersal and oceanic fisheries 

Pelagic Seer  fishes, coastal tunas, barracudas, anchovies, sardines, Wwolf herring, mackerel, 

carangids, ribbon fishes, etc. 

Demersal Silver bellies, elasmobranchs, perches, pomfrets, thread fins, croakers, gerrids, goat 

fishes, silver grunt, drift fishes, lizard fishes, flat fishes, bulls eye, cephalopods, shrimps, 

crabs, lobsters, etc. 

Oceanic Tunas (yellow fin tuna, skipjack tuna, big eye tuna), bill fishes (marlins, sailfishes, 

swordfish), wahoo, dolphin fish, flying fish, oceanic squids etc. 

Five major fishing gears such as ring net, hand line, long line, trawl net, gill nets are popularly used in 
the Islands and the major fisheries caught from the fishing gears are given in Table 3 

Table 3. Fishing gears used and the major fishes caught 

Though there are abundant fisheries potential and the variety of fishes landed, there is a considerably 
lower level of catches being landed in comparison with the potential. The gap in exploitation was mainly 
noticed in oceanic fish catches than demersal and pelagic. Particularly there is a greater scope for 
maximizing the fish catches from oceanic fisheries sector which has been exploited well below the potential. 
Demersal fisheries sector has harnessed around 50% of their potential mainly due to catches from reef fishes 
particularly groupers, snappers etc., whereas there is still lot of scope left in pelagic and demersal fisheries. 
The marine fish catches over the past five years against their potential estimated and the percentage 
harnessed in different fisheries sectors are given in Table 4. 

Table 4. Marine fish catch trends and the potential in% harnessed in different fisheries sectors. 

Group  Potential 
(tonnes) 

Years wise exploitation in tonnes 

2013-14 2014-15 2015-16 2016-17 2017-18 Percentage of potential 
harnessed  (2017-18 

data) 

Demersal  32000 17005 16329 15405 16453 16371 51% 

Pelagic  56000 18454 18231 18704 18978 19478 34.7% 

Oceanic  60000 1294 2420 3016 3060 3075 5.1% 

Total  148000 36753 36980 37005 38581 39284 26.54% 

(Source: Unpublished data: Department of Fisheries, Andaman and Nicobar) 

Gear Major fishes caught 

Ring-seine Sardines, mackerels, other Clupeids, Leiognathids, Gerrids, Engraulids 

Gillnet 
Sardine, Mackerel, Leiognathids, Gerrids, Engraulids, other Clupeids, Mugilids, 

Thunnids, Belonids, Scombrids, Trichurids, Carangids 

Hand-line Carangids, Lutjanids, Serranids, Lethrinids, Nemipterids 

Long-line Sphyraenids, Carcharhinids, Scombrids, Thunnids, Carangids 

Trawl Net  
Leiognathids, Carangids, Lutjanids, Sphyraenids, Serranids, Bothids, Mylobatids, 

Nemipterids, etc 
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There are few commercial technologies that were applied in marine fisheries sector towards 
augmenting the marine fish catches in the Islands. The Indian National Centre for Ocean Information System 
(INCOIS) provided remote sensing based potential fishing zone (PFZ) forecast to fishers in the islands 
through ICAR-CIARI which disseminated and validated the advisories and its impact to the local fishermen 
community was studied (Grinson et al., 2011; 2013;2014). These PFZ forecasts were disseminated through 
different modes, including digital display boards, e-mail, telephoning/text messaging, radio, community 
networking and distribution of print-outs in person to the targeted fishers in the Islands. The PFZ forecasts 
was proven to be effective for enhancing capture fisheries, in as much as there was a 34% increase in catch 
per unit effort across all fisheries among PFZ followers, and a decrease of 52% time in search of fishing 
grounds, which apparently lowered the fuel consumption and, in turn, made fishing economic. However, 
use of PFZ in the Islands had certain limitations, such as access to the fishing grounds within the period of 
advisory. Motorized boats are also vulnerable to adverse weather and rough seas, which were frequently 
encountered in the Islands. Discontinuous PFZ advisories being another issue caused mainly due to the 
prevalence of monsoon rains to the tune of 310 cm annually, which prevails over 6-8 months. The PFZ 
advisories also were hindered as a result of cloud cover, which affects the advisory generation during rainy 
periods. Use of mesoscale eddies to augment PFZ advisories collaboratively by ICAR-CIARI-INCOIS-ISRO, RRSC 
(Arur et al., 2014) proved that eddies could be used to augment the PFZ advisories along with sea surface 
temperature and chlorophyll data. 

In the Bay of Bengal, the Andaman and Nicobar Islands offer some of the best tuna fishing grounds in 
the Indian EEZ. Tuna fisheries in ANI comprises of little tuna (Euthynnus affinis), longtail tuna, (Thunnus 
tonggol) oriental bonito (Sarda orientalis), frigate tuna (Auxis thazard) and dog tooth tuna (Gymnosarda 
unicolor) yellowfin tuna (Thunnus albacares), big eye tuna (Thunnus obesus) and skipjack tuna (Katsuwonus 
pelamis) (Anrose et al., 2009). Due to lack of capacity and weak forward and backward linkages prevailing in 
the Islands, tuna resources remains largely unexploited. Tunas were found to be more abundant in areas 
such as Hut bay, and Nicobar group of Islands (Anrose et al., 2009). Retrospectively island administration 
and ICAR-CIARI have also organized a national level stakeholder meet at ICAR-CIFT, Kochi in 2017 to 
sensitize the importance and potential of deeps sea fisheries of the Islands to attract the mainland 
entrepreneurs to invest in deep sea fishing sector of ANI. The potential payoffs of deep sea fishing sector 
was strongly sensitized. However there were few issues that need to be streamlined for further process in 
development of deep sea fishing. Adopting suitable mechanized fishing vessels, technical expertise, crew 
capacity in handling larger vessels, storage facilities and other issues demand attention. Despite the 
advantages such as unexploited fishing grounds and the close proximity to South East Asian countries there 
are issues such as lack of local demand and market scope failing to attract the local and mainland 
entrepreneurs. Higher capital investment and logistical issues are also some other factors that dent the 
success of the industrial fishing.  While there may be a limited domestic market for these species, there is an 
insatiable demand for premium quality tuna in countries such as Japan and South East Asian countries. 
Expansion of tuna fisheries in the islands will also have positive impacts on increased employment and 
higher fish catches. Deployment of a sustainable tuna fishing fleet and studying its feasibility could be more 
practical. Multinational cooperation and ties within Asia to promote deep sea fishing sector could be a lot 
more meaningful approach. These fisheries resources being unexploited are also found to be more 
vulnerable to poachers from nearby countries mainly targeting sea cucumbers, shells, deep sea fishes 
causing considerable economic and biodiversity loss (Kiruba-Sankar et al., 2018a). Necessary precautionary 
steps and measures needs to be taken to aggressively protect the marine resources and sustainably utilizing 
them for the benefit of local stakeholders. It should be apparent that the concern and interests of the island 
fishermen are more important and the fishery expansion benefits should actually reach the islanders than 
the mainland fishermen who invest in the Islands. The benefits should boost the boat building industry and 
other ancillary units situated in the Islands. Justifying the fish catches against the potential could be possible 
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only when the deep sea fishing sector develops and their issues being addressed leading to the socio 
economic upliftment of the people engaged in fishing and associated activities. 

Brackishwater Aquaculture 

The earthquake of 26 Dec 2004 and subsequent tsunami have massively changed the landscape of 
Andaman and Nicobar Islands. This catastrophic event led to the subduction of land, resulting in permanent 
inundation of seawater in inland areas, which were previously used for agriculture. Paddy fields were found 
to be worst affected by the seawater inundation. There were instances of permanently and partially 
inundated, areas in Sippighat, Chouldari, Teylarabad, Badmaspahar, Port Mount, Methakhari, Dundas Point, 
Namunaghar in South Andaman. Some of the area that got severely affected by tsunami which could be 
developed suitably for aquaculture is given in Table 5.   

Table 5. Some of the areas affected by tsunami in South Andaman for aquaculture development 

South Andaman Area(ha) 

Sippighat 103.72 

Mithakhadi 144.53 

Chouldhari 60.00 

Ograbranj 66.23 

Badmaspahar 36.33 

Port Mout 37.45 

Kadakachang 21.85 

Namunaghar 44.05 

Source: Adapted from Roy et al., 2009 

Availability of wild seeds of brackishwater fishes like mullets (Liza spp), sea bass (Lates calcarifer), scat 
(Scatophagus argus) and mangrove crabs, including Scylla tranquebarica and Scylla serrata offers 
tremendous potential for brackishwater aquaculture in the islands. Few brackishwater fishes cultured 
experimentally in the islands by ICAR-CIARI, Port Blair during pre-tsunami period could be suitable for 
aquaculture in the inundated areas. However the land subduction issues post tsunami period caused severe 
management issues in ponds that were well utilized for brackishwater aquaculture during pre-tsunami 
period. Though the Andaman and Nicobar administration have been providing a plethora of opportunities 
for promotion of this enterprise, the sustainability depends on the uninterrupted supply of quality fish and 
shrimp seeds either locally produced or procured from mainland. Andaman has many suitable sites along its 
coastal stretch suitable for establishment of shrimp hatcheries. Preliminary studies on the distribution of 
tiger shrimp brooders suggest the inshore waters of Rangat-Betapur coast in Middle Andaman are potential 
grounds for the collection of tiger shrimp brooders. There are also hefty potential for mud crabs in the 
mangrove swamps that could be used for fattening and culture. 

Despite being endowed with areas suitable for brackishwater farming and having candidate fin fishes 
and shell fishes, the following issues hamper the development of the sector: 

Seed availability: Dependency on wild seeds for culture activities could not be a feasible idea as it will lead to 
decline of natural stocks. Hatchery and seed production facilities need to be established to cater the 
requirements of candidate fin fish seeds to sustain culture operations. However such hatchery facility is not 
available in the Islands leading to a greater dependency on fish seeds from mainland 

Importing fish seeds: Seed import has greater chances for introducing new diseases or invasive species in to 
the Island ecosystem. Apart from these ecological issues, there is also higher cost involved in seed transport 
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and also cause mortality and transport stress. The availability of seeds in desired quantities from mainland is 
also uncertain at times.  

Predators: There are frequent incidences of saltwater crocodiles in brackishwater mangrove regions and the 
conflict exists in Islands. Safe venture into brackishwater regions and tsunami affected water bodies are also 
a concern in recent past. 

Preference of fishing over culture: Fishing in mangrove regions is more prevalent and the catch are 
constituted by mud crabs, shrimps and fin fishes which are sought after  in local market. The preference in 
fishing which generates timely revenue is more desired than culture which is time consuming and laborious. 
However there is considerable interest among local fishermen in mud crab fattening which gives higher 
revenue within a short span. 

Pond preparation: Though there is extensive availability of land for culture, preparing ponds out of such 
massive water bodies could be arduous and costly and earth cutting is not much encouraged by the local 
administration leading to issues in pond preparations. 

Environmental conditions: Rainfall spread over a period of 6 to 8 months could be an issue in brackishwater 
aquaculture due to chances of reduction in salinity and associated stress. Oyinlola et al (2018) reports that 
factors other than environmental conditions including lack of socio economic, technical capacity, feed 
supply are also found to be limiting factors for mariculture expansion. 

The following action points are highly recommended to the development of the sector in the Islands, 

1. Developing fin fish hatcheries as Island Infrastructure with sufficient trained manpower 

2. Establishing quarantine and bio security facility  

3. Promoting shrimp farming in the Islands 

4. Clearances and permission to be simplified to attract the investors and local entrepreneurs 

5. Integrating tourism with fish culture in tsunami inundated waters through water sports, boating 
etc. in safe enclosures free from predators 

6. Coordinated efforts of all stakeholders and government departments. 

Brackishwater aquaculture initiatives in the Islands post tsunami 

There were reports of fin fish and shell fish culture during pre -tsunami period culturing milk fish, sea 
bass, mullets, mud crabs in the brackishwater ponds of South Andaman. However the scenario during post 
tsunami was altogether different and was found more challenging to utilize the available water area 
judiciously for fish culture. Attempts to integrate brackishwater aquaculture with poultry system with 
demonstration pond (0.06 ha) stocked with post larva of tiger prawn in was made in 2007. The harvest 
included tiger prawn of 83 kg/ha, tilapia 660kg/ha, mullet 33 kg/ha. Tilapia and mullets were found to have 
entered accidentally (Annual report CARI 2009). Further through mangrove based agro aqua farming 
programme, a demonstration farm was developed in Sippighat region of CARI farm complex. Two ponds 
were stocked with prawn and mullet seeds along with horticultural crops such as bottle gourd, bitter gourd, 
asparagus, cucumber, snake gourd, and fruits like banana, papaya, guava, sapota and mosambi in the 
bunds. A duck shed was also constructed along with mangrove nursery near the pond area. The major issue 
was the frequent breakage of bundhs due to land topography change post tsunami, during tidal change. 
(Annual report CARI, 2011). Under the programme there were constant efforts pursued to register the fish 
farmers under Coastal Aquaculture Authority for undertaking brackishwater aquaculture. More recently sea 
bass seeds were procured from ICAR-CIBA and are being reared in indoor and outdoor conditions at ICAR-
CIARI from fry to fingerling and adult stage in order to stock in cages. Few progressive entrepreneurs are 
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local fishermen. The Island marine waters harbor diverse reef ecosystem. The trawling grounds are very 
limited and even if available, long distances travel is required which also incurs higher operational costs. 
There are fewer bottom trawlers operating in the Islands which are proven to inflict significant damage to 
the benthic habitats and the by catches that are discarded than the targeted species (Thomas et al 2017).  

Mariculture activities are being aggressively promoted recently in the Islands. However mariculture 
could take its time to produce encouraging results in accordance with the ongoing trend of fishing 
activities. There is a profound need for frontline and field demonstration of the aquaculture techniques. 
Despite the availability of feasible technologies, the issues confronting the fisheries developmental activities 
at administrative level should be seen rationally. Mariculture activities also face tremendous pressure from 
anthropogenic activities, variable environment and user conflicts (Jha et al 2017) and hence developmental 
activities should be planned meticulously. Importing fish seeds could also attract chances of invasive species 
and diseases entering in the Island ecosystems (Kiruba- Sankar et al 2018b). More recently there is also 
increasing awareness on the aquatic diseases that are prevalent in the Island ecosystem which could affect 
the aquaculture sector (Saravanan et al 2017a,b,c). Hence aquaculture activities on a whole needs to be 
carefully managed to avoid or reduce the incidences of diseases or invasive species.  

Although there is an immense scope for brackishwater aquaculture due to the area available post 
tsunami, only very few developments have happened post-tsunami. Issues such as predators in 
brackishwater areas were found to be an apprehensive factor for utilizing these waters. Popularizing 
commercial ventures such as shrimp culture, crab fattening etc. could be the best possible ways to utilize 
these waters. Development of low cost cages for feasible mariculture and brackishwater aquaculture could 
be another area of interest. However, a practical policy on open sea mariculture is desired at Island level to 
reduce management conflicts. The legal issues on lease and rights are to be understood and sensitized 
properly for the benefits for stakeholders. There is a growing need to address the issues confronting 
mariculture sector in the Islands in the light of Blue Revolution Programme of Govt of India that aimed to 
maximize fish production through aquaculture practices. Despite being stated to possess innumerable bays 
and creeks and several initiatives on promoting and popularizing sea cage farming practices were made over 
past decade, no significant breakthrough was realized. Like brackishwater fish farming, sea weed farming 
has immense potential to provide livelihood and employment to coastal fishers through suitable technical 
backstopping. However, management of coastal culture systems is arduous and hence requires a 
comprehensive platform involving stakeholders to effectively plan and harness the potential of mariculture.  
There is a basic need to revisit and revive the issues that had happened over these years which dented the 
progress and there is an imminent need to prepare suitable adaptation strategies in mariculture sector for 
livelihood and employment through coordinated approach and efforts of various government and non-
governmental organizations. 
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Importance of Fisheries Sector in Coastal Agriculture 
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Agriculture and allied sectors such as livestock and fisheries generate maximum employment in the 
primary sector and form one of the major sources of income and livelihood for about 60% of population in 
India. During the last 50 years, food grain production has increased considerably. The per capita availability 
of food grains has reduced considerably from 172 kg/year in 1960’s to 162 kg/ year in 2017.  Booming 
population, decline in cultivated area and shift from agriculture are the major causes of decline in the 
productivity. The per capita availability of food grains as well as nutrients may still decrease unless corrective 
measures are taken immediately. The coastal areas of India starting from Gujarat in North-west coast to 
West Bengal in North-east coast are rich sources of local germplasm of cereals, pulses, fruits, vegetables, 
flowers, animals, inland and marine fishes. Hence the integrated development coastal agriculture including 
all these components will definitely hold the key to sustainable use of resources by the coastal population.  

Introduction 

The coastal zone of the country with a coastline of 8017 km (9 coastal states, 4 union territories and 65 
coastal districts, 171 million population, 4 million fishermen population, 2.02 million km2 of EEZ, 43,230 
km2 of wetlands, 6740 km2 of mangroves) is of high natural, cultural, environmental and socioeconomic 
significance. The regions are of with immense food and energy resource potential on account of availability 
of large areas of fertile land. These zones are also characterised by rain-fed with excess water during rainy 
season and water scarcity during pre-monsoon. However, these coastal zones are highly fragile ecosystems 
which are sensitive to climate change and natural calamities. Coastal areas have rich potential for rice based 
cropping systems, horticultural plantations and medicinal and aromatic plants of high economic benefit. The 
coastal ecosystems are generally ideal for aquaculture, dairy, piggery, poultry and agro forestry. Coastal 
ecosystem is broad interface between land and water. The coastal states have more than 13 cattle, 5 
buffaloes, 9 sheep, 11 goat breeds and more than 2000 exploited fish species along the Indian coast. Large 
scale poultry and duck farming are concentrated in the coastal regions of India. Mangroves are another 
important natural resource along the coastal regions which serve as coast guards and provide firewood, 
fruits, fish, honey and other natural resources to the coastal populations. Agriculture in the coastal region 
faces a number of challenges like water-logging, sea water intrusion, coastal soil salinity, salinization of 
water table, depletion of water table due to excessive exploitation, erosion, poor moisture retention, high 
leaching, poor base status, low fertility, salinity, alkalinity, acidity, iron toxicity as well as deficiency, impeded 
drainage etc. The low productivity of milk and meat, over exploitation of fishery resources, biotic stress, 
degradation of biodiversity, and impact of climate change are also risks associated with the coastal regions. 
The rich productivity is getting fast eroded in the coastal regions because of deforestation, forest fires and 
human settlement. Floods, cyclones, sand casting and tidal waves are common and they destroy the 
prosperity of the coastal zones. The east coast is more prone to such natural disasters in comparison with 
the west coast. There is a gap of awareness on scientific farming and low cost technologies among the 
agricultural population of the country. 

Initiatives of ICAR Central Coastal Agricultural Research Institute  

Keeping in mind of agricultural research, education and extension of the state of Goa, the ICAR, New 
Delhi, upgraded this research complex to a full-fledged research institute in April, 1989. The Research 
complex carried out basic, applied and strategic research in field crops, horticulture, animal husbandry and 
fisheries science. The research activities are carried out under five functional groups viz., Natural resource 
management, Crop science, Horticulture, Animal Science and Fishery science. Transfer of technology 
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programmes are organised for farmers comprising both on campus and off campus training and filed 
demonstration through active participations of KVK.  

The institute’s salient  research achievements for the last 25 years constitute; technology package for 
management of mine reject soils, soil and water conservation measures for different plantation crops under 
the coastal climate, plantation crop based land-use systems, coconut and rice based farming systems, 
improvement of productivity in coastal saline soils, salt tolerant rice varieties for coastal saline soils, 
management of pests and pathogens in field, plantation and horticultural crops, technology packages for 
cultivation of plantation and horticultural crops under the coastal system, nutritional interventions for 
management of diary animals, pig and poultry, screening and management of diseases in livestock. The 
salient research achievements in the fisheries science are the packages for fish based integrated farming 
systems with rice, poultry and duck, commercialisation of low cost ornamental fish feed, exotic freshwater 
ornamental fish culture, mussel farming in brackishwater regions of Goa, remote sensing based Potential 
Fishing Zone forecasting and validations, artificial fish habitats, low-cost capture based multispecies culture 
system, documentation of fish assemblages from estuarine systems, freshwater systems, islands and artificial 
fish habitats, recreational fisheries appraisal of Goa and scientific demonstrations of sustainable fish 
harvesting systems. 

Mission and Mandate of the Institute 

The Institute was started with a mission to achieve, “Introduction and improvement of all potential 
crops and various species / breeds of livestock and scientific exploitation of various aquatic resources for 
improving fish production". The mandate of the institute are the following. 

 Researches on field and horticultural crops, livestock, and fisheries relevant to natural resource base 
of coastal India for sustainable productivity. 

 Develop climate resilient land use and farming systems for improved and sustainable livelihood 
through coastal agriculture. 

 Act as a centre of agro-eco-tourism. 

Salient research achievements of the institute during the last five years are grouped under the 
following areas.  

 Identification of promising crop varieties/accessions of field and horticultural crops.  

 Development of suitable soil and water conservation measures in cashew, coconut and mango.   

 Development of integrated farming system models for western region.  

 Development of eco-friendly management of major insect pests and diseases in plantation, fruit 
crops, field crops and vegetable crops. 

 Development of production technologies for field and horticultural crops of Goa.  

 Standardization of low cost protected structures for vegetable and flower crop production. 

 Standardization of packages for rearing cattle, goat, buffalo, rabbit, pig and poultry  

 Standardization of hydroponics green fodder production and bypass fat production. 

 Disease diagnosis and animal health management  

 Standardization of ornamental fish culture, carp culture and brackishwater fish farming.   

 Dissemination of PFZ advisories and validation of advisories.  

 Exploration of fish diversity of Goa  

 Low-cost capture based multispecies culture system 

 Low cost ornamental feed formulation 
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 Design, construction, deployment and evaluation of low cost artificial fish habitats 

 Scientific demonstrations of sustainable fish harvesting systems 

Considering the impact created by the institute in coastal agricultural research, the ICAR, New Delhi has 
decided to upgrade the institute to ICAR-Central Coastal Agricultural Research Institute (ICAR-CCARI) to 
facilitate research along the coastal regions of India.  

Future thrust 

The future thrust should include intensified R & D efforts in soil and water management, biodiversity 
and conservation of crop resources, precision farming, integrated farming systems, Genetic management 
and production strategies for livestock, management of coastal fisheries resources involving improvement of 
habitats and resources and farming practices and long range forecasting and forewarning against the 
possible floods, cyclones and tidal waves using space technology, radar detection and protection, remote 
sensed data, computer technology, radio, cell phones etc,. improvement of market intelligence and 
guarantee facilities in the light of the expanded export opportunities under WTO – agriculture, aquaculture, 
horticulture, sericulture, dairy and poultry products, support for crop, livestock, and infrastructure, 
insurance, reclamation of salt affected soils, creation of wind barriers, scientific exploitation of the 
biodiversity, mangroves, wind and water energy etc. prevention of human induced (anthropogenic) factors 
in the ecological degradation, improvement and extension of technologies, improving irrigation and 
drainage systems and their management, improving post harvest infrastructure and better exploitation of 
river sources, particularly in western delta 

Research initiatives in fisheries resource management from the institute 

The fisheries section of the institute has developed a few integrated fish farming technologies. 
Moreover, the institute has come up with cost-effective feeds for ornamental fish culture using locally 
available ingredients mainly the by-products of agro-industries. The institute is also propagating the culture 
techniques of producing live fish feeds, which is important at the hatchery level rearing of fish spawn and 
fry.  

The project on application of remote sensing in marine fisheries is providing useful information to the 
fishermen for locating fish stocks and their successful exploitation. This information helps in saving the fuel 
cost, search time and human effort to an extent of 30 - 70% depending on the distance of the potential 
fishing zones from the shore. The institute has come out with publications in this technology as well as 
providing the advisories through their website, email and fax. 

Infrastructure developed under the National Seed Project has helped in the production of quality 
ornamental fish seed. About 700 people were trained on various aspects of ornamental fish breeding and 
rearing, low-cost feed formulation, disease and health management, water quality and also fabrication of 
aquarium tanks. Five of the trained farmers have already initiated to produce ornamental fishes on a 
commercial scale. 

Of the states in Peninsular India with rivers originating in the Western Ghats, Goa remains the least 
explored. As part of the efforts to catalogue the freshwater fish diversity of the Western Ghats, the institute 
in collaboration with NBFGR, Kochi Unit conducted surveys of freshwater habitats in Goa. Eight sampling 
locations covering the two major river systems in Goa, Mandovi and Zuari, were sampled using cast nets, 
drag nets and scoop nets. The survey yielded 55 species of freshwater fish, 13 species of crustaceans and 2 
species of molluscs.   

The institute is also initiated the development of a database on the fisheries resource of Goa including 
marine, freshwater and brackishwater resources, their trends and future scope for development. Moreover, 
the technology options for the fisheries enhancement in Goa will be also provided under this database. 
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Major research initiatives from the institute 

Fish biodiversity and fish community profile of Zuari estuary  

A total of 320 aquatic species comprising 255 finfish species and 65 shellfish species are documented 
from Zuari estuary. These findings are the first baseline information on fish biodiversity and it is important 
for conservation of coastal ecosystems. This information was compiled in the form of three research posters 
(Pelagic, demersal, crustacean and mollusc) and distributed to various officials and public in Goa.  

Economic performance of small scale fisheries in Zuari 

In Zuari estuary, the small scale fishery is represented by motorised gillnet fishery (GN) and artisanal 
gillnet fishery (AS) fleets. Using the techno-economic data gathered from fishermen, a set of economic 
indicators was determined separately for GN and AS fleets. The comparison of these indicators showed that 
both GN and AS fleets contributed significantly to the socio-economics of the fisherfolk in Zuari. Both the 
fleets were found to be economically profitable though GN showed comparatively higher profitability.  

 Comparative studies on fish communities other existing artificial fish habitats in Goa  

A total of 68 fish species from 30 families was recorded from the shipwreck in Grande Island, Goa. 
These fishes were from fish groups like snappers, butterfly fishes, grunts, groupers and damselfishes. Fishes 
from all trophic levels (herbivores, planktivores, carnivores, omnivores) were observed on the shipwreck. This 
indicated that the shipwrecks can act as artificial fish habitat, attracting assemblages of fish species and 
leading to enrichment and a greater diversification of the local fish assemblages.  

Design, construction and evaluation of artificial fish habitats for fish communities 

To rejuvenate and replenish the fish communities in Zuari, Artificial Fish Habitats (AFHs) made of RCC 
were deployed in Zuari estuary. Using underwater visual census (UVC), a total of 54 species were counted on 
the AFHs and species diversity and abundance were higher at deeper AFHs. Moreover, the density of trophic 
guilds like mobile invertebrate feeders and carnivores were highest in deeper AFHs. The attachment of 
various communities like oysters, sponges and ascidia was highest on the deeper AFHs. The favourable 
habitat characteristics in terms of vertical relief, upper column free of obstacles and deeper shelter habitats 
must have attracted the communities towards deeper AFH.  

Low-cost capture based multispecies culture system for coastal waters of Goa 

A continuous stocking and harvesting system including finfishes like red snapper (Lutjanus 
argentimaculatus) and pearlspot (Etroplus suratensis) were cultured in combination with a shellfish species, 
green mussel, Perna viridis for a period of eight months. These types of culture techniques are suitable for 
the coastal khazan areas called Manas (sluice gate operating areas). Finfish seeds obtained as a by-catch 
during the fishing operations were separately stocked in nylon hapas (2m x 1.5m x 2 m) positioned using 
bamboo poles. Mussel seeds collected from the wild were stocked in cotton mosquito net bags. The BC ratio 
from the culture was more than 2.5 and thus, this system can function as a source of alternate livelihood for 
youth. 

Integrated fish farming system model for low land situations 

An integrated farming system model with enterprises rice (Vytilla)-fish (Rohu, Labeo rohita), poultry 
(Gramapriya), cowpea (Goa Cowpea-3), fodder (IGFRI-3) and cucurbitaceous vegetables were tested under 
the low land situation of Goa. The total area of the system was 0.07 ha (Rice - 0.06 ha, fish – a trench -  
40 m2 and 1 m deep and rest of the area for fodder and vegetables). The benefit cost ratio of the model was 
2.37. The order of contribution of the enterprises to net profit was – fish (32%) > poultry (23%) > rice 
(20%) > fodder (16%) > cowpea (5%) > cucurbits (4%). 
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Cataloguing of fish and shellfish species from freshwater ecosystems of Goa 

As a part of ICAR-NBFGER project, fish and crustaceans species were collected from two major 
freshwater river systems in Goa, Mandovi and Zuari from 2013 to 2014. A total of 55 species of fish and 13 
species of crustaceans were recorded in the study. The major species identified were Aspidoparia morar, 
Devario malabaricus, Mystus malabaricus, Rasbora dandia, Dawkinsia filamentosa, Haludaria pradhani, 
Pethia setnai, Puntius mahecola, Pethia ticto, Garra mullaya, Aplocheilus lineatus and Mastacembelus 
armatus. This is the first report on freshwater fish diversity in Goa. A live fish gene bank for Goa was also 
established at the institute farm facility with a collection of 45 indigenous fish germplasm 

Scientific trials on mangrove crab farming 

Mangrove crab farming using pen and box methods was experimented in a brackishwater fish farm at 
Orlim, Margao. The candidate species was green mud crab, Scylla serrata. The crab seeds of 5-15 g size were 
stocked @ 1000 nos/1000 m2 and the growth was observed to be about 200 g in 4-5 months trial. The 
growth of crabs and water quality parameters were monitored regularly.  

Management of coastal fisheries-future prospects  

Participatory approach 

The development of a system of “co-management” can be a solution which will be based on the co-
operation between fishing community, interested stake-holders, research institutions, NGOs and 
Government departments. Thus village level traditional societies and boat owners groups will be the 
backbone of this management system. This can be developed using pilot scale experimental systems of 
management under the Department of fisheries and research institutions. However, the successful 
development of co-management system requires huge awareness and capacity building programmes for the 
fishing community and other stake-holders. Care should be also taken to include spatio-temporal resource 
and environmental patterns (biology, spawning, juvenile grounds and critical habitats) under the umbrella 
of co-management. 

Regulated access, gear controls and conversions 

It is high time to shift the open water fisheries from ‘open access’ to ‘regulated access’ which is very 
difficult to implement. Restriction of fishing rights to the vessels can be an option for this management 
plan. The intrusion of mechanised vessels to the territorial area which is the major fishing grounds of 
conventional motorised and tradition fishermen will create resource allocation disputes in the coastal zone. 
In this regard, some of the mechanised vessels can be modified to deep sea vessels. Important gear controls 
like the ban on pair trawls and ring seines need to be implemented by building community support under 
strict enforcement framework.  

Database on the coastal fisheries resources 

Inclusion of ICT is an efficient approach in the management of coastal areas. Consecutive updated 
information on resources, ecosystem, environment, weather, disasters and socio-economic profile will help 
in the planning process for developmental initiatives. There can be specific platforms for inland 
brackishwater and inshore marine coastal areas separately. The database for mangrove ecosystems will also 
be a good initiative for the coastal system research. Disaster warning systems can be a part of the database. 
Fisheries advisories for fishing and regulations can also be communicated through the same platform.  

Restoration of coastal ecosystems 

The coastal ecosystems are classified as tidal mudflats, wetlands, mangroves, marshes, estuaries, 
beaches, lagoons and coral reefs. The conservation and restoration of the coastal ecosystems will be also a 
good theme for research and development under the coastal agriculture umbrella. The installation of 
artificial fish habitats (artificial reefs) will augment the fishery resources by replenishing the shelter for 
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brooders and young ones and regulate fishing in the coastal zones. The deployment of these habitat 
structures will keep the trawlers away from fishing in the coastal grounds.  These will also protect the 
nursery grounds of young ones of pelagic and demersal fishes. It creates recruitment with the dispersal 
envelope around the reef environment. The entire coastal zone of the country can be deployed with these 
habitats which will improve the production from the coastal fishery. 

Recreational fisheries and tourism 

An excellent multipurpose artificial reef habitat can be established near shore areas for attachment of 
corals and ornamental fishes to popularize the eco-tourism.  This can be used by fishermen for recreational 
fishing, students for education, tourists for snorkeling, SCUBA diving, sport fishing with angles (hooks & 
line), trap fishing for live ornamental fishes, underwater sightseeing with the help of glass-bottom boats etc. 
Moreover, designation of marine parks and reserves will augment the resources which will create huge 
scope for the development of tourism based activities.  

Vulnerability of coastal ecosystem and mitigation schemes 

Coastal vulnerability is defined as the vulnerability of the coastal populations for coastal calamities. The 
coastal ecosystems are extremely vulnerable to climate change and the stake-holders are searching for quick 
practical solutions to mitigate the ill effects. This arises from the peculiar geographic, environmental, 
ecological, social, economic and cultural subsystems. The stakeholders and planners should develop abstract 
for coastal districts and villages on the basis of environment, ecology, fishery and socio-economics.  Fisher’s 
perception on environment, fishery, individual assets, climate change, natural hazards, social conflicts and 
coping strategies should be strengthened by awareness and training modules.   

Coastal environmental management 

The discharge of organic and inorganic pollutants into the coastal systems will disturb the ecological 
function and integrity of the ecosystem and the fisheries. Hence there should be effective environmental 
checks for regulating the expelling of these wastes. Activities should be controlled under the umbrella of 
coastal regulation zone notification. Most aqua farms and village fishing grounds are located in coastal 
areas, which connect land with ocean and which are vulnerable sea areas directly and indirectly affected by 
human activities taking place on the land. These areas are also the place in which fishermen conduct their 
industrial activities like aquaculture and into which the wastes generated from marine production procedure 
are discharged. Hence, in compliance with the fishing grounds management law, special management shall 
be applied to aqua farms. 

Coastal culture fisheries 

Brackishwater and inshore marine culture technologies should be adapted in the entire coastal zones of 
the country with site specific modifications. Cage culture of finfishes like pearlspot, seabass, cobia, groupers, 
red snapper, pompano, breams and lobsters in brackishwater and inshore marine seas holds huge scope for 
fish production in the coming years. Adoption of these technologies would yield the coastal folk 
enterprising results in production. The technology is gaining popularity in the coastal areas. Seed resources 
for the culture practice are plenty along the coastal areas. Mussel and oyster farming in brackishwater areas 
holds good source of resource generation, livelihood development. The seeds are found in the inter-tidal 
zone of coastal areas and brackishwater creeks and bays of rocky substratum. Mussels and oysters are of 
high demand and fetch very good market price along the coastal districts.  The institute in collaboration 
with CMFRI under the funding of National Fisheries Development Board (NFDB) has initiated trials on the 
scientific demonstration on mussel farming in the state of Goa. 

Diversified practices for coastal regions 

There are several other non-conventional practices of aquaculture including the sewage fed fish culture 
in Bheries of West Bengal, which is an example of efficient waste management. Cage cultures for Etroplus 
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and mullets have also been tried in these regions other than the traditional carp farming. The manipulations 
are associated with species, size, stocking density, biology and the seed availability. Integrated farming 
practices are coming up with the synergistic systems in which fish will be integrated with cattle, rice, 
horticulture crops, duck, pig and/ or in combination. The institute has standardised integrated fish farming 
technologies including rice, horticulture and livestock components for the coastal state of Goa. These 
technologies with suitable modifications can be trialled all along the coastal states.  

Agro-Ecotourism 

Agro ecotourism is an applied part of agriculture research in which, synergistic combination of 
agriculture is emphasized along with the tourism opportunities. This concept is recently developed to make 
the farming profitable and a source of income for the agricultural farmers.  A model unit of agro ecotourism 
with agriculture, fishery and animal components is developed at the institute premises. There were 
constraints in the spatial aspects and blending of the components with the holistic agroecotourism concept. 
Nevertheless, remarkable progress was made in the establishment of the components at the Agroecotourism 
centre of the institute. The institute established various components at the Agroecotourism centre of the 
Institute. Local as well as introduced varieties in vegetable crops like amaranthus, brinjal, chilli, bhendi and 
cucurbits are being introduced as components of AET centre to serve as information to the visitors and to 
create awareness about bio diversity in the region. Medicinal and aromatic plants garden (Dhanvantari 
Vatika) comprising of 80 species (herbs, shrubs, climbers and trees) was established in a total plot area of 
1000 m2. A fish pedicure unit of indigenous sucker fish species, Garra mullya, consisting of 4 glass tanks 
with frames was established in the Agro-ecotourism unit. In the unit, posters on fish spa and fisheries 
resources of the coastal region were also displayed. Two colonies of Indian bees (Apis cerana indica) were 
introduced as an important component of agro-ecotourism unit. Besides the pollination role by the bees in 
the system, these colonies impart knowledge to the visitors and students.  Rabbit unit (Newzealand White, 
Soviet Chinchilla, Black Brown and Grey Giant) and ornamental poultry unit (Belgian mille fleur white, 
Belgian mille fleur black, Polish cap white and Polish cap black) were established. 

The institute has identified research schemes which benefit the coastal agriculture system. As a part of 
widening the scope for the entire coastal zone of the country, it will focus towards efficient cropping, 
culture, production, marketing and management system to enhance the income from agriculture, animal 
husbandry and fisheries. A framework of efficient stakeholders will pave the way towards key future 
developments in this sector.  
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ABOUT ALPHA MARINE 

Alpha Marine  (will be  shortly known as Citrus Alpha Marine  LLP)  is a well‐known Prawns  / 

Shrimps processing plant, currently 3 star company shortly will be 4 star, situated  in Nellore, 

Andhra Pradesh,  India.Commenced  its operations onAugust 2016 and obtained Green Ticket 

for USAexports in the month of Sep’17.  

The plant is approved by EIC (Export Inspection Council – Approval No. 1869) for export to EU 

and  Non‐EU  countries  (except  for  Russian  Federation  and  Australia)  and  registered  with 

MPEDA  (Marine Products Export Development Authority).  It has also been  facilitated byBRC, 

Halal and BAP certifications to respectively export various counties. 

Total capacity of the plant is 27 MT / day includingtwo contact plate freezers – each with 9 MT 

capacityand One IQF (Glory 500 KG) – with 9 MT capacity.  

The  plant  has  advanced 

machinery  and 

supportsystems  in  the 

pre‐processing, 

processing,  packing  and 

cold store.  

The products     consist of 

Block  and  IQF  Frozen 

Prawns  /  Shrimps  of 

variety of HLSO, PD,PDTO 

and EZPL.  

BAP,  BRC,GMP  (Good 

Manufacturing 

Practices)  and  high 

sanitary  standards  apart 

from  controlling 

hazardsare  followedat 

each  and  every  stageof 

processing.  

Has  a  well‐equipped  lab 

for  carrying  out 

antibiotic  residue  and 

bacterial analysis. 
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Issues in Regulating of Drugs, Medicines and Other Chemicals  
for Sustainable Aquaculture in India 

C. Gopal 

Member Secretary, Coastal Aquaculture Authority, Chennai 

Indian seafood export value crossed USD 7 billion (Rs. 451 crores) during the year 2017-18 and almost 
half of which was contributed by farmed shrimp. Residues of banned substances have become the biggest 
threat for Indian seafood exports in the international trading. To ensure the quality of seafood for both 
domestic and international consumers, it is essential to regulate the aquaculture inputs like, feed, nutritional 
supplements and pharmaceutically active substances. Agencies like, the US Food and Drug Administration 
(FDA), European Medical Agency (EMA), Health Canada, strictly regulate drugs and chemicals usage in 
aquaculture in developed countries to reduce environmental degradation. Similar organizations in other 
developing countries like, China, Vietnam and Indonesia are enforcing regulatory measures in aquaculture.  

In India the absence of drug regulatory agency for aquaculture is the prime reason for unprecedented 
and unregulated use of drugs, wherein the end user is helpless. So the government faces challenge to 
regulate and monitor the usage of drugs and chemicals and to take suitable corrective measures in the 
event of residues reported in seafood. To instil the confidence in the importing countries for quality seafood, 
it is essential to establish a set of standards, regulate the market with proper authorization and monitor for 
quality compliance of the finished products and usage. The CAA in technical collaboration with ICAR 
institutions such as CIBA, CIFT and also with other agencies like MPEDA and State Governments institutions 
needs to establish laboratory facility and constitute an expert committee for quality evaluation of inputs 
used in Indian aquaculture operations. The expert committee needs to be constituted with representatives 
from Coastal Aquaculture Authority (CAA), Department of Animal Husbandry, Dairying and Fisheries (DADF),  
ICAR-Central Institute of Brackishwater Aquaculture (CIBA), Central Institute of Fisheries Technology (CIFT),  
Marine Products Export Development Authority (MPEDA), Export Inspection Council (EIC), State 
Governments, Seafood Exporters Association of India (SEAI), Society of Aquaculture Professionals (SAP), All 
India Shrimp Hatcheries Association (AISHA).  

Aquaculture formulary of India 

 At-most basic level, a formulary, (contained a collection of formulas for the compounding and 
testing of medication - a resource closer to what would be referred to as a pharmacopoeia today) 
comprising a list of medicines, chemicals, herbal, probiotics and other supplements have to developed. 
Today, the main function of a prescription formulary is to specify particular medications that are approved 
to be prescribed for a particular corrective measure without damaging the aquatic ecosystem. So at the 
outset, regulatory agencies like CAA should mandatorily register the commercially available products based 
on some criteria that accounts for non- destruction of the environment. The registration can be further 
made stringent to remove many non-viable products which dominate the market and putting burden on the 
operational economy of the end users (farmer). 

Setting standards and regulation of aquaculture inputs 

World wide aquaculture importers have stringent regulatory mechanism so as to meet their consumer’s 
demands. Many of the international agencies are very critical about Indian aquaculture production which 
includes: 

1. List of important diseases affecting finfish and crustacean species and with their recommended 
treatments including use of disinfectants and other veterinary medical products. 

2. Standard guidelines for farmers about the judicious use of veterinary medical products including 
schedule, dose and withdrawal periods 
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3. List of antimicrobial drugs approved and prohibited for use in aquaculture 

4. List of commonly used and approved veterinary medical products including disinfectants and 
biocides along with indications 

5. Established plan to monitor the use of veterinary medical products in aquaculture  

6. List of approved and prohibited feed ingredients for manufacture of aquaculture feeds 

7. Guidelines and monitoring plan for units manufacturing feed for aquatic animals  

8. Status of aquaculture farm certification programs in the country 

9. Standards of farms producing for targeted export destinations 

Ensuring aquaculture inputs free of banned antibiotics 

As per the international standards, Codex Alimentarius, chloramphenicol and nitrofurans are the two 
antibiotics banned for use in food animal production including aquaculture. To ensure the absence of these 
banned antibiotics used either intentionally or accidentally in seafood products, monitoring becomes 
essential. So the first step is to register the aquaculture input products marketed in the country and through 
monitoring mechanism by agencies like MPEDA, EIC, CAA and State Governments, the usage of the banned 
antibiotics by stakeholders can be curbed.  

Regulatory mechanisms for aqua input 

Introduction of P.vannamei in India way back 2009 changed the whole scenario of shrimp aquaculture, 
increasing production many fold from one lakh to nearly 7 lakh tons. The fast growth led to introduction of 
inputs in form of chemicals, probiotics, herbal and many more without any composition or testing trials or 
dosage certification on the products. This unregulated spurt of products has made the consumer awry of 
the genuineness of the product. Country’s USD 7 billion is facing the restriction in international markets due 
to presence of antibiotic residues in foods. At many forums the issue of product usage was raised for which 
the Government initiated the first step of registering the products with CAA. Now many manufacturers are 
registering their products for Specific Antibiotic Free as per the norms of International buyers. The Authority 
is registering the products under the categories, feed additives, probiotics, larval feed, adult feed, chemicals, 
disinfectants, immunostimulants and drugs. Presently, more than 2000 products manufactured by more 
than 250 companies have been registered in CAA for their antibiotic free status. Further these aquaculture 
input products are regularly monitored for their antibiotic free status. Legal actions have been initiated in 
case of violations. The CAA has developed a standard guideline based on World Health Organization 
directives for sampling of pharmaceutical products and related materials (2005), British Standards (BS 6001-
1) and ISO 2859 which will be notified by the ministry.   

Sample collection  

The aqua products kept in retailer shops for sale to aquaculture farmer are collected following a 
defined sampling procedure by a committee from Govt. agencies. Care has been taken to prevent the 
possible contamination of the opened container/ material, cross contamination with other material and also 
to protect the sampler. The container used to store a sample will be inert and will not interact with the 
sampled material or allow contamination. Samples are collected and protected from light, air and moisture, 
as indicated in the product. Light-sensitive materials are protected by using amber glass containers or by 
wrapping with dark-coloured paper. Headspace is kept to a minimum to minimize any possible degradation. 
The containers are sealed and labelled, and all samples are packaged adequately and transported in such a 
way as to avoid breakage and contamination during transport. A sufficient quantity of samples is collected 
to allow for at least two additional confirmatory analyses if needed. CAA train sample collectors with 
sufficient knowledge of pharmaceutical substances and maintains the required records for future reference.  
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Laboratory testing of aquaculture inputs for antibiotic residue  

Presently this issue is being addressed by MPEDA and EIA with regular monitoring of seafood products 
at harvest (post harvest testing-PHT) and processing before exporting to the destined countries. Further, 
monitoring of the aquaculture inputs used at hatcheries and grow-out farms across the country is being 
carried out by CAA and other agencies. Thus monitoring of these products in the market becomes 
mandatory to curb presence of antibiotic residues using methods which are specific, sensitive, robust and 
cost effective.  

Methods for detection of antibiotics in aquaculture input products 

Commonly recommended methods of antibiotics and other veterinary medical products can be 
classified at 1) Screening tests which include Microbiological Inhibition Tests and Enzyme Linked 
Immunosorbent Assay (ELISA) and 2) Confirmatory tests which include, High Performance Liquid 
Chromatography (HPLC), Ultra-High Performance Liquid Chromatography (UHPLC) and Liquid 
Chromatography–Mass Spectrometry (LCMS-MS). In case of large number of samples, it is advisable to test 
with ELISA but for confirmatory tests LCMS-MS-MS, a sensitive procedure mandated by the international 
agencies is used for banned substances.   

Standards for labelling aquaculture inputs 

Label is a bridge between the producer and consumer which provides all the required information to 
the consumer and protects against counterfeiting/ spurious products. The minimum information needed to 
be displayed on the label are  name of the product, net quantity of contents, composition and 
concentrations of  ingredient, indications for using, dosage and schedule of application, method of 
application, manufacture date, expiry date, storage conditions, name and address of manufacturer, batch 
number, import licence number (if imported), CAA registration number as decided by the Competent 
Authority or the Statutes, and indications of ‘Not for Human Consumption’, ‘Aquatic Animal Use Only’, ‘Do 
not contain antibiotics’ and ‘Do not contain hormones’. 

Regulating aquaculture inputs to address the issue of antimicrobial resistance (AMR) 

Antimicrobials have transformed human medicine and food animal production since their discovery in 
the early 20th century. Human catastrophes due to infectious diseases are treatable now and sever economic 
losses in food animal production and the risk of food safety and security are managed using antimicrobials. 
However overuse and misuse of these antimicrobials has led to the development and spread of antimicrobial 
resistant organisms threatening the human and animal health. Antimicrobial usage has been considered as 
important driver of antimicrobial resistance (AMR). Quantitative correlation between excessive use of 
antimicrobial agents and emergence/selection of resistance in one or more pathogens of human/animal 
importance is yet to be unequivocally established in developing countries including India. World Health 
Organization (WHO) in 2015 has issued a Global Action Plan in on AMR developed recognizing the 
importance of “One Health” approach – involving human and animal health, agricultural and environmental 
needs in close collaboration with its tripartite partners, the OIE and FAO during its 84th General Assembly 
(2016).  Thus, regulating the aquaculture inputs in Indian aquaculture will help in curbing rampant usage of 
the pharmacologically active substances in seafood production and their possible impact on environment 
including the emergence of AMR from aquaculture.  

Thus, India is seriously enforcing regulatory mechanism in inputs usage, for which CAA forges ahead in 
association with other central and state government agencies to minimise the detrimental effects of 
unregulated usage of input products in aquaculture. Through intensive electronic media, awareness 
programme and other forums, CAA contemplates to educate the end users (farmer /hatchery operator) for 
using discretely the products and avoid use of banned antibiotics to achieve sustainable aquaculture. 
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Status of Export Oriented Aquaculture in India and its Impact on Seafood Exports 

K. S. Srinivas 

Chairman, Marine Products Export Development Authority 

Introduction 

The global fish production peaked at 175.2 million tons in 2017 with aquaculture sharing 47% and the 
rest by capture fisheries. The capture fishery production relatively static since 1980, the aquaculture has 
been responsible for the continuing the impressive growth in the supply of fish in the global market. In India 
also the sea caught fish has shown a nominal growth of 3% per annum in the last one decade, whereas the 
aquaculture production has shown a growth of 25% per annum.  India’s seafood export has also followed 
the same pattern and the share of aquaculture in total export has gone up to 31% in quantity and 54% in 
value during 2017-18.    

Status of export oriented Aquaculture  

Export oriented aquaculture continues to be monopolized by shrimp culture.  The export oriented 
aquaculture production has been showing sustained increase over the years, particularly since 2008-09 and 
touched an all time high of 7,05,586 t during 2017-18.  The contribution of shrimp and prawn was 6,91,748 
t amounting to about 98% of the export oriented aquaculture production and other shellfish and fin fish 
accounted for the rest 2% (13,838 t).  The item-wise details of production of the exportable varieties during 
the last 10 years are given in Table 1.  

Table 1. Details of aquaculture production (t) of exportable varieties of shrimp and fish 

Exportable   Varieties 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18 

P. monodon 75,997 95,919 118,575 135,777 123,303 76,798 73,156 81,452 58,163 57,691 

P. vannamei 1,731 18,247 80,717 147,516 250,507 353,413 406,018 501,297 622,327 

Scampi 12806 6,568 8,778 7,993 6,456 3,545 7,990 10,152 9,499 9,983 

Other shrimps - - - - - - - - 1,678 1,747 

Other shellfish and finfish - 412 1,030 1,392 1,298 1,677 3,652 15,883 16,950 13,838 

TOTAL 88,803 104,630 146,630 225,879 278,573 332,527 438,211 513,505 587,587 705,586 

   

Fig. 1. Changes in the pattern of production of export oriented species 

 The spurt in shrimp production during the last decade has been propelled by the exponential growth 
in production of vannamei shrimp. However, increase in production of the exotic shrimp has relegated 
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other shrimps (Penaeus indicus and other penaeid shrimps) registered marginal increases of 5.1 % and 4.11 
% respectively from the previous years’ production (Table 2) 

Table - 2: Variations in species-wise production in 2017-18 in comparison with 2016-17 

Sl. No Species 
Production  (Quantity in t) 

% variation 
2017-18 2016-17 Difference 

1 P. vannamei 622,327 501,297 1,21,030 24.14 

2 P. monodon 57,691 58,163 -472 -0.81 

3 Other shrimps 1,747 1,678 69 4.11 

4 Scampi 9,983 9,499 484 5.10 

  Total 691,748 570,637 1,21,111 21.22 

 Impact of export oriented aquaculture production on marine product exports. 

The advent of export oriented aquaculture in the country has had its direct positive impact on the 
seafood exports. Shrimp from the capture fisheries was contributing to the major share of the seafood 
exports in the seventies and the eighties.  Since the nineties, and during the first decades of the new 
millennium, though all seafood commodities showed increase in exports, the frozen fish had emerged as the 
one contributing the largest share in terms of quantity.  However, the exponential increase of shrimp 
production through aquaculture during the second decade of the new millennium saw frozen shrimp 
surging ahead of frozen fish from 2014-15 on wards (Fig.4).  The correlation between the increase in value 
of seafood exports and increase in value of shrimp exports is of very high degree, underlining the 
importance of shrimp in our seafood exports. 

  

Fig. 4. Pattern of export of major items of seafood  

 Shrimp export surge propelled by export of cultured shrimp during the last decade has helped in fast 
increase in foreign exchange earnings from seafood exports (Fig 5). 
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 Fig. 5.  Progress of Marine Products Exports since 1980-81 

 The single factor that helped in increase in aquaculture production and the surge in exports during the 
last decade was the regulated introduction of aquaculture of Specific Pathogen Free (SPF) P. vannamei since 
2009. Import of SPF brood stock of P. vannamei has been regulated and routed through the state-of-the-art 
Aquatic Quarantine Facility (AQF) which helped in saving our shrimp aquaculture from disease outbreaks 
when some of our neighbouring countries had to bear the brunt of dreaded diseases like the EMS (AHPND). 
Another result of increase in aquaculture production is that India became the world leader in shrimp exports 
overtaking Thailand, Vietnam and China (Fig. 6) 

  

Fig.6. Shrimp exports by main shrimp producing countries.  

 Fig. 6 also points to an overall increase in shrimp exports by all the major shrimp producing countries, 
during the last ten years, excepting Thailand. The production of farmed shrimp has increased by 6 % during 
the year 2017 as per an FAO report. The production in Vietnam and Indonesia apart from India continued to 
increase while the revival of production in Thailand got disrupted.  The trend is expected to be continuing 
during 2018 also.   
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Development of export oriented aquaculture has helped India to emerge as the largest exporter of 
shrimp since 2014 (Fig 6). Fig. 7 depicts the growth of India’s seafood exports against the global scenario. 
 India’s share in global seafood exports was 4.73% earning US $ 7.2 Billion in 2017. Growth of export 
oriented aquaculture has also helped India to emerge as the 4th largest exporter of fish and fishery products 
after China who exported seafood worth US $ 23 Billion, Norway (US $ 11.3 Billion), and Vietnam (US $ 7.5 
Billion).   

    

Fig. 7. India in Global fish trade  

 Being a high value item, the prices of shrimp are subject to market situations of supply and demand 
balance etc. According to Globefish report dated 10.09.2018, “The unusual large harvest in March/April 
caused an oversupply in Asia, when shrimp demand tends to be generally low in international trade”. Export 
prices crashed in April and ex-farm prices fell to cost level in India and other producing countries in 
Southeast Asia.  Fig 8 provides a glimpse of the situation in Andhra Pradesh for the current year.  

   

Fig.8. Average Shrimp prices for different counts of L. vannamei in AP for Jan-November 2018.  

 Another impact of increase in aquaculture production on seafood export is the increased vigil by the 
importing countries on the residues of antibiotics and other banned pharmacologically active substances in 
the seafood products.  The EU has increased testing of aquaculture shrimp consignments from 10 % to a 
minimum of 50%.  Japan is subjecting 100 % consignments to testing for presence of antibiotics.  This 
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situation has arisen as a result of positive reports for presence of banned antibiotics at the border level 
screening of aquaculture consignments. Government of India and the shrimp industry in India have taken 
several steps to control the use of antibiotics in aquaculture which has started having its impact.  

 Presence of pathogens in the fish and shrimp exported is another serious concern raised by the 
importing countries.  Countries like Australia and Canada have very strict bio-security norms for import of 
live/raw fish and shrimp into their countries. Countries like Kuwait, Saudi Arabia and Thailand have also 
imposed ban on import of raw/live shrimp into their countries citing disease occurrences in aquaculture.  
The EU regulation pertaining to invasive pathogens is likely to be effective from 2021.  It is important for a 
country like India to have a comprehensive set up to monitor the entire supply chain of the shrimp industry 
to ensure that the consignments exported does not contain any pathogen and the importing countries 
develop more confidence on Indian seafood products.  

 The global seafood trade has been facing continued uncertainties on account of changing demand-

supply situation, economic recessions in the importing countries and other global business situations. 
Despite the uncertainties, India has been able to cling on to its position as a leading supplier of frozen 
shrimp and frozen fish in international markets. Despite the daunting challenges of oversupply of shrimp 
and issues related to antibiotic residues, India’s seafood industry has been maintaining its growth streak.  In 
order to ensure continued success in the years to come, Indian export oriented aquaculture has to rise to 
international standards by adopting absolute traceability and promoting certification and other confidence 
building measures. 
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Abstract 

Shrimp farms in India generally known as “Aquaculture hotspots” along the coastal belt contributed 
about Rs.37,871 crores to the export earnings in 2017. About 1.2 million ha of coastal area has been found 
suitable for shrimp farming and out of which about 25% has been already been exploited. In the early years 
of 2000, when P. Monodon was facing WSSV and MBV, countries switched to P. Vannamei and that saved 
the industry. India was the last on that curve and in 2017, produced an impressive 600,000. But  
P. Vannamei is now facing huge disease issues. Switching back to P. Monodon is only a ‘band aid’ option. In 
the late nineties, there were serious problems of viral diseases and environmental safety issues, which arose 
mainly owing to lack of planning and regulation. At present, risk of losing a crop to diseases has increased 
and profit margins, have decreased due to increased inputs cost and lowered international market price. So 
there is an urgent need to ensure sustainability of shrimp farming in the country through appropriate 
technical and policy interventions to ensure economic viability, food safety, environmental soundness, social 
acceptability, equity and conservation of resources.  

Buidling back the better hotspots for the effective aquatic environment management come in many 
tiers. The first tier is the pond water and bottom which comes into contact with the shrimp but there is also 
the second tier such as the outlet canal and the creek into which sludge and effluent is discharged. Shrimp 
toilets are excellent disposal systems but where is this waste disposed to? If effluent is undiluted sufficiently, 
it becomes a “hotbed of disease” instead of “hotspot of production” which will return to haunt the 
neighbourhood. Diseases whether WSSV, EHP or WFS are affecting the Indian Shrimp aquaculture 
production more than we care to admit. Our low production efficiency has become the new normal. A 
strenuous effort from existing players to revive Penaeus monodon to create a dual species industry is also 
seen. Genetics and nutrition have made contributions to the industry but each face their own predicament 
with farmers. It is too easy to blame poor genetics for all the health and disease issues. Encouraging farmers 
and hatchery operators to move away from empirical management of the farming ecosystem to more 
knowledge-based management is the only viable option left in our hand. Community based ecological 
mangrove restoration can self-repair or successfully undergo secondary succession for the revival of coastal 
aquaculture hotspots in India. Researchable issues on the thrust areas of coastal aquaculture with an 
integration of agriculture have enormous potential for increasing employment generation and foreign 
exchange in the country. The above are some items are on the wish list which will be discussed in the 
presentation to help the industry focus on science in search of a long term solution under stressed coastal 
environment 

Introduction 

Large-scale fishing industries turned to farming as a way to meet world demands for seafood towards 
the decline if global capture fisheries. Many shrimp farmers revived their economic gains through shrimp 
farming by starting shrimp farms in mangrove forests. Selling land to investors, who rapidly transformed 
mangrove forests into intensive, destructive shrimp farms, which marginalized the coastal communities who 
relied on them the most. Indeed, short-term profits were high with production rates up to 40 t/acre; 
however, the rural poor were unable to build such advanced operations, and therefore practiced traditional 
and extensive farming methods, which are unsustainable due to lack of resources and education. Traditional 
and extensive farms construct ponds within mangrove forests by deforesting trees, shrubs, and roots, and 
by building dikes and canals to get access to water and wild post-larvae shrimp from mangrove estuaries. 
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Local farmers built farms in an attempt to improve their quality of life through increased food security and 
personal. However, 90% of rural farmers must get loans to start operations, and lack of scientific 
management results in collapse of ponds, which leaves them empty-handed and in debt. Farmers must 
abandon the once viable ponds after approximately five years due to poor water quality and sometimes 
spread of disease, which leaves traditional communities and mangrove forests in ruins. Community based 
ecological mangrove restoration can self-repair or successfully undergo secondary succession for the revival 
of coastal aquaculture hotspots in India.  

Shrimp Farming History, Growth, and System Types 

Shrimp farming has rapidly expanded over the last four decades as demand increased with increasing 
human population size (Stokstad, 2010). Traditionally, global shrimp fisheries supplied most of the world’s 
market with wild-caught shrimp of different species and size. However, over-fishing of the world’s oceans 
led to global fishery collapses, which devastated many countries relying on export revenues for economic 
stability (Islam et. al., 2001). Some regions experienced a 30% decline in wild fish and shrimp populations. 
In addition to reduction of natural populations, concerns were also being raised about ecosystem damage 
caused by various fishery practices. These issues led to the creation and enforcement of regulations by many 
countries, which put further pressure on fisheries since catch limitations and use of more advanced 
technologies can be quite costly. As human population and demand for shrimp and other fishery products 
rose, many investors started looking for alternative ways to supply the masses, and the development of 
aquaculture, especially shrimp farming, rapidly expanded in a very short period of time (Paez-Osuna et. al., 
2003). 

While a massive jump in shrimp production was occurring worldwide, large portions of mangrove 
forests were being cleared to make it possible. In 2015, it was estimated that approximately 1.5 million 
hectares of global mangrove forests had been converted to shrimp farms (Tenorio et. al., 2015). Rapid 
conversion of mangrove forests to shrimp farms has taken a huge toll on the once productive and 
biologically diverse ecosystems, especially due to lack of laws and regulations in countries where production 
is the highest (Tenorio et. al., 2015). Since most of the world’s shrimp supply comes from developing 
countries, methods of shrimp farming, as well as their impacts, are an important area of focus (Kelly, 2012). 

Methods for shrimp farming can be classified into four different categories: traditional, extensive, semi-
intensive, and intensive (Paul et. al., 2010). These categories are based on intensity of the operation, such as 
pond size, stocking densities, inputs of feed and fertilizers, and water quality management (Paul et. al., 
2010). In general, traditional and extensive farming operations use natural water systems to maintain water 
quality and recruit natural stocks of post-shrimp larvae. Stocking densities are usually low as are inputs of 
food and fertilizers. Semi-intensive and intensive operations use water systems that are separate from the 
natural environment, have high stocking densities, high amounts of chemical inputs and feed, and 
mechanical aeration systems (Joffre et. al., 2015). Due to the cost and maintenance of supplies and 
technology in intensive systems, they are used very rarely in developing countries, especially by native and 
local peoples (Joffre et. al., 2015). For example, 80% of the shrimp farms in India use traditional or extensive 
farming methods, with only 20% using semi-intensive or intensive operations (Undercurrent News, 2018).  

Shrimp farming: Ecological and Socio-Economic Impacts 

Countries present in tropical areas have climatic conditions that are ideal for shrimp farming (Joffre et. 
al., 2015, Paul et. al., 2010). Many of these countries are undeveloped or developing and view shrimp 
farming as a means to better their quality of life (Islam et. al., 2005). Increased quality of life in these areas 
refers to decreased poverty and increased food security, as shrimp farming provides employment and 
economic gains can be used to purchase food and goods. The impacts include reduced area of habitat for 
thousands of species, reduced availability of land and forest goods (i.e., agriculture, food, fuel, medicine, 
etc.), nursery and fishery collapse, decreased water quality, loss of protective coastal barrier, decreased 
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shoreline stabilization and land building (i.e., increased rates of erosion), and decreased carbon 
sequestration and storage (i.e., increased carbon export).In addition, local and native peoples have been 
greatly impacted by development of shrimp farms and will therefore be included here (Islam et. al., 2005, 
Joffre et. al., 2015, Kelly, 2012, Tenorio et. al., 2015). 

Ecological and Socio-Economic Impacts of destructing coastal aquaculture hotspots  

 Habitat loss/Modification 

 Reduced availability of wild seed and broodstock 

 Spread of diseases 

 Use of antibiotics and chemicals 

 Aquaculture wastes and coastal pollution 

 Salinization of soil and water 

 Dependence on fish meal and fish oil 

 Reduced area of habitat for thousands of species 

 Decreased water quality 

 Decreased shoreline stabilization and land building 

 Decreased carbon sequestration and storage 

 Impacts to coastal communities 

The way forward 

For aquaculture to fulfil the promises of food security and poverty alleviation without causing negative 
environmental and socioeconomic effects, a more holistic approach is required. This must involve other 
stakeholders to avoid a sectoral focus on aquafarms. The key issues to consider and address are outlined 
below. 

Aquaculture technologies currently receiving considerable R&D attention, such as recirculating systems, 
aquaponics and open water Integrated Multitrophic Aquaculture (IMTA) and land-based IMTA will make a 
significant contribution to the future global fish supply. In this, open water IMTA, which integrates finfish 
with seaweed and shellfish culture, has appeared to demonstrate attractive returns for investors but more 
data are required to demonstrate ‘real world’ viability. 

 Land-based closed containment systems use water recirculation technologies that can meet point 
source discharge regulations, eliminating the nutrient wastage in the fish production technologies. 

 The proactive attention must be paid to species selection to cater to the needs of mass markets. 
Diversification of aquaculture, both in the horizontal and vertical means are recommended.  

 Fish seed certification and the implementation of the Sanitary Import Permit to aquaculture should 
be strengthened. 

 The stock availability and the exploitation potential of marine resource should be determined and 
sustainable use of these sources should be ensured. 

Promotion of aquaculture can be done by adopting the Best Management Practices (BMPs) for greater 
efficiency and potentially greater profits provides a fortuitous environmental ethics of the producer leading 
to improved efficiency at the farm level and in the supply chain. Dependency on open water and culture 
based capture fisheries to achieve high production through ecosystem management will be a viable option 
to open a new era in aquaculture. 
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 Deploying “Open Ocean Aquaculture” does offer tremendous potential to increase global 
aquaculture production with almost unlimited space and diffusion of wastes in contrast to coastal 
aquaculture. 

 Community or culture-based fisheries (CBF), usually extensive aquaculture in small water bodies, 
had has been described as an underutilized opportunity for aquaculture development. 

 The promotion of CBF is likely to deliver more immediate yield increases than investment in 
technology inasmuch as it is technically simpler than conventional aquaculture although there are 
usually complex technical, social, and institutional issues regarding biodiversity access to water 
bodies, social equity arrangements and competition of water use to be addressed. 

The evolution of Closed Integrated production system (CIBS) by the integration of recirculating 
aquaculture system (RAS) and bio floc technology (BFT) completely recycle both water and nutrients in 
economically sustainable ways for commercial scale production. This system eliminates waste effluents into 
the natural ecosystem and prevents intrusion of any hazards, such as pathogenic organisms from the wild.  

The three-phase culture system in the shrimp culture will increase the number of crop cycles and also it 
prevents the disease occurrence at the early rearing stages. It contributes much lower cost /benefit ratio to 
shrimp producers. It also enhances production up to two or three times. 

Active community participation with the adaptive and proactive capacities is also important for 
sustainable fish culture. 

 Integrated Coastal Zone Management 

The groups vulnerable to the negative effects of shrimp culture generally do not participate in the 
formulation and implementation of public policies, e.g., determining location of ponds, pens and cages, 
regulating farm activities, and environmental impact assessment preparation. Community participation in 
coastal zone management is essential if questions of social equity are to be satisfactorily addressed. In 
community based coastal resource management, fisher folk and other local residents are the day-to-day 
managers of resources. 

Coastal zones should be delineated for fisheries, aquaculture, tourism and other uses through the 
process of integrated coastal zone management (ICZM). Allocation of activities to locations should be based 
on the carrying or assimilative capacity of the environment for a given use, protection of community 
resources, rehabilitation of degraded habitats, stakeholder needs and mechanisms for conflict resolution. 
ICZM is based on the concept of the ecological footprint which incorporates not only inputs such as feed 
and seed, but also outputs, e.g., effluent treatment. 

Advanced Culture Systems and Technologies 

More advanced, high-tech systems are working towards reducing environmental damage and 
increasing production by developing closed-system farms inland (Stokstad, 2010). Ponds are constructed 
with cement and built inside greenhouses, where water is recirculated, aerated, and shrimp are fed biofloc 
(Stokstad, 2010). Biofloc refers to the use of microbes in nutrient recycling; that is, bacteria and carbon are 
put into systems to allow the breakdown of ammonium in shrimp feces so it can be recycled and consumed 
by shrimp (Stockstad, 2010). These systems have significantly reduced ecosystem damage and increased 
production; however, small-scale farming operations in developing countries cannot afford advanced 
technology, which is where the majority of farmed shrimp come from (Stockstad, 2010). Therefore, laws and 
regulations to conserve remaining forests, as well as restoration and development of integrated mangrove-
shrimp farms, are the most promising solutions to protect the world’s mangrove forests (Ewel, 1998, Islam 
et. al., 2005, Joffre et. al., 2015, Kelly, 2012, Lee et. al., 2014, Stockstad, 2010, Tenorio et. al., 2015, 
Thampanya et. al., 2006). 
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Farm siting 

Criteria include such standard physical factors such as water supply, tidal regime, topography, soil 
quality and climate as well as the capacity of the environment to absorb effluents. More important than 
fish/shrimp density inside ponds is the farm density in a given area so that the (waste) absorbing or 
assimilative capacity of the environment is not exceeded. Wide-scale abandonment of ponds is often due to 
the proliferation of initially successful farms that ultimately overwhelm the system because they do not 
follow the ecological footprint concept. 

Farm and effluent management 

Good management of cultured stock, food, water and soil is the first line of defence against diseases 
and crop failures. Water quality standards should apply equally to influent water in ponds as to drainage 
waters flushed into adjoining estuarine and marine habitats. Closed and semi-closed water systems that 
recycle water through a series of reservoirs, treatment ponds (with fish, bivalves and algae) and canals back 
to production ponds serve to reduce the amount of discharged wastes and minimize the entry of disease 
organisms from natural waters. Pond sludge may be reduced through the application of probiotics, or by 
the tilling and drying of the pond bottom. Alternatively, sludge may be collected and stored near the farm 
for mangrove planting or subsequent transfer to agricultural or forest land. Mangroves can be used to treat 
shrimp pond effluents with high levels of solids, organic matter and nutrients. Seedlings of various 
mangrove species survived in an abandoned shrimp pond, in intertidal dump sites near shrimp farms, and in 
shrimp pond effluents. Abandoned ponds may be rehabilitated for shrimp production or other sustainable 
uses such as salt making and integrated aquaculture, or restored to a productive mangrove system. 

Mangrove-friendly aquaculture 

Mangroves and aquaculture are not necessarily incompatible. For example, seaweeds, bivalves and fish 
(seabass, grouper) in cages can be grown in mangrove waterways. Such mangrove-friendly aquaculture 
technologies are amenable to small-scale, family-based operations and can be adopted in mangrove 
conservation and restoration sites. Brackishwater culture ponds may not necessarily preclude the presence of 
mangroves. Dikes and tidal flats in ponds were planted with mangroves to provide firewood, fertilizers and 
protection from wave action. Present-day versions of integrated forestry-fisheries-aquaculture can be found 
in the traditional ponds in Hong Kong, mangrove-shrimp ponds in Vietnam, aquasilviculture in the 
Philippines, and silvofisheries in Indonesia. Alternatively, mangroves adjacent to intensive ponds can be used 
to process nutrients in pond effluents. 

Disease control 

The most realistic approach to combat diseases is combining good husbandry and good feed with the 
use of prophylactic agents, including immunostimulants and probiotics. The control of diseases (and pests) 
through the use of chemicals should be a last resort only after environmental conditions, nutrition and 
hygiene have been optimized. Chemicals used should be safe to the cultured crop, farm staff, environment 
and consumer. Farmers should avoid prophylactic treatment, apply effective and narrow spectrum 
antibacterials, adopt withdrawal periods and avoid discharge of effluents with toxic chemical levels into 
natural water bodies. 

Low trophic level species, native species 

There is a need to counter the market-driven trend towards carnivorous crustaceans and marine fish 
and focus on herbivorous species that do not require fishmeal-based pellets or raw (‘trash’) fish. Likewise, 
introduction of exotic species should be minimized and strictly follow established protocols. Aquaculture 
production does not rely on the number of candidate species, rather it depends on the efficiency of the 
species performance at various niches. The lack of understanding of the natural history of the cultured 
animal throughout its life stages leads to the selection of non-targeted species selection. The lack of 
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information in the biology of the cultured animal in terms of an aquaculture perspective, also defines the 
major issue of expanding and diversifying Indian aquaculture. 

Role of government, market mechanisms and self-regulation 

Legislation is designed to prevent or reduce harm created by aquaculture by means of such instruments 
as: government authorizations (licenses, permits, certifications); environmental impact assessments and 
regulation in the form of standards on water quality, permissible emission levels, etc. However, the 
regulatory approach is fraught with problems because the targeted sectors, i.e., shrimp farmers, can be 
powerful and disregard or circumvent the laws. Moreover, there is little will or ability to enforce legislation, 
often because the delineation of the government agencies responsible for enforcement of specific laws, and 
the level of authority, whether local, state, provincial, regional or national, for enforcement remain vague. 
Economic incentives and disincentives in the form of taxes, penalties and credits for effluent disposal, 
groundwater abstraction, chemical use, etc., may be more effective than regulatory approaches in inducing 
behavioural changes towards the environment and generating revenues to finance environmental policy 
programs. Such fees should reflect the economic rent of the resource used, e.g., ground water and 
mangrove area converted to pond and encourage efficient pond utilization. Green taxes (based on the 
Polluter Pays principle) can mitigate the environmental and socioeconomic damage of shrimp farms by 
correcting water quality problems, financing alternative water supplies in salt-contaminated areas, 
rehabilitating mangroves and other damaged landscapes, and compensating local populations for the loss 
in livelihoods. 

Ecolabelling in shrimp Farming 

Market mechanisms provide financial incentives for industry to modify its production processes and 
include consumer boycotts and eco-labelling. Eco-labelled shrimp/fish grown in ecologically and socially 
responsible farms can command premium prices from generally affluent and environmentally aware 
consumers. There should be joint certification of such products by government representatives and 
independent third parties, and regular monitoring. Shrimp from extensive Indonesian farms certified as 
organically grown are marketed by a Japanese company to consumers through a Swedish cooperative. Site 
visits to the farms in Java revealed non-compliance by the shrimp farms with standards set by the certifier 
(e.g., mangrove protection and non-use of chemicals by hatcheries), and release of partially incorrect 
information to consumers by the cooperative.  

For aquaculture to fulfil the promises of food security and poverty alleviation, a paradigm shift is 
needed away from its sectoral promotion detached from traditional coastal activities to a more holistic 
approach requiring the participation of other stakeholders including fishers and local communities. Within 
the aquaculture sector itself, sustainability requires improvements in farm management, especially with 
regard to feed, water, effluents and diseases; focus on native and low trophic level species, and integration 
with agriculture and silviculture, in particular mangroves. Finally, responsible aquaculture can be promoted 
by government regulation, market mechanisms and self-regulation in the form of codes of conduct and best 
management practices. 

Conclusion 

Protection and restoration of mangrove forests is happening in many countries, including India, Brazil, 
Thailand, and Vietnam. Creation and implementation of laws and regulations is crucial to protect remaining 
forests. Assessments of mangrove degradation along the coastal lines are needed to determine what areas 
to protect and restore, and which to develop, though most governments now recognize that construction of 
shrimp farms should occur inland. Restoration, mitigation, and management need to be scientific and 
community based to ensure successful recovery and sustainability of forests. In addition, traditional coastal 
populations need to benefit from these efforts socio-economically by restoring human rights and quality of 
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life. Services such as coastal protection, soil accretion, and carbon sequestration are very difficult to quantify 
monetarily; however, their overall value far outweighs any benefits gained through farming of shrimp. 
Innovation and ingenuity can reduce impacts to mangrove forests by finding alternative ways to farm 
shrimp. Implementation of regulations and sustainable practices is needed to protect the forests that still 
remain. A global policy to protect traditional villages and communities from exploitation by large investors is 
also needed. 
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Introduction 

Aquaculture is the farming of fin and shellfishes for production of fish protein. The ever growing 
consumer demand for fish protein has transformed this industry into a fast-growing industry. Fish meat is a 
major protein source in many developed and developing countries. The mean protein content of 23% and 
the presence of all essential amino acids make the fish protein more attractive than plant protein. The long 
chain unsaturated fatty acid present in fish as omega-3 fatty acids adds to its health benefits for human 
consumption. Despite, the high protein level in fish the world fish production hovers around 140 million 
tons which are relatively lower than the world’s 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. Since capture fisheries have reached the maximum sustainable level it is highly 
imperative to expand our culture fishery. With the ever-growing demand for fish protein and conflicting 
interests of land use, offshore fish cage culture unveils the first step towards sustainable aquaculture. 
Commercially important marine fishes can be cultured in any of the following culture systems like pond, 
raceway, pen and coastal cage system. Land-based aquaculture production leads to competition for land 
and freshwater, agriculture food production and coastal farming creating multiuser conflicts. Land-based 
culture produces average 0.5 kg/m3 (5,000 kg/ha.), whereas cage farming offers a production of 35kg/m3 
which is 70 times more than pond production. Offshore cage culture enables high-density seed stocking 
than land-based culture, simple culture operations & harvesting methods and multi tropical level usage.  

Open sea cage farming of commercially important marine finfish is developing the sector of 
mariculture technology all over the world. Industrial scale cage culture is practiced in developed countries as 
offshore and submersible cages. Asian countries have recently started venturing into cage farming in the 
form of a pen, nearshore cages to meet the increasing demand for high-value marine fishes in the domestic 
and international market. Fish food requirement of India is pegged at 31.64 million tons against the average 
8.8 million tons annual fish production. Though the population of India contributes 18% of the total world 
population, the contribution of India to fish production is only 6.3%. The Indian subcontinent is endowed 
with a long coastline of 8129 km including the Andaman & Nicobar and Lakshadweep Islands. Despite the 
large exclusive economic zone (EEZ) of 2.02 million km2 and an estimated 0.5 million km2 continental shelf, 
contribution of India to total global fish production is comparatively low. Farming has emerged as a viable 
option to increase production of high-value marine fish and shellfish. Sea Cage Farming provides immense 
opportunities for enhancing marine fish production while simultaneously reducing fishing pressure on 
natural stocks and providing livelihood to coastal communities. In order to address these issues, the Ocean 
Science and Technology for Islands (OSTI) of NIOT is involved in the identification of suitable sites, design, 
development of cage and mooring components, standardization of open sea cage culture protocols and 
formulating strategies for nationwide technology demonstration. 

Site selection 

Choosing a suitable site in cage farming is crucial because it impacts the economic viability of farming. 
The site selected should provide optimum water quality to avoid stress conditions and achieve maximum 
growth of farmed fish. The suitable site should also ensure proper and secure installation of cages, logistic 
and other support for the supply of inputs, harvesting, and marketing of fish. Sea cage site has a direct 
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Development and deployment of open sea cages 

To address the prime issue of implementing a cage culture system for open sea condition, a 9 m Ø 
HDPE gravity cage was developed and deployed with multipoint mooring in 3 different environments which 
represent the country’s different marine ecosystems such as protected, semi-protected and open sea 
conditions. Commercial scale cage culture was demonstrated at North Bay (Andamans), Olaikuda (Tamil 
Nadu-TN), Kothachathram and Thuplipalem (Andhra Pradesh-AN) involving local fishermen. Site selection 
procedures, deployment techniques, nursery rearing in open sea cages and grow out practices of 
commercially important wild collected and hatchery-reared fin fishes were explored during the course of this 
study.  

Details of the sea condition in selected locations 

Parameters Olaikuda (TN) Kothachatram (AP) Tuplipalem (AP) North Bay (A&N) 

GPS Location  
9 º 19״40׳N 

79 º 19״41׳E 

14 º 56״51׳N 

80 º 04״08׳E 

14 º 02״14׳N 

80 º 11״44׳E 

11º 42״31׳N 

92º44״44׳E 

Depth (m) 6-7 15 13 22 

SSC (cm/s) 60-120 60-120 60-120 60-120 

SHW (m) 0.16-1.52 0.56-2.28 0.56-2.28 0.20-1.2 

Wind speed (m/s) 5-7 5-7 5-7 4-5 

TSM (mg/L) 10-25 10-25 10-25 8-10 

Temperature (º C) 24-30 24-30 24-30 24-30 

Salinity (PSU) 32-35 32-35 32-35 32-35 

DO (mg/L) 5-6 6-7.5 6-7.5 6-7.5 

Chlorophyll-a 

(mg/m3) 

1.5-2 1.5-2 1.5-2 1.5-2 

 

 

Schematic diagram of multipoint mooring of cage system in open sea condition  
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Schematic diagram of multi cage mooring pattern  

 

  

       Kothachatram  AP – 2 Nos.of cages         Olaikuda TN – 4 Nos. of  cages  

 

  

    Thuplipalem, AP– 8 Nos. of cages North Bay, Port Blair, A&N – 4 Nos. of cages 

Capture-based aquaculture 

In the present scenario, the mature technology for production of commercially important marine finfish 
seed is limited to a hand full of species namely, sea bass, cobia, grouper, and pompano. In absence of large-
scale seed production for commercially important species, capture-based aquaculture (CBA) is one of the 
recognized methods to promote offshore fish cage culture. Three different fish species, milk fish (Chanos 
chanos), Parrot fish (Scarus ghobban) and Rabbit fish Siganus sp., were successfully reared in open sea cage 
at Olaikuda Rameswaram. Among them, milkfish seeds (5-8 g collected from back water) found to have 
better growth performance with 770 g in 240 days using formulated pelletized feed. A total of 3.5 tonnes 
of milkfish was harvested and sold @ farm gate price of Rs. 75 /Kg. 
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Research Institute, Central Institute of Brackishwater Aquaculture and Rajiv Gandhi Center for Aquaculture. 
Open sea age culture of hatchery produced seabass from 9.5 g fry to 450 g in 170 days was demonstrated 
in Olaikuda, Rameshwaram, TN in 2011. The total harvest 0.6 tonnes were sold for Rs.75000, @ farm gate 
price Rs. 125/ kg. Cage culture of sea bass from 5.8 g to 370 g was done in 180 days in Kotchachatram, AP. 
The total harvest of 1.60 tonnes was sold for Rs.1.52 lakh at a farm gate price Rs 95/ kg.  Cage culture of sea 
bass from 0.22 g fry to 730 g was done in North Bay, A&N in 2014 and a harvest of 0.6 tonnes was 
obtained. 

  

Seabass Avg. 370 g, Kothachathram  2012,       Port Blair, Seabass harvest 2014 

The culture of hatchery produced cobia was successfully demonstrated at Olaikuda, Rameswaram, TN. 
An average body weight of 4 kg was achieved in 257 days from its initial stocking size of 30 g with an 
excellent growth performance of 15.4 g/day. The total harvest was 3 tonnes cobia was sold for Rs. 
9,75,500/- @ farm gate price of Rs. 325/kg. Cage culture was carried out for 12 months without any 
seasonal breaks even during the northeast monsoon conditions (November to December) at Olaikuda. 
Inspired by the successful demonstration of open sea cage culture of cobia, Olaikuda fishermen undertook 
community-based cage culture of cobia in open sea cages with their own financial input and technical 
support from NIOT. The community based cultured cobia fry of 24 g grew to 3.0 kg, in 185 days and yielded 
7.0 tonnes. The harvested fish were sold for Rs. 22.75 lakhs at a farm gate price of Rs. 325/kg. 

In 2016 pilot scale open sea cage culture of cobia was initiated in Thuplipalem, A.P. in association with 
the State Fisheries department of Andhra Pradesh. A total of 8 floating cages of 9 m ø with multipoint 
mooring were installed 4 Km off Thuplipalem. Due to non availability of adequate number of fingerlings 
3000 number of hatchery reared cobia finger lings was obtained from RGCA, Pozhiyoor, 
Thiruvananthapuram. The fingerlings were transported on road within 48 hrs in 5 tonne HDPE tanks with 
continuous aeration and intermittent water exchange. Cobia fingerling of 30 g body weight 14 cm total 
length was stocked in two cages at stocking density of 4.6 numbers/m3. Formulated slow sinking carnivores 
marine fish feed (nursery phase 46% protein, grow-out phase 40-42 % protein,  krill based) from lucky star 
Taiwan were used nursery to grow-out phase. The fingerlings were feed with ad-libitum with 1.5 mm 
pelletized nursery feed. During the initial phase of grow-out 3.0 mm feed @ 6% of total biomass was used 
and 12 mm pellet size @ 3% of total biomass was used when nearing harvestable size. The cobia fishes 
attained an average weight of 2.37 kg in 10 months and resulted in an average daily growth rate of 7.26 
g/day.  

The fish could not be feed regularly due to non operation of beach landing crafts during the prevailed 
cyclonic weather condition. The growth was affected severely and could not able to achieve the growth 
rated achieved in Olaikuda with cobia fish. The Hon’ble Minister of State Shri Y.S. Chowdary inaugurated the 
harvest of cobia cultured in the open sea cages off Thuplipalem, Andhra Pradesh, on 8th April 2017 and the 
final harvest of 3.06 tonnes of cobia was sold for Rs, 9, 95,000 at a farm gate price of Rs 325/ kg.  
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well with higher net operating income within a span of 10 months. Further on scaling up, the cost will 

decline considerably due to the economies of the scale of operation. Thus it could be concluded that the 

open sea cage farming is a viable alternative and economically & financially feasible mariculture operation 

for the stakeholders. 

S No  Details Expenses (Rs) Earnings (Rs) 

1  Cobia seed cost @ Rs 35/seed for 3,000 Nos 105000  

2  Cobia seed transportation - Pozhiyoor to RMM  25000  

3  Diver salary  @ Rs 9,000/month for 8 months  72000  

4  Fish feed @ Rs 20/kg for 40,000 kg (FCR 5.7)  800000  

5  Fish cutting expenses (Labour)  35000  

6  Boat hiring charges @ Rs 1700/day - 242 days  411400  

7  Fish feed storage expenses @ Rs 1/day/kg  35000  

8  Watch and ward @ Rs 600/night - 100 days  60000  

9  Cage maintenance and other expenses  35000  

10  Harvest Expenses (Labour and boat)  50000  

11  Rev. through sales @ Rs 325/kg for 7,000 kg   22,75,000 

     Total expenses (production cost Rs 233/kg)  16,28,400/-  

               Net Profit   6,46,600/- 

Design and testing of submersible cages 

The need for a more robust culture system to overcome the challenges confronted in offshore culture 
conditions has motivated the NIOT team to develop submersible cages. A prototype semi-rigid octagonal 
submersible 4 m3 cage with 11m3 cultivable volume was developed by the NIOT team to test the 
performance of submersible cages under varied seawater conditions. The submersible cage, which is a 
recent technological development, can be remotely controlled to submerge in the waters to avoid the 
operational challenges during natural calamities such as cyclones, harmful algal blooms, and other surface 
related issues. The prototype submersible cage model was tested in 6 m depth Aquatic Test Facility of NIOT 
and open sea conditions at 20 m depth of North Bay Port Blair, Andaman with multipoint mooring.  

  

Testing of the submersible cage at NIOT test facility  Testing of the submersible cage at North Bay (A&N) 

Capacity building training 

In order to promote and popularize open sea cage culture and cage development & deployment 
training programmes were conducted at Rameswaram, Tamil Nadu and Pamanji, Andhra Pradesh. A total of 
185 participants including fishermen, self-help groups and entrepreneurs participated from various places 
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like Chennai, Kalpakkam, Nagapattinam, Pudukottai, Thondi, Olaikuda, Thuplipalem and Pamanji. During 
the training programmes hands on the training of fabrication and deployment of cages were provided. 
Additionally, experts from various scientific institutions rendered talks on fish seed production, nursery 
rearing, cage culture strategies, economics and disease management.  

  

Open sea fish cage culture training Hands-on training of cage fabrication 

Major challenges in open sea cage culture 

Open sea cage culture practice is facing the following challenges in India. Commercial scale production 
of cage components, like HDPE brackets, knotless net, antifouling treatments and mooring components are 
not available in India and have to be procured from abroad. Sparse infrastructure, landing facility, lack of 
expertise & technical manpower to deploy and manage offshore cage farming practices, absence of private 
hatcheries for large-scale seed production, non-availability of complete hatchery technology for more 
number of commercially important marine fishes are some of the important challenges. Inadequate health 
management measures like vaccination and rapid screening techniques are major impediments in the 
commercialization of offshore fish cage culture. Another major challenge is non-availability of locally 
available high-quality marine finfish feed for carnivorous fish. Poaching of cultured fishes and multiuser 
conflicts with traditional and trawling fishermen such as entangling of nets with cage system are the social 
issues confronted in offshore cage culture. Lack of proper sea leasing policy to allocate the suitable sites for 
cage culture activities and non-availability of insurance policies for the protection of cage system and 
product are the problems intervening in the popularization of offshore cage culture in India. 

Conclusion 

Considering the huge area available for offshore farming, a comprehensive plan needs to be evolved to 
initiate an environmentally sustainable mariculture in a phased manner. This will augment the sea-food 
availability and meet the national as well as global nutritional requirements. Though India was selected as 
the study area, the developed approach would be beneficial to other maritime nations in the tropics. The 
integrated approach developed in the present study will thus provide a multifaceted view of contributing 
factors while developing sea leasing policy for maritime nations for sustainable resource management. 
Towards the implementation of the “Farming the seas for the Future” initiative of the Ministry of Earth 
Sciences in collaboration with the major stakeholders of the industry and other government agencies, a 
roadmap was prepared for the production of 1 mmt of marine finfishes using offshore environments of the 
country. 

 

 

 

 

 



 

88 

 

 

 



 

89 

Status Paper on Brackishwater Aquaculture Development in  
the State of Andhra Pradesh- Present Status and Way Forward 

Rama Sankar Naik1, K. Phani Prakash2 and P. Sankara Rao3 
1EO Commissioner of Fisheries, Govt. of Andhra Pradesh 

2Dy. Director of Fisheries, Bhimavaram, W.G. 
3Dy. Director of Fisheries,  O/o Commissioner of Fisheries, Vijayawada 

Introduction:  

Fisheries sector in the sun rise state of Andhra Pradesh has been recognized as one of the growth 
engines in primary sector for achieving double digit inclusive sustainable growth as the state is endowed 
with diversified and potential water resources and providing employment generation to 14.50 lakh 
population either directly or indirectly and contributed 7.40% to GSDP (2017-18, A.E. Constant Price).  

Fishery resources of AP State: 

Marine fishery resources   

Coastline 974 Kms 

Continental shelf area 33247 Sq Kms 

Marine fishermen villages 555 

Inland Fishery Resources   

Reservoirs(116 nos) 2.42 lakh ha  

Tanks(27678 no s) 3.17 lakh ha  

Kolleru Lakes 0.90 lakh ha  

Rivers & Canals 11,514 kms  

Freshwater Aquaculture   

Freshwater resources 8 lakh ha 

Area under culture 1.38 lakh ha.  

Coastal aquaculture (Brackishwater)   

Potential 1.74 lakh ha  

Area Developed 0.74 lakh ha  

Area under culture 0.58 lakh ha  

Total area under culture (FW+BW) 1.96 lakh ha 

Mangrove Area 352 sq.km 

Fisheries sector in AP is in leading position in the country and the fish & shrimp production has been 
increased from 8.14 lakh tones (2005-06) to 34.50 lakh tones (2017-18) with average growth rate of 
11.93%.  
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Year Prod. (LT) Growth Rate GVA (Rs. Cr.) Growth Rate (%) 

Curr. Const. Curr. Const. 

2005-06  8.14 5.85 6358 6240 6.23 4.26 

2006-07  8.42 3.43 6644 6486 4.50 3.94 

2007-08  9.38 3.44 7500 7490 12.88 15.48 

2008-09  11.01 11.40 8212 7625 9.49 1.80 

2009-10  11.58 17.38 8871 7658 8.02 0.43 

2010-11  14.24 5.18 10447 8829 17.77 15.29 

2011-12  14.03 22.97 11877 11877 13.69 34.52 

2012-13  15.88 -4.7 14519 13546 22.24 14.05 

2013-14  17.69 13.19 18573 15516 27.92 14.54 

2014-15  19.78 11.40 22707 17621 22.26 13.57 

2015-16  23.52 11.81 30099 23397 32.55 32.78 

2016-17  27.66 17.60 42995 30999 42.85 32.49 

2017-18   34.50 24.70 58325 41328 35.66 33.32 
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The seafood exports from the state have witnessed a marked jump with the introduction of P.vannamei 
from Rs. 2100 Crore (2009-10) to Rs. 20,600 crore (2017-18) having about 45% share in the country 
(Source: MPEDA and SEAI)   with average growth rate of 44.35%. 

 

Present scenario of Brackishwater culture: 

Aquaculture is one of fast growing sector in the State and producing major share of shrimp and fish in 

the country thereby standing as “Aqua Hub of India”. AP state is producing more than 65% of culture 

shrimp in the country. In spite of several challenges like sturdy competition of shrimp exports from Ecuador 

and Argentina, Vietnam and Thailand, drop in global shrimp prices and issues related to antibiotic residues, 

AP State has been maintaining its growth streaks over the last decade. Being a major sea food exporter in 

the country, the State have a major responsibility to sustain the sea food exports in the interest of large 

scale of farming community depending on shrimp culture and its value contribution to GSDP. Hence The 

Government of Andhra Pradesh has taken up a proactive role to promote sustainable and eco-friendly 

shrimp aquaculture and for further expansion as a means to increase production, an important tool for 

development and income generation in rural areas and as source of foreign exchange earnings through 

trade. The total area under aquaculture is 1.96 lakh ha., which includes brackishwater culture area of about 

0.58 lakh ha and freshwater culture area of 1.38 lakh ha. Out of the 1.96 lakh ha of aquaculture area, an 

extent of 0.80 lakh ha is under P.vannamei culture (both brackish and freshwater), an extent of 0.03 lakh ha 

under P.monodon culture totally 0.83 lakh ha under shrimp culture an extent of 0.07 lakh ha under mud 

crab, 0.016 lakh ha under seabass and 1.04 lakh ha under freshwater fish culture as on 31-3-2018. However, 

the extent for culture of these species varies basing on several factors such as climatic conditions and mainly 

market demand in both international and domestic markets.  
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S.    

No. 

District SPECIES WISE AREA UNDER CULTURE (HA.) AS ON 31.03.2018 

P.vannamei  

in BW 

P.vannamei 

in FW 

Total 

P.vannamei 

Penaeus 

monodon 

Mud Crab Sea Bass Fish Total area under 

culture (hac) 

1 Srikakulam 1111.35 0.00 1111.35 0.00 0.00 0.00 225.95 1337.30 

2 Vizianagaram 35.34 0.00 35.34 0.00 0.00 0.00 71.56 106.90 

3 Visakhapatnam 683.05 2.00 685.05 0.00 0.00 0.00 105.66 790.71 

4 East Godavari 4784.00 4872.00 9656.00 468.6 1914.00 12.00 5827.51 17878.11 

5 West Godavari 2338.13 17619.87 19958.00 0.00 60.00 200.00 52727.50 72945.50 

6 Krishna 16026.48 8796.85 24823.33 0.00 3624.21 1331.35 41516.45 71295.34 

7 Guntur 7413.69 189.20 7602.89 0.00 1500.00 50.00 1388.64 10541.53 

8 Prakasam 6741.70 597.00 7338.70 0.00 250.00 0.00 355.00 7943.70 

9 Nellore 6438.50 2021.50 8460.00 2659.25 15.60 15.60 2082.34 13232.79 

 TOTAL 45572.24 34098.42 79670.66 3127.85 7363.81 1608.95 104300.61 196071.88 

Species wise extent under aquaculture in AP: 

 

Supporting Infrastructure facilities existing: 

The Government of Andhra Pradesh has been supporting the aquaculture sector, particularly 
brackishwater shrimp farming The entrepreneurs in the state are very dynamic and the allied supporting 
infrastructure facilities are being established due to the support extended by the Government to Industries 
Sector through AP Fisheries Policy, 2015-20 and AP Food Processing Society as a part of Ease of Doing 
Business”.  

Government has given more thrust on infrastructure development, such as establishment of Stationery 
& Mobile Aqua Clinics, markets, cold chain facilities, Hybrid Solar-Wind Based Chillers & Drying Units,   kiosks 
to minimise Post Harvest Losses, quality produce & value addition with the convergence of GOI, GoAP, 
RKVY, RIDF, Blue Revolution Schemes.   

Pond mechanisation / automation is introduced  to minimise the interference of human error and to 
mitigate the Pollution  by establishing devices for  water  quality monitoring, Auto feed dispensing , feed in 
take observation etc., through  probes.  

45572.24

34098.42

3127.85

7363.811608.95

104300.61
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L.vannamei  in FW
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Feed mills 28 (1.5 M Tons / Yr)   

Shrimp hatcheries 325 nos (Inland- 32 nos) with 26000 million seed production capacity 

Aqua labs (Govt & Private) 234 nos  

Aqua Shops 874 nos 

Fishing harbours  4 no s  

Ports  Visakhapatnam, Krishnapatnam & Kakinada  

Registered exporters 110 nos (manufacturer 64 nos)  

Total seafood processing plants 74 No’s (3632 MT/ Day) 

EU approved units 64 No’s  

Non EU units 10 No’s  

Cold storages 89 (45753 MT Capacity) 

Freezing plants 45 (1MillionnT. Capacity/ yr)  

Ice plants 2000 No’s with 6.00 million tonnes capacity 

Pre- processing units 1000 

Employment generation through brackishwater aquaculture: 

The brackishwater aquaculture has been creating greater employment opportunities for all category of 
people which include educated unemployed, entrepreneurs, technical persons, skilled, semi skilled labour in 
culture activity and also in the allied sectors of processing, marketing, supply of inputs etc., in the state.  In 
recent times, realising the opportunities in brackishwater aquaculture, many software Engineers are entering 
into the field and catering to needs of aquaculture farmers with ICT and IOT based technologies. The 
livelihood opportunities for men and women have been increasing year by year. 

Sl.

No 

Year Aquaculture farmers / 

Technicians (farm/ feed/ 

medicines hatchery/ aqua lab/ 

processing etc ) 

Skilled 

labour 

Semi 

Skilled 

Labour 

Unskilled 

Labour 

/Mrkg. 

Total 

1 2013-14 47513 109008 111125 96727 364373 

2 2014-15 63350 145344 148167 128969 485831 

3 2015-16 70389 161493 164630 143299 539812 

4 2016-17 74094 169993 173295 150841 568223 

5 2017-18 82327 188881 192550 167602 631359 

6 2018-19 91474 209868 213944 186224 701510 

Production Systems and Technology Adoption & Scale :   

In AP, brackishwater aquaculture is being practiced over the decades and at present the most 
important specie cultured include, P. vannamei, P.monodon, Scylla serrataa and Lates calcarifer. The 
following tabulation provides information on the area of culture of various species and its productivity: 
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Sl. 

No 

Species Area 

(H) 

% of the 

Area 

Avg. Stocking 

Density /Ha. 

(Lakhs) 

Average 

Productivity/Ha/ 

Crop (MT) 

Average 

culture period 

(Months) 

1 P. vannamei  
(Brackishwater) 

45572 23.24 2.50- 3.00 7.00-7.50 3.0-4.0 

1 P. vannamei  
(freshwater) 

34098 17.39 3.00-4.00 7.00-8.00 3.0- 4.0 

2 P. monodon  3128 1.60 0.60-0.75 1.25- 2.00 4.00 

3 Scylla serrata 
Crabletets 

7364 3.76 0.01-0.02 0.75-1.50 4.00-6.00 

 Advanced crablet  0.002-0.003 1.00-1.50 4.00 

4 L. calcarifer 1609 0.82 0.03- 0.04 5.00-7.00 10.00-12.00 

 Total: 91771  46.81    

Under monoculture practice of P. vannamei, the stocking densities of PL 10 varies between @ 2.5  lakh  
to 4.0  lakhs per hectare and culturing for 3 - 4 months . Some farmers are introduced nursery pond and   
rearing PL10 to juvenile stage for a period of 20-30 days and  stocking  for culture practice. Due to juvenile 
stocking, the EMS is prevented, survival rate is achieved up to 90 % and culture period is reduced 
remarkably to 80-90 days. Thereby the risk factors are minimised and successful crops are achieved.   

The Bio-floc technology, Re-circulatory Aquaculture Systems (RAS) is being adopted by some aqua 
farmers for juvenile production. The FCR in the nursery ranged between 0. 8 – 0.9 indicating ensured 
production technologies in shrimp farming. In addition, the FRP collapsible tubs are being used for juvenile 
production, which is very cost and space effective.  

Some aqua farmers are doing culture in HDPE lined ponds with Central Drain System (Shrimp Toilets)  
and achieving very good crops . Here, the stocking densities goes up to  50 No’s per square metre ( 5 lakhs 
per Hectare) and the productivity is up to 10 tons/ Ha/ crop and two successful crops are being reaped per 
year. The performance of Intensive Pond Aquaculture Technology (IPAT) is being observed for effective 
implementation of high production technology and it is identified as one of the promising technology for 
yielding high production.   

Since P. vannamei is giving very profitable results, many aqua famers are shifting to this species. Low 
culture period associated with greater demand & price for export, offering enhanced scope for area 
expansion in the state.  But due to adoption of unsustainable practices by some  aqua farmers,  the 
environment is under threat. The ground water and the freshwater canals are being affected with salinity. In 
view of possible negative impact on environment, the Department of Fisheries has conducted detailed 
village level survey in the state with the support of APPCB and APSAC to declare “Aqua Zonations” in all 
coastal districts  to prevent hazardous situation in the state ,.  

There were some objections from the neighbouring Agriculture farmers that the shrimp farming in 
inland areas affecting their crops. It is also noticed that some fertile agriculture lands are being converted to 
shrimp farming. Such practices are being arrested by the District Level Committees headed by the District 
Collector as per the guidelines issued under the GO Ms No 7 to protect the environment and to safe guard 
the livelihood.   
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Fisheries, being a State level referral training centre and laboratory, has been organising various capacity 
building training programmes in the state for aqua farmers, technocrats, entrepreneurs, hatchery & feed mill 
operators, aqua lab technicians, academicians, Departmental officers and other stake holders. During the 
year 2018-19, so far about 20,500 aqua farmers and other stake holders are covered under various training 
programmes .  

The Department of Fisheries has been Associated /collaborated with Central Institutes, namely, 
CIBA(Brackishwater culture),  MPEDA-RGCA, NaCSA (Promotion of BMP’s and regulation of antibiotics) CIFA( 
FW Aquaculture) ,NFDB (Training and extension) NBFGR (NASPAAD), CSMCRI (Seaweed), CMFRI (Mariculture 
& Data collection) CIFE (Extension and Research) CIFRI,  (Inland fisheries), CIFT, CIFNET, NIPHATT( Fishing 
craft and gear, Post harvest) APPCB, (Pollution studies and training), APSAC (Aqua Zonation through Remote 
sensing),  EIA (Quality Control- RASSF) etc.,  and universities , SVVU, AU etc., and  Central Govt. 
Organisations, KVKs, etc., in conducting Technology Transfer Programmes, Surveys, Monitoring, Disease 
Diagnosis, Surveillance programmes  etc., for achieving sustainability in aqua farming 

The Government of AP issued a GO Ms No 49, AH,DD & Fisheries Dt. 20.9.2016 to facilitate registration 
of all Aqua Labs of Govt & Private to integrate them under one umbrella, NETWORK of AQUA LABS  to 
mitigate the issues in aqua farming and  to share the information, issues, adopt  uniform code of conduct  
for control of diseases and to achieve sustainable development in the state.  

The Department of Fisheries is also promoting the Farmers producer Organisations (FPO) and cluster 
approach to bring the aqua farmers of  one area/ cluster into a group to adopt standard practices of  BMPs 
in culture, marketing etc., to prevent them being exploited by the middlemen . So far 181 clusters in 9 
coastal districts are farmed to support them with backward and forward linkages. The FPO is guided and 
supported by NABARD and the mechanism of operation by the Department of Fisheries so that they shall 
purchase the quality inputs at relatively lower price and sell their produce at higher price by eliminating the 
middlemen through Market Intelligence & better  marketing strategies.  

Demonstrations units on shrimp, crab, seabass farming have been promoted with  innovative 
technologies  under Chandranna Aqua Rythu Kshetralu (CARK) & Mega Aqua Rythu Kshetralu ( MARK) for 
the benefit of aqua clusters. These demonstrations have been documented with success stories. 

In view of stringent measures made by EU on the antibiotic residues noticed in exported shrimp, the 
GoAP issued GO MS No 2, AHDDF Dept. Dt. 11-1-2017, to prevent usage of banned drugs in aquaculture. As 
per the GO, several awareness, campaigns, inspections, raids etc., have been conducted by the Task Force 
Committee at district level and created awareness on the negative impact of banned drugs. 

 Close Monitoring of Disease Out- Breaks in shrimp & fish aquaculture has been carried out under 
NSPAAD (National Surveillance Programme on Aquatic Animal Disease) Project, sponsored by NBFGR, 
Lucknow. Shrimp samples have been collected & screened for different viruses, Bacteria , viz.,WSSV, IHHNV 
EHP, IMNV, Vibrio  etc., for  the last 4 years. So far 1600 samples have been analysed by various 
organisations and suitable remedial measures have been communicated to the aqua farmers to mitigate the 
issues  under  surveillance & monitoring programme  . 

The Department of Fisheries proposes to establish Aquatic Animal Health Laboratories at SIFT, 
Kakinada,  Kaikaluru, Eluru, Akiveedu, Bhimavaram and Vijayawada with the funding support of NFDB for 
catering effective services to aqua farmers to mitigate crop losses due to disease outbreaks in the state.  

The proposals for establishment of Fisheries and Oceanic University and fisheries polytechnic colleges 
are under active consideration by the Government to generate more professional and skilled man power in 
fisheries and aquaculture sector.  
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Technical Bulletins in the form of SMS/ Voice Messages to  about 32,000 Aqua farmers have been 
sending regularly on BMPs and antibiotic issues with the technical Collaboration of M/s Reliance Foundation 

250 Multipurpose Fisheries Extension Assistants (MPEAs) are recruited under contractual basis to work 
in the field. The MPEAs are actively involved in conducting field level programmes. They are also testing the 
water & soil samples at the pond itself and giving reports and suggestions. 

Under Information and Communication Technology ( ICT), the Department of Fisheries  has  been 
developing  various software  applications  with the expertise of  AP online and Mee-seva, NIC to  handle  
and process the mass  data  to  mitigate the issues in aqua farming , Disease monitoring & management, 
marketing and also taken up online registration of aquaculture farms. 

Recently, the Department of Fisheries, AP entered MOU with MPEDA-RGCA for technology transfer for 
establishing & operating (i) Aquatic Quarantine Facility at Bangarammapeta, Nakkapalli mandal , 
Visakhapatnam Dt.,  (ii) Mud Crab  and  (iii) Seabass Hatcheries  at Pandurangapuram , Guntur District. The 
Department of Fisheries, AP has also executed a MOU with CIFA for technology transfer for establishing & 
operating   IMC Brood Banks at (i) Badampudi & Kovvali, West Godavari District and (ii) PABR, Ananthapur. 

State Government support for promotion of brackishwater aquaculture: 

The Government has taken up several initiatives for promotion of aquaculture sector particularly 
brackishwater aquaculture by enacting enabling policies and programmes and are as follows.  

1. A.P. Fisheries Policy 2015-20: For the first time, the Govt. of A.P has been  extending fiscal incentives and 
subsidies to promote seafood exports from AP State through Policy and some of the important incentives 
under the  Policy are as follows: 

a. For shrimp processing units including cold chain maintenance, Capital subsidy of 50% inclusive of 
land cost with upper ceiling limit of Rs.5 crores,  

b. For fish processing / filleting units including cold chain, land cost etc., subsidy of 50% with upper 
ceiling limit of Rs. 7 crores  

c. Interest subvention of 6% will be provided on bank loan subject to   maximum of Rs.2.5 Crores for 5 
year period to aqua processing units,  ice plants and cold storages and for feed mills, maximum of  
Rs.2.00 crores  

d. For cold storage at ports/ Fishing harbours, subsidy will be permitted on par with industrial policy. 

e. For establishment of Aquaculture labs by the technocrats,  50% subsidy on unit cost of Rs. 5.00 
lakhs will be provided 

f. For Reefer vans a subsidy of 50% with maximum of Rs. 10.00 Lakhs per vehicle will be provided. 

g. Solar pumps, solar lights and solar based aerators will be given on 60% subsidy to the prawn and 
shrimp farms up to maximum of 2 ha per farmer per annum.  

h. Power tariff concession extended to all aquaculture farmers by reducing the unit        

i. rate from  Rs.3.86 ps/ unit to Rs. 2.00 ps per unit for all L.T and HT aquaculture services. 

j. 100% stamp duty exemption on land registration, bank hypothecation/ lease of land etc. to 
aquaculture processing units, plants etc., are provided  

2. Promotional Programmes: Besides above incentives, the Department is supporting shrimp culture with 
incentive on renovation of tanks, inputs subsidy on solar aerators, farm mechanization, pond automation, 
advanced technologies, aqua labs, under Normal State Plan, RKVY  and Blue Revolution schemes 

3. Aquaculture Zonation: The Government of AP with a main objective to promote sustainable aquaculture 
in the state and regulate unauthorized conversion of productive agriculture land in all coastal Districts, 
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issued GOMS No. 16, AHDDF Dept. Dated 20-4-2018 for notifying the both existing  and potential 
aquaculture area in all coastal districts. 

3. Benefits of Aquaculture Zonation: 

i. Provides better regulation in the zoning area for eco-friendly and sustainable aquaculture 

ii. Condense the conflicts among aqua farmers and other land users  

iii. Easing of  Aquaculture Registration / Licenses process  

iv. Helps to expand the aquaculture in identified potential areas with species specific basing soil and 
water characteristics and water source 

v. Facilitate to plan for creating supporting infrastructure facilities like approach roads, power lines 
and de-silting of creeks/ Drains 

vi. Enables the Govt. to promote cluster approach, Better Management Practices and FPOs with 
backward & forward linkages in hatchery, feed, farming, processing & Value addition with the 
coordination of allied aquaculture supporting agencies. 

vii. Ultimately to enhance the production and productivity through aquaculture 

4. Infrastructure Support: 

a. Taking up Laying of power lines in aquaculture pockets for supply of quality power for 24x7 with 
power tariff concession (Presently the unit rate is Rs. 2.00 ps) for estimate length of  1676 Kms of 
11 kv line at estimated cost of Rs.464.56 Cr. APTRANSCO has taken up this task. Proposals furnished 
by APTRANSCO to World Bank with financial outlay of Rs. 100 crore for providing exclusive 
aquaculture power supply lines and the sanction is awaited 

b. Under MGNREGS, Approach roads to aquaculture areas have been taken up   vigorously 

c. De-silting & de-weeding of Creeks / drains, which are major water source for aquaculture, have 
been taken up in 56 major creeks with estimated cost of Rs. 468.00 Crore through Water Resource 
Department under Neeru- Pragathi Programme to ensure free tidal flow for aquaculture and to 
minimize pollution. 

5. Regulation on Banned Antibiotics: 

a. Govt., of Andhra Pradesh issued G.O Ms. No. 2 AH, DD and Fisheries (FISH) Dept., Dated: 
11.01.2017 for regulation of usage of banned Antibiotics in the Aquaculture units i.e. hatcheries, 
feed mills and aqua shops accordingly, constituted District Level Committees & Task Force 
Committees  with Dept., DCA, MPEDA, FSSAI, Revenue as members to undertake stringent measures 
against the violators. 

b. As per GOMS No. 56 Dt. 4-11-2016, banned poultry offal / other offal and slaughter wastage in 
aquaculture 

c. For detection of antibiotic residues- 5 Quality Control Labs are sanctioned to private enterpreneurs 
by AP Food Processing Society with Rs. 10.00 Cr. each and one sanctioned under RIDF-XXIV with Rs. 
7.40 Cr for operation by Drugs Control Administration (DCA). One Quality Control lab proposed by 
Department at Vijayawada under RIDF-XXIII and another at SIFT, Kakinada under PPP Mode 

d. Department, MPEDA, DCA are regularly collecting samples from hatcheries, farms and aqua shops 
and MPEDA is sending NRCP alerts for positive samples. The Department is initiating action against 
positive cases duly imposing penalties and closing of units. 

e. EIA collecting samples from export houses and analyzing samples at EIC, Chennai lab, and sending 
RASFF alert for all positive case and the Department is taking action on the concerned aqua farm  
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f. Organizing mass awareness programmes for aqua farmers, hatchery operators, feed mill operators, 
aqua shop owners, field and lab technician and sensitizing on regulation of banned antibiotics in 
shrimp culture. So far 1284 technicians and around 26500 shrimp farmers are covered under 
various awareness programmes 

6. Establishment of Aquaculture projects: 

a. AP Government have registered “AP Centre for Aquaculture” (APCA) under Societies Act 2001 for 
promoting aquaculture sector in the State for exports promotion with quality produce 

b. Action taken to establishment of AQF and BMC for L.vannamei at Bangarammapeta in 
Visakhapatnam district with the approval of Govt. of India and technical support of MPEDA-RGCA 
with a total out lay of Rs.36.00 crore and Rs. 47.60 crore respectively and WAPCOS is nominated as 
executing agency for execution of the projects. 

c. Establishing hatcheries for Sea bass and Mud Crab at Pandurangapuram village, Bapatla (M) Guntur 
district for promotion of diversification with the approval of CAA and technical support of MPEDA-
RGCA. 

7. Farms Enrolment and Registration: 

a. The brackishwater aquaculture area is being registered & monitored as per the guidelines issued by 
CAA, Chennai (CAA Act 2005) & Department of Fisheries,  

b. The freshwater aquaculture, beyond CAA jurisdiction, has been registering by the Department of 
Fisheries as per GOMS No. 7 AHDDF, Dept. Dated 16-3-2013 in the state.   

c. Department is coordinating with MPEDA for farms enrollments and targeted for 100% farms 
enrollment by December 2018  to comply with guidelines of  ensuing SIMP of USA and also to 
ensure Traceability for cultured shrimp. 

Development Opportunities in BW Aquaculture: 

Fin Fishes  

Export Value Species Current Status Opportunities 

Lates calcarifer (Sea Bass)  

 

 Breeding, Seed production & 

Nursery rearing standardised by 

RGCA  

 Seed Production- 3 Million 

fingerlings /annum  

 Producing in different salinities  

 (0-35ppt)  

 New hatcheries being set up in AP 

at Pandurangapuram, Bapatal, 

Guntur District. 

 >15000 ha under traditional 

low stocking culture under 

low production system in 

East & West Godavari and 

Krishna District. 

 Value addition required with 

Export market linkage  

Epinephelus Sp (Grouper) 

 

 Standardised natural spawning in 

floating cages & land based brood 

stock tanks in A&N Islands 

 Suitable sites available for 

cage culture in AP  

 Value addition &  

 Export market linkage 

required.  
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Fisheries Department Vision; 
 

By 2022   To achieve  50 LT of fish Production with an estimated GVA value of Rs. 1.00 Lakh Crore by 
2019-20  

 Promotion of Value added products ( Present level of 12% to above 40%)  

 By 2021-22- AP to become one of top three best States in Asia in aquaculture  

By 2029   To achieve 72 LT of fish production by 2029 by integration with  advanced scientific based 
technologies.  

 Organic Aqua farming and FPO approach  

 Promotion of fish processing and value addition  to 60% by 2029 from the  present level 
of 12%  

 By- 2050   To make Aquaculture capital of the world and marine  processing  hub of the country  

 To achieve 100 lakh MT fish and prawn production with more  than 60% share in Sea food 
Exports in the country 

 Largest producer of the shrimp in the world  

Strategies for sustainable development: 

a. Promote multi-pronged species approach by establishing BMC for producing multiple species of  
SPF of P. vannamei  , P. monodon, Cobia,  Silver Pomfrets etc.,  and  Aquatic Quarantine Facility for 
L vannamei and hatcheries for Sea Bass and Mud Crab for  quality seed production. 

b. Establishment of live feed units viz. Algal culture, Artemia, Poly chaetae  etc., for production of SPF 
feed   

c. Introduction of  Aquaculture Insurance to mitigate crop losses  

d. Electrical Power lines in aqua culture pockets to support shrimp farming for reducing input cost  

e. De-silting of creeks and  canals  (56 )  to  facilitate  quality  intake water through  free tidal flow and 
to minimise pollution 

f. Exposure  to latest technologies, Demand driven R & D & Extension services and promotion of Best 
Management Practices through AP Centre for Aquaculture  

g. Propagation of nursery management in shrimp farming for better survival rate.  

h. Introduction of Recirculation Aquaculture Systems(RAS), Bio-floc Technology, Intensive Pond 
Aquaculture Technology (IPAT), IMTA  and Open Sea Cage Farming    

i. ICT and IOT services for regular monitoring of production, productivity, Disease Monitoring and 
better marketing. 

j. Promotion of creek / source based Aqua Zonation & Clusters to adopt Uniform Practices /Code of 
Conduct to achieve sustainability.  

k. Promotion of infrastructure units such as feed mills, seed farms, aqua clinics and cold chain 
development, Ice Plants, Hybrid Solar-Wind Based Chillers & Drying Units, markets, kiosks, 
processing units to minimise Post Harvest Losses & to enhance value addition.  

l. Networking of Aqua clinics and Mobile Aqua Lab Services to farmers.   

m. Prevent usage of banned Antibiotics & Drugs in Aquaculture  
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n. Establishment of District Level Aquaculture Development Agencies ( DADAs) for  functioning  under 
the control AP Centre for Aquaculture ( APCA ) at District level 

o. Extending financial assistance for setting up of fish markets, Kiosks, retail outlets, mobile vending 
units, cold chain facilities, feed plants for promoting domestic and exports marketing. 

p. Sea Food Exporters Net work for export promotion in the state 

q. Promotion of farm mechanisation-Pond Automation to monitor Water quality parameters through 
Sensors to mitigate the eutrophication problems and to prevent mortality. 

r. Bio-security measures to prevent entry of  pathogen into aquaculture ponds  and to  establish ETS  
for treating the waste water before discharging to restore  Natural Ecosystem   

s. Enhancing the productivity from brackishwater aquaculture sector (Shrimp & prawn 7.5 to 8.57 
T/Ha/crop) for ensuring nutritional security of the public.  

t. Promotion of domestic market through SHGs & MMGs duly providing assistance to carryout 
marketing and to enhance per capita consumption from 9 kgs to 12 kgs  

u. Livelihood Security: Various welfare schemes, such as, supply of quality Fish/ shrimp seed, fishing 
inputs, market retail outlets, mobile vending units, Post-Harvest Technology and Value   Addition 
for livelihood security to facilitate minimum income generation of Rs 1.20 Lakh/annum. 

v. Capacity Building :Training & Demonstration programmes on   BMPs in fish &   shrimp farming  ,   
Post harvest   Technology, Value addition , Dressing & Hygienic handling, , MUDRA loans etc to 
support small and marginal aqua farmers  etc.,  

Suggested measures to boost seafood exports from the country: 

a. Expanding the market for Indian shrimp to newer market like Russia, South Korea and Australia so 
that the further price slump can be avoided. 

b. Diversifying and expand the market for value added shrimp products i.e., ready to eat and ready to 
cook shall be aggressively promoted  

c. R & D activities in farming, hatchery, feed, diversification and mariculture practices to standardize 
the technologies, which are techno-economically feasible to farming community and strengthen the 
existing disease surveillance and monitoring system. 

d. Strengthening and up-grading the lab facilities of MPEDA for Quality Control for testing antibiotic 
residue in shrimp consignments in all maritime states 

e. Up-grading the lab facilities for quality control at export house and in-house lab facilities for shrimp 
hatcheries and animal health laboratories through private entrepreneurs/ technocrats by providing 
incentives  

f. The traceability of exported shrimp from farm level may be made mandatory for the exporters so 
that misuse of banned substances like antibiotics in the supply chain can be traced effectively and 
the culprits could be brought before the law.  

g. The MPEDA to conduct buyers sellers meets frequently at cluster level to sensitize the aquaculture 
stake holders on banned antibiotics and also to provide real time information through Fish 
Exchange Trade Portal (fishexchange.gov.in) to facilitate trade between exporters and importers. 
Farmers to be registered to have access in the portal to contact exporters directly.  

h. Establishing chilling plants and cold storages in Agriculture Market Yards and harbours on need 
base through private sector by providing incentives. 
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i. Promotion of Advanced aquaculture practices such as RAS, IPAT, Bio-floc, Box culture for Crab, 
Mari-culture for export variety species, Nursery management in shrimp culture ponds, Central 
drainage system and Farm mechanization etc. for sustainable shrimp culture  

j. Enactment of Comprehensive Aquaculture Policy/ Act to promote Code of Conduct for Responsible 
aquaculture practices. 

Way Forward:  

One of the major challenges for the sustainable development of aquaculture industry is to minimize 
environmental degradation concurrently with its expansion. Integrating waste generating (fed) and cleaning 
(extractive) organisms in aquaculture / mariculture is to addressed with appropriate technologies for 
sustainability. In a balanced integrated system, aquaculture effluents can be utilized for production of 
commercial crops while restoring water quality. 

In many monoculture farming systems, the fed-aquaculture species and the organic/ inorganic 
extractive aquaculture species (bivalves, herbivorous fishes and aquatic plants) are independently farmed in 
different geographical locations, resulting in pronounced shift in the environmental processes. Integrated 
Multi Trophic Aquaculture (IMTA) involves cultivating fed species with extractive species that utilize the 
inorganic and organic wastes from aquaculture for their growth. 

The Department of Fisheries is planning to promote IMTA in BW Aquaculture systems, with L vannamei  
-  Bivalves ( Mytilopsis ) – Seaweeds , as a pilot project in sea based culture systems . If the plot project is 
successful, more aqua farmers will adopt such innovative technology.  

Since, many corporate systems are carrying out high stocking shrimp farming with HDPE lining & 
Central Drain System , ITMA can be introduced with  Bivalves in  cages be placed at the pond bottom to 
minimize the particulate organic matter  and  seaweeds at the one side of the pond edge to minimize the 
dissolved inorganic nutrients . Thereby the pollution load on the environment will be reduced and addition 
income will be generated to the aquafarmer.  

At present, very few aqua farmers are doing integration with L vannamei- Paddy – IMC with relatively 
satisfactory results. The technology need to be improvised and standardized.  

The Department of Fisheries conducted pilot project of Cobia in sea based Cage systems off Nellore 
District in collaboration with NIOT, Chennai. The results are satisfactory. Many entrepreneurs are asking the 
Govt. to approve a policy to lease out the areas in the sea to take up Sea based cages/ pens to produce 
Cobia, Silver Pampano, Seaweeds etc.,. Mariculture Leasing Policy has already drafted and to be finalized 
after getting feedback from different stake holders and need to be approved by Government of AP for 
implementation.  

Conclusion: 

By adopting Eco-friendly Practices, the brackishwater aquaculture in AP will continue to be a 
sustainable  livelihood supporting and  income generation  system  for the years to come.  
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Challenges and Future of Sustainable Shrimp Farming in India 

B. Masthan Rao 

Chairman, BMR Group 

Introduction 

Land based brackishwater aquaculture in India is synonymous with shrimp farming. From century old 
traditional extensive farming in West Bengal and Kerala, it moved  to scientific, semi-intensive, farming of 
tiger shrimp, Penaeus monodon in early nineties. During 1990-1995, the production levels increased by 
200% from 30,000 tonnes to nearly 90,000 tonnes. Outbreak of viral disease White spot syndrome, led to 
serious reduction in production. Though the disease outbreak continued unabated, the production levels 
sustained during 1996-2005 through, methods of disease prevention in the hatcheries and the farms and by 
the implementation of Better Management Practices at all levels from broodstock collection to harvesting. 
By 2001, most of the south Asian countries have introduced the Specific Pathogen Free stock of Pacific 
White leg shrimp, Penaeus vannamei to replace P. monodon. High level global production of P. vannamei, 
resulted in the reduction of market prices of monodon. The production levels which had stabilized at 
1,50,000 tonnes suddenly plummeted to pre 1995 level of 75,000 tonnes in 2006-07.The Government of 
India had initiated pilot scale trials of P. vannamei in 2003.A risk analysis study was initiated in 2007 and by 
2008, strict guidelines were evolved based on the results of the study and the present day importation of 
SPF P.vannamei was initiated in 2009. 

With the introduction of P. vannamei, the production levels have increased manifold and it has reached 
to a level of 6,00,000 tonnes during 2017. India today is the largest exporter of shrimps to the USA and is a 
major supplier to Europe and other markets.While this has resulted in a major change in the entire shrimp 
culture, the sector faces many challenges and it requires strict management at all levels for ensuring 
sustainable development. The state of Andhra Pradesh is the major shrimp producing area while rapid 
progress is being made in the other states Gujarat,Orissa and West Bengal, Tamil Nadu and Maharashtra. 

With the phenomenal production of shrimps in the last ten years, the other sectors of the Industry have 
also evolved and we today have world-class facilities in areas of hatchery, processing, feed production and 
other inputs.  

1. Quality seed production 

Production of healthy, SPF seed is the major requirement to prevent disease occurrence. There are 
nearly 300 registered shrimp seed hatcheries in the country. Importation of quality shrimp broodstock and 
their proper maintenance under strict biosecurity and correct temperature regime is essential for the 
production of quality seed. More than 10 to 12 spawnings over a period of 3-4 months is generally used by 
most of the hatcheries. With the importation of quality broodstock the farmers are today in a position to 
get good quality SPF seeds. 

With the establishment of Brood Stock Multiplication centres in India we are hopeful that the 
Hatcheries will get stress free SPF broodstock which will benefit hatcheries and the farmers.The Government 
run quarantine has been a very important factor in ensuring that disease free quality broodstock imported 
from approved International companies. 

2. Farm Production and Productivity 

Farm production levels in 2018 are expected to cross 700,000 tonnes.With more area being brought 
under farming we expect that the industry will grow at the rate of 10% to 15 % over the next few years. 
Many initiatives are being taken by the farmers to ensure successful crops. While the quality of inputs like 
feed,seed, probiotics and other inputs have improved, the farmers are looking at many innovative methods 
like nursery rearing to ensure successful crops.  
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3. Feed  

Use of quality feed is an important requirement for improving the productivity levels. In India Shrimp 
feed production has reached very high levels with the installed capacity reaching about 2 million tons with 
more and more feed manufacturing units are being installed. Most of the feed manufacturers are presently 
using the best technology with improved formulations. 

4. Shrimp Processing 

With increased shrimp production, we have seen a tremendous growth in shrimp processing capacity. 
Most of the factories have the best of the equipment with approvals from all the importing countries. The 
capacity expansion has ensured that there is a ready market for the shrimps being grown by the farmers.  

5. Domestic marketing 

Most of the Shrimp is today being exported. We are seeing a gradual growth in domestic consumption 
and with change inlife styles and improved cold chains in the retail market we are very hopeful that the 
domestic market will increase and support the growth of the Industry. Hopefully, this would help farmers to 
get sustainable prices for their crops.  

6. Challenges 

While we have seen tremendous growth and prosperity to rural India it is important we are aware of 
the weakness and dangers and ensure that we take the required steps to safeguard the industry against any 
adverse effects that may impact the farming sector. The Government of India has put into place a disease 
surveillance programme involving the major scientific institutes like CIBA which will help us to prevent any 
serious outbreaks. It is also important that all the stake holders play a major role in mitigating the risks to 
ensure that we have a sustained growth. 

7. Alternative Species 

While we are benefitting from the success of P. vannemei introduction it may be beneficial to try and 
develop other species like P. indicus which is native to India. This would require a genetic programme and I 
am sure with the support of the Government of India we can attract the interest of major NBC’s to work 
alongside some of our scientific institutes in India. 

Conclusion 

Shrimp farming in India is growing very fast and is likely to contest for the first place with China. While 
attempting to reach the high level we should keep in mind the environmental and social impacts this sector 
could produce. A strong regulatory body is essential to maintain the efficiency of this sector. The following 
points are to be kept in mind while developing anintegrated coastal zone management plan. 

 Bio-remediation products should be developed by R&D institutions from agro waste and microbe 
mining that can be used safely in ponds to bring down levels of organic carbon, nitrogen and 
phosphorus levels.  

 Environmental impact due to aquaculture development is prevented through sound planning by 
application of GIS and addressing choice of sites, zonation and carrying capacity of ecosystem. 

 Improve the existing effluent treatment plants to be adopted by farms of above 5 ha and 
development of common ETP for farm clusters. 

 Development and promotion of organic aquaculture, biofloc and zero water exchange systems of 
farming. 

 Introduction of certification schemes for food-safety, environment-safety and social acceptability. 

 Development of eco-friendly feeds which will reduce the nutrient loading in source water. 

 Technology development for reducing the costs of feed through replacement of fish meal with 
alternate plant protein sources. 

 Regulation of drugs and chemicals being used by the industry.  
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Issues and challenges in implementation of Sustainable Management Practices  
in Indian Shrimp Farming – A farmer’s Perspective  

Balasubramaniam V 

General Secretary Prawn Farmers Federation of India 

Indian aquaculture production is expected to touch a record 7 lakh tonne by 2020 and projected to 
reach 1 million tonne by 2025.  “If we are able to sustain our efforts in production and augment the efforts 
in value addition, India can become the second-largest exporter of seafood next to China within a few years, 
surpassing countries such as Norway, Vietnam, US and Thailand,” said A Jayathilak, Chairman of the MPEDA, 
at a function recently. “Challenges to reaching the goals include poor coordination between various 
government departments involved; infrastructure and technical manpower inadequacies; and shortcuts on 
good manufacturing practices by primary producers,” added Mohan Raju, President of The Prawn Farmers 
Federation on India.   

These are impressive goals to reach and targets that will clearly focus on placing India prominently on 
the world aquaculture map.  Population is on the rise, and so is the demand for aquatic food products.  
Contributions from the aquaculture sector to local food security, livelihood and nutrition can be highly 
significant, especially in many remote and resource-poor rural areas.  With India poised to lead the global 
shrimp trade in the coming years, it is time to take a closer look at identifying and mitigating the challenges 
to sustain aquaculture in the long run.   

Over the past decade the spotlight has been on formulating and disseminating the code of conduct 
towards responsible aquaculture by following the Best Management Practices (BMPs) or Sustainable 
Management Practices (SMPs).  Shrimp aquaculture in India, is mostly based on small scale farming 
activities. The work on the development of better management practices on the shrimp culture sector began 
with the recognition of the need to place the sector on a firmer footing, while combating the problems of 
frequent disease occurrences, and to ensure its long term sustainability. Although it is common knowledge 
that SMPs will increase the rate of success and sustainability, many a time’s farmers either ignore or simply 
do not pay any attention to SMPs.  Here we will discuss the most common challenges for the 
implementation of SMPs in shrimp farming in India.   

The Sustainable Management Practices that are commonly spoken about focuses on the following 
broad areas: 

1. Proper pond preparation 

2. Water preparation 

3. Seed selection and stocking 

4. Feed management 

5. Pond bottom and water quality management 

6. Bio-security 

7. Health and disease management 

8. Harvest and post-harvest management 

9. Quality control for food safety of the produce 

10. Cost, financial and profitability management 

The common reasons and challenges in poor implementation of the SMP’s are: 

1. The farmer’s lack of knowledge and apathy towards SMP’s.   

2. Insufficient time between crops to prepare the ponds well 
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3. Lack of funds – there is hardly any institutional finances available to small and marginal farmers.   

4. The shortcutting mind-set of the framers. 

5. Inadequate availability of quality seeds  

6. Unavailability of sufficient certified labs for testing the seeds for diseases and residues. 

7. Lack of knowledge to select good seeds.  

8. Lethargy and impatience to give due importance for seed selection  

9. Overexploited water sources, water quality deterioration often over -loaded with sludge 

10. Poor knowledge on how to disinfect and prepare the water for stocking/pre stocking management 
of ponds  

11. Lack of facilities like reservoirs / treatment ponds  in the farms to prepare good water  

12. Poor understanding of  importance and need of bio-security 

13. Lack of collective cooperation among farmers to implement collective biosecurity 

14. Biosecurity infrastructure costs a lot of money and is difficult to maintain. For lack of  sufficient 
funds, farmers do not prioritise this 

15. Lack of feed management knowledge and skills 

16. Lack of knowledgeable technical resources to support the farmers for good feed management 

17. Inability to ascertain the survivals? 

18. lack of dependable labs to test animal health, water and soil parameters 

19. Lack of scientific approach towards health and disease management 

20. High cost of health care products 

21. Farm inputs not certified 

22. Complete apathy towards the quality of the produce post-harvest lead to poor handling of the 
material and quality suffers 

23. Hardly any incentive from the buyer for quality produce 

24. No QC programs whatsoever to check and monitor the produce during production.  The produce is 
tested for food safety only at the last stage before exports.  This is unsustainable 

Although very critical for sustainability of Indian shrimp farming, the SMP’s, has not convincingly 
reached the farmers in the remote corners of India where shrimp farming is practiced extensively.  Right 
from pond preparation, seed selection and sourcing good water, the farmers lack the knowledge and clarity 
to make the right decisions.  Due to lack of foresight and planning, they do not find sufficient time between 
crops to carry out the prescribed pond preparation activities.  They also lack funds to adopt the new 
changes that are suggested and do not have access to the ways and means to carry this forward.   The 
implementation of best practices like pretested quality seed, bio security measures in culture, cluster 
approach, formation of disease surveillance teams, multipurpose fisheries extension assistants, are not 
available to them. 

One of the major constraints to sustaining aquaculture production is the losses due to diseases. Over 
the decades, the sector has faced significant problems with disease outbreaks and epidemics which caused 
significant economic losses.  The use of sound knowledge and logical and science-based approach to 
identify and manage risks is the most important component of an effective bio secure program.  However, 
the farmers have not wholeheartedly welcomed this in principle. In practice they face difficulties in 
accessibility to quality testing labs, to test shrimp seed quality and screening for viruses and pathogens. 
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They are unaware of the steps to be taken to ensure biosecurity in their farms although it is most essential 
to significantly improve health management, risk analysis and disease control.  They lack the basic 
knowledge to ascertain survival rates and manage feeding regimes in their farms.  There is barely any 
harvest or post-harvest quality management adopted.  As a result, there is no quality control to ensure food 
safety of the final product.  They lack funds to implement these measures and also have no incentive to do 
so.   There is no QC program in place and the farm inputs are not certified by any Authorities.  Officials only 
check the final outcome and are not part of the process right through the production cycle.  Needless to say, 
shrimp farming is becoming more and more economically unviable to the farmer and they are unable to 
comply with the increasing demands of sophisticated markets, and most of all, achieve sustainability.  They 
are unable to tide over huge financial losses due to volatile shrimp prices, lack of financial knowledge and 
uncertain outcome of crops.   

It is of utmost important to adopt SMPs in potential aquaculture areas.  Simplifying the procedures for 
registration of farms, ensuring disease free seed supply to farmers, strict compliance with bio security 
measures, certified inputs, institutional finance, technical resources to assist the farmers, setting up a 
comprehensive QC program to test the production throughout he production cycle, etc. could help them to 
culture shrimp in a sustainable manner.   

Research and field studies have clearly proved that implementing SMP’s is the way forward for 
maintaining and sustaining production and overcoming huge losses due to disease.  However, the success of 
this policy depends largely on the extent to which we can reach it to the small scale farmers on whose back 
this whole project rests.  Our mission should be to bridge the gap between the government, research 
fraternity and decision makers and the farmers in the rural areas who have to actually implement these rules 
in order to make a difference.  The task at hand is not a small one.  We have to understand that the hands 
that till the soil are not open to new ideas and are afraid to change their ways.  This emphasise the 
significant need for close collaboration with farmers, both individually and as groups, and capacity and 
awareness building among them.   The key task, therefore, involves changing and moulding the mind-set of 
the farmers and motivating them to unite and work together as a team – to believe that there is 
sustainability if SMPs are followed. 
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SANKALPA PRAWN FARMS AND 
HATCHERIES 

(CAA APPROVED SPF L.vannamei HATCHERY) 

                                   Best Quality SPF L.vannamei seed suppliers    

                      Along with TRACEABILITY and TRANSPARENCY 
    

 

“TRACEABILITY IS OUR ABILITY “ 
 (KEY BEHIND OUR FARMERS SUCCESS YEAR BY YEAR) 

Our Strengths.. 

 Excellent technical staff with future vision 

 Well equipped lab facilities  

 Regular  interaction with farmers –collection of feedback‐Data 

 Continues data sharing with BROOD STOCK SUPPLIERS which helps in selection best 

lines for the future generations. 

 Complete TRACEABILITY and TRANPARANCY.. 

 

Contact Address: 

Pentakota Village, Payakarao Peta Mandal, Visakhapatnam District, Andhrapradesh. 

Managing Partner    :   P.Ram Mohan Rao   Phone: ‐ +917659903888 

Technical Consultant:  S. V. Narayana Rao   Phone: ‐ +919959380345 

                        Email Id: ‐ sankalpahatchery@gmail.com 
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THE I.L.E. Co., 
(Formerly known as The Industrial & 

Laboratory Equipment Co.,) 

21, POOMAGAL MAIN ROAD, 

EKKATTUTHANGAL, CHENNAI 600 032 

Ph: 22251745, 22252757, 22254121 

Fax: 044 – 22253541 

E-Mail: ileco@vsnl.net & 

ilecochennai@gmail.com 

 

 
SOUTHERN INDIA AQUACULTURE 

An aquaculture & Aquarium Super Market 
Address: No.2, Dr. Narasimhan Road, T.Nagar, 

Chennai – 600017 
Phone: 91‐ 9003100087/ 9003098886/ 

9677155330 / 044 ‐ 2815 8932 
Email: sales@siac.co.in 

 
OSI‐Artemia/Flakes/Spirulina 

Gold Coin – Larval Diet/ Maturation Diet 
Frozen Maturation Diet – Artemia Biomass/ 
Krill/ Mussels/ SPF Polychaetes/ Squid/ 

Scallop/etc 
Air Stones, Test Kits, Air Pumps, Nettings, 

Probiotics, Cartridge Filters, Titanium Heaters, 
Filter Cloth, Supplements for Maturation, 

Vitamins, Chemicals, etc. 
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FOR BETTER SERVICE 

ABHISHEK 
Authorised Dealer of  HIMEDIA 

Lab Chemicals, Plastic Wares, Instruments, 

Filter Paper & Micrscope Slides 

225/2B/2, Upen Banerjee Road, Kolkata‐60 

e‐mail : midyaasok@yahoo.co.in / abhishek_info92@yahoo.com 

Follow to us: www.facebook.com/infoabhishek06 
M- 9830584152, 9830079683, 9732513522, 9734858772 

Whatsapp No : 8697474030/9836929585 

Tel : 2401 7985, Fax‐ 2401 3846 
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