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MESSAGE

[ am happy to extend my warmest greetings to all the participants of the 14" Asian Fisheries and Aquaculture Forum
(14AFAF), organized by the Asian Fisheries Society (AFS), Kuala Lumpur in collaboration with the Indian Council of
Agricultural Research (ICAR), New Delhi; Department of Fisheries (DoF), Government of India, and Asian Fisheries
Society Indian Branch (AFSIB), Mangalore, India. It is a privilege for India to co-host this prestigious forum, scheduled
to take place during 12-15 February 2025, reflecting the collective commitment of the Asia-Pacific region toward
fostering sustainable fisheries and aquaculture.

Fisheries and aquaculture play a pivotal role in millions' livelihoods and food security, particularly in the Asia-
Pacific region, the hub of global aquatic production. With its theme, ‘Greening the Blue Growth in Asia-Pacific,” the
forum brings to light the critical importance of addressing global challenges in fisheries, aquaculture, and Asia-Pacific.
As we face mounting challenges such as resource over-exploitation, climate change, and environmental degradation;
this forum is an invaluable platform for sharing innovative ideas, research advancements, and practices to strengthen
sustainability.

India is proud to co-host this forum as a nation with a rich aquatic heritage and a strong commitment to sustainable
fisheries development. The Government of India remains committed to enhancing the production of our fisheries sector
through scientific management, environmentally friendly practices, and cooperative efforts. The objectives of this forum
align closely with India’s vision to integrate blue economy strategies into our broader development goals, ensuring food
security, economic growth, and ecological balance.

[ appreciate the organizers for fostering networking and cooperation among scientists, researchers, and
stakeholders in the fisheries and aquaculture sectors. Such collaborative efforts are essential for addressing global
challenges, unlocking the potential of aquatic resources to improve the lives of millions and ensuring equitable benefits
for all stakeholders involved in the sector.

As we convene to deliberate on greening blue growth, [ encourage all participants to bring forth ideas that inspire
innovation and sustainable development, paving the way for a resilient and thriving fisheries and aquaculture sector.
Let us work together to make significant strides toward balancing economic growth with environmental preservation,
ensuring that fisheries and aquaculture continue to be a source of prosperity, food security, and resilience for the people
of this region and beyond. I hope the deliberations during this forum will be insightful and impactful, and the outcomes
inspire actionable steps toward realizing the vision of sustainable and inclusive blue growth.

(Shivraj Singh Chouhkn)

Agriculture & Farmers' Welfare Minister's Office : 120, Krishi Bhawan, New Delhi-110001
Tel. : 011-23383370, 23782594, 23073789, 23782691 m
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MESSAGE

[ am delighted to know that the Asian Fisheries Society, Kuala Lumpur; Indian Council of Agricultural Research, New
Delhi; Department of Fisheries, Government of India; and the Asian Fisheries Society Indian Branch, Mangalore are
jointly organizing the 14" Asian Fisheries and Aquaculture Forum (14AFAF) during February 12-15, 2025 at New
Delhi. This prestigious forum is a landmark event for advancing sustainable fisheries and aquaculture in the Asia-Pacific
region.

The theme of this forum “Greening the Blue Growth in Asia-Pacific” resonates deeply with India’s commitment
to the blue economy by fostering environmentally responsible and economically inclusive fisheries and aquaculture. As
a nation with a rich heritage of fisheries and aquaculture practices and diverse aquatic resources, India recognizes the
sector’s pivotal role in ensuring food security, nutritional well-being, livelihood opportunities, and economic growth,
especially for coastal and rural communities. Through the sustainable development of the sector, India also empowers
small-scale fishers and fish farmers, whose livelihoods are most vulnerable to climate change and, resource and habitat
degradation.

The forum’s scope, encompassing sustainable resource management, technological innovation, and socio-
economic development, aligns with India’s flagship initiative, the Pradhan Mantri Matsya Sampada Yojana (PMMSY),
which aims to drive a Blue Revolution through the promotion of sustainable practices, efficient resource utilization,
aquatic biodiversity conservation, and the socio-economic upliftment of fisherfolk and fish farmers.

[ am sure, the 14AFAF will provide an invaluable platform for collaboration, knowledge exchange, and sharing
of innovative ideas among experts, researchers, policymakers, educators, industry leaders and other stakeholders.
The deliberations in the technical sessions, coupled with the participation of global partners, will undoubtedly bring
forth new insights and actionable strategies for overcoming challenges and harnessing opportunities in fisheries and
aquaculture, not just in India but for the entire region.

As we strive towards achieving the Sustainable Development Goals (SDGs) of the United Nations, forums like
this remind us of the indispensable role of global and regional partnerships in addressing pressing issues such as
climate change, resource sustainability, and inclusive development. [ am confident that the outcomes of this forum will
contribute significantly to shaping the policies and practices that ensure a resilient and sustainable future for fisheries
and aquaculture in the region and beyond.

[ extend my best wishes to the organizers for the success of the 14AFAF.

(i

(Rajiv Ranjan Singh)

. Room No. 234, B-Wing, Krishi Bhawan, Dr. Rajendra Prasad Road, New Delhi-110001 (India),
v Ph. : +91 11-23380780/81/82 Fax: +91 11-23380783 Resi. 011-23782781/82
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I am happy to note that the 14th Asian Fisheries and Aquaculture Forum will be held in New Delhi during 12-15
February 2025 with the theme of “Greening the Blue Growth in Asia-Pacific”. [ compliment the organizers, the Asian
Fisheries Society (AFS), Kuala Lumpur; Indian Council of Agricultural Research (ICAR), New Delhi; Department of
Fisheries (DoF), Government of India, New Delhi; and the Asian Fisheries Society Indian Branch (AFSIB), Mangalore,
India for organizing this very important event of international importance. It is indeed a very pertinent theme for global
fisheries as well as fisheries of the Asia-Pacific region and I take great pleasure to note that India is hosting this important
conference.

The fisheries and aquaculture sectors are vital in ensuring global food and nutritional security. Aquaculture is not
just the fastest-growing food production system globally, it has become a hope for our future food security. The South
Asian region is a powerhouse in global aquaculture production. However, maintaining sustainability has been a bigger
challenge for the sector. At this juncture, I would request that researchers from Asia-Pacific countries work on advanced
science and technology and also promote the adoption of new technologies. It is necessary to provide platforms for the
farmers to connect with extension systems.

[ sincerely hope that the scientists and all delegates at the 14th AFAF will deliberate in detail regarding the fisheries
and aquaculture sector and a roadmap will be developed for sustainable fisheries and aquaculture development in the

Asia-Pacific region.
/)/) \ |4 lga a —’W/\/ 4
B

[ wish the 14th AFAF all success.
girath Choudhary)

Room No.199Q), Krishi Bhawan, New Delhi-110 001.
Tel.: +91-11-23782343, 23388165 Fax: 23074190 v



T A
AT, qYEeH U6 294 3R
ATTGETH Hd HIAH,
ARd TLHT
MINISTER OF STATE FOR
FISHERIES, ANIMAL HUSBANDARY, &
DAIRYING AND MINORITY AFFAIRS
GOVERNMENT OF INDIA

Tsdiche WIS |/
ADV. GEORGE KURIAN

MESSAGE

[ am very happy to know that the Asian Fisheries Society, Kuala Lumpur; Indian Council of Agricultural Research,
New Delhi; Department of Fisheries, Government of India, New Delhi and the Asian Fisheries Society Indian Branch,
Mangalore are organizing the 14th Asian Fisheries and Aquaculture Forum (14AFAF) from 12 to 15 February 2025
at New Delhi, India. It is extremely heartening to learn that this triennial event is being organized for the 2nd time in
India during the last 35 years. [ sincerely believe that this Forum would offer a platform to deliberate upon the ways
and means for sustainable development of fisheries and aquaculture in the Asia-Pacific region and also globally. It will
certainly provide opportunities to explore ideas for solving multifaceted problems and realizing the dream of “Greening
the Blue Growth in Asia-Pacific”.

Asia remains the world’s largest producer of aquatic foods, derived from both aquaculture and capture fisheries.
However, the region faces significant challenges, including the impacts of climate change, which contribute to flooding
and salinization in coastal areas and major deltas. Pollution also threatens the marine biodiversity of the region. In
recent years, the Indian fisheries sector has made significant progress toward modernization and sustainable growth,
thanks to the collaborative efforts of the government and private sectors. The available aquatic resources, having
multiple stakeholders, also need robust planning and policy frameworks for their sustainable utilization in fisheries
growth. Recognizing the immense potential of this sector, the Government of India has launched the Pradhan Mantri
Matsya Sampada Yojana (PMMSY) aimed at the holistic development of the fisheries sector in the country.

[ am sure that this Forum will achieve its goal in bringing information, ideas and innovations on a single platform
to successfully disseminate among researchers, academicians and industries for the discernible transformation of blue
growth into greening of blue growth.

[ extend my best wishes to the organizers for the success of the 14th Asian Fisheries and Aquaculture Forum.

. FAT 199, 3T, HT W, 7 fKeef-110001, TAT: 011-23070523, Herd: 23070526, E-Hel: mosgk-fahd@dahd.nic.in
vi Room No. 199, E-Wing, Krishi Bhawan, New Delhi-110001, Tel.: 011-23070523, Fax: 23070526, E-mail: mosgk-fahd@dahd.nic.in
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I'am happy to know that the Asian Fisheries Society (AFS), Kuala Lumpur, Malaysia is organizing the 14" Asian Fisheries
and Aquaculture Forum (14AFAF) with the theme "Greening the Blue Growth in Asia-Pacific" in collaboration
with the Indian Council of Agricultural Research (ICAR), New Delhi, India; Department of Fisheries (DoF), Government
of India and the Asian Fisheries Society Indian Branch (AFSIB), Mangalore, India during February 12 to 15, 2025
at New Delhi, India. I hope that the Forum will Provide a unique platform for deliberations among the experts and
delegates which will help in developing a pragmatic roadmap for Blue Growth in years to come and in achieving the
United Nations' Sustainable Development Goals and Blue Transformation objectives.

The Asia-Pacific region, with its diverse aquatic ecosystems and rich tradition of fisheries and aquaculture, plays
a pivotal role in global food security and livelihood. This region shares common resources and challenges, from
transboundary fish stocks to the impact of warming oceans. Collaboration across nations is crucial to address these
shared concerns. Greening the Blue Growth in 'Asia-Pacific' through sustainable fisheries and aquaculture is essential
for striking a balance between economic development and environmental sustainability. India is committed to fostering
regional partnerships, and therefore, this forum shall provide a unique platform for stakeholders to come together, share
knowledge, and collaborate on advancing sustainable practices in this vital sector.

It is a great pleasure that India is hosting the event for the second time after 18 years. | hope that this forum will
discuss the Asia-Pacific region across the world aquaculture. Further, I hope that the 14AFAF will raise awareness for
the utilization, conservation, sustainable production, and development of aquatic resources in the Asia-Pacific region.

[ wish the programme a grand success.
@C:LQ

Dated the 3 January, 2025 (Himanshu Pathak)
New Delhi

vii



Dr. Abhilaksh Likhi, IAS YRd GThR
Secretary TeRIeH, TRUe T8 a1 WA
=1, sifee foet, wod. weerred fasm

FHfY wed, T8 faeefi-110001

Government of India

- Ministry of Fisheries,

7%‘.; Animal Husbandry & Dairying

ATl Department of Fisheries
Sd Krishi Bhawan, New Delhi-110001

MESSAGE

[ am truly delighted to learn that the Asian Fisheries Society, Kuala Lumpur in collaboration with the Indian Council
of Agricultural Research, New Delhi; Department of Fisheries, Gouvt of India and the Asian Fisheries Society Indian
Branch, Mangalore, is hosting the 14th Asian Fisheries and Aquaculture Forum (AFAF) with the theme "Greening the
Blue Growth in Asia-Pacific" in New Delhi, India, from February 12-15, 2025.

Fisheries has emerged as one of the fastest-growing sectors in agriculture and is increasingly recognized as a sunrise
industry for the Indian economy. The sector plays a pivotal role in providing livelihoods to millions of fishers and fish
farmers at the primary level, as well as provides significant economic opportunities for countless individuals along the
value chain, including vulnerable and economically disadvantaged communities. Fisheries also contribute significantly
to the availability of high-quality animal protein at affordable prices, ensuring national food and nutritional security,
especially for the underprivileged sections of society. The rapid development of the fisheries sector has enhanced food
supply, improved nutrition, generated employment, and earned foreign exchange for the nation.

India’s fisheries sector is on a path of significant transformation, driven by the country’s abundant and diverse
marine and inland water resources. With increasing domestic and global demand for fish and seafood, the sector
has vast untapped potential. However, challenges related to sustainable growth, biodiversity conservation, and
resource management remain. Addressing these challenges requires continued innovation, the application of advanced
technologies, and robust policy frameworks to ensure the long-term sustainability of our fisheries resources.

[ firmly believe that this forum will provide an invaluable platform for distinguished scientists, researchers, and
stakeholders from across the globe to exchange knowledge, present cutting-edge research, and explore innovative
solutions to ensure the continued growth and sustainability of the fisheries and aquaculture sectors.

[ extend my heartfelt congratulations to the organizers and participants of the 14th AFAF, and [ wish the forum
every success in its mission to drive global dialogue on sustainable fisheries and aquaculture practices.

(ROTRATR

(Abhilaksh Likhi)

Office: Room no. 220. Krishi Bhawan, New Delhi-110001 « ¥#T9/Phone: 23381994, 23070370
vin E-mail: secy-fisheries@pnic.in
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Welcome to the 14" Asian Fisheries and Aquaculture Forum (14AFAF) with the theme of “Greening the Blue
Growth in the Asia Pacific”. It is an honour to join you at the 14AFAF in the thriving, metropolis of New Delhi.
The Asian Fisheries Society is very grateful to our co-convenors and the local organisers of the 14AFAF from the
Indian Council of Agriculture Research (ICAR), the Department of Fisheries (DoF), Government of India, and the
Indian Branch of AFS.

Asia is a powerhouse of global fisheries and aquaculture production, with an estimated over 80% of the
world’s capture fish production and 86% of its aquaculture production coming from the region. India is a top
fisheries and aquaculture producing nation and a leader in research, development and education in these fields. It
is very timely that we have the 14AFAF in India and a pleasure to be able to meet in person for the first time in six
years following COVID and our inaugural, hybrid 13AFAF at the National Cheng Kung University.

The topics of the 14AFAF cover a wide range of technical sessions and diverse themes such as Production
systems in fisheries and aquaculture, Policy and management of these systems, Economics, Gender, and
Livelihoods, all of which are central to developing sustainable production systems and are very important for
ensuring sustainable global seafood production.

The Asian Fisheries Society is a non-profit scientific society founded in 1984 and currently has two branches
(India and the AFS Taiwan Branch), three sections (Asian Fisheries Social Science Research Network, Fish Health
Section and Gender in Fisheries and Aquaculture) and a recent students and early career researcher’s group. The
first AFAF, then known as the Asian Fisheries Forum was held in Manila in 1986 and since then, has been held
every three years in seven other locations in the region (https://www.afsconferences.net/category/afaf/). The AFS
aims to promote networking and cooperation between scientists, technicians and all stakeholders involved in
fisheries and aquaculture production, research and development. A very important component of this is developing
students and early career researchers in aquaculture and fisheries. The ultimate objective of AFS is to enhance
food security and income-generating opportunities for fisheries and aquaculture workers through promoting sound
management practices, and the environmentally sustainable development and use of aquatic resources. The AFAF
meetings are an essential component for achieving these objectives.

The 14AFAF brings together scientists, researchers, government, fishers, fish farmers, industry people, and
policymakers to discuss the latest scientific research on fisheries and aquaculture. Because of the hard work of
the co-convenors and international and local organising committees, we have a very attractive program with
distinguished speakers. It also provides an important forum for AFS members to meet and consider the status and
future of the Society.

X
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The future for fish production is set by us in the present. It is important that different people come together and
share knowledge and discuss the results of scientific findings in fisheries and aquaculture, which will be greatly facilitated
by this conference. [ wish all participants, organisers, and sponsors of the 14AFAF every success for the conference and
hope you enjoy your time in India.

1

Professor Emerjtus Neil Loneragan, BSc (Hons), PhD Murdoch University
President, Asian Fisheries Society (14th Council)

Editor-in-Chief, Asian Fisheries Science

Adjunct Professor, IPB University, Visiting Professor, Universiti Putra, Malaysia

O
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FOREWORD

Asian Fisheries Society (AFS), a non-profit scientific society founded in 1984, has its present Headquarters in Kuala
Lumpur, Malaysia. To promote scientific interaction among members and the community in Asian countries, the Society
has been organizing triennial events, i.e. the Asian Fisheries and Aquaculture Forum (AFAF) in different countries in
Asia. With the 1st Forum organized in the Philippines in 1986, the AFS successfully organized the subsequent 12
triennial events in Japan (1989), Singapore (1992), China (1995), Thailand (1998), Taiwan (2001), Malaysia (2004),
India (2007), China (2011), South Korea (2013), Thailand (2016), Philippines (2019), and Taiwan (2022).Now, the
14thAsian Fisheries and Aquaculture Forum (14AFAF) is being organized by the Society in collaboration with the
Indian Council of Agricultural Research (ICAR), New Delhi, India; Department of Fisheries, Government of India, New
Delhi; and the Asian Fisheries Society Indian Branch (AFSIB), Mangalore, India at the ICAR Convention Centre, New
Delhi, India from 12 to 15 February 2025 with the theme “Greening the Blue Growth in Asia-Pacific”. The Forum is
going to provide a unique platform for researchers, academicians, students, farmers, entrepreneurs, policy makers, and
all associated with the value chains from all over the world, particularly from the Asia-Pacific region, to exchange/share
their ideas and experiences.

The Technical programme of 14AFAF will include a Keynote, Plenary, and Lead Speaker Presentations by
globally acclaimed experts in different subject areas of fisheries and aquaculture. There will be 16 Technical Sessions
covering all relevant aspects which would include oral and poster presentations by the delegates. There has been an
overwhelming response for this international event and a record number of 805 abstracts have been accepted for oral
and poster presentations. The oral presentations under different Technical Sessions will be undertaken through ten
parallel sessions. It is expected that the Forum will discuss all issues currently the fisheries and aquaculture sector is
encountering and come out with a strategic roadmap for achieving the United Nations’ Sustainable Development Goals
and Blue Transformation objectives.

The research on aquatic animal health management in recent years has led to the generation of a lot of information
on disease diagnosis and reporting, effective vaccines and vaccination strategies, disease and AMR surveillance,
quarantine, biosecurity, and alternate therapeutics besides the application of newer technologies to develop resistant
varieties of fish using genome editing. Looking at the latest developments in the above areas, a Symposium on ‘Aquatic
Animal Diseases: Emerging Challenges and Preparedness’ will be organized as a parallel event during the 14AFAE

It is a well-known fact that during the last three decades, coastal shrimp farming has grown significantly due to its
high economic impact. Despite being recognized as a money-spinning farming activity, farming today is subjected to
several issues and concerns, importantly disease threats and price volatility. A stakeholder interaction, i.e. Academia-

Room No.199Q), Krishi Bhawan, New Delhi-110 001. .
Tel.: +91-11-23782343, 23388165 Fax: 23074190 X1



Industry-Government Meet is going to be organized as a Satellite event on the Theme ‘De-risking Shrimp Aquaculture
Value-Chain for Improved Global Competitiveness’ which is expected to discuss emerging Challenges and measures for
sustainable farming practices.

A grand exhibition (14AFAF Expo) will also be organized during the 14AFAF involving the scientific and academic
organizations, and industries & business houses associated with the fisheries and aquaculture sectors showcasing their
achievements and products.

I, on behalf of the organizers, the Indian Council of Agricultural Research; Department of Fisheries, Government
of India; and Asian Fisheries Society Indian Branch, sincerely thank the President and Members of the 14th Council of
Asian Fisheries Society for the opportunity and faith rendered to host the event in New Delhi, India. I convey my sincere
thanks and gratitude to the Patrons of the 14AFAF Dr. Himanshu Pathak, Secretary, DARE and Director General, ICAR;
and Dr. Abhilaksh Likhi, Secretary, Department of Fisheries, Govt of India for their guidance and active support. I
extend my sincere gratefulness to the Members of the International Advisory Committee; National Advisory Committee;
Core organizing committee including Co-Conveners, Organizing Secretaries, Members and Treasurer; Members of the
Scientific Committee; and Members of different Sub-Committees for their active involvement and support. The Co-
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IndFish To-2030

S. Ayyappan*

Former Secretary, Department of Agricultural Research and Education (DARE) and Director General,
Indian Council of Agricultural Research (ICAR), Mysore, Karnataka, India
*sayyappanl955@gmail.com

Indian Fisheries & Aquaculture is a saga of millions of fishers and farmers in a country
bestowed with unique aquatic ecosystems ranging from deep sea to mountains. With
documented strides for over a century, it is an important component of the Blue Economy as
well as the Agriculture & Food Production System, with few parallels. With over 8% of the
global aquatic biodiversity of 3,137 finfish species and being the second largest fish producer
to the tune of 17.6 mmt annually with aquaculture production of 12 mmt, it contributes 9%
to the global fish basket and 4.1% of the market. Providing livelihood to over 25 million
people, it comprises 1.24% of the Indian GVA, 7.28% of agri-GVA, and 16% of agri-exports.
Also aiding the community nutrition efforts, the domestic fish consumption is over 14.2
mmt, with a CAGR of 5.63%, making fish an important protein supplement and India at
the 123 position in this regard. Blue Revolution is the current focus in the food production
system in the country, in view of the potentials of the sector as well as the changing socio-
economic scenario of health concerns, income levels, and lifestyles.

It is contextual that the growth in the global supply of fish for human consumption has
outpaced population growth in the past five decades, increasing at an average annual rate of
over 3%, double that of population growth, leading to a higher average per capita availability.
There however, exists a gap in the consumption between the developing regions (~19 kg),
low-income food-deficit countries (LIFDCs; 3.5-7.6 kg) and industrialized nations (~27 kg).
Fish has over different periods, accounted for 17% of the global population’s intake of
animal protein and 7% percent of all protein consumed, providing over three billion people
with almost 20% of animal protein intake. In the framework of the Sustainable Development
Goals, 2030 agenda, fisheries &aquaculture playa prominent role with regard to world food
security.

Indian marine fisheries, with a potential of 5.31 million tonnes annually, is a typical multi-
species, multi-fleet fisheries characterized by a heterogeneous fishery management system.
With a predominance of pelagic fisheries (1.87 mmt), it comprises 0.9 mmt of demersal
fishes, 0.2 mmt of molluscans and 0.4 mmt of crustaceans. Oceanic tunas include Yellowfin
tuna, Bigeye tuna and Skipjack tuna, which resources are still to be fully harnessed.
Recent assessment of 135 fish stocks in the Indian Ocean showed 91.1% to be healthy,
with 86.7% being sustainable, 4.4% subject to overfishing, 8.2% overfished, and 0.7%,
rebuilding. To achieve resilient fisheries, the action plan includes: Introduction of a central
legislation (Marine Fishery Act) for the regulation of fishing in the Exclusive Economic
Zone (EEZ); Institutionalization of periodic stock assessment of major fishery resources;
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Al-mediated automated mechanisms for landing estimation, analytics of sub-stock-level
information; Assessment and characterization of deep sea and non-conventional fishery
resources; Integrated fishery development plans for the two major island ecosystems of
Andaman & Nicobar and Lakshadweep; Installation of artificial reefs and mechanisms for
impact assessment and improvisation; Concerted efforts for a cleaner environment; Eco-
labeling of marine fishery resources; Strengthening fishermen accident insurance, fishing
vessel insurance, and coastal immovable asset insurance through technological and policy
interventions.

Fish biodiversity in the Inland water bodies covering nearly six percent of India’s geographical
area including estuaries, rivers, reservoirs, lakes & floodplain wetlands comprises 1,035
fish species of 326 genera, the annual capture fisheries potential being 2.2 mmt. There are,
however, several challenges of climate change, shrinking water resources, water extraction
for off-stream use, habitat loss and degradation, biodiversity loss and introduction of exotic
species, pollution and so on. Along with assessment and remediation activities, several
conservation programmes for rejuvenation include the establishment of protected areas,
ranching, fish sperm & embryo cryopreservation, tissue banking and live gene banking.
Drone-mediated assessment and enhancement measures are a new approach in the restoration
of water bodies. A unique feature of Indian Inland fisheries is the Coldwater fisheries along
the Himalayas, with several species of mahseers and troutshaving been domesticated.

Mariculture is a fast-emerging sub-sector of India’s Blue Economy. While the current
mariculture production is less than 0.1 mmt annually, scaling up intensification of the
available technologies of seed production and farming of finfishes - Cobia, Pompano, Sea
bass, groupers, snappers, breams and ornamental fishes; shellfishes - mussels, oysters, clams,
green tiger shrimp, blue swimmer crab; and seaweeds, along with production in Recirculatory
Aquaculture Systems (RAS), Integrated Multitrophic Aquaculture Systems (IMTA) and
cage farming can enhance the levels to 4.1 mmt. Evaluation ofthe sustainability of offshore
mariculture beyond two km from the coast and in water depths of 50 m and above also merits
consideration. It is apt that the National Mariculture Policy addresses different aspects of
the development of leasing and licensing, mariculture systems and species, environmental
sustainability, seed and feed development, health management, certification, insurance,
market support as well as the institutional and legal framework.

Of the world’s production of farmed shrimp of 5.6 million metric tonnes, India, next only
to Ecuador and China, along with Vietnam and Indonesia, contributes over 74%. Of the
1.2 million ha as potential aquaculture area, about 15% has been utilised and the growth
of shrimp aquaculture in India has been spectacular, with the present production of farmed
shrimp being around 8,00,000 metric tonnes. Public-private partnerships with shrimp
farmers & exporters, research institutions, promotional bodies, regulatory framework,
as well as technical and policy support from governmental agencies have resulted in an
Indian Shrimp farming model. The main drivers of growth have been ready market demand
and profits for the produce; employment generation to the tune of 15 million; availability
of brackishwater resources for farming and future expansion, as they are considered as a
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zero-economic resource not used for other purposes; biodiversity richness that is yet to be
fully harnessed, high productivity, negligible footprint on potable water and lower carbon
emissions; environmental tolerance & adaptability of farmed species, both finfish (seabass,
milkfish, pearl spot, etc.) and shellfish (penaeid shrimps, viz., L. vannamei, P. monodon, P,
indicus, mud crab and backwater oysters).

Intensification and expansion of Pacific whiteleg shrimp farming as a monospecies practice
have also resulted in new challenges and a balanced growth with due species diversification
is required. Revival of tiger shrimp farming and harnessing the potential of Indian white
shrimp needs emphasis, along with finfishes like seabass, milkfish, mullets, pearl spot, etc.
In order to achieve sustainability in production and maintain the growth momentum, focused
efforts are needed towards quality seed production and diversification of species including
the development of indigenous SPF stocks; sustained farm production and productivity
through good management practices and diversified rearing systems; cost-effective quality
formulated feeds with new feed mills; upgradation of shrimp processing infrastructure of
global standards; and unified marketing approach with due emphasis on domestic markets to
reduce dependence on exports and boost domestic consumption.

Freshwater aquaculture has been the mainstay of Indian aquaculture in terms of total quantity
as well as catering to the domestic fish basket, presently contributing to over 60% of the
total fish production. The potential of tripling fish production has both horizontal expansion
with more water including integrated farming areas (0.8 m ha to 1.2 m ha) and enhanced
productivity (around 3 t/ha/year). Species diversification is also an important aspect driven by
market forces, yield rates, climate change, reduced availability in the wild, disease incidence
and so on, that needs to be addressed in terms of richness and evenness. With the practice
being mainly carp-based (over 82%), diversification in terms of both habitats and species
is the priority. There are almost two dozen species for which seed production and grow-out
culture technologies have been standardized and field tested with a considerable increase
in the farm income levels. A fifty species-based freshwater aquaculture is projected for the
coming decades, as also organic aquaculture. Ornamental fisheries, aqua-tourism and sport
fisheries, though in vogue, have been receiving increasing attention with non-traditional
investors taking interest in these ventures in recent years.

The key drivers are the resources themselves, both water and the biodiversity, with an
imminent need for water budgeting for different culture systems in terms of species of
carps, catfish, prawn and so on, as also levels of intensification or integration with other
farming systems; quantifying water requirements with due reference to the positive water
productivity for fish culture as compared to other practices and emphasis on wastewater
recycling; potentials of aqua-systems for carbon sequestration as also low carbon footprints;
water use policy, including scientific leasing of water bodies; quality seed enhancement with
due hatchery accreditation and seed certification; adequate feed supply, with 20% of the
present production being feed-based, to be increased by four-folds, along with intensification
in at least 20% farms; farm mechanisation in view of emerging youth migration from rural
areas and labour issues; health management, with new generation diagnostics, prophylactics
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and therapeutics, including emerging diseases; bio-safety and bio-security measures also
addressing introduction of exotic species and internal checks with regard to seed movement
in the country; capacities to build value chain and global competitiveness; infrastructure
and policy support including export-oriented production and postharvest management; and
harnessing ICTs, Spatial Analytics & GIS for aquaculture practices.

India, with its aquatic resources, has a huge opportunity to produce cheap and quality protein,
as being envisaged in the ‘Blue Economy’ and ‘Matsya Sampada Yojana’. The next decade
is likely to see major changes in the environment, resources, macroeconomic conditions,
international trade rules and tariffs, and market characteristics, with climate change,
variability and extreme weather events as compounding threats to sustainable aquaculture.
In the years to come, a large unutilised area will be brought into aquaculture, with a number
of cultivable varieties and new technologies. Furthermore, as the wealth of the country
increases, consumption of fish as health food would also increase, requiring greater research
on aquaculture production, harvest and post-harvest technologies.

Institutional mechanisms and Quality Human Resources have been key drivers in the journey
of Indian fisheries and Aquaculture for nearly eight decades. With Ministries of Fisheries
at the Centre and the States, the sector is accorded due importance in the governance
structure of the Country. With over 20 R&D Institutes, primarily under the apex Agency for
Agricultural Research, the Indian Council of Agricultural Research (ICAR) & others, and
35 Colleges of Fisheries, as also Institutions like the National Fisheries Development Board,
Coastal Aquaculture Authority, National Biodiversity Authority, Marine Products Export
Development Authority, Krishi Vigyan Kendras (Farm Science Centres), Federation of
Fisheries Cooperatives, National Bank for Agriculture & Rural Development, Food Safety &
Standards Authority of Inda, Bureau of Indian Standards, etc. and strong collaborations with
a host of governmental and corporate bodies, both promotional and regulatory functions are
aunique feature. A new trend is the establishment of Fish Farmer Production Organisations
(FFPOs) and Fish-Start Ups, with demonstrated youth vigour and gender equity. It is estimated
that over 1,000 researchers and an equal number of academicians in the National Agricultural
Research & Education System (NARES), along with around 5,000 Development Officials in
the States are associated with the fisheries sector in the country. International bodies like the
FAO-NACA, the WorldFish and related organisations also contribute to the country’s efforts
in domestic growth as well as globalising good practices. Strides in the domain have been
amply evidenced by returns on investments and cumulative growth rates over the years.

Based on the analysis of the past data and emerging scenarios, the outlook for farmers in
India by 2030, is that farming would be an enterprise; with the ‘rurban’ migration, the gender
mix would change to the greater role of women; mechanised & precision farming would be
pronounced; financing mechanisms would become more diverse, with active corporate and
private players; and greater partnerships would emerge between governments and farming
stakeholders with regard to policy prescriptions, with emphasis on infrastructure and market
orientation. Information technology (IT) systems are the core component in the transition
from breakthroughs in laboratories to field-scale implementation. Fusion of technologies,
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eg. CRISP-R, Big Data Analytics, [oT in Farming, SAG/GIS and Remote Sensing, Image
Processing, Digital Farming, Artificial Intelligence, Deep/Machine Learning, Blockchain
technology, Sensors & Robotics will help optimize resources. In this context, smart sensors,
drones, robots, delivery systems, nutraceuticals and nutrigenomics, high-value compounds
from aqua-sources are opening up new avenues, also bringing in new players.

With a target of an annual fish production of 24 mmt by 2030, comprising Capture Fisheries:
6 mmt; Aquaculture: 18 mmt (Freshwater: 15 mmt, Brackishwater: 2 mmt; Mariculture: 1
mmt) and 40 mmt by 2047, comprising Capture Fisheries: 8 mmt; Aquaculture: 32 mmt
(Freshwater: 24 mmt, Brackishwater: 3 mmt; Mariculture: 5 mmt), a blend of knowledge
base and skill development is required to build the aquapreneurship, that would lead to a
large number of aqua-start ups, for both production and profits. Given the trends, it is clear
that the fish demand would be largely met by aquaculture in the three major ecosystems of
freshwater (both plains and hills), brackishwater and marine, to the extent of 75%, catering
to both domestic and export markets.The National Fisheries Policy, 2020, converges several
of these aspects, with a combination of technology, policy, investments and partnerships.
At a time when a paradigm shift of starch-to-protein is required in the country’s food
production systems, along with minimal water and carbon footprints, aquaculture offers
unique opportunities through ‘Looking to the Waters’.

India has been pursuing a ‘Blue Revolution’, through technologies and investments, though
much more diversification and intensification are needed and possible. Along with other
edible food species comprising finfish and shellfish (crustaceans - shrimp, crabs; molluscans
- mussels, oysters), are the seaweed and algal resources, that could be used in different
forms including the production of nutraceuticals and food additives. Aquatic biosecurity
and quarantine, disease reporting system, seed certification, feed management, disaster
management, customised cold chains for domestic marketing, low-volume high-value
species, domestication of more fish and shellfish species, integrated water management,
fish as a health food, aqua-tourism and aqua-parks, and aquarian reforms are the aspects
to be addressed in this direction. Resource management with due reference to availability,
access and international agreements, requires a holistic approach and synergy of efforts of
multiple agencies involved. New science and innovations, deployment of new tools, higher
investments and convergence of players, in a value chain approach, is the way forward.
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PP-0-001

Blue Growth in Capture Fisheries: The Significance of Ecosystem,
People-Centred and Partnership Approaches

Neil Loneragan*

School of Environmental and Conservation Sciences, Faculty of Environmental and Life Sciences,
Murdoch University, Australia
*n.loneragan@murdoch.edu.au

Asian fisheries and aquaculture contribute an estimated 70% to global seafood production.
In contrast to aquaculture production which has been increasing rapidly, marine capture
fisheries have plateaued, and most fisheries are fully exploited, with little potential for
increase. Typically, fisheries are assessed based on single species stock assessments, which
do not consider any interactions between fisheries and other species, the impact of fishing
on the marine ecosystems that support them or acknowledge the multi-species nature of
fisheries. The multi-species, multi-gear and data-limited nature of fisheries are prominent
in Asian waters, which are a hotspot of marine biodiversity. In addition, the livelihoods
of coastal communities and millions of people in Asia are dependent on catches from
small-scale fisheries, which are notoriously difficult to assess and manage. Incorporating
ecosystem approaches and the social dimensions of fisheries provides a means of enhancing
the understanding of these fisheries and is fundamental for ecosystem-based fisheries
management (EBFM). Ecosystem modelling provides a means of increasing understanding
fisheries and their interactions with marine ecosystems to ensure their future sustainability
and contribute to EBFM. Ecosystem models also provide a mechanism for communicating
across a wide variety of people from different disciplines and backgrounds to understand
ecosystem structure and function. Examples from Australia and Indonesia are provided
of how conceptual, qualitative, and quantitative models are developed to understand the
functioning of marine systems and identify solutions for impacted systems. To understand
the current state of a system and assess its health requires transdisciplinary approaches
that consider fisheries and their ecosystems within a management system, including the
implementation of management decisions. Asian scientists have the capacity and interest to
apply these approaches which would be enhanced by establishing networks of practitioners
and developing partnerships with a range of organisations across government, universities,
NGOs, fishers and the fishing industry.

Keyworbps: Fisheries and aquaculture, Stock assessment, Ecosystem-based fisheries
management, Ecosystem models, Social dimensions, Partnership
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PP-0-002

The Function and Application of Interferons in Controlling Viral
Diseases in Aquaculture

Jun Zou'* and Junya Wang?

'Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai, 201306, China

’Laboratory for Marine Biology and Biotechnology, Qingdao Marine Science and Technology Center,
Qingdao, 266200, China

*zou@shou.edu.cn

Outbreaks of viral diseases cause significant economic losses to the aquaculture industry.
Understanding the antiviral responses of fish is vital to the development of effective
measures for disease control. Interferons are key immune factors that are produced during
viral infection and play central roles in coordinating host antiviral responses. During the
last 20 years, significant advances have been made in the characterization of the roles of the
interferon system in combating viral infections in fish and in the exploration of the potential
of interferons in practical application in aquaculture. In vertebrates, based on their functions,
receptors and signaling pathways, interferons are classified into 4 types. Type I, 11l and IV
interferons activate antiviral effector genes, conferring resistance of host cells to viruses,
while type II interferon mainly exerts regulatory functions in innate and adaptive immunity.
It is now well established that teleost fish possess type I, Il and IV interferons, but lack type
II1. Fish interferons are structurally and functionally conserved. For example, fish type I and
IV interferons display typical 6 alpha-helical topology which is stabilized by 1-3 pairs of
disulphide bonds, and interact with distinct receptor complexes to elicit cellular responses.
They activate JAK/STAT signaling pathways, leading to the induction of antiviral genes
and enhancement of resistance to viral infections. This talk will overview recent advances
in interferon research and the potential applications in controlling viral diseases in farmed
fish.

Keyworbs: Interferon, Viral disease, Farmed fish

g,
5'& 6 * 14" Asian Fisheries and Aquaculture Forum 9
%, anear o New Delhi, India < 12-15 February 2025

ity




PP-0-003

Implementing International Instruments to Combat IUU Fishing
and Achieve Sustainable Fisheries

Matthew Camilleri*

Fisheries and Aquaculture Division, Food and Agriculture Organization of the United Nations, Rome,

Italy
*matthew.camilleri@fao.org

Over the past four decades, the international community has developed a comprehensive
framework of instruments aimed at safeguarding the sustainable exploitation of living marine
resources. Within the broad scope of the 1982 United Nations Convention on the Law of the
Sea (UNCLOS) and the context of the 1995 FAO Code of Conduct for Responsible Fisheries
(CCRF), this framework has been constantly evolving to set international standards that
support sustainable fisheries, as well as to define actions that eradicate unsustainable practices
and illicit activities which have detrimental effects on sustainability. [llegal, unreported and
unregulated (IUU) fishing undermines efforts to conserve and manage fish stocks in all types
of capture fisheries and in all areas. Coordinated and effective implementation at national,
regional and global levels of the minimum requirements and standards associated with port,
flag, coastal and market State responsibilities, as defined in international instruments, and
supported by internationally-agreed tools, is critical to eliminate IUU fishing.

The 2009 FAO Agreement on Port State Measures (PSMA) provides a potent international
legal and operational mechanism for verifying the compliance of vessels entering foreign
ports with applicable fisheries conservation and management measures, including on the
high seas. Commitment to the implementation of the PSMA has continued to rise since it
came into force in 2016, with 105 countries, to date, bound to the Agreement. The Parties
to the PSMA have developed a Strategy to strengthen the implementation and effectiveness
of the Agreement in deterring, preventing and eliminating IUU fishing, including through
global exchange of electronic inspection and compliance information. The PSMA also
supports cooperation with flag States in ensuring and promoting compliance with applicable
regulations and assures market States on the legal and sustainable origin of traded products.

The application of traceability schemes and control of fishery products from the moment
of catch, followed by any movements of fish by transshipment and landing operations,
and throughout the value chain, are also essential actions in combatting [UU fishing. The
international guidelines on the regulation, monitoring and control of transshipment, together
with those on catch documentation schemes, adopted by FAO Members in 2022 and 2017
respectively, provide complementary support to States in accomplishing this objective.

The need for improvement of flag State performance has been highlighted in numerous
international fora, with calls in recent years for monitoring and strengthening compliance
with applicable measures of vessels, particularly those operating on the high seas. The 2014

AV
10 /. q é * 14" Asian Fisheries and Aquaculture Forum
g;i;,‘AFAF » New Delhi, India + 12-15 February 2025

et




FAO Voluntary Guidelines for Flag State Performance constitute a compendium of flag
State responsibilities and best practices, defined in binding instruments and other voluntary
instruments, concerning the flagging and control of vessels engaged in fishing and fishing-
related activities. The Guidelines encourage States to periodically conduct performance
assessments against these internationally-agreed requirements, placing them in a better
position to take action to strengthen their capacity to ensure compliance by their vessels.

Coastal State responsibilities as described in the CCRF and the 2001 FAO International
Plan of Action to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing
(IPOA-IUU) include the monitoring and control of activities in exclusive economic zones
(EEZs) by coastal States to ensure sustainable exploitation of the resources within their
waters.

Whilst the international momentum and individual commitment of States to combat [UU
fishing and to achieve sustainable fisheries has been remarkably growing, challenges remain
to fully and effectively implement the minimum requirements defined in international
instruments at the global scale. In particular, the requirements of developing States, as duly
considered in these instruments, demand continued attention and capacity development
support needs to be intensified to attain these goals. Furthermore, the enhancement of inter-
agency coordination at national and international levels would greatly benefit the cohesive
implementation of the suite of international instruments to eliminate [UU fishing.

Keyworbps: IUU Fishing, Sustainable fisheries
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LP-0-001

The State of Fisheries in Asia Pacific: How to Improve Fisheries
Sustainability in Asia Pacific?
Rishi Sharma*

Food and Agriculture Organization of the United Nations, Rome, Italy
*Rishi.Sharma@fao.org

Since 1971, the FAO has provided regular analyses of global fish stock status, published in
its flagship report, The State of World Fisheries and Aquaculture (SOFIA). These analyses
have relied on a fixed list of stocks—representing over 70% of global fish landings—and
a standardized methodology that has ensured consistency and comparability over time.
However, the fisheries sector has evolved significantly since the 1970s, and the introduction
of SDG Indicator 14.4.1 has established complementary monitoring processes. To address
these changes, the FAO plans to update its methodology to better align with national SDG
reporting, broaden expert participation, enhance transparency, and maintain the historical
integrity of its time series. The updated approach will produce stock status indices at the FAO
fishing region level, aiming to reduce assessment gaps through continuous improvement.

Comparisons of overfishing estimates demonstrate the new methodology’s broader scope,
which now covers over 2,500 stocks, a significant expansion from the previous focus on
approximately 445 species. This participatory, bottom-up approach better reflects the global
state of marine fisheries. Focusing on the Asia-Pacific region, we examine the status of
fisheries in FAO Regions 51, 57, 61, and 71, which collectively contribute over 60% of
global production. Significant variability in fisheries status across these regions is explored,
with an emphasis on the implications for sustainability. Challenges associated with data- and
capacity-limited fisheries are discussed, and a roadmap for aligning the region’s fisheries
with FAO’s Blue Transformation initiative is introduced.

Keyworbps: Fisheries, Sustainability, Asia Pacific
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LP-0-002

Sustainable Intensification of Aquaculture in Asia-Pacific: Pathways
to Green Blue Growth Through Regenerative Aquaculture
Krishna R. Salin*

Aquaculture and Aquatic Resources Management (AARM) Program, Asian Institute of Technology
(AIT), Khilong Luang, Pathum Thani, Thailand 12120
*salinkr@ait.ac.th

The fisheries and aquaculture sector produced 223.2 million tons of aquatic animals and
plants valued at USD 472 billion in 2022 (FAO, 2024). Almost 89% (164.6 million tons)
of the aquatic animal production of 185.4 million tons was destined for direct human
consumption, resulting in a per capita consumption of 20.7 kg (15% of the animal protein
supply, and up to 50% in some parts of Asia and Africa). Asian countries accounted for 71%
of this consumption. As one of the most traded food commodities, aquatic animal trade
generated USD 192 billion in 2022. With the global population expected to reach 9.7 billion
by 2050, there is an urgent need to intensify food production sustainably. Aquaculture, as
the fastest-growing food production sector, plays a vital role in addressing this demand with
the global aquaculture production totalling 130.9 million tons worth USD 313 billion in
2022. The Asia-Pacific region contributes 91.4% (119.7 million tons) of this output. Seven
of the top 10 aquaculture-producing countries are in Asia: China, Indonesia, India, Vietnam,
Bangladesh, the Philippines, and S. Korea.

The fisheries and aquaculture sector employs 61.8 million people, 36% of which engage
in aquaculture operations. Almost 95% of the aquaculture workers are in the Asia-Pacific
region where more than 80% of farm production comes from small- to medium-scale
enterprises. Therefore, it is necessary to sustain the livelihoods of small-scale farmers to
meet the growing demand for nutritious food while ensuring environmental sustainability.
Sustainable intensification of aquaculture offers a promising solution to increase food
production while minimizing environmental impacts. This approach aims to enhance
productivity through more optimized use of resources, environmentally sound practices,
and technological innovations, rather than simply increasing inputs. Key pathways for
sustainable intensification of aquaculture (Fig. 1) include responsible production, supporting
small-scale farmers, adopting innovative technologies, enhancing nutrient recycling, and
diversifying aquaculture species and systems to enhance the resilience and nutritional value
of blue foods. Intensification of aquaculture becomes sustainable when the production
systems are transformed into regenerative models that prioritize environmental concerns
and resilience to climate change, conserve species diversity, and prevent pollution. Ensuring
the quality and safety of farmed seafood while improving productivity and delivering socio-
economic benefits is key for this development. Regenerative aquaculture (RA) involves
those practices that mitigate adverse environmental impacts while actively contributing to
the restoration and regeneration of aquatic ecosystems. Regenerative aquaculture promotes
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nutrient recycling, habitat restoration, and biodiversity enhancement while facilitating
carbon sequestration in aquatic ecosystems used for food production (Fig. 2). Absorption of
excess nutrients in accumulated sediments and by freshwater/brackishwater crops, marine
macrophytes and bivalves are significant in this context. Multiple crop integration such as
that in polyculture and integrated multitrophic aquaculture (IMTA) systems is essential for
advancing RA within a viable food system. A key driver supporting the rapid expansion of
RA systems is the notable increase in aquatic plant production over the last three decades,
which reached 37.8 million tons in 2022.
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Fig. 1: Key pathways to sustainable aquaculture intensification
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Looking ahead, the future of sustainable aquaculture intensification in Asia-Pacific will
depend on continued innovation, collaboration, and policy support to fully capitalize on these
advantages. Key areas for development include strengthening biosecurity and animal welfare
practices, enhancing climate resilience in aquaculture systems, improving feed sustainability
through alternative protein sources and efficient formulations, developing and implementing
nature-based solutions and responsible investment strategies via Public-Private-Partnerships
(PPPs), and capacity-building and knowledge transfer to level the playing field across the
region. Sustainable intensification of aquaculture presents a significant opportunity for
green-blue growth in the Asia-Pacific region. By adopting holistic approaches that balance
productivity, environmental stewardship, and social responsibility, the sector can play a
crucial role in ensuring food security, improving livelihoods, and contributing to sustainable
development goals. Continued research, innovation, and multi-stakeholder collaboration
will be essential in realizing this potential and addressing the evolving challenges faced by
the aquaculture industry.

Keyworbps: Restorative Aquaculture, Smallholders, SDGs, Certification, Blue Economy
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LP-0-003
Aquaponics
Li Daoling*
International College and National Innovation Center for Digital Fishery, China Agricultural

University, 17 Tsinghua East Road, Beijing-100083, China
*dliangl@cau.edu.cn

Aquaponics represents a significant measure to address the pollution caused by tailwater
discharge in traditional aquaculture in China. It is an innovative integrated farming system
that combines aquaculture with hydroponics. Through ingenious ecological design,
aquaponics achieves an ecological symbiotic effect where fish can be raised without needing
to change the water, thus avoiding water quality issues, and vegetables can grow normally
without the need for fertilization. During the research and development of the aquaponics
system, our team has closely monitored international frontiers, national policy orientations,
industry development needs, and the importance of industry-academia-research-application
collaborations, leading to breakthroughs in the three aspects. 1) A breakthrough has been
achieved in the precise measurement technology for the three nitrogen compounds in
aquaponics systems. We have invented a combined technology utilizing Raman spectroscopy,
fluorescence, colloidal optics, and nanomaterials. A multi-excitation dual-channel buffered
optical measurement structure has been designed, and methods for weak signal extraction
and intelligent compensation correction have been established. The detection limit for
ammonia nitrogen in aquaculture water has been improved by one order of magnitude, and
the detection time has been shortened to one-sixth of the original duration (i.e., 5 minutes).
2) A technology for intelligent collaborative operation of equipment in complex environments
has been proposed. Innovations have been made in the digital transformation of traditional
aquaculture equipment, the concentration and reuse of fish waste and sewage, and the lateral
stripping of carbon dioxide combined with micro-nano bubble aeration technology. The
digitalization rate of the equipment has reached 100%, the TSS (Total Suspended Solids)
concentration in tailwater has been increased by 70.2 times, energy consumption has
been reduced by 30%, and oxygen utilization has been improved by 40%. An intelligent
feeding method based on multi-source information fusion of “environment-biomass-feeding
behavior-residual bait identification” has been invented, and an intelligent inspection and
feeding robot has been created, resulting in a 20% reduction in feed usage. Additionally, a
factory-based production system for vertical vegetable cultivation, an intelligent seedling
logistics system for vegetables, and a mechanized harvesting system for pot-grown leafy
vegetables have been invented, achieving fully unmanned operations from sowing, seedling
cultivation, transplanting, to harvesting. 3) A technical system for intelligent aquaponics
factories has been established. This system integrates aquaculture systems, circulating
water treatment systems, planting systems, measurement and control systems, and cloud
platforms, achieving full-process digitization, networking, and intelligence in aquaculture
and cultivation. An intelligent aquaponics factory and micro-factory production model have
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been created, with a nitrate nitrogen utilization rate of 95%, daily water exchange rate of less
than 3%, maximum aquaculture density of up to 80 kilograms per cubic meter, and maximum
leafy vegetable yield of up to 36 kilograms per square meter. Currently, aquaponics systems
have been successively implemented in various provinces in China, including Beijing,
Shandong, Tianjin, Jiangxi, Guangdong, Chongqing, and others, generating significant
demonstration and promotion effects.

Keyworps: Aquaponics, Aquaculture, Hydroponics
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LP-0-004

Applying Genetic Technologies to Combat Infectious Diseases in
Aquaculture
N.A. Robinson'?*

!Breeding and Genetics, Nofima (Norwegian Institute of Food, Fisheries and Aquaculture Research),
As, Norway

’Deakin Marine, Deakin University, Waurn Ponds, Australia

*nicholas.robinson@nofima.no

Infectious diseases caused by viruses, bacteria, fungi or parasites are major causes of
mortality in aquaculture. The disease is often difficult to exclude from aquatic environments
and treatments can be costly, require repeated handling of fish, have severe effects on fish
welfare and lead to the development of resistance in the disease agent. Fortunately, cultured
fish and shellfish species contain genetic variation for resistance against major diseases,
and prevention by improving host-resistance has proven effective for avoiding infestation in
many cases. There are also sometimes substantial differences in the susceptibility of different
closely related species, and if we could discover the mechanisms underlying cross-species
variation in host-resistance it might be possible to apply this knowledge using the latest genetic
technologies to reduce infectious disease outbreaks and spread. In this presentation I will
focus on work we have been doing using single-cell RNA sequencing, spatial transcriptomics
and gene editing to understand the genetic mechanisms giving host-resistance to sea lice in
different salmon species, some highly resistant (e.g. coho) and some highly susceptible (e.g.
Atlantic salmon) to sea lice infection. We have used the latest transcriptomic technologies to
map the gene expression response to infection in these species at a cellular level, every 12
hours at and surrounding the precise site of infection in the skin. This has given us a clear
picture of the genetic and cellular changes after infection with sea lice, how the genetic
response differs between more susceptible and more resistant salmon species, what overall
genetic mechanisms and cell types are involved and important knowledge about ways sea
lice suppress host immune responses, sea lice attraction to the host and stimulation of lice
by the host. We are using CRISPR gene editing to further understand and prove which
of these genes could provide keys for suppressing or eliminating the problem of sea lice.
There are four main ways we now see this knowledge being applied to combat infectious
disease outbreaks in the future. The deep understanding we have gained about the genetic
and cellular mechanisms affecting cross-species variation in host-resistance to sea lice, could
open possibilities for the creation of vaccines, for the production of effective feed additives,
for more effective and directed selective breeding and, if accepted by the authorities and
the public, possibilities for creating gene-edited sea lice resistant (and sterile) salmon. We
have also modelled the creation and dissemination of fish with host resistance to sea lice
in Norway and how this would reduce the need for delousing treatments and what possible
effects it could have on the evolution of sea lice.

Keyworbps: Host-disease resistance, Transcriptomics, CRISPR gene editing
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LP-0-005
Nutrigenomic Approaches to Enhance the Feed Efficiency in Fish

Vikas Kumar*
Aquaculture Research Institute, Department of Animal, Veterinary & Food Sciences, University of
Idaho, Moscow, ID 83844, USA

Department of Biology, Bowling Green State University. Ohio, USA
*vikaskumar@uidaho.edu; kumarv@bgsu.edu

Aquaculture Research Institute at the University of Idaho in collaboration with USDA has
genetically selected several lines of rainbow trout (Oncorhynchus mykiss) that show higher
growth rates when fed all plant protein diet (PPD) than non-selected lines of trout fed a
fishmeal-based diet. So far, no commercial breeding programs have yet started to improve
feed utilization efficiency in fish, mainly because of the difficulty in accurately measuring
individual feed intake of fish reared in groups. This study aimed to identify trout families
with better efficiency in using soybean-based diets through two experiments. In the first
experiment, 15 families (CX-118, CX-125, CX-134, CX-135, CX-137, CX-138, CX-141,
CX, 143, CX, 144, CX-145, CX-146, CX-147, CX-148, CX-149, and CX-152) of rainbow
trout (80 fish/family) with an average initial weight of 32.7+£9.4 g (+SD) were PIT tagged
and randomly distributed in four tanks (450 1). Fish were reared in this environment for
four months and went through two periods of feed deprivation (FD) and two periods of
refeeding (RF). During the RF periods, fish were fed at satiation with a soy-based extruded
diet. Fish performance was classed as FD-, FD+, RF- and RF+ for fish exhibiting loss (FD)
and gain (RF) of weight relatively lower (-) and higher (+) than the population mean (FD-/
RF-, FD+/RF+, FD-/RF+ and FD+/RF-). These four groups were distributed in 800-1 tanks
(~45 fish/tank) with three replicates to measure the Feed Conversion Ratio (FCR). In the
second experiment, another group of 1200 rainbow trout belonging to the same 15 families
were individually PIT tagged and distributed into two groups of 40 fish/tank and fed two
diets. Diet 1 was supplemented with lyophilized powder of spirulina whole cells and Diet 2
was supplemented with U-"N labeled spirulina. After 18 days of feeding, 0.4 mm diameter
punches were used to take muscle samples from each fish to analyze for '*N isotopes. Results
for the first experiment showed families CX-148, CX-146, and CX-125 with significantly
higher weight gain and families CX-138, CX-135, and CX-152 withlower weight loss during
RF and FD periods, respectively (p<0.05). FCR and final weight were slightly improved in
the best group (FD-/RF+) but results were not significant. Results for the second experiment
showed a similar trend for weight gain (p>0.05). Also, families CX-148, CX-146, CX-147,
CX-141, and CX-135 showed the highest N isotopein muscle. Overall, the results of the
present study, so far, have demonstrated that there are substantial genetic-based variations
among different families of rainbow trout in utilizing soybean-based diets. The selected
individual fish from both experiments are currently using for the breeding program.

Keywords: Nutrigenomics, Feed efficiency, Rainbow trout
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LP-0-006

Comprehensive Monitoring of Animal Health and Developing Oral
Therapeutics are Needed for Sustainability of Shrimp Farming
Worldwide
Arun K. Dhar*

Aquaculture Pathology Laboratory, School of Animal and Biomedical Sciences,
The University of Arizona, Arizona, USA
*adhar@arizona.edu

Infectious diseases caused by viruses, bacteria, and fungi continue to pose a threat to the
growth, profitability and sustainability of shrimp farming worldwide. As the shrimp industry
expands and farming becomes more and more intensive, disease outbreaks will be inevitable
and new diseases will continue to emerge. Many diseases like infectious hypodermal and
haematopoietic necrosis virus (IHHNV) and Taura syndrome (TS), which shaped shrimp
industries in the late 80’s and early 90’s, no longer pose a serious threat to the industry;
while some existing diseases like white spot disease and infectious myonecrosis disease
continue to cause major economic losses globally. Additionally, lesser-known pathogens like
Enterocytozoon hepatopenaei have emerged as a new threat for its impact on growth, and
other associated clinical manifestations like white feces disease. There are other emerging
pathogens, like Penaeus vannamei Solinvivirus (PvSV) that are now widely prevalent in
Latin America, although their direct impact on shrimp health is not known yet. It has been
speculated that a virus like PvSV might cause synergistic effects on shrimp health when
co-infected with other viruses, as seen by infectious myonecrosis outbreaks in Brazil, in
2016-2018. Similarly, the emergence of a new genotype of an existing virus, Decapod
hepanhamaparvovirus (DHPV), and its wide prevalence in some countries in Latin America
highlight the need to continuously monitor existing viral diseases in shrimp farming.

Today, the health assessment of shrimp primarily relies on polymerase chain reaction (PCR)-
based assays and often avoids any microscopy-based diagnosis, especially histopathology-
based screening. For viral pathogens like IHHNYV, even PCR-based assays are becoming
challenging to accurately identify infectious forms of the virus since segments of the viral
genome remain integrated into the host genome. This has created a new challenge in disease
diagnosis for a need to differentiate infectious virus from genome-integrated forms of the
virus, also called endogenous virus element (EVE). It is becoming increasingly evident that
progressive overreliance on molecular diagnostics and concurrent neglect of histopathology
is creating unforeseeable challenges for shrimp farming worldwide. A recent paper
published by the Aquaculture Pathology Laboratory summarized empirical evidence of how
overreliance on PCR-based diagnostics can lead to erroneous diagnoses. These findings
illustrate the risks of overreliance on a single methodological approach and emphasize the
need for a comprehensive health assessment to safeguard the global shrimp farming industry
by reducing detection failures of new or rapidly evolving pathogens, improving disease
detection and identification, and improving animal health management practices.
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Industrial-scale culture and the global expansion of shrimp farming are potential drivers
for the emergence of new diseases in shrimp farming. It is now known that crustaceans like
shrimp harbor a plethora of microbial pathogens, and new diseases will likely continue to
emerge in the foreseeable future. Therefore, early diagnosis and the development of novel
diagnostic tools to prevent the spread of disease will remain a cornerstone of shrimp disease
management in the foreseeable future. However, prevention alone is unlikely to make the
industry profitable and sustainable for the future.

There is an urgent need to develop therapeutics to control shrimp diseases. Over the past
two decades, there has been enormous progress in understanding the defense mechanisms
in crustaceans and developing antiviral therapeutics. Despite these efforts, delivering
antiviral therapeutics via the oral route in a commercially viable way remains a bottleneck.
Recent work on developing an oral delivery platform for administering therapeutic RNA
using an engineered replication-deficient shrimp virus via a commercial diet has opened a
new beginning for disease control in shrimp. Thus, a comprehensive health assessment by
combining histopathology and molecular diagnosis and the availability of therapeutics at a
commercial level will enable us to minimize the risk of disease outbreaks and enhance the
long-term sustainability of shrimp farming globally.

KEeyworbps: Animal health, Oral therapeutics, Shrimp farming
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LP-0-007

Ecosystem Based Marine Management in the Norwegian Waters
Lasse H. Pettersson*

Nansen Environmental and Remote Sensing Center, Bergen, Norway
*Lasse. Pettersson@nersc.no

Norway has one of the longest coastlines in the world, stretching for over 25,000 kilometers
(15,534 miles) along the North Atlantic Ocean and the Barents Sea. Narrow and deep fjords
meet the open ocean and the Norwegian Coastal Current, setting up complex ocean current
systems, which in turn make these waters rich in marine living resources. The Economic
development along the coast of Norway is a significant focus for the country due to its
extensive coastline, natural resources, potential for various industries, business development
and recreation. Norway’s marine and coastal regions have seen developments in several
sectors, including oil and gas exploration, fishing, aquaculture, shipping, tourism, coastal
infrastructure development and renewable energy — to mention some. Pending on natural
living resources, and being the second most important export value (after oil and gas),
fisheries and aquaculture has a long tradition and is managed in an integrated and holistic
marine ecosystems approach.

The Norwegian government started its last assessment report with: “Current and future sea-
based value creation is dependent on good environmental conditions and a rich natural
diversity in Norway s coastal and marine areas, safeguarding the sea as a food dish, and
ensuring sustainable use of the sea's resources. Through the previous management plans
for each individual sea area, comprehensive frameworks and measures for the sustainable
use and conservation of the ecosystems have been laid down. With this notification, the
government continues and renews the system of comprehensive and ecosystem-based
management plans for the Norwegian marine areas”. In this respect, Norway has defined the
management plans for our oceans into three geographically district regions of the Exclusive
Economic Zone (EEZ) beyond the coastal baseline: Barents Sea and Lofoten, Norwegian
Sea and North Sea and Skagerrak

In this presentation, examples will be given on the environmental data, analysis and
assessments forming the basis for the evolving Norwegian marine management plans.
Also, the European Copernicus Marine Forecasting System of the Arctic Ocean (ARC-
MFC) services, hosted by the Nansen Center will be presented. This is a service that covers
physical and biological variables, such as sea-level, temperature, phytoplankton phenology
and integrates novel in-situ measurements into the Marine Service to extend, the monitoring
and forecasting capabilities to coastal hazards such as e.g. harmful algae bloom and marine
heat waves.

Keyworps: Ecosystem, Marine Management, Norwegian Waters
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LP-0-008

Enhancing Climate Resilience of Fisheries and Aquaculture Sectors
in the Asian Region

Angela Lentisco*

FAO Regional Office for Asia and the Pacific, 39 Phra Athit Road, Phra Nakorn, Bangkok 10200,

Thailand
*4Angela.Lentisco@fao.org

The growing effects of climate change pose significant challenges to fisheries and aquaculture,
particularly in Asia, where these sectors are essential for nutrition and food security and
livelihoods. The region’s high dependence on aquatic food from fisheries (inland and marine)
and aquaculture (freshwater, brackish, and marine) makes it vulnerable to climate impacts such
as sea level rise, warming waters, and extreme weather events further threatening ecosystems,
and livelihoods. To address these challenges, the Food and Agriculture Organization (FAO)
is providing comprehensive support to build resilience in the fisheries and aquaculture sector,
including through normative work and field projects. The FAO’s Adaptation Toolbox offers
guidance on institutional and policy support, emphasizing the integration of fisheries and
aquaculture into adaptation planning. Additionally, it focuses on enhancing the resilience
of fisheries and aquaculture-dependent livelihoods and implementing risk reduction and
management strategies. Building on FAO’s guidance provided throughout the years on
adaptation, mitigation and on fisheries and aquaculture management, FAO is implementing
a portfolio of field projects to support developing countries in different regions in making
their aquatic food systems more resilient to climate change. This paradigm shift towards
climate-resilient fisheries and aquaculture is essential to ensure the long-term sustainability
of aquatic food systems in the face of a changing climate.

Keyworbps: Climate change, Climate resilience, Fisheries and aquaculture, Asian region
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LP-0-009

Shrimp  Chitooligosaccharide-Polyphenol Conjugates: Novel
Additives for Seafoods

Soottawat Benjakul*

International Center of Excellence in Seafood Science and Innovation,Faculty of Agro-Industry,
Prince of Songkla University, Hat Yai, Thailand
*soottawat.b@psu.ac.th

Seafoods are rich in nutrients, however, they are perishable with a short shelflife. Seafoods
undergo quality deterioration as induced by microorganisms, enzymes, and chemical
reactions. Food additives have been widely used to maintain quality. Nonetheless, some
artificial additives can harm the human health. As a consequence, the natural additives,
especially from marine- and plant-based origins, have garnered augmenting attention.
Chitooligosaccharide (COS) is derived from chitosan via the hydrolysis of glycosidic bonds.
COS has been demonstrated to possess both antioxidant and antimicrobial activities. To
enhance such activities, plant polyphenols have been successfully grafted to COS through
the ascorbic acid/H,O, free radical grafting method. The resulting conjugates (COS-PPN)
have increased bioactivities but are governed by the types of polyphenols used. COS-
catechin (COS-CAT) had higher DPPH and ABTS radical scavenging activities, oxygen
radical absorbance capacity (ORAC) and ferric-reducing ability antioxidant power (FRAP)
than COS and all other COS-PPN conjugates, e.g. COS grafted with gallic acid, ferulic
acid; caffeic acid, and epigallocatechin gallate, ezc. When whole Pacific white shrimp treated
with COS-CAT with the aid of pulsed electric field (PEF) and vacuum impregnation (VI)
and stored at 4 °C for 15 days, a lower melanosis score took place in the samples when
pre-treated with PEF, followed by soaking in CHOS-CAT conjugate at 2% (w/v) with VI
(CC-PV-2) than other samples at the end of storage (15 days) (p<0.05). Total viable bacteria,
psychrotrophic bacteria, presumptive Pseudomonas, Vibrio parahaemolyticus, other Vibrio
sp., H,S-producing bacteria, and Enterobacteriaceae counts of CC-PV-2 were lower than
other samples at the end of storage. Polyunsaturated fatty acids were retained at a substantial
amount in the CC-PV-2 on day 15. Furthermore, next-generation sequencing revealed a
low percentage of spoilage bacteria such as Shewanella and Pseudomonas and pathogenic
bacteria, particularly Vibrio sp. in the CC-PV-2. Overall, CC-PV-2 had a shelf-life up to
12 days, whereas the control could be stored only for 3 days. COS-CAT conjugate mainly
caused microbial membrane disruptions and damages as witnessed by numerous pores and
concaves on the cell surface. Membrane damages were further confirmed by the increases
in conductivity, extracellular malondialdehyde content, and the leakage of potassium
and magnesium ions. Biofilm formation was also reduced in the presence of COS-CAT.
Apart from microbial spoilage, melanosis is an undesirable phenomenon in shrimp and
other crustaceans. This discoloration is triggered by a biochemical reaction mediated by
tyrosinase or polyphenoloxidase (PPO). When comparing all COS-PPN conjugates, COS-
CAT exhibited the lowest IC, | toward Pacific white shrimp PPO. CHOS-CAT showed the
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mixed-type inhibition kinetics. CHOS-CAT was linked with various amino acid residues,
including Tyr208 or Tyr209 of proPPO via van der Waals, hydrophobic interaction, and
hydrogen bonding as elucidated by the molecular docking of proPPO. Therefore, COS-PPN
can serve as a promising additive for maintaining the quality and extending the shelf-life of
seafood.

Keyworbps: Shrimp shell, Chitooligosaccharide, Conjugates, Antimicrobial, Antioxidant, Shelf-
life, Melanosis, Waste utilization
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LP-0-010

Socio-Economic Dynamics and Extension in Fisheries and
Aquaculture
Alice Joan G. Ferrer*

University of the Philippines Visayas, Miagao, Iloilo, 5023, Philippines
*agferrer@upv.edu.ph

The topic “Socio-Economic Dynamics and Extension in Fisheries and Aquaculture” lies at the
intersection of environmental sustainability, food security, and socio-economic development.
Fisheries and aquaculture are not merely economic sectors; they are lifelines for millions of
people across the globe. Small-scale fisherfolks, their families, and their communities depend
on the health of aquatic ecosystems for their survival. The complex socio-economic dynamics
of fisheries and aquaculture will be delved in this presentation, with a focus on how extension
services can empower fishing communities to achieve sustainability and resilience.

The fisheries and aquaculture sectors play a critical role in the global economy. Small-scale
fisheries provide food for billions, contribute to GDPs, and form the backbone of coastal
communities. However, these fishing communities face mounting pressures. Overfishing,
climate change, and habitat destruction threaten the resources they depend on. Socioeconomic
inequalities further compound the problem, as many small-scale fishers lack access to
markets, credit, and technology. Women, who play vital roles in post-harvest activities,
often face barriers to participation and decision-making. The “Too Big to Ignore” (TBTI)
initiative has highlighted these challenges on a global scale, emphasizing the need for policy
and research attention to support small-scale fisheries. This is where extension services
come into play. Extension in fisheries and aquaculture refers to programs and initiatives
that disseminate knowledge, build capacity, and facilitate access to resources for small-scale
operators. It serves as the bridge between innovation and practice, ensuring that fishers and
fish farmers are equipped to adapt to changing conditions. While extension services hold
immense potential, several challenges must be addressed: 1) resource access inequities;
2) financial barriers; 3) knowledge gaps; and 4) gender inequality. Despite these challenges,
the opportunities for positive transformation are immense. By leveraging extension services
effectively, we can unlock the potential of fisheries and aquaculture to drive sustainable
development. Examples of opportunities are: 1) eco-certification for market access;
2) community-led resource management; 3) digital innovations, and 4) youth engagement.

As we move forward, there are several key actions that we must prioritize: 1) invest in
extension services; 2) promote inclusive policies; 3) foster global collaboration; and
4) empower communities. The future of fisheries and aquaculture is not just about sustaining
industries; it is about sustaining lives, cultures, and ecosystems. By addressing the
socioeconomic dynamics of these sectors and leveraging the power of extension services,
we can create a more equitable and sustainable blue economy.

Keyworbps: Socio-economic dynamics, Fisheries and aquaculture extension
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LP-0-011

Rethinking Gender Research in the Era of Big Aquaculture and
Fisheries Transformations

Nikita Gopal'™ and Meryl J. Williams?

'ICAR-Central Institute of Fisheries Technology, Kochi & Chair, Gender in Aquaculture & Fisheries
Section of the Asian Fisheries Society

’Past Chair, Gender in Aquaculture & Fisheries Section of the Asian Fisheries Society
*nikiajith@gmail.com

With transformations in the aquaculture and fisheries sectors happening at a very fast pace
both in terms of technology (efficient, productive and sustainable or green) and policy
(for eg: blue economy), it is imperative that gender research also be equally responsive to
highlight the importance of gender inclusion and responsiveness in technology development
and sensitivity and inclusion in the policy. Mere inclusion of gender as a cross-cutting
theme without highlighting the actual needs will only result in further marginalization of
women (and other vulnerable groups). This requires enhanced efforts by gender researchers
to provide critical evidence and inputs that can integrate gender as a driver just like other
dimensions.

Over the past three decades, a rich body of work has documented and established the roles
and contributions of women and the patterns of gender inequalities across fish value chains.
These have established differential and often invisible roles that women play in making and
keeping the value chains efficient. The reasons for the invisibility stem largely from the lack
of recognition of women’s work as productive for fish value chains to function. Besides
highlighting roles, the differential impacts of natural disasters, technology interventions,
policies, access to finance, etc. have also been highlighted, often bringing forth the lack of
gender sensitivity in responses and gender blindness in development. Interesting and often
overlooked human dimensions like contributions and issues with respect to people with
disabilities, older people and people who align themselves as other genders have also been
studied. Global studies such as the FAO-led [lluminating Hidden Harvests study and policy
instruments such as the Voluntary Guidelines on Small-Scale Fisheries and the Sustainable
Development Goals have highlighted positive impacts of gender inclusion, which should
essentially form gender reference points for States to develop policies. Though it is
encouraging to observe that gender is today an important and inevitable part of any policy
document, and gender monitoring and evaluation an important inclusion in any program, a
lot remains in terms of implementation to match the actual intent and outcomes to establish
actions as being gender-sensitive, responsive and transformative.

The research approaches and methods have also undergone changes with studies moving
away from documentation, which was and continues to be very important, to increasing
stress of the use of robust conceptual and theoretical models and methods that establish
and explain more emphatically the evidence that is required to drive policy and program.
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Though data gaps remain a critical issue, attempts are seen to generate these, largely at
micro and meso levels. Concerted global efforts are required to generate data at the macro
level to understand national, regional, and global patterns. Gender inclusion and its impacts
are often not immediately visible, like an improved fishing technology intervention or a
fish disease diagnostic that will result in cost reduction and improved profits that are easily
measurable in the very short term. Gendered impacts are often long-term and may be in the
form of improved household nutrition, the enhanced decision-making power of women at
household and community levels, improvement in health and education of members of the
family, and more participation of women in the labour force, all of which are not easily
discernible. Attributing these to gender inclusion, equality and equity will require detailed
and time-consuming enquiry.

Keyworbps: Gender inclusion, Equity, Fisheries, Aquaculture, Blue transformations
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Fisheries and Aquaculture Products: Recent Trends, Challenges and
Opportunities
Marcio Castro De Souza*

Fisheries and Aquaculture Division, Food and Agriculture Organization of the United Nations, Rome,
Italy
*Marcio.CastroDeSouza@fao.org

The fisheries and aquaculture sector significantly contributes to food security and livelihoods,
supplying millions with sustenance, nutrition, income, and employment while fostering
economic development through harvesting, processing, and marketing. Several nations,
notably many developing countries, and small island developing states (SIDS), exhibit
significant reliance on the sector, which is especially vital for the populations of various
coastal, riverine, insular, and inland areas. In 2021, total fisheries and aquaculture production
attained a record high of 218 million tonnes, consisting of 182 million tonnes of aquatic
animals and 36 million tonnes of algae. This signifies an increase of 2 percent relative to
2020, primarily attributed to the expansion of aquaculture in Asia and catch fisheries in the
Americas. China, India, and Indonesia were the leading aquaculture producers, collectively
representing over 70 percent of the total production of aquatic animals. In contrast, China,
Indonesia, and Peru were the three principal capture producers in 2021. However, they
represented less than 30 percent of the entire capture output of aquatic animals, underscoring
the lower concentration of capture production compared to aquaculture production.

In 2021, the global trade in aquatic animals, propelled by inflation, reached a historic peak of
USD 176 billion, surpassing the prior record of 2018 by over USD 11 billion and reflecting a
16.7 percent increase relative to 2020. The United States of America, China, and Japan were
the three principal importers, collectively representing 35 percent of the total value of imports.
Conversely, China, Norway, and Vietnam were the three principal exporters, collectively
representing 25 percent of the total export value. Therefore, fisheries and aquaculture
products are commodities substantially influenced by the three angles of sustainability and
international trade. Exports of fisheries and aquaculture products impact global production
and distribution patterns. Additionally, the industry is frequently confronted with extended
value chains, exacerbating the complexity of exogenous and endogenous influences. The
industry has encountered numerous new environmental and social regulations in recent years.
Import regulations are in place in multiple significant importing countries to guarantee the
legality of imported fish. Furthermore, several private importers have implemented minimal
market requirements that address environmental and social issues. The recurring disruptive
events that historically occur in producing, distributing, and trading fisheries and aquaculture
products in numerous countries have generated new opportunities to sell fish innovatively
and access alternative markets. The sector continues to face traditional obstacles, including
non-tariff barriers, the necessity of reducing food loss and waste, the expansion of a whole
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utilization approach, the fundamental role of small-scale fishers, and the need for more
comprehensive dissemination of the nutritional value of fisheries and aquaculture products.
The presentation will analyze the most recent developments in producing fisheries and
aquaculture products and the corresponding challenges, market innovations, and projections.
It will also emphasize the interconnectedness of FAO instruments and the potential for
technical assistance from FAQO, particularly in sustainability requirements and market access
opportunities, to promote a sustainable industry from all three sustainability perspectives.

Keyworbs: Fisheries and aquaculture products, Challenges and opportunities

A
30 &, é % 14" Asian Fisheries and Aquaculture Forum

;mw .+ New Delhi, India « 12-15 February 2025

Meler




LP-0-013

Beacons for the Governing of Fisheries: A Reflection
Maarten Bavinck*

Centre for Maritime Research, University of Amsterdam, Netherlands
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Governance has become a buzzword with a variety of interpretations. My view of governing
is that it is broader than management and has a longer time horizon and a wider scope. It is a
process that involves many actors at multiple scale levels. Importantly, it includes governing
actors other than the government, such as communities, religious orders, and private parties.
The constellation of governing actors and processes is characterized by legal pluralism.
Finally, it is good to note that governance is not always ‘good’, but can also be ‘bad’ or,
hopefully, ‘good enough’.

Stream 14 contains a variety of contributions that will hopefully help us to better understand
the realities of governing as they take place on the ground in various Asian locations. These
realities are frequently different than the ones worded on paper, and I prefer to give them extra
weight. After all, it is what is on the ground that matters to fishers and their communities,
not what is contained in policy documents. Legal pluralism, as understood by the members
of the Commission on Legal Pluralism, brings together people acting according to different
bodies of norms, rules and regulations. Their cohabitation can be uneasy or conflictuous,
but sometimes also accommodating and mutually supportive. The alternation between these
states of cohabitation has interested me and resulted in papers of different sorts, often taking
Indian fisheries as a case in point.

The objectives of governance are various. The councils governing the fisheries that I study in
Tamil Nadu have as ultimate goal the wellbeing of their communities. Their regulations for
fisheries have environmental, economic and social dimensions. The achievement of fairness
between community members is one of them. The government often strives to maintain
law and order among fishers who are suspected to be especially boisterous and difficult to
control. But let us focus on the bigger goals or beacons of capture fisheries governance as
they are formulated in the international arena. The first beacon is ‘maximum sustainable
yield’ (MSY). This beacon is important in view of the declining health of marine ecosystems
and the prevalence of overfishing. It derives from the disciplines of marine biology and
ecology. The second beacon is ‘maximum economic yield” (MEY), which looks at fisheries
from an economic perspective. It is interested in efficiency and monetary benefit. Many
countries focus explicitly on these two objectives.

I would argue that we are overlooking a third dimension: the maximizing of sustainable
employment (MSE). In a paper recently published in Fish & Fisheries, the authors argue
that the employment benefits of capture fisheries are notable and of great importance for
people living along coasts in marine and inland areas. In a long historical series of State
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of World Fisheries and Aquaculture reports, FAO has documented the increasing number
of people earning a living around capture fishing. It is only recently that FAO argues that
employment figures may be going down, at least in some countries. We know, however, that
FAO estimates are uncertain and that the trend may actually be different. We also know that
in many developing countries, also in Asia, the livelihood opportunities offered in capture
fisheries are substantial, attracting people from other rural and urban sectors. In my studies
of Indian fisheries, In Tamil Nadu, I therefore regularly come across migrants of non-fishing
origin from other parts of the country.

The reason the employment factor is important lies beyond fisheries. It is a consequence of
the broader economies in which fisheries are embedded. Many of these broader economies
are one-sided and do not show growth where it may be most needed: in the rural domain. For
many rural populations, fishing continues to provide a real opportunity for making a living
and drives them to seek employment there. For reasons of completeness, I therefore argue
that sustainable employment be elevated as a beacon next to ‘sustainable’ and ‘economic’
yield. In every country situation, governors must seek the most appropriate balance between
these beacons.

The last topic I would like to bring up in this keynote is ‘alternative employment’. Many
fisheries managers are of the opinion that there are too many fishers in the world and that
fishers should be encouraged to look for ‘alternative employment’. I do not disagree with this
objective because indeed there is an overcapacity problem in many capture fisheries. In my
visits to coastal communities in Southern India and Sri Lanka, I have also noted that all, or
at least most, parents want their children to leave fishing and attain more ‘job satisfaction’.
They therefore send them to primary, then to secondary, and then to college education. Why
do they do this? My impression — that I cannot expand on here — is that parents and children
are responding to the abominable state of fisheries governance in many countries that results
in large conflicts and continuously declining catches. Under such conditions, the best option
for the future would seem to lie outside the sector. But then comes the realitycheck: many
of these now better-educated children are not able to find the jobs they are seeking outside
of fishing. They are rebuffed by the larger condition of the economy that cannot offer
employment to many job-seekers from fisheries but also from so many other rural sectors.
As a result, many youngsters return to the fisheries from which they originate.

Keyworbps: Fisheries governance, Fisher communities
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Regional Response to Emerging Aquatic Animal Diseases
Eduardo M. Leano*

Network of Aquaculture Centres in Asia-Pacific, Bangkok, Thailand
*eduardo@enaca.org

The continuously growing human population remains to be the main challenge in the
sustainable production of animal protein and aquaculture is one of the industries that can
sustain such demand for human consumption. The decrease in the traditional food fish
supply has led to an increasing reliance on aquaculture, where the bulk of production comes
from the Asia-Pacific. Although aquaculture in the region can already be considered as
well developed, there are still many challenges and problems that the industry are facing,
including transboundary aquatic animal diseases. Aquatic animal disease outbreaks often
result to significant economic losses and affect the sustainability of the aquaculture industry
as an important food production sector. Over the past three decades, the Asia-Pacific region
has been swept with several devastating epizootics, where results were aggravated by the
lack of emergency preparedness and response. Some of these diseases include: Infection
with Aphanomyces invadans (Epizootic Ulcerative Syndrome; EUS) and Infection with
koi herpesvirus (KHV) among freshwater fishes; Infection with white spot syndrome virus
(WSSV) and Infection with myonecrosis virus (IMNV) among marine shrimps; and White
tail disease (WTD) in freshwater prawn.

More recently, emerging diseases of shrimps and finfish again challenged the aquaculture-
producing countries in the region in responding to prevent and/or control outbreaks. One
of which is the Early Mortality Syndrome (EMS) of cultured marine shrimps, which was
later named as Acute Hepatopancreatic Necrosis Disease (AHPND). Despite the availability
of advanced molecular diagnostic tools, identification of the causative agent (Vibrio
parahaemolyticus) took a significant amount of time while the disease brought havoc in
the shrimp industry of the affected countries. The situation clearly showed the lack of
preparedness of most countries in dealing with emerging diseases, this is considering the
several disease epizootics that have happened in the past. The experience with AHPND taught
another lesson on how vulnerable the aquaculture industry is on emerging diseases. Thus,
when another emerging shrimp disease was reported (Infection with decapod iridescent virus
1; DIV 1), most of the major shrimp-producing countries immediately undertook disease
surveillance and implemented biosecurity measures to prevent the entry of the pathogen
(better preparedness and response). For finfish, the Tilapia Lake Virus (TiLV) was detected
in the region in 2017, and several countries immediately responded to detect the presence
of the virus in their cultured tilapia. Consequently, some national and farm-level biosecurity
measures were put into place to prevent and/or properly manage the disease. Overall,
regional preparedness and response to disease emergencies significantly improved in recent
years, through proper coordination with both regional and international organisations and
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collaboration among the different stakeholders especially in major aquaculture-producing
countries in the region. With the continuous intensification of aquaculture systems coupled
with the transboundary movement of live aquatic animals and aquatic animal products,
emerging disease emergencies will still happen in the future. This warrants a better or
improved disease preparedness and response at both national and regional levels.

Keyworps: Emerging aquatic animal diseases, Epizootics, Regional response
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Biosecurity and Quarantine for Disease Prevention in Aquaculture
Iddya Karunasagar*

FAO Reference Center for Antimicrobial Resistance and Aquaculture Biosecurity, Nitte University,
Mangalore-575018, Karnataka, India
*iddya.karunasagar@nitte.edu.in

According to FAO estimates, the contribution of aquaculture to global fish production is
likely to increase from 49% in 2022 to 54% in 2032. Aquaculture is expected to cross the
100 million tonnes threshold in 2027 to reach 111 million tonnes in 2032. But there are
increasing challenges like wider adoption and enforcement of environmental regulations,
reduced availability of water and areas suitable for aquaculture and increasing impact of
animal diseases in intensive aquaculture. To achieve sustainable aquaculture production,
it is essential to minimize the impact of diseases by adopting preventive approaches like
the implementation of biosecurity. According to the WOAH Aquatic Animal Health Code,
biosecurity means a set of management and physical measures designed to mitigate the risk of
introduction of pathogenic agents into or spread within or release from aquatic populations.
Biosecurity needs to be implemented at different levels — aquaculture establishments, zones,
or compartments and at the national level.

Aquaculture systems and species cultured are diverse and the disease risks for each species
and aquaculture system would be different, hence for each aquaculture establishment or zone
or compartment a detailed biosecurity plan needs to be developed. This should be based
on the information on the potential pathways for the pathogenic agents to be transmitted
into, spread within, and released from aquaculture establishment, zone, or compartment. In
addition, risk analysis needs to be undertaken to identify and evaluate disease threats and
ensure that the biosecurity plan addresses the risks appropriately and efficiently. Management
practices needed to minimize the disease risks should be integrated into the operating
procedures within aquaculture establishment, zone, or compartment. Biosecurity measures
need to be evaluated for the effectiveness, costs involved, and practicality of implementation.
A schedule for reviews and audits of biosecurity practices needs to be incorporated into the
plan, but any breach of biosecurity indicated by disease outbreaks or changes in risk profiles
may trigger the need for ad hoc review.

Quarantine is defined as maintaining a group of aquatic animals in isolation with no direct or
indirect contact with other aquatic animals to undergo observation for a specified length of
time. During this period, the animals may undergo testing or treatment. Quarantine is used
as a risk management measure in international trade to prevent the transmission of diseases
during the transboundary movement of aquatic animals. There may be pre-border quarantine
in the exporting country and post-border quarantine in the importing country. There may
be quarantine at the farm level when live animals come into the farm to ensure that only
healthy animals are released into the farm and in such cases, quarantine becomes part of
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the biosecurity operational plan. Quarantine may be used as a risk management measure
while moving live animals like fish seeds or crustacean larvae or live feed into a disease-free
zone or compartment. Some case studies of biosecurity plan and quarantine regulations in
international trade will be discussed.

Keyworbps: Biosecurity, Quarantine, Disease prevention, Aquaculture
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Diagnostics and Vaccines for Aquaculture in India
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'ICAR-Central Institute of Freshwater Aquaculture, Kausalyaganga, Bhubaneswar-751002, Odisha,
India

’ICAR-National Bureau of Fish Genetics Resources, Canal Ring Road, Lucknow, India

3ICAR-Central Institute of Fisheries Education, Versova, Mumbai, India
*pksahoo I @hotmail.com

The aquaculture sector is poised to play a critical role in meeting the global demand for
protein- and nutrient-rich meals by 2040, driven by exponential growth and the adoption of
advanced scientific technologies. However, the sector faces significant challenges, including
the escalating incidence of fish diseases and associated economic losses. Traditionally, fish
disease management has relied heavily on antibiotics and chemical treatments, leading
to major concerns such as antimicrobial resistance (AMR), chemical residues in aquatic
ecosystems, and adverse environmental impacts. As a result, effective fish health management
now hinges on rapid disease diagnosis and robust preventive strategies to minimize losses
and ensure sustainable practices.

The integration of automation and artificial intelligence (Al), including machine learning
and sensor technologies, into fish disease diagnostics and prediction is revolutionizing
aquaculture. These technologies enable a deeper understanding of disease progression and
facilitate improved fish health and welfare. Diagnostics serve as an essential tool for detecting
infections, enabling timely interventions, managing outbreaks, and implementing robust
biosecurity measures. State-of-the-art diagnostic tools, such as polymerase chain reaction
(PCR), quantitative PCR (qPCR), digital PCR (dPCR), loop-mediated isothermal amplification
(LAMP), LFIA, and CRISPR-based methods, along with traditional serological techniques
and microscopy, have become standard practices in aquaculture disease management. ICAR
has filed patents for the invention of extremely sensitive and field-deployed CRISPR Cas12-
based diagnostic assays for significant diseases like tilapia lake virus and white spot disease
virus. Furthermore, emerging technologies such as metagenomics and nanopore sequencing
are transforming the field by enabling the rapid identification of unknown pathogens directly
at the site of disease occurrence, thereby eliminating the need for sample transportation to
distant laboratories.

InIndia, aquaculture is predominantly small-scale and concentrated in coastal and northeastern
regions, where rapid disease progression poses a significant challenge. The development of
on-farm or field-based diagnostic tools is crucial for timely disease detection and management.
Despite progress in establishing referral and accredited diagnostic laboratories supported
by the National Surveillance Programme, access to advanced diagnostic tools in remote
and rural areas remains limited. Research institutes in India are now equipped to handle
outbreaks and emerging diseases swiftly; however, the lack of affordable, user-friendly
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diagnostic solutions for small-scale farmers remains a pressing issue. Addressing this gap is
essential to ensure equitable access to advanced fish health management technologies across
all stakeholders in the sector.

Vaccines are an integral component of sustainable aquaculture, offering a viable alternative
to antibiotics and chemicals. However, awareness of aquaculture vaccines remains limited,
particularly in India. Globally, commercial vaccines for species such as salmonids, tilapia,
and catfish have demonstrated significant success. In India, however, commercial vaccine
programs for aquaculture are still in their infancy. Recent advancements by ICAR institutes
have led to the commercialization of vaccines targeting bacterial pathogens such as
Aeromonas hydrophila, Edwardsiella tarda, and Flexibacter columnaris, as well as viral
infections caused by betanodavirus. Regulatory guidelines for vaccine development are
nearing approval, which is a promising step toward making commercial vaccines widely
available in India.

Despite these advancements, several challenges persist. Developing effective vaccines
for parasitic organisms remains a significant hurdle. Parasitic infections are becoming
increasingly problematic for aquaculture, necessitating a comprehensive and collaborative
approach to develop innovative solutions, including vaccines. Moreover, effective vaccine
delivery mechanisms tailored for large-scale, cost-effective application to culturable
species are urgently needed. Immersion vaccines, in particular, require novel adjuvants to
enhance their efficacy and accessibility for small-scale and resource-constrained aquaculture
operations.

To overcome these challenges, a comprehensive approach is necessary. This includes
the development of novel vaccine candidates that target concealed antigens and consider
the roles of innate, trained, and specific immunity. Research must also focus on innovative
delivery mechanisms that are scalable and cost-effective, ensuring accessibility for all
aquaculture stakeholders. Additionally, the design of advanced adjuvants, particularly for
immersion vaccines, is critical for improving vaccine efficacy.

India’s aquaculture sector stands at a pivotal juncture. With continued investment
in research and development, the integration of cutting-edge diagnostic technologies, and
the commercialization of effective vaccines, the sector can achieve significant strides in
sustainable disease management. These advancements will not only mitigate economic
losses but also ensure the long-term viability and environmental sustainability of aquaculture
as a vital source of nutrition for a growing global population.

Keyworbps: Diagnostics, Disease, Fish, India, Vaccines
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Aquatic Animal Disease Surveillance in India
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Globally, about 10% of total aquaculture production is lost due to diseases which are
recognized as the most significant constraint to the sustainable growth of aquaculture, and
have serious impacts on productivity as well as profitability. Over the last few decades,
there has been the emergence of several new diseases, and as per WOAH Aquatic Animal
Health Strategy 2021-2025, two new diseases in aquatic animals have been reported to
emerge every three years. Besides, there has been the spread of known diseases to new
areas. Importantly, about one-third of the aquatic animal products are traded internationally
which is an important route for the transboundary spread of diseases. The intensification
and diversification of aquaculture are further likely to facilitate the emergence and spread of
pathogens.

Early detection is key to minimizing losses due to diseases and can be achieved through
a disease surveillance programme, which provides information about the occurrence of
important diseases and pathogens to produce meaningful reports on the disease status of the
country. Realizing the importance of rapid detection of diseases and meeting international
obligations of disease reporting, the Government of India initiated a National Surveillance
Programme for Aquatic Animal Diseases (NSPAAD) in the year 2013. In Phase I (2013-
22), the programme was implemented in 19 states through 31 centres, including Fisheries
Research Institutes, College of Fisheries, other government organizations and colleges. Since
2022, Phase I of NSPAAD (2022-25) has been implemented in pan-India under the Pradhan
Mantri Matsya Sampada Yojana (PMMSY). In Phase II of NSPAAD, the State Fisheries
Departments (SFDs) and Marine Products Export Development Authority (MPEDA) have
also been involved in strengthening the disease surveillance.

In the NSPAAD, a strong network of laboratories working on aquatic animal health has been
created. The ‘Diagnostic Manual’ prepared under the programme contains internationally-
agreed protocols for the diagnosis of aquatic animal diseases to be followed uniformly by all
the Collaborating Centres that harmonise the testing process. Besides, diagnostic capability
for WOAH-listed diseases of finfish, crustaceans and molluscs has been developed, and
the capacity for detection of emerging aquatic animal pathogens is continuously being
upgraded.

The emphasis of the programme has been to strengthen passive disease surveillance. In
this direction, all the NSPAAD Collaborating Centres have been organising awareness
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programmes involving fish farmers to create awareness about major aquatic animal diseases,
their management, the importance of timely reporting of major incidents of mortality and
the methods of transporting diseased fish samples to nearby laboratories. Besides, training
programmes are being regularly organized to strengthen the diagnostic capability of officers
of SFDs. Further, all the Centres investigate disease cases reported by the fish farmers, and
provide scientific advice to them to manage the diseases. The robustness of the passive disease
surveillance programme can be reflected in terms of the report of 12 new diseases from the
country for the first time which include Goldfish haematopoietic necrosis disease; Koi sleepy
disease; Tilapia lake virus disease; Epitheliocystis; Infection with red sea bream iridovirus;
Hepatopancreatic microsporidiosis, Infectious myonecrosis, Infection with Rhabdovirus;
Infection with Mud crab reovirus, Tilapia parvovirus disease, Infection with Wenzhou
shrimp virus 8 and Infection with Macrobrachium rosenbergii golda virus. In addition,
infection with Perkinsus olseni has been reported in a new host i.e. short-neck yellow clam
Paphia malabarica. Importantly, NSPAAD helped to negate unconfirmed reports of Acute
Hepatopancreatic Necrosis Disease (AHPND) from the country. In addition, screening of
fish samples for spring viremia of carp virus; infectious pancreatic necrosis virus; and viral
haemorrhagic septicaemia virus and shrimp samples for yellow head virus genotype 1 and
Taura syndrome virus did not reveal any positive case from the country.

Under the NSPAAD, a mechanism has been established for the confirmation of exotic and
emerging diseases detected in the country for the first time. Following suspicion of a new
disease, the same is reported to the coordinating institute i.e. [ICAR-NBFGR and the samples
are shared with two national laboratories. Following confirmation of the disease by all
three centres, a compiled report is submitted to the Competent Authority i.e. Department of
Fisheries, Ministry of Fisheries, Animal Husbandry and Dairying, Government of India, and
alerts and advisories are sent to the SFDs. The report of the WOAH-listed diseases detected
in the country for the first time is notified to WOAH. The information regarding WOAH-
listed and NACA-listed diseases is shared with WOAH and NACA on a quarterly basis.
The country has been transparent in disease reporting and the same is being appreciated in
several international fora.

To further strengthen farmer-based reporting, an Android-based app named as
‘ReportFishDisease’ has been developed and launched by the Government of India. The app
is available in Hindi, English and 11 regional languages on Google Play Store. Using the
App, the farmers can report disease cases in finfish, shrimps and molluscs on their farms to
the field-level officers and fish health experts, and get scientific advice for quickly addressing
the disease problem on their farms.

The aquatic animal disease surveillance programme in the country has helped to know the
diseases that are present, significantly enhance the diagnostic capability, rapidly detect new
and emerging diseases, provide scientific advice to the farmers, issuing early warnings for
disease emergencies, and reduce losses due to diseases.

Keyworbps: Aquatic animal disease, Surveillance, Aquaculture
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Bacterial diseases are known to cause huge economic losses to the aquaculture industry
and farming community. Disease treatment in aquaculture is mostly metaphylactic use of
antimicrobials. However, sub-therapeutic levels of antimicrobials exert selection pressure on
bacteria promoting the emergence of antimicrobial resistance (AMR) in bacterial populations.
The Spread of AMR in aquatic environments is further aided by the horizontal gene transfer
of AMR genes within bacterial species of aquatic ecosystems. Globally, AMR in pathogens
of human healthcare and animal sector is on the rise due to inappropriate and excessive use
of antimicrobials. The AMR not only makes disease treatments ineffective but also increases
the severity of the disease, reduces productivity and leads to economic losses. Thus, it was
important to quantify the burden of AMR in food-producing animals and aquaculture.

Indian Network of Fisheries and Animal Antimicrobial Resistance (INFAAR) was established
to document AMR in different animal production systems, describe the spread of resistant
bacterial strains and resistance genes, identify trends in resistance and generate hypotheses
about sources and reservoirs of resistant bacteria through a structured national surveillance
programme. INFAAR is atechnical programme of the Indian Council of Agricultural Research
(ICAR), being executed with the cooperation of the Food and Agricultural Organization
(FAO). INFAAR is currently operational through 31 centres (11 centres in fisheries and 20
in the livestock sector) spread across the country. The objectives of INFAAR envisions are
to (i) undertake surveillance of AMR in target microorganisms isolated from healthy farmed
animals and fish/shellfish to quantify its burden and monitor the spatial and temporal trends
of AMR in India and (ii) improve awareness and understanding of AMR among the farming
community, veterinary and fish health professionals and policy-makers through effective
communication, education and training to promote the judicious use of antimicrobials in
farmed food animals and fish. The crucial data emerging on the spatial level will be input to
formulate strategies and policies to prevent and reduce the spread of AMR in farmed animals
and fish and subsequently to humans.

Surveillance of AMR is being carried out in three kinds of aquaculture production systems,
namely- freshwater, brackishwater and marine. The freshwater production system comprised
of three fish species, Labeo rohita, Catla catla and Cirrhinus mrigala, collectively termed
as Indian major carps. These three fish species contribute to >75% of the total aquaculture
production of India. Brackishwater aquaculture system contributes towards the production of
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farmed shrimps predominantly Penaeus vannamei, intended mainly for exports, while marine
aquaculture comprised of cage cultured fish mainly seabass, Lates calcarifer. The priority
microorganisms used to assess AMR in freshwater aquaculture are E. coli, Staphylococcus
aureus, other Coagulase-negative Staphylococcus species (CONS) and Aeromonas species,
whereas E. coli, S. aureus, CONS and Vibrio species including Vibrio parahemolyticus
for shrimps and marine fish. The network partners followed the disc diffusion method for
antimicrobial susceptibility testing of the isolates and the results were interpreted as per the
CLSI breakpoints using WHONET software.

Altogether, a total of 5447 aquaculture farms located in 42 districts covering 12 states of India
were surveyed and sampled for bacterial isolation during 2019-2023. Atotal of 12,067 bacterial
isolates were analysed for AMR. The S. aureus and CONS isolates were mostly sensitive to
chloramphenicol, gentamicin, tetracycline and linezolid. However, Staphylococcus isolates
across all the aquaculture systems showed high resistance against penicillin. Erythromycin
resistance was noted in 1/3™ of the Staphylococcus isolates. Ciprofloxacin resistance was
also notable in a few freshwater fish isolates. E. coli isolates from freshwater fish were
susceptible to most antimicrobials, whereas shrimp isolates exhibited moderate resistance
against ampicillin. Marine isolates showed higher resistance to cefotaxime and cefpodoxime
as compared to freshwater and shrimp samples. Vibrio isolates from shrimp showed
significant resistance observed against ampicillin, whereas marine fish isolates showed high
resistance against cefotaxime. The majority of the Aeromonas isolated from freshwater fish
were susceptible to amikacin, cefepime, chloramphenicol, imipenem and tetracycline. The
obtained surveillance data on AMR is helping the farmers in decision-making on using the
right choice of antimicrobials for the treatment and management of fish diseases. The network
partners also organised awareness programmes on AMR and disseminated the results of
surveillance data to farmers, health professionals and policymakers. INFAAR plans to
continue generating sector-specific, commodity-specific and region-specific information on
the burden of AMR in aquaculture and monitor yearly trends.

Keyworbps: Surveillance, Antimicrobial resistance, Indian aquaculture
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Therapeutic Intervention in Indian Aquaculture for Improved
Aquatic Animal Health Management
Prasanna Kumar Patil

Aquatic Animal Health and Environment Division, ICAR-Central Institute of Brackishwater
Aquaculture (CIBA), 75, Santhome High Road, R.A. Puram, Chennai-600028, India
*pkpatilvet@gmail.com

Culture intensification with improved germplasm and better management practices supported
by judicious use of chemicals, biologicals and veterinary medicinal products (VMPs) are the
key factors driving global aquaculture. The economic and environmental sustainability of
the sector depends largely on maintaining the optimal water and soil quality, control and
prevention of diseases, and improvement in growth and production. However, the diseases
are considered as one of the limiting factors in achieving optimal production in the global
seafood production practices. The loss in aquaculture could be due to bacterial, viral and fungal
infections, external and internal parasitic infestations and altered environmental parameters.
Major bacterial pathogens reported in Indian aquaculture were Aeromonas hydrophila,
A. veronii, Edwardsiella tarda, E. ictaluri, Flavobacterium collumnare, Vibrio alginolyticus,
V. vulnificus, V. harveyi, Photobacterium damselae, Streptococcus agalectiae, Aphanomyces
invadans, and Saprolegnia parasitica while Caligus spp., Argulus spp., Lernanthropsis spp.
and Lernaea spp. were the major parasitic infestations.

The direct and indirect losses to the sector are estimated to be between 10-15% of production
value. The direct cost of disease includes loss of stock and expenditure towards prophylactic
and therapeutic measures, while indirect cost may include loss of employment in upstream
(hatcheries, nursery, feed mills, chemical and healthcare manufacture, etc.) and downstream
(processing, marketing, exports, etc.) enterprises and the consequent loss to the exchequer.
To achieve healthy and sustainable fish production it is essential to use chemicals, biologicals
and veterinary medicinal products (VMPs). However, the potential human and environmental
health risks need to be assessed for regulating their optimum use. Generally, chemicals,
nutritional supplements, probiotics, disinfectants, antimicrobials and antiparasitic agents
are applied in aquaculture operations to maintain optimal environmental quality, improved
health, growth, production and protection against microbial and parasitic diseases. Non-
judicious use of disinfectants and antiparasitic agents might affect the non-target organisms
leading to potential ecological degradation. Similarly, the unmonitored use of antibiotics
might augment the emergence of antibiotic resistance.

In general standard guidelines for applying chemicals and VMPs across the aquaculture
countries for the safe and effective use of these compounds for sustainable aquaculture.
Globally, the organizations like USFDA, European Medical Agency (EMA), Health Canada,
South East Asian Fisheries Development Centre (SEAFDEC) regulate and monitor the usage
of drugs and chemicals in their respective countries while Codex Alimentarius recommends
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internationally accepted codes and standards for food production including aquaculture. To
establish similar standards for Indian aquaculture, All India Network Project on Fish Health
(AINP_FH) funded by the Indian Council of Agriculture Research (ICAR) has established,
biosafety and withdrawal periods for the commercially important fish species of fish.
Efficacy against major bacterial and fungal pathogens was evaluated while environmental
safety and degradation were established. Antimicrobial agents (Oxytetracycline, Florfenicol,
Sulfadimethoxazole with trimethoprim, Sulfadimethoxine with ormetoprime and Oxolinic
acid), anti-parasitic agents (formalin, hydrogen peroxide, emamectin benzoate, lufenuron,
ivermectin and praziquantel), antifungal agents (formalin, copper sulphate and hydrogen
peroxide) and disinfectants (potassium permanganate, dimethyl alkyl benzalkonium
chloride, povidone iodine and formalin) has been examined.These substances are known
to rapidly degrade in aquaculture environments through photo-degradation, and thermo-
degradation. The environmental safety of these substances is evaluated using recommended
environmental indicator organisms.

The risk of antimicrobials used in food animal production, especially aquaculture needs to be
seen in the light of their metabolism in the host and their natural degradation in the aquatic
environment. Further, selection based on pharmacokinetic studies in different fish species,
appropriate therapeutic regimen design, and required legislation is required to promote the
practical and prudent use of antibiotics in aquaculture. Antibiotics need to be effectively
used in response to the bacterial disease burden and food and environmental safety.

Generally among Asian countries, freshwater fish farming contributes to bulk of the domestic
fish consumption while shrimp farmed in brackishwater systems are destined for international
markets. Hence prioritized efforts are required to address disease management across the
major fish-producing countries. Reorienting the expenditure on prophylactic and therapeutic
agents, promoting training and awareness programs, providing effective diagnostic services,
developing guidelines for the scientific use of healthcare products and implementing targeted
disease control programs could be suggested for effective management of aquatic animal
diseases. Further, efforts to address the identified determinants of the diseases could lead to
substantial benefits in terms of increased farm revenue, thus accentuating food security and
employment generation.

Higher efforts are required at the national and international levels through enhanced funding
for research, capacity building through training and dissemination of scientific health
management practices would help in reducing the disease prevalence and the consequent
economic loss. Further, institutional strengthening and capacity building, implementation of
science-based risk analysis, epidemiology, surveillance, comprehensive disease management
strategies, and planning for emergency response need to be emphasized.

Keyworbps: Therapeutic intervention, Aquaculture, Aquatic animal health
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The Fishery Performance Assessment Tool (FPAT): Identifying Key
Management Procedures to Sustain Red Snapper Fisheries in the
Arafura Sea

S. Agustina™, D.D. Kembaren?, K. Kasim?, P. Ningtias', A.R. Gumelar*, F. Sutyawan®,
R. Mulyana® and G.H. Perdanahardja’

Konservasi Alam Nusantara Foundation, Jakarta Selatan 12160, Jakarta, Indonesia

’Research Center for Fishery, National Research and Innovation Agency Republic of Indonesia,
Cibinong 16915, West Java, Indonesia

SAgency for Extension and Human Resources Development of Marine Affairs and Fisheries, Ministry
of Marine Affairs and Fisheries, Jakarta Pusat 10041, Jakarta, Indonesia

“Coastal Fisheries Initiative, Ministry of Marine Affairs and Fisheries, Jakarta Pusat 10041, Jakarta,
Indonesia

Directorate General of Capture Fisheries, Ministry of Marine Affairs and Fisheries, Jakarta Pusat
10041, Jakarta, Indonesia

*siska.agustina@ykan.or.id

Asthe world’s largest producer of red snapper, Indonesia contributes to 60% of the global trade
volume with the estimated monetary around USD 18.86 million in 2023. The Arafura Sea is
one of the key sources of red snapper in Indonesia. However, these fisheries face significant
challenges, including overfishing, illegal and unregulated fishing, and data limitations,
which threaten their sustainability and economic viability. This study aims to address these
challenges by assessing the status of red snapper and simulating management procedures
to enhance sustainability and performance. To assess the fishery’s status, a combination
of length-based Spawning Potential Ratio (SPR) using a stochastic approach and Fishery
Performance Indicators (FPI) was utilized. The Fishery Performance Assessment Tool (FPAT)
was further applied to simulate various fishery management procedures. Data collection was
carried out collaboratively by YKAN, ATSEA, and MMAF across nine fishing ports targeting
the Arafura Sea between 2016 and 2023. This effort resulted in a comprehensive dataset
of 238,102 fish length samples. The SPR for red snapper was estimated to range between
15% and 27%, indicating that the stock is under fully exploited to overexploited condition.
Using the FPI framework, the ecological, economic, and community performance of red
snapper fisheries in the Arafura Sea was characterized. The FPI scores revealed strengths in
ownership and management, post-harvest assets, industry performance, community services,
and market institutions. However, critical areas for improvement were identified, including
ecological sustainability, stock health, harvest-related dimensions, national environmental
performance, management methods, and harvest rights (scores<3). To address these
challenges, FPAT was applied to identify effective management procedures (MPs) aiming
for equitable and just outcomes across ecological, economic, and community dimensions.
Five MPs were simulated: status quo catch-effort, size limits, spatial management, Total
Allowable Effort (TAE), and Total Allowable Catch (TAC). The simulation indicated that
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size limits, TAE, and TAC management most likely to succeed in maintaining spawning
stock biomass above the limit reference point (0.5) for relative spawning biomass, relative
catch, and relative recruitment. These findings highlight the need for targeted interventions
and adaptive management to ensure the long-term sustainability and economic viability of
red snapper fisheries in the Arafura Sea.

Keyworps: Arafura Sea, Adaptive management, FPAT, Management procedures, Red snapper

AV
48 5'9‘ é * 14" Asian Fisheries and Aquaculture Forum
aneas s New Delhi, India + 12-15 February 2025

et



TS-1-002
Match Making Implementation of Tuna Harvest Strategy for
Securing Blue Food Equity in Indonesia

Budy Wiryawan'?*, Toni Ruchimat?, Thilma Komaling?, Kelvin Gorospe?, Arisetiarso
Soemodinoto? and Nefa Firman?

'Faculty of Fisheries and Marine Sciences, IPB University, Bogor, Indonesia

’Indonesia Tuna Consortium, Resonance, Burlington VT 05401, USA

SFisheries Resources Center of Indonesia, Rekam Nusantara Foundation, Bogor; Indonesia
*budywi@apps.ipb.ac.id

Indonesia’s tuna fisheries are among the most significant, diverse, and complex in the world,
with over 130,000 vessels ranging from 3 to over 100 meters in length, yielding more than
1 million tons of tuna annually, primarily for export. In response to declining tuna resources
within Indonesian archipelagic waters (FMAs 713, 714, 715), the Indonesian government has
prioritized the development of harvest strategies as part of the National Tuna Management Plan
(NTMP) for tropical and neritic tuna. The implementation of these strategies, formalized in
2023 after seven years of development, requires comprehensive data and robust management
instruments. This study documents the extensive process of developing the Tuna Harvest
Strategy (HS), which included series of Stock Assessment Workshops and triangulation by
Focus Group Discussions since 2014. The HS process begins with assessing fish stocks to
determine their status, catch per unit effort, and health, followed by establishing management
objectives and developing regulations to achieve these goals. Key management actions to be
implemented from 2024 include the regulation and restriction of Fish Aggregation Devices,
spatial and seasonal closures in the Banda Sea, and a 10% catch reduction over three years.
Our findings highlight the potential of international trade to distribute Indonesian blue food
tuna products globally, addressing food needs. However, current global food and trade
flows fail to achieve equitable distribution, particularly in low and lower-middle-income
communities, as evidenced by high poverty indices in some tuna-producing provinces. The
study suggests that while promoting international tuna trade, the government must develop
policies to support local industry, ensuring their profitability to meet domestic consumption
and nutritional needs. This approach underscores the importance of enhancing the well-
being of small-scale fishers and their families, enabling them to invest in food security and
nutrition. Recommendations for implementing the Tuna Harvest Strategy in Indonesian
Archipelagic Waters (IAW) emphasize the need for policies based on Law 7/2016 on the
Protection and Empowerment of Fishermen, reducing entry barriers, formalizing the fishing
profession, recognizing women’s roles, and strengthening value chains.

Keyworbps: Tuna harvest strategy, Blue food, Food equity, Poverty
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Growing Fish Invasions in Inland Waters Call for Immediate
Management Measures

Atul K Singh*

ICAR-National Bureau of Fish Genetic Resources, Lucknow-226002, Uttar Pradesh, India
*aksingh56@rediffmail.com; singhatk@gmail.com

Biological invasions, involving human-mediated introductions, establishment and expansion
outside their native range of distribution pose significant adverse impacts on native species
and ecosystem services. Many farmed species, both in aquaculture and aquarium trade in
India are non-native to the country and their growing numbers pose risks of intentional or
accidental release into the wild from captivity or abandoned farms impacting native biological
diversity and ecosystem functioning. As many as 626 non-native freshwater fish have been
widely introduced to the freshwater ecosystem. This study has identified 16 non-native
invasive species that have invaded the inland waters; their invasion pathways and impacts
have been assessed to highlight the management concerns. A holistic approach, together
with quantitative risk assessment (RA), proposes four major actions: (a) determination of
introduction pathways, (b) studying life history characteristics of non-native species in invaded
ecosystems, (¢) assessment of invasion impacts and their mechanisms, and (d) management
action plan. Based on the field studies, interactions between native and non-native species
have been understood to have cascading effects, mostly negative, on the entire community
and might lead to the imperilment of some native species with a narrow distributional range,
threatening their conservation, and economic loss for commercial fishers when the native
fish are of economic interest. The outcome of this study, therefore, provides a mechanistic
understanding of invasive non-native species impacts in risk assessments. The impact of
an invasive species is described as:I =R x A x E where the total impact (I) of the invader
is a function of its range (R), abundance (A), and its per capita effect (E).It is important to
develop functional response (FR) to predict the ecological impacts of existing, emerging,
and future invasive non-native species. If not properly managed, invasive species can spread
further in other parts of the rivers and reservoirs. It is imperative to recognize that the rapid
development of farmed fish is likely to increase the risks of biological invasions. Therefore,
this paper suggests new biosecurity protocols and management strategies to address gaps in
our current understanding of biological invasions.

Keyworbps: Invasive, Introduction pathways, Risk assessment, Impacts, Management
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Sustainability Challenges with Spatio-temporal and Biological
Dynamics of Moonfish (Mene maculata) Fisheries in Southwestern
Taiwan Waters

Ipsita Biswas*, Ming-An Lee, Yi-Chen Wang and S. Mondal
Department of Environmental Biology and Fisheries Science, National Taiwan Ocean University,

Taiwan
*ipsita@rpcau.ac.in

This study investigates the biological parameters, environmental drivers, and sustainability
challenges of moonfish (Mene maculata) fisheries in the southwestern waters of Taiwan
from 2013 to 2024. Data from Voyage Data Recorder (VDR) logs, port inspections, and
biological sampling were analyzed to evaluate fishing dynamics and resource health.
Trawling dominated the fishery, contributing over 98% of catches, with peak yields recorded
in March and secondary peaks between December and February. The Linyuan region of
Kaohsiung City accounted for 83% of the regional harvest, highlighting its critical role in
the fishery. Spatio-temporal factors, particularly sea surface salinity (SSS) and sea surface
height (SSH), significantly influenced catch per unit efforts (CPUE). A habitat suitability
model incorporating these variables achieved high predictive accuracy (R*= 0.89). Biological
analyses of 1,271 specimens revealed hypo-allometric growth, consistent sex ratios, and
a spawning period starting in March-April, peaking after July. Lengths-at-maturity (L__ )
were estimated at 19.7 cm for females and 19.57 cm for males. Resource assessments
using Schaefer and Fox models estimated a maximum sustainable yield (MSY) of 2,400.2
metric tons, with signs of overexploitation evident in declining biomass (B/BMSY = 0.9)
and high fishing mortality (F/M = 4.39). To mitigate risk, the study recommends size-based
harvest limits, seasonal closures, and enhanced stock monitoring. These findings underscore
the urgency of adopting ecosystem-based management approaches and further research
to elucidate moonfish migration patterns and ecological dependencies for the long-term
sustainability of this fishery.

Keyworps: Mene maculata, Maximum Sustainable Yield, Environmental drivers, Fisheries
management
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Disappearance of Kholsi (7richogaster/Colisa sp.) Fish from Kholsi
Beel: Unraveling the Impact of Unscientific Management in a
Floodplain Wetland of Ganga Basin

Ranjan Kumar Manna*, Suman Kumari, Lianthuamluaia Lianthuamluaia, Pritijyoti
Majhi, Sandhya Kavitha Mandhir, Dharmendra Kumar Meena, Hemanta Chowdhury,
Md. Aftabuddin, Subrata Das, Yousuf Ali and Basanta Kumar Das

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Monirampore, Kolkata-700120,
West Bengal, India
*ranjan.manna@icar.gov.in

Kholsibeel, a 65 haseasonally connected floodplain wetland, has undergone significant human
interventions over the past decade aimed at boosting fish production. One key management
measure involved is the removal of submerged and floating macrophytes, both manually
and chemically, to facilitate fishing operations. This intervention had a noticeable impact
on the wetland’s overall fish diversity and its associated ecological parameters, including
water quality, sediment composition, plankton populations, and benthic communities.
A study was conducted between 2014 and 2016 and the presence of 37 fish species was
documented, with indigenous small fishes (ISF) being a major component. However, the
removal of submerged macrophytes resulted in an increase in plankton turbidity in the water
column as revealed during the recent survey in 2024, preventing the reestablishment of key
macrophytes such as Hydrilla verticillata, Ceratophyllum demersum, and Vallisneria sp.,
which had previously occupied a significant ecological niche in the wetland. The survey
revealed that as many as eight SIF species have since disappeared from the wetland, despite
the presence of seasonal connection of the wetland to the river. Disappeared fish species
included Kholsi fish (Trichogaster fasciata, Trichogaster lalia, Trichogaster sota), which
accounted for 19.5% of the total indigenous fish production in 2014. Other fish species
that have disappeared from the wetland are Nandus nandus, Lepidocephalichthys guntea,
Rasbora daniconius, Channa gachua, and Anabas testudineus, suggesting the crucial role of
submerged macrophytes in their life cycle. Fishery of Puntius sp. has also been significantly
impacted, with its contribution to the total indigenous fish catch declining from 56.38% to a
mere 5-10%; however, seven different Puntius species responded differently, with P. chola
and P. gelius being the most impacted. The wetland is now almost devoid of its previously
diverse and dense benthic molluscan population, with disappearance of species like Gabbia
orcula and Gyraulus convexiusculus, indicating their complete dependence on submerged
macrophytes. Our present study demonstrated the importance of maintaining ecological
integrity to conserve the precious biodiversity of wetland, and hence scientific knowledge-
driven management measures should be undertaken to ensure the sustainability of such
interventions.

Keyworps: Submerged macrophyte, Ecological integrity, Biodiversity, Indigenous fishes
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Holistic Analysis of Ichthyofaunal Diversity, Exploitation Levels,
and Production in the Ganges River

J. Canciyal*, B.K. Das, D. Bhakta, H.R. Mitesh, Archisman Ray and Shreya Roy

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Monirampore, Kolkata-700120,
West Bengal, India
*canciyal.cifri@gmail.com

ICAR-Central Inland Fisheries Research Institute under its flagship project “Namami Gange”
has been regularly monitoring and assessing fish diversity, stock status, and catch in the river
Ganga. The study recorded 199 fish species, including 190 native and 9 exotics, across 144
genera, 65 families, and 25 orders. The IUCN classification showed 15 species as Near
Threatened (NT), 2 species as Vulnerable (Vu) and 2 species as Endangered (EN). Around
73.68% of the recorded species were Least Concerned (LC), and can comprehensively be
utilized for human consumption. Tehri and Haridwar was confronted with the maximum
abundance of T threatened (Vu - 22.22% and 7.49%) and NT (11% and 4%) species. The
stock status of 15 key species, including medium carps, catfishes, and small indigenous
fishes, was evaluated. Results showed that Mahseer and Cirrhinus mrigala are overexploited
(E>0.5), while Labeo rohita, L.catla, and L. calbasu are less exploited (E<(.5). Among
small indigenous fishes, Cabdio morar (E=0.62) and Rhinomugil corsula (E=0.60) are more
exploited, but most other species are less exploited (E<0.50). Catfish exploitation rates also
exceeded optimal levels, indicating a need for caution. The invasion index indicates that
Cyprinus carpio var. communis (common carp) is the most widespread exotic species in
the middle Ganges River stretch (Haridwar to Buxar), with a distribution index of 54%.
Tilapia (Oreochromis niloticus) is the second most common exotic species in this region,
with a 38% distribution. Fish catch data showed a range from 1.87 tonnes in Uttarkashi to
7380.79 tonnes in Varanasi, with a total annual catch of 56,387.24 tonnes. The middle and
lower river stretches are more productive than the upper stretch. The average catch per unit
effort (CPUE) from river Ganga varied from 0.48 kg/fisherman/day to 55.95 kg/fisherman/
day during summer, 0.65 kg/fisherman/day to 48.04 kg/fisherman/day in monsoon, and 0.28
kg/fisherman/day to 53.57 kg/fisherman/day in winter. Increase in the share of IMC in the
total landing from 8.50% (2018) to 14.31% (2023), and simultaneous decrease in share of
exotic fishes in the Prayagraj stretch indicates positive impact of conservation attemptsin
IMCs through ranching.

Keyworbps: Diversity, Stock Assessment, Invasion index, Catch Per Unit Effort, River Ganga
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Breeding Phenology and Population Response to Climate Variability
in Asian Leaf Fish (Nandus nandus): Insights for Sustainable
Management in the Lower Gangetic Floodplains

Suman Kumari', L. Lianthuamluaia', S. Debnath', G. Karnatak?', P. Mishal', U.K. Sarkar?
and B.K. Das'

"ICAR-Central Inland Fisheries Research Institute, Barrackpore-700120, West Bengal, India
2JCAR-National Bureau of Fish Genetic Resources, Lucknow-225002, Uttar Pradesh, India
*suman.kumari@icar.gov.in

The Asian leaf fish (Nandus nandus) is a small yet significant freshwater species, highly
valued for its food and conservation importance in inland waters. Despite its importance,
this species remains relatively understudied. Our research provides the first comprehensive
assessment of how regional climate variability affects the population attributes and breeding
phenology of N. nandus, using a General Additive Model (GAM) to predict its vulnerability
in a changing climate. Focusing on the lower Gangetic floodplains, we identified the
environmental cues, biological thresholds, and preferred climatic conditions for breeding.
We found that the female length at first maturity (LM, ) in the lower Ganga basin is 10.8 cm,
with a Gonado-somatic index (GSI spawn, ) threshold of 8.11 units for individuals ready
to spawn. Optimal breeding occurs at temperatures above 28°C and rainfall over 200 mm.
The narrow temperature range for GSI spawn, highlights the heightened vulnerability of
the species to climate change. Our study also revealed a strong correlation between GSI and
both rainfall and temperature in floodplain wetlands, with the population’s vulnerability to
climate change classified as moderate to high, based on 14 specific attributes. This innovative
vulnerability framework is a significant contribution to the Indian subcontinent, offering
crucial data to quantify climate-induced risks and guide mitigation efforts. Additionally, our
analysis of growth and mortality dynamics in lower Gangetic wetlands indicated positive
allometric growth patterns, with an asymptotic length (Loo) of 18.38 cm and a growth
curvature (K) of 1.2/year. The current exploitation rate (Ecur) of 0.19 suggests room for
increased fishing efforts, with a maximum exploitation rate (Emax) of 0.41 indicating that
the fishery has not yet reached its full economic potential. By optimizing the management
of N. nandus resources, we can balance the conservation needs with economic benefits,
ensuring the resilience of this crucial freshwater fish species.

Keyworbps: Climate vulnerability, Breeding phenology, Population parameters, Sustainability
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Assessing Species Resilience in Karnataka’s Trawl Fishery: An

Evaluation of Key Factors
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Viswambharan and Bindu Sulochanan

ICAR-Central Marine Fisheries Research Institute, Mangalore Regional Centre, Hoige Bazar,
Mangalore-575001, Karnataka, India
*sujitha.thomas@icar.gov.in

The trawl fishery along the Karnataka coast, India, plays a crucial role in supporting the
livelihoods of coastal communities and contributes significantly to the state’s economy,
accounting for over 80% of the total fishery landings. With a wide array of species being
targeted, ensuring the sustainability and resilience of these species is vital for maintaining
both ecological balance and economic growth. This study aims to assess the resilience of
key species within Karnataka’s trawl fishery to current fishing pressures. To evaluate species
resilience, a Productivity-Susceptibility Analysis (PSA) was conducted on 28 major species
representing a significant portion of the fishery’s catch. The PSA helps identify species that
are more resilient or vulnerable based on their biological productivity and susceptibility
to fishing practices. In the analysis six species exhibited low vulnerability scores (1.00 to
1.24), demonstrating strong resilience to current fishing efforts These species include mainly
shellfishes, which are well-positioned to thrive under existing fishing conditions. An additional
17 species were classified as moderately vulnerable, with vulnerability scores between 1.25
and 1.57, indicating that they could recover with effective management practices. Most of the
demersal fishes were in this category. Only five species were found to be highly vulnerable,
with scores between 1.62 and 1.90, requiring specific conservation measures to mitigate
risks. These findings suggest that Karnataka’s trawl fishery has significant potential for
sustainability. By focusing on maintaining resilient species populations and implementing
targeted strategies to protect more vulnerable species, the fishery can continue to support
economic development while conserving marine biodiversity. Ongoing monitoring and
data collection will be essential to refine management decisions and ensure the long-term
sustainability of this critical resource.

Keyworbps: Trawl fishery, Species resilience, Vulnerability assessment, Sustainable fishing,
Conservation strategies
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Navigating Troubled Waters: Indian Ocean Humpback Dolphins
at the Intersection of Dolnet Fishing and Coastal Development in
Megacity Mumbai, India

Abuthagir Iburahim, Zaheer Abbas, M.R. Ashpel Mano, Rajesh Kumar, Bharda Sheetal
Kanubhai, Asha T. Landge and Karankumar Ramteke*

ICAR-Central Institute of Fisheries Education, Mumbai-400061, Maharashtra, India
*karankumar@cife.edu.in

The Indo-Pacific humpback dolphin (Sousa plumbea) faces significant threats from
human activities, particularly from fishing and coastal infrastructure projects. This study
investigates the interactions of these dolphins with fishing methods and the impacts of
coastal development on their habitat. The study, conducted from February 2023 to February
2024, utilized surface photo-identification techniques to monitor dolphin populations. Key
findings include frequent sightings of dolphins near dolnets, which are likely attracted to
the concentration of fish. This attraction often leads to entanglements and conflicts with
fisheries. Moreover, the Mumbai Coastal Road Project poses additional risks through habitat
destruction, noise, and water pollution, severely affecting dolphin habitats. The presence of
dolphins near construction sites and frequent entanglements with fishing gear underscore the
urgent need for conservation measures. These should include adopting eco-friendly fishing
practices and implementing stringent environmental protections during coastal development.
These strategies are crucial to ensuring the sustainability of both dolphin populations and
local fisheries, highlighting the critical balance needed between development and marine
conservation.

Keyworbps: Indo-Pacific humpback dolphin, Sousa plumbea, Dolnet fishing
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Length-Weight Dynamics and Biology of Wolf Herring from
Andhra Pradesh
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and Shubhadeep Ghosh?

Visakhapatnam Regional Centre of ICAR-Central Marine Fisheries Research Institute,
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’ICAR Hgqrs, KAB-II, New Delhi-110012, India

*manas2u@gmail.com

Wolf herring (Chirocentrus dorab), widely distributed along the east and west coasts of India,
are increasingly recognized for their local culinary significance. Despite their economic
importance, comprehensive studies on their biology, particularly in Andhra Pradesh, remain
scarce. This study investigates the length-weight relationship and biological characteristics of
C. dorab in the Visakhapatnam region. We recorded a fork length range from 26.9 cm to 58.5
cm, with an average of 39.02+2.38 cm. Total weight varied from 85 g to 932.2 g, averaging
127.3845.59 g. Our analysis of the length-weight relationship revealed significant correlations
for both sexes, with a combined sex ratio of 0.5 and a peak ratio of 1 in November. Notably,
mature females were less prevalent throughout the year, except in the first quarter, indicating
potential reproductive cycles. Feeding studies highlighted the highly carnivorous nature of
this species, revealing that over 50% of individuals had empty stomachs, with a predominant
diet of Clupeid finfishes, particularly Stolephorus. This research provides essential insights
into the reproductive biology and ecological dynamics of C. dorab, contributing valuable
information for sustainable fisheries management in the region.

Keyworps: Wolf herring, Length-weight relationship, Feeding ecology, Reproductive biology
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Fishery, Biology and Population Dynamics of Metapenaeus
monoceros from Andhra Pradesh, India

Indira Divipala™, H.M. Manas, Gyanaranjan Dash? Rajan Kumar:, M. Muktha',
Joe K. Kizhakudan', K. Gouri Sankara Rao' and A.P. Dineshbabu*

Visakhapatnam Regional Centre of ICAR-Central Marine Fisheries Research Institute Visakhapatnam-
530003, Andhra Pradesh, India

2[CAR-CMFRI Field Centre, Puri-752002, Odisha, India

SICAR-CMFRI Veraval Regional Station, Veraval-362265, Gujarat, India

‘ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala, India
*indiracmfri@gmail.com

Shrimps represent a vital high-value fishery resource in India. From 2018 to 2023, the
landings of Penaeid prawns exhibited fluctuations, ranging from 11,303 tons in 2018 to a
low of 8,563 tons in 2023, with a peak landing of 15,615 tons recorded in 2022 in Andhra
Pradesh. The average landing of the Metapenaeus genus during this period was 7,039 tons
and Metapenaeus monoceros contributed 4,397 tons in the state. Notably, the Metapenaeus
genus accounted for approximately 60% of the total penaeid trawl catch, with M. monoceros
making up 38.5% of the total penaeid trawl catch of the state. To gather comprehensive data,
weekly surveys were conducted at Fishing Harbour from January 2018 to December 2024.
Detailed biological assessments included measurements of total length (TL in mm), weight
(g), stomach fullness, and female maturity quantification. The maturity studies indicated two
peaks. Mature individuals first appeared in the size class of 126 to 130 mm, with the highest
prevalence observed in the 156 to 165 mm size range, accounting for nearly one-third of
mature specimens. Additionally, population growth parameters such as asymptotic length
(Loo), growth coefficient (K), and mortality rates were analyzed to assess exploitation rates
and overall stock dynamics. This research provides critical insights into the sustainability of
shrimp fisheries and underscores the need for effective management strategies.

Keyworps: Metapenaeus monoceros, Fishery, Biology, Population dynamics, Andhra Pradesh
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Apportionment of Pesticide Residues and Risk Assessment in the
Cauvery River Ecosystem

S.K. Nag*, S.D. Sarkar, A. Saha and M. Aftabuddin

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata—700120, West Bengal,

India
*s.nag@icar.gov.in

The diverse types of hazardous and toxic substances originating from different sources
through anthropogenic activities accumulate in the aquatic environment. Pesticides and
other organic contaminants are some of those substances frequently encountered in aquatic
bodies like rivers, estuaries, wetlands, reservoirs, etc. The presence of residues of these toxic
xenobiotics in water or sediment is detrimental as they exert an adverse effect on the flora
and fauna of the aquatic ecosystem. In addition, percolation of the residues and subsequent
bioaccumulation and biomagnifications along the food chain to the aquatic animals, more
importantly, fishes is a serious concern. Since fish is consumed by human, the presence of any
toxic substance is undesirable as there is a chance of serious health hazards to human when
consumed. The river Cauvery is one of the major rivers of Peninsular India flowing through
the states of Karnataka and Tamilnadu. Different reports point out about pollution of the river
with a range of different emerging contaminants. Under this context, monitoring of the river
was undertaken to find the pollution of the river with respect to pesticide residues. Water,
sediment and fish samples collected at different locations from upstream to downstream of
the river were analyzed for residues of organochlorines (OC), organophosphates (OP), and
synthetic pyrethroid (SP) pesticides. OCs were detected in 15% water, 8% sediment, and 20%
fish samples while for OPs, the corresponding values were 8%, 4%, and 21% respectively.
About 8% of water samples were positive with SP residues though in sediment and fish, the
SP contamination was 12%. Only in a few instances, the concentration of residues detected
in water were higher than the USEPA (United States Environmental Protection Agency)
aquatic life criteria, otherwise they were mostly within the threshold value. The dietary risk
analysis revealed that the residue concentrations in edible fish tissue were much below the
ADI (Acceptable Daily Intake) of respective pesticides. Similarly, hazard quotients were
much lower than one, thus indicating that consumption of fishes from the river would not
pose any risk to the consumers.

Keyworbps: Pollution, Pesticide residues, River, Cauvery, Fish
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Diet Characteristics and Seasonal Prey Trophic Guild Structuring in
Bombay Duck, Harpadon nehereus Off Mumbai Coast, Maharashtra,
India

Shobha Rawat*, Karan Kumar Ramteke, S. Monalisha Devi, Asha T. Langde and
A.K. Jaiswar

ICAR-Central Institute of Fisheries Education, Panch Marg, Off Yari Road, Mumbai-400061,
Maharashtra, India

*shobhirawat@gmail.com

The Bombay duck, Harpadon nehereus (Hamilton, 1822) is a major contributor to the fishery
in the northern Arabian Sea. The understanding of the diet characteristics and seasonal
trophic guilds by prey item analysis in the stomach is a measure for sustainable fisheries
management. For the study, samples were collected during the fishing season (August, 2023-
September, 2024) from dol netters operating in the inshore waters and trawlers off Mumbai
coast, Maharashtra during fishing season in 2023 to 2024. A total of 738 specimen were
sampled, with a size range of 37-316 mm. The sex ratio (male:female) was 1:0.8. It was
found that the food types and fullness index differed between the seasons (p<0.001). Based
on the Index of relative importance, the diet varied from fishes belonging to diverse taxa i.e.
microcrustaceans, penaeid and non-penaeid shrimps, cephalopods and microplastics with
the dominance of Acetes spp. during the post-monsoon season. Though, a high diet overlap
was observed among the seasons, some species remained in the guild for the whole season
while some species such as red goby were observed during certain seasons only. In the
inshore areas, the presence of the Bombay duck was negligible from December-March while
the presence of Acetes spp. was prominent in the landing during these months, explaining the
effect of predator presence on prey abundance and distribution.

Kevyworbps: Predator, Northwest coast, Diet breath
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Status and Trends of the Blue Swimming Crab Fishery in Palk Bay
on the Southeast Coast of India

M. Rajkumar*, R. Saravanan, M. Kavitha, K. Shanmuganathan, R. Rajkumar, Midhun
Muthayan, S. Joseph Jegan and Shoba Joe Kizhakudan

ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala, India
*mrajkumarcmfril@gmail.com

Portunus pelagicus (Linnaeus, 1758), commonly known as the Blue Swimming Crab, is a
high valued marine crab in India. Crabs are mainly caught as by-catch in mechanised bottom
trawls (Iral madi) and mini trawls (Thalluvalai), whereas; they are a target in indigenous
outboard bottom-set gillnets (Nanduvalai). The estimated fishery landings of P. pelagicus in
2023 were 9311 t, with an annual average of 6299+2007 t from 2012 to 2023, contributing
94.2% to the total crab landings in Palk Bay. Gillnets contribute 65.7% of the total
P pelagicus landings from Palk Bay, followed by 29.6% by mechanised trawl. The
economic value of this fishery was estimated to be around US$ 26 million annually (US$1=
83.7). Between 2012 and 2023, there was a significant difference between blue swimmer
crabs and total crab landings in Palk Bay across gears and years. The processed products
of P. pelagicus are exported mainly to the USA. The mechanized trawls mostly landed the
adults, whereas the outboard gill nets landed a mixture of sub-adults and adults, and the
mini trawl net landed only the juveniles. The fishery is mostly supported by a 0-year class
of crabs during the observation period. In Palk Bay, the crabs are opportunistic omnivores
with a preference for crustaceans in their diets. Their most active spawning is during the pre-
monsoon and post-monsoon, with a minor peak during the monsoon. The assessment of the
fishery reveals that catches are declining from 2012 to 2021, and there is an increasing trend
from 2022 onwards. However, the population analysis supports the claim that Palk Bay’s
stock is sustainable. It is recommended that for the sustainable fishery of the Blue Swimming
Crab, the minimum legal size of 90 mm CW can be implemented and a further reduction in
the harvest of berried females from Palk Bay would create a conducive condition for this
fishery to sustain in the future.

Keyworbps: Catch rate, Crab, Management, Landings, Portunus pelagicus
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Enhancing Fisheries Through Waste Water Management—The
EKW Perspective

S. Samanta*, B.K. Das, K. Bisai, S. Dalal, A. Majumder, R. Sahoo, G. Karnatak,
L. Lianthuamluaia, V. Kumar, P. Mishal and A.K. Das

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata-700120, West Bengal,

India
*samantacifri@gmail.com

The East Kolkata Wetlands (EKW) is situated in the eastern part of Kolkata city, covering
about 12,500 hectare area. Apart from its ecological importance and a Ramsar site, the EKW
sustains the world’s largest integrated resource recovery systems based on a combination
of aquaculture, and agriculture. Over 260 shallow fish ponds in the EKW receive about
900 MLD pre-settled sewage daily from the Kolkata metropolitan region. The traditionally
evolved natural water purification-waste recovery practice saves nearly Rs. 4680 million
annually in terms of the generated sewage non-treatment cost. These wetlands also lock-in
over 60% of carbon from wastewater, thus reducing harmful greenhouse gas emissions from
the region. The EKW system provides subsistence opportunities for a large, economically
underprivileged population of 0.15 million, among them 20,000 people are directly involved
in fisheries. To understand the current fisheries status of the EKW, a project is under operation
at [CAR-Central Inland Fisheries Research Institute, Barrackpore, and a survey was carried
out covering 125 bheries covering all the size groups, from January to September 2024. The
generated data based on GIS studies revealed that although there is tremendous pressure of
urbanization associated with land conversion, the area under fisheries has steadily increased
from 4442 ha in the year 2000 to 5212 ha in 2012 and finally to 6073 ha in 2024. The
frequently cultured fish species include Labeo rohita, Catla catla, Cirrhinus mrigala, L. bata,
Hypophthaimihcthys molitrix, Ctenopharyngodon idella, Cyprinus carpio, Oreochromis
mossambicus and O. nilotica. Invasive fish species Pterygoplichthys sp. exists in most of
the bheries and shares a significant portion of the available nutrient. The generated data
reveals that the average fish production ranges from 1800—2200 kg/ha/annum, and thus, the
estimated present production figure is 11,000 to 13,000 tonnes per annum from the wetlands.
Under the present scenario of resource crunch, socio-political changes, and environment-
associated awareness, management of this vital ecosystem in a sustainable manner is most
challenging but at the same time, necessary for maintaining the present level of production
and improving the livelihood of the poor fishers.

Keyworps: East Kolkata Wetlands, Wastewater fisheries, Fish production, Invasive species
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Integrating Machine Learning Models for Optimizing Ecosystem
Health Assessments Through Prediction of Nitrate-N Concentrations
in the Lower Stretch of Ganga River, India

Sanatan Paul, Basanta Kumar Das*, Biswajit Mandal, Pranab Gogoi, Liton Paul, Ajoy
Saha, Canciyal Johnson, Akanksha Das, Archisman Ray, Shreya Roy and Shubhadeep
Das Gupta

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata-700120, West Bengal,
India

*basantakumard@gmail.com

Nitrate, a highly reactive form of inorganic nitrogen, is commonly found in aquatic
environments. Understanding the dynamics of nitrate-N concentration in rivers and its
interactions with other water-quality parameters is crucial for effective freshwater ecosystem
management. This study uses advanced machine learning models to analyse water quality
parameters and predict nitrate-N concentrations in the lower stretch of the Ganga River
from the observations of six annual periods (2017 to 2022). The parameters include water
temperature, pH, specific conductivity (Sp. Con), dissolved oxygen (DO), nitrate-N, total
phosphate (TP), turbidity, biochemical oxygen demand (BOD), silicate, total dissolved
solids (TDS), and rainfall. We evaluated the predictive performance of five models-Multiple
Polynomial Regression (MPR), Generalized Additive Models (GAMs), Decision Tree
Regression, Random Forest (RF), and XGBoost (Extreme Gradient Boosting)-using RMSE,
MAE, and R? metrics. XGBoost emerged as the top performer, with an RMSE of 0.024, MAE
0f' 0.018, and R? 0f 0.85, explaining 85% of the variance in nitrate-N concentrations. RF also
demonstrated strong predictive capability, with an RMSE of 0.028, MAE of 0.021, and R?
0f 0.80. MPR effectively modelled non-linear relationships, explaining 75% of the variance,
while Decision Tree Regression and GAMs were less effective, with R? values of 0.60 and
0.48, respectively. Variables viz., BOD, pH, Rainfall, water temperature, and total phosphate
were the best predictors of nitrate-N dynamics. Comparative analysis with previous studies
confirmed the robustness of XGBoost and RF in environmental data modelling. The findings
highlight the importance of advanced machine learning models in accurately predicting
water quality parameters and facilitating proactive management strategies.

Keyworbps: Nitrate-N, Ganga River, Machine learning, Water variability
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Length-Weight Relationship and Reproductive Biology of the
Largescale Mullet Planiliza macrolepis (Smith, 1846) from the
Malabar Coast of India

V. Mahesh'?*, P.K. Asokan?, K. Vinod?3, N.R. Kalavathi*, T.M. Najmudeen®, M. Vijisha?
and P.V. Gopalan?

'Karwar Regional Station of ICAR-Central Marine Fisheries Research Institute, North Kanara-
581301, Karnataka, India

’Calicut Regional Station of ICAR-Central Marine Fisheries Research Institute Kozhikode-673005,
Kerala, India

SMandapam Regional Centre of ICAR-Central Marine Fisheries Research Institute, Mandapam
Camp-623520, Tamil Nadu, India

‘Department of Fisheries Resource Management, College of Fisheries, Mangalore-575002,
Karnataka, India

SICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala, India
*mahesh.v@icar.gov.in

Fishes belonging to the family Mugilidae constitute one of the prominent fisheries of India’s
coastal waters and estuaries. The fish is highly vulnerable to unregulated exploitation due
to its delicacy and high local prices. Setting a minimum legal size (MLS) is an essential
precursor for the sustainable harvest of resources. In this context, the present study aimed
to establish the information on the length-weight relationship and reproductive biology of
Planiliza macrolepis (Smith, 1846) by examining 1545 individuals collected from the coastal
water and estuarine fishery of northern Kerala (Malabar region) coast during 2021-2022. The
sampled individuals unveiled total length and weights between 10-50 ¢cm and 12-1570 g,
respectively. The exponent value (b = 2.9336) in the study indicated a negative allometric
pattern of growth. The sex ratio of males and females was 1:1.67 showing the dominance of
females in the population. The size at first maturity (Lm, ) of large mullet was estimated at
19.4 cm and 21.3 cm total length for males and females respectively. Significant numbers of
fully mature and oozing ovaries occurred in most months and high Gonado-somatic Index
values from September to May with a peak in January followed by March indicated that P.
macrolepis has a prolonged spawning season.

Keyworps: Mullet, Length-weight, Sex ratio, Maturity, Spawning

g,
64 I q 6 * 14" Asian Fisheries and Aquaculture Forum
gquw + New Delhi, India « 12-15 February 2025

et




TS-1-018

Bottom Trawl Selectivity of 35 mm Square and Diamond Mesh Cod-
Ends for Loligo duvaucelli (Orbigny, 1848) from the East Coast of
India

G. Kamei*, R. Raghu Prakash and U. Sreedhar

ICAR-Central Institute of Fisheries Technology, Visakhapatnam Research Centre, Ocean View Layout,
Pandurangapuram-530003, Andhra Pradesh, India
*gkcife@gmail.com

Selectivity of 35 mm square and diamond mesh cod-ends bottom trawl net was undertaken
for the squid L. duvaucelli off Kakinada, Andhra Pradesh using the covered cod-end
method. The L, Ly, and L for 35 mm square mesh cod-end were 5.03, 8.66 and 12.32 cm,
respectively. Selection ranges (SR), selection factor (SF), and selection ratio (Sr) were 7.29,
2.70, and 2.08, respectively. The L, L,, and L, for 35 mm diamond mesh cod-end were
4.50, 7.25, and 9.99 cm, respectively while the selection range (SR), selection factor (SF)
and selection ratio (Sr) were 5.49, 2.07, and 1.56, and the values were lower when compared
to square mesh cod-end. The selectivity parameters L., L., and L_; of square mesh cod-
end were relatively higher when compared to diamond mesh cod-end. Results revealed that
square mesh was more selective and facilitated the escapement of juveniles in comparison to
conventional diamond mesh cod-end.

Keyworbps: Cod-end, Diamond mesh, Selectivity, Square mesh, Trawl net
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Economic Efficiency and Characterization of the Small-Scale
Jellyfish Fishery in the Northwestern Bay of Bengal: A Case Study
from the Odisha Coast
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Raju Saravanan®
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SMandapam  Regional Centre of ICAR-Central Marine Fisheries Research Institute,
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*subalroull@gmail.com

Globally, jellyfish are gaining recognition as an important marine resource, with increasing
demand for their consumption mostly in Southeast Asian countries. In India, the harvesting
of edible jellyfish began in 1984, primarily for export. Recently, one of the catostylid
jellyfish species, Crambionella annadalei has been contributing to a small-scale seasonal
jellyfish fishery along the Odisha coast. This study aimed to characterize the jellyfish fishery,
its associated fishing activities, post-harvest handling, and its economic efficiency along
the Odisha coast during 2020-21. Jellyfish are typically caught by single-day motorized
gillnetters (8.5-9.7 meters overall length, with 9-10 horsepower engines) between December
and April. The sizes of the jellyfish sampled ranged from 11 to 27 ¢cm in bell diameter, with
an average size of 22.4 +0.14 cm. Their total body weight ranged from 100 to 1548 g, with an
average weight of 879.7+15.8 g. The economic assessment of the jellyfish fishery revealed an
average operating cost of Rs. 7,936 per fishing trip, with a catch rate of 577 kg per trip. Gross
revenue from each fishing trip averaged Rs. 13,600, resulting in a net operating income of
Rs. 5,664 per trip. Capital productivity was estimated at 0.58, while labor productivity was
96.2 kg per crew member per trip. In light of declining global fish stocks, the sustainable
exploitation of jellyfish offers an alternative source of income and livelihood for small-scale
fishers. The study also found that only the oral arms of the jellyfish are processed using
salt and alum before being exported to Southeast Asian countries, primarily China. This
baseline data provides crucial information for developing better handling, stabilization, and
harvesting techniques while promoting jellyfish as a potential food resource in India.

Keyworbps: Catostylid jellyfish, Crambionella annandalei, Small-scale fishery, Economics
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Habitat Preferences of Blue Marlin (Makaira nigricans) in the
Arabian Sea

S. Surya*, E.M. Abdussamad, T.L. Asha, B. Santhosh, B.B. Nayak, K.G. Mini,
R. Karankumar, J.H. Kingsly, P.G. Ambarish and R. Prathibha

ICAR-Central Marine Fisheries Research Institute, Vizhinjam Regional Centre, Harbour Road,
Vizhinjam, Trivandrum-695521, Kerala, India
*revandasurya@gmail.com

Blue Marlin (Makaira nigricans) are top predators in tropical and subtropical waters and
are significantly caught by longline fisheries. Understanding their habitat preference and its
influence on vulnerability to capture is critical for effective management. This study examines
the relationship between spatio-temporal patterns of blue marlin (M. nigricans) abundance
and environmental factors in the eastern Arabian Sea, a region that extends 0.86 million km?
from 7° to 23°N latitude and 60° to 74°E longitude. Monthly catch data of M. nigricans,
were sourced from the Fisheries Resource Assessment Division of Central Marine Fisheries
Research Institute, using a multistage stratified random sampling technique. Environmental
parameters like Sea Surface Temperature (SST), Sea Surface Salinity (SSS), Sea Surface
Height anomalies (SSHa), current speed, and Chlorophyll-a concentration (Chl-a) were
obtained from the Copernicus Marine Environment Monitoring Service. These data were
analyzed using Generalized Additive Models (GAM) to predict relative abundance. The best
GAM with the lowest Akaike’s Information Criteria (AIC) was; M. nigricans ~ s(SSS, k
=3) + s(SST, k = 3) + s(SSH, k = 3) + s(current, k = 3) + s(Chl, k = 3). The best-fit GAM
included significant covariates such as SSS, SST, SSHa, current speed, and Chl-a, explaining
31.2% of the variance. Results indicated that SSS between 34-36 %o and SST from 25-29°C
positively influenced marlin abundance, with SST above 29°C negatively impacting catch
rates. SSHa in the range of 0.2-0.6 m and current speeds over 0.1 m/sec were also associated
with higher catches, while lower Chl-a values (0.00-0.2 mg/m?) had a positive effect. M.
nigricans contributed an average of 7% to the total billfish landings during the study period,
with the significant relationship between catch rates and environmental variables emphasizing
the species sensitivity to oceanographic conditions. The results highlight the ecological
preferences and spatiotemporal distribution of blue marlin in response to environmental
variability in the Arabian Sea. Such understandings are essential for developing area-based
management strategies ensuring the sustainable exploitation and conservation of these key
marine predators. The study also helps to identify the preferred spawning stock habitat of
M. nigricans, and provides a valuable baseline for comparing and analyzing the species
environmental preferences in the future, proposing critical perceptions into how these top
predators may respond to the ongoing global climatic variations.

Keyworps: Makaira nigricans, SST, SSHa, SSS, Chlorophyll-a, Current speed, Environmental
preferences
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Insights into the Reproduction of the Indian Mackerel Rastrelliger
kanagurta (Cuvier 1833) in the Western Visayan Sea

M. Jeric Prince Ladores'™, A. Karen Villarta-Lane', B. Alexanra Regalado? and
L. Wilfredo Campos?

!Marine Bio and *Ocean Bio Laboratories, Division of Biological Sciences, College of Arts and
Sciences, University of the Philippines Visayas, Miagao, Iloilo, Philippines
*imladores@up.edu.ph

Aspects on the reproduction of the Indian mackerel Rastrelliger kanagurta from the Western
Visayan Sea were examined from June 2023 to May 2024. Reproductive data were obtained
from monthly samples collected from catches of commercial fishers while growth parameter
estimates were calculated from monthly length-frequency data. A total of 636 R. kanagurta
individuals had standard lengths (SL) ranging from 10.4 cm to 22.6 cm, and a mean size of
15.56 cm. Asymptotic length (L) is estimated at 23.1 cm with a growth rate coefficient (K)
of 0.34. The length at first maturity (Lm, ) of the species was found to be at 17.7 cm which is
significantly smaller compared to the Lm, of 21.2 ¢cm usually observed in Manila Bay of the
Philippine waters. However, this falls within the Lm, range of 15.9 ¢cm to 17.7 cm published
from other fishing grounds within the Indo west-Pacific. The smallest size of mature males
was 15.5 cm while that of females was 15.8 cm. Mature individuals were dominant in June
and November coinciding with the high values of the gonadosomatic index during the
northeast monsoon as well as the summer season. This is consistent with the results of their
recruitment pattern as well. Currently, there is no comprehensive management framework
for small pelagic fish species, such as R. kanagurta, in the Visayan Sea aside from closed
fishing seasons specifically from November to January. This emphasizes the need for a better
understanding of their population and reproductive dynamics which may prove beneficial
for future studies, and which may be used as a basis for crafting management policies for
commercial fishers within the Visayan Sea.

Keyworbps: Small pelagics, Growth, LmS50, Reproductive pattern

g,
68 I q 6 * 14" Asian Fisheries and Aquaculture Forum
gquw + New Delhi, India « 12-15 February 2025

et



TS-1-022

Stock Assessment of Indian Marine Fishery Resources - Interweaving
Methods and Inventing a Path to Sustainable Framework

J. Jayasankar* and A.R. Anuja
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Marine fishery resource dynamics have been both a matter of challenge and creativity.
All the tools and methods that have been put to use to study, assess, analyse, and forecast
the resource dynamics have been borne out of basic presumptions that mostly lead to a
computational framework. The best examples are the size-frequency-based assessment and
the macro-factor-based modelling. It has always been in the realms of quantitative fish stock
assessment’s grey area, that when, where and more importantly whether these ever meet at
a point of biological prudence. Once we add the economics and value of resources based on
either ecosystem gradation or market realization this picture gets much more muddled. It
has always been a game of probability breaching the contours of biology leading to a nearly
one-sided result. Further, there are always uncertainties involving the type, kind, quantum
and frequency of data that are required to arrive at plausible readings of the stock trends.
This work aims at the partial and purposive review of the most commonly utilized biological
and bioeconomic models and to come out with the areas of concern and cohabitation when
they meet the biological formations found in the tropical regions of the Indian Ocean. Three
distinct data sets are being put to the test to adequately represent the ecosystem continuum
in this analysis viz (1) Hierarchical (2) Highly volatile/ migratory (3) Sparsely Interactive.
The analyses would be based on both single-species and multi-species anchored by keystone
species. It has been attempted in equal measure to follow the same leads while dealing with
value-enriched series too. The focus of this work is not only on the inferential part of the
most important reference points but also to enlist and typify the routines, framework and
ways and means of an ensemble or integrated assessment of the marine fishery resources in
a standard data collection regime and how effective it is in feeding directly into an informed
governance setup. On the sidelines, this work also focuses on the quantity of biological
learning required in this modeling exercise and also aims to take a pragmatic call on the
limitations and overindulgences of Bayesian methods and simulation procedures. To
conclude, this work serves as an integrator of stock dynamics assessment approaches and an
assimilator of what suits the existing data rigour, thereby leading to what could be a trigger
for a robust and responsive paradigm for the assessment of fisheries both targeting biological
and economic sustainability.

Keyworbps: Fish stock assessment, Biological reference points, Management regimes,
Management strategy evaluation
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Optimizing Maximum Sustainable Yield (MSY): Compensating for
Environmental Variability and Impacts
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Maximum sustainable yield (MSY) forms one of the most important management reference
points for formulating a management strategy to ensure sustainable fisheries in the region.
Higher estimates of MSY can lead to higher permission levels of catch leading to a decline
in resource abundance and hence, there is a need to optimize the estimates of MSY. Surplus
production models are the most widely used analytical method to arrive at the MSY level and
the corresponding fishing effort (F, ., ) using time series of catch and effort data, assuming
catch rate as a function of effort. It is a well-known fact that the abundance of the resource
(catch rates) at a given time not only depends on the historical harvest rate (fishing pressure)
but also the variation and trends in the environmental factors. However, most of the studies
carried out from the region undermine the incorporation of environmental variables while
estimating the potential yield of a given resource. Gujarat is one of the major maritime
states of India, contributing to marine capture fisheries of the country. Several resources
are key and unique to the region and their abundance is known to vary significantly in
response to climate change. The present study selected three major resources of the region
viz., croakers, bombayduck and golden anchovies and screened the environmental variables
like Chlorophyll-a (Chla) Mixed Layer Depth (MLD), Sea Surface Temperature (SST),
Bottom Temperature (BT), salinity, and Sea Surface Height (SSH) for its correlation with
the resource abundance. The environmental data are remotely sensed and are sourced from
the global data repository. The time series of the most significant environmental parameters
for each given resource is used as a covariate in a surplus production model to arrive at the
MSY. The model is fitted using a maximum likelihood approach. The estimated MSY was
compared with conventional estimates. It was observed that the MSY after incorporation of
environmental variables was lower than the conventional estimates, and hence advocates the
adoption of more conservative estimates of MSY for formulating management strategies.

Keyworbps: Gujarat, MSY, Climate change, Surplus production model

. . ) .
70 I q 6 % 14" Asian Fisheries and Aquaculture Forum
gquw + New Delhi, India « 12-15 February 2025

et




TS-1-024

Charting the Course of Capture Fisheries Research in India: An
Analysis of Research Presented at the Indian Fisheries Forums
M. Muktha*, K.V. Akhilesh and P.S. Arun Surendran

ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala, India
*muktha.menon@icar.gov.in; muktham@gmail.com

The first Indian Fisheries Forum (IFF) was held in 1988, and since then it has been held
continuously every four years, with the most recent XII Indian Fisheries and Aquaculture
Forum (IFAF) held in 2024. Over the years, the IFAF has become the dominant platform
to showcase fisheries research in India. Through the participation of fisheries researchers,
academicians, students and other stakeholders, the IFAFs enable a broad view of research in
Indian fisheries. Hence, in this study, we analyzed the research presented at the past [FAFs
(1988-2022) to understand the direction in which Indian fisheries research has moved, with a
focus on capture fisheries research. The overall number of researches presented at IFAFs has
increased tremendously from 109 in the first IFF to 899 in the Twelfth IFAF. Fishery biology
has been a theme from the First IFF and since then, it has been modified to include fishery
resources, management, biodiversity, and conservation. The research presentations under this
theme increased from 24 in the First IFF to 173 in the XII IFAF showing an increase of nearly
621%. The dominant research titles in terms of number during the First [IFF were reproductive
biology (21.7%), food and feeding (21.7%), and age and growth (13%). In the most recent
IFAF, the dominant research titles pertained to the resource-specific fishery (12.9%), fishery
reproductive biology (9.9%), age and growth (9.4%), biodiversity and allied biodiversity
research (9.4%) and stock assessments (7.0%). Hence it is evident that the research topics in
capture fisheries have remained quite steady over the decades. New research with respect to
non-conventional resources, Potential Fishing Zones, GIS and Remote Sensing emerged in
recent IFAFs; however, they formed a minor percentage. Some key research areas missing
from or, being used meagerly in the Indian scenario were EBFM, especially for marine areas,
in-situ (underwater) studies across all aquatic ecosystems, behavioural ecology, ecological
mapping, climate change impact, especially on freshwater ecosystems, and impact of fisheries
policies/management measures. The results of our study may prove helpful in directing the
course of focused future research in Indian capture fisheries.

Kevyworbps: Research trend, Research theme, Marine fisheries, Scientometrics
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Integrating Fisheries into Watershed Development: A Pathway to
Sustainable Livelihoods in India

D.K. Meena*, B.K. Das, M.S. Behera, S.P. Kamble, A. Pandit, S. Kumar and S. Dutta
ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata-700120, West Bengal,

India
*dkmeenacifri@gmail.com

Watershed development has been a cornerstone of India’s rural development strategy since
the 1980s, with the launch of the National Watershed Development Programme for Rainfed
Areas (NWDPRA) in 1986, which aimed to promote sustainable land use, reduce soil
erosion, and enhance water availability in rainfed areas. The ICAR-Central Inland Fisheries
Research Institute has developed a comprehensive Watershed Development Plan for the
micro-watersheds within a 10 km radius of the Warasgaon-Warangi Pumped Storage Project
(PSP) in Maharashtra, India, covering an area of 150600 ha, comprising nine interconnected
micro-watersheds with varied slopes and stream lengths, and a resident population of 32667
individuals, with a literacy rate of 81.25%. The watersheds have existing soil and water
conservation efforts, active extension services, and widespread adoption of field bunds for
annual crops, but weaknesses include smaller landholdings, erratic rainfall, soil erosion,
and limited fodder accessibility. The plan also considers the fisheries sector, which is a vital
component of the watershed ecosystem, with seven family groups representing 19 fish species,
highlighting the importance of integrating fisheries into watershed development. By adopting
a holistic approach, the plan aims to protect and restore habitats, establish a monitoring
program to track changes in biodiversity and ecosystem health and conserve biodiversity
through management of natural resources. In the study area, the plan is expected to benefit
approximately 3,266 households, with a potential increase in fish production by 10-15%, and
a potential increase in income of INR 300-500 per household per month, and a reduction in
poverty by 5-10%. Further, conservational measures such as stock enhancement and habitat
improvement were suggested. This would contribute significantly to the achievement of
the United Nations Sustainable Development Goals, particularly Goal 6 (Clean Water and
Sanitation) and Goal 14 (Life Below Water).

Keyworps: Watershed development, Fisheries management, Integrated water resource
management
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Harmonious Coexistence: Adopting A Natural Agricultural
Perspective in Fish Farming

D.K. Meena, B.K. Das*, A.K. Das, A.U. Muzaddadi and A.K. Sahoo

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata-700120, West Bengal,

India
*basantakumard@gmail.com

Fisheries in the Indian sub-continent is inherently natural, with aquaculture being an organic
component of rural India. Natural farming involves the judicious exploitation of the biogenic
carrying capacity of water bodies without external inputs, other than fish seeds. This approach
is reflected in the production and productivity of inland fisheries resources. In India, fish
farming is largely organic, with minimal use of synthetic inputs. The Indian government’s
efforts to promote natural farming have led to a remarkable growth in inland fish production,
with a 60-fold increase over the last 72 years, from 0.2 million metric tonnes in 1950-51 to
17.14 million metric tonnes in 2022-23. I[CAR-Central Inland Fisheries Research Institute
has played a pivotal role in achieving this success, with its research and development efforts
focusing on natural farming practices, conservation of aquatic biodiversity, and sustainable
management of inland fisheries resources. Integrated Multi-Trophic Aquaculture (IMTA)
systems, which cultivate multiple species together, have been shown to enhance nutrient
cycling, reduce feed requirements, and increase farm resilience. Studies have demonstrated
that IMTA systems can reduce feed conversion ratios by upto 30%, and improve water quality
by upto 25% when compared to conventional monoculture systems. Additionally, IMTA
systems have been found to increase biodiversity by upto 40% and reduce chemical use by
upto 20%. ICAR-CIFRI’s research has shown that natural farming practices can increase fish
production from reservoirs, with an average yield of 174 kg/ha/y in some small reservoirs.
Additionally, ICAR-CIFRI has emphasized the importance of the conservation of aquatic
biodiversity, with a focus on maintaining eco-health and preventing eutrophication. By
embracing natural agricultural perspectives, the fish farming industry can move towards a
more sustainable, equitable, and resilient future. With the global demand for fish and seafood
projected to increase by 30% by 2030, adopting natural agricultural perspectives in fish
farming is crucial for ensuring the long-term health of our planet and the well-being of both
human and aquatic ecosystems.

Keyworps: Natural farming, Sustainable aquaculture, Organic fish farming
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Fishery, Biology and Growth Traits of the Narrow-Barred Spanish
Mackerel, Scomberomorus commerson Off Gulf of Mannar, India

R. Vinothkumar*, V. Vidhya, M. Kavitha, L. Ranjith, L. Remya, K. Shanmuganathan
and Shoba Joe Kizhakudan

ICAR-TRS of Central Marine Fisheries Research Institute, Kochi-682018, Kerala, India
*vinoth.kumar@icar.gov.in

Scomberomorus commerson, S. guttatus, and S. lineolatus are the three species that comprise
the seerfish diversity. Reports indicate an annual landing of 35,326 tonnes of seerfish along
the Gulf of Mannar. The narrow-barred Spanish mackerel, Scomberomorus commerson
(Lacepede, 1800), is a highly valuable commercial fish in the Gulf of Mannar. Scomberomorus
commerson (93.8%) was the main contributor to the landings, followed by S. guttatus
(6.1%) and S. lineolatus (0.09%). The growth parameters, feeding biology, and fisheries
of Scomberomorus commerson were the focus of a study conducted in the Gulf of Mannar
during 2020-2023. Male, female, and undetermined growth rates varied significantly from
each other, indicating that the growth was allometric. All year round, mature females have
been observed, with a peak in November and February. Peak spawning periods are correlated
with higher gonadosomatic index values. Sardines (50.4%) and anchovies (32.4%) were the
most preferred prey items according to the Index of Relative Importance (IRI) values. Fish
showed a large percentage of empty or trace amounts of food in their stomachs, indicating
very low feeding intensity. The estimated asymptotic length is 199.5 ¢cm, and the growth
coefficient is 0.37/year. The estimated values of total mortality, fishing mortality, and natural
mortality were 0.72/year, 0.56/year, and 0.16/year, respectively. The exploitation ratio (E)
was 0.16, while the rate of exploitation (U) was 0.23. The estimated Emax value is 0.421
and the M/K ratio is 1. The estimated yield per recruit is 0.022. The findings of this study
highlight the necessity of provincial assessments for fisheries management,which can be
applied for managing the stocks of S. commerson.

Keyworbps: Seerfish, Diversity, Allometric, Management, Gulf of Mannar
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Molecular Identification and Reproductive Biology of Salmo Trutta
(Brown Trout) in High Altitude River Tons, Uttarakhand: A First
Record

Saurav Kumar Nandy, Arghya Kunui, Basanta Kumar Das*, Amiya Kumar Sahoo and
Dharmendra Kumar Meena

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata-700120, West Bengal,
India
*basantakumard@gmail.com

The Tons River, located in the Govind Wildlife Sanctuary, Uttarakhand, India, at an altitude
ranging from 2000 to 3600 meters above sea level, has been the subject of extensive research
aimed at understanding the fish assemblages in Himalayan stream. The eastern Himalayas
excel in cold-water fish diversity compared to the western Himalayas. During a fish diversity
survey conducted along the Tons River from May to August 2019-20, 20 specimens of Salmo
trutta, commonly known as brown trout, were captured through experimental cast netting.
These findings mark the first-ever record of brown trout at altitudes 1252 meters in the
Tons River, identified through morphology, DNA sequencing and phylogenetic analysis.
Morphometric identification confirmed that all specimens analyzed were indeed S. trutta.
Additionally, their feeding habits were assessed using Relative Gut Length (RGL) and
Gastro-somatic Index (GaSI), indicating that brown trout in this region are carnivorous.
DNA sequencing of the isolated fish sample confirmed its identity as S. frutta. Phylogenetic
analysis revealed that the isolated fish sample was closely related to S. trutta based on its 18S
rRNA gene sequence. The reproductive biology of S. #rutta in the Tons River was studied
in pre-monsoon, monsoon, and post-monsoon. It was observed that brown trout primarily
matured during the monsoon season. Fecundity and Gonado-somatic Index (GSI) sharply
increased during this season and declined in the post-monsoon period as the water temperature
decreased. This research provides crucial insights into the distribution, identification, and
reproductive biology of S. frutta in the high-altitude region of the Tons River in Uttarakhand,
contributing to conservation and management efforts for this ecologically important species
in the region.

Keyworbps: Salmo trutta, Tons river, DNA sequencing, Gonado-Somatic Index, Gastro-Somatic
Index
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Fish Diversity, Assemblage and Seasonal Abundance Structure

Along the Tidal Dominated River Matla of Indian Sunderban

Archisman Ray, Pradyut Malakar, Arka Mondal, Ayan Biswas, Rani Sadhukhan, Liton
Paul, Canciyal Johnson, Dibakar Bhakta and Basanta Kumar Das*

ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata-700120, West Bengal,
India

*basantakumard@gmail.com

Estuaries rank among the most productive ecosystems globally and serve as nursery habitats
for fish species from both marine and freshwater origins. Matla River forms a wide estuary in
and around the Sundarbans in South 24 Parganas district in the Indian state of West Bengal.
A study on fish diversity covered three seasons during 2023-24 and recorded 63 species
representing 37 families. Gobiidae was observed to be the most diverse piscine family (9.8%),
while the Sciaenidae and Engraulidae were the second most with a contribution of 7.8%.
Seasonal abundance exhibited a rise in fish species richness during pre-monsoon (n=47),
and least during post-monsoon (n=27), indicating that a rise in water salinity allows most
of the fish species to migrate inward to the estuary. The estuary comprised primarily marine
(49%), brackish water (41%), and freshwater (10%) fishes. Moreover, as per the habitat, the
estuary is dominated by demersal (52%), followed by pelagic (24%), benthopelagic (17%),
reef-associated (5%), and bathydemarsal (2%) fish species. Compared with other estuaries,
the Matla River estuary is marine-dominated, consisting mostly of marine taxa. The present
study can provide vital insights to the present status of the river Matla flowing in Sunderbans
and their current fish status.

Keyworbps: River Matla, Estuary, Sunderbans, Icthyofauna
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Assessment of Fisheries and Socio-Economic Profile of the Harike
Wetland System

A. Saikia', G. Tewari*, S.N. Datta' and P. Singh?

'College of Fisheries, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana-141004,
Punjab, India

’KVK, Booh, Tarn Taran, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana-

141004, Punjab, India
*grishmatewari@gadvasu.in

The present study was conducted in the Harike wetland system, a Ramsar site in Punjab,
India. During the study period, a total of 41 fish species from 18 families were observed in
catch composition from the fishing areas of this diverse wetland system. The commercial
catch was mainly dominated by Cyprinidae, comprising 34.1% of the total catch, followed
by Bagridae (9.7%), Channidae, Siluridae (each represented 7.3%), Notopteridae (4.9%) and
Sisoridae (2.43%). Miscellaneous catch composition was contributed by different species
of the family: Danionidae, Clariidae, Heteropneustidae, Ailiidae, Schilbeidae, Ambassidae,
Nandidae, Mastacembelidae, Synbrachidae, Gobiidae, Dorosomatidac and Belonidae.
Biometric characterization was conducted for selected commercially important fish species,
including carps, catfishes, snakeheads and featherbacks. The ranges of the length-weight
varied within and amongst the different species, namely, Labeo rohita (45-68.9 cm, 1-4.7
kg), Sperata seenghala (45.5-95.5 cm, 0.5-4.3 kg), Wallago attu (33.8-115.3 c¢cm, 0.1-14.2
kg) Channa striata (37-97 cm, 0.4-6.9 kg) and Notopterus notopterus (25.6-30.7 cm, 0.1-
0.3 kg). The relative condition factor, an important biometric tool, was recorded with a
value of >1 for all the selected species, which indicates the suitability of the habitat for their
growth. The socioeconomic conditions of fishing communities around the Harike wetland
system were also investigated in this study. Approximately 60 fishermen from Uttar Pradesh,
Bihar, West Bengal and Punjab were interviewed for the socio-economic survey. While a
few reside in sturdy Pucca houses, the majority live in makeshift Kuccha houses near the
wetland. Their literacy rate was found to be negligible, indicating limited access to education
and awareness, thereby, impeding fishermen’s access to financial aid and opportunities for
skill enhancement. Despite such challenges, they sustain their livelihood using traditional
fishing methods utilizing fishing crafts like wooden boats with flattened bottoms and fishing
gears such as Fasla (gill net), Ghumav jal (cast nets) and Kundi (hook and line). This study
facilitates database generation on fish catch composition and biometric parameters along
with the socio-economic profile of fishermen working in the Harike fishing area, which will
further lay the groundwork for future research and strategic interventions to conserve and
sustain fish production from this wetland system.

Keyworps: Biometric, Fishermen, Wetland, Harike, Socio-economic profile
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Assessment of Water Quality of River Sutlej: The Longest Tributary
of Indus River System
S. Kaur', P. Singh#, J.S. Bedi?, G. Tewari' and S.N. Datta’

!Department of Fisheries Resource Management, College of Fisheries, Guru Angad Dev Veterinary
and Animal Sciences University, Ludhiana-141004, Punjab, India

’Deputy Director (Training), KVK Booh, Harike, Tarn Taran-143412, Punjab, India

iCentre for One Health, College of Veterinary Science, Guru Angad Dev Veterinary and Animal
Sciences University, Ludhiana-141004, Punjab, India

*prabjeetsingh(@gadvasu.in

This study aimed to assess the water quality of the longest tributary of the Indus River
system, river Sutlej. The study was carried out at four designated sites viz., Site-1 (Ropar
Headwork), Site-2 (Phillaur before confluence of Buddha Nallah), Site-3 (Wallipur Kalan
after confluence of Buddha Nallah) and Site-4 (Harike-Pattan where river Sutlej meets with
Beas) from February 2018-August 2019 for determination of water quality of river Sutlej
along its course of flow in Punjab. Samples of water, sediment and fish were collected in
triplicate at two monthly intervals from the designated sites for water quality and heavy metal
analysis. The outcome of the present study revealed that river Sutlej gets heavily polluted
after the influx of Buddha Nallah at village Wallipur Kalan as evident from low levels of
dissolved oxygen (<5 mg/l), elevated levels of biological oxygen demand (>5 mg/l) and
chemical oxygen demand (>10 mg/l). Moreover, heavy metals (Cd, Cr, Cu, Pb, Ni and Zn)
were also detected, although within permissible limits in water, sediment and fish (flesh and
gills). Besides, Lead (Pb) concentrations were found to be slightly higher than the permissible
limits in water (0.05 mg/1) at Site-3, in flesh (0.5 pug/g) of W. attu and in gills of 4. seenghala
and W. attu. The findings of this study are alarming and warrant constant monitoring of river
Sutlej to save its fragile ecosystem from further deterioration. Implementation of stringent
legislative measures and formulation of effective management plans are much needed to
curb the menace of pollution in river Sutlej and save its floral and faunal biodiversity.

Keyworps: Water quality, Sutlej, Buddha Nallah, Heavy metals, Fish
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Conservation and Sustainable Utilization of Floodplain Wetland
Fisheries of North-Eastern India Amidst Emerging Issues

B.K. Bhattacharjya', A.K. Yadav', P. Das’, S.C.S. Das’, S. Borah', N. Sarma’, R. Kumar’,
S.K. Majhi' and B.K. Das?
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’ICAR-Central Inland Fisheries Research Institute, Barrackpore, Kolkata-700120, West Bengal,
India

*bkbhattacharjya@gmail.com

The north-eastern region of India has rich open-water fisheries resources in the form of rivers,
floodplain wetlands, reservoirs and lakes. The floodplain wetlands (wetlands associated with
floodplains of rivers) are considered as the most potential among these resources considering
their large resource size (133,976 ha) and high fish production potential (485 to 2324 kg/
ha/yr). They constitute an important fisheries resource in the states of Assam, Manipur,
Meghalaya and Arunachal Pradesh supporting the livelihood and nutritional security of local
communities besides contributing to the aquatic food system of the predominantly hilly
region. These wetlands vary in size, shape and extent of riverine connection. Besides acting
as an important source of capture fisheries, several fisheries enhancement tools (e.g., species
enhancement, stock enhancement, enclosure culture, etc.) can be practiced in these wetlands,
which result in qualitative and quantitative improvement in their fisheries. Naturally, their
fish production ranges widely depending on their ecology management regimes and other
factors. Fish stock enhancement has emerged as the most popular fisheries enhancement
option practiced in these wetlands. Fish yield rates of 1,500 kg/ha/yr or higher have been
recorded in a couple of floodplain wetlands practicing culture-based fisheries. However,
these wetlands are sensitive ecosystems and are a repository of high aquatic biodiversity and
discharge many other ecological functions. Thus, conservation and sustainable utilization
of floodplain wetland fisheries of the region is the need of the hour. The available options
for their conservation and sustainable utilization, as well as major/emerging issues (e.g.,
siltation, encroachment, disruption of riverine connection, pollution, over-fishing, macrophyte
infestation, multiple-use conflicts, leasing policy, lack of funds for management, climate
change, etc.) affecting their fisheries and ecology, are discussed in the paper.

Keyworbps: Floodplain wetland fisheries, Northeast India, Conservation, Sustainable
utilization
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Inland Openwater Fisheries Resources of Northeast India:
Implication for Sustainable Managementon Production Enhancement
and Conservation

Sullip Kumar Majhi'*, Pronob Das’, Shyamal Chandra Sukla Das' and Basanta Kumar
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Northeastern states of India (21°57°-29°30° N; 89°46° -97°30° E) comprise eight landlocked
states including Arunachal Pradesh, Assam, Manipur, Meghalaya, Nagaland, Mizoram,
Tripura, and Sikkim. The predominantly hilly region has vast and varied inland openwater
fisheries resources in the form of rivers and canals (20,875 km), floodplain wetlands (1,34,209
ha), ox-bow lake (1766 ha), reservoirs (21,237 ha) and derelict water bodies (1,03,211 ha).
There are 58 notable rivers in the region besides numerous rivulets/hill streams. These
important fisheries resources in the region support the livelihood and nutritional security
of millions of people. More than 90% of the region’s population are fish eaters. Openwater
fisheries resources are a repository of high aquatic biodiversity and discharge many other
ecological functions. The region is considered as one of the hot spots of freshwater fish
diversity in the world. A total of 422 fish species belonging to 133 genera and 38 families
have been reported from the region. These resources have immense potential for fulfilling the
growing demand for animal protein. There is a need to incorporate a sustainable utilization
strategy into fisheries management modules of openwaters of the region for enhancing fish
production and conservation. The floodplain wetlands (1000-1500 kg/ha/yr) and Reservoirs
(100-500 kg/ha/yr) of the region have high fish production potential. Openwater fisheries are
amenable to practicing various fisheries enhancement protocols resulting in quantitative and
qualitative improvement in fisheries including production enhancement. The Brahmaputra
and Barak are the two major river systems in the region. The potential productivity has been
estimated at 900 kg/km/yr for the river Brahmaputra and 450 kg/km/yr for its tributaries
including the Barak River. Ranching programme in the rivers along with their tributaries can
revive the depleted stocks. Strict implementation of the fishing ban period in natural waters is
the need of hour for the revival of natural fisheries. Concurrently, the creation of alternative
livelihood avenues for dependent fishers of these natural resources also needs specific
attention. The policymakers need to prepare region and resource-specific management plans
for the sustainable development of these openwater fisheries resources. Efforts are required
from all stakeholders of the region to realize the huge fish production potential of these
aquatic resources in a sustainable manner.

Keyworbps: Rivers, Floodplain wetlands, Reservoirs, Derelict waters, Sustainability
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Fine-Tuning of CIFT-Turtle Excluder Device for Selective Shrimp
Trawling in India
M.P. Remesan*, V.R. Madhu, Paras Nath Jha and R. Raghu Prakash

ICAR-Central Institute of Fisheries Technology, Matsyapuri P.O., Cochin-682029, Kerala, India
*mpremesan@gmail.com

Turtles were declared as protected animals under Schedule I of the Indian Wildlife Act 1972.
However, there has been a considerable number of incidental mortalities of turtles reported
as a result of drowning in trawl nets and also entanglement in gillnets, especially from the
east coast of India. I[CAR-Central Institute of Fisheries Technology is the nodal organization
to develop turtle excluder device (TED) designs suitable to Indian conditions with a focus
on reducing catch loss in trawls fitted with TED. The indigenous TED was fine-tuned as per
international standards for implementation in India to conserve turtles and facilitate the lifting
of the shrimp export ban. Dive evaluation of the TED, to see the performance underwater,
revealed excellent sealing of escape opening while towing the trawl at 3 km speed, ensuring
no catch loss in TED attached trawls. The specially prepared flap material with proper knot
orientation resulted in pushing the flap down by the water column above. Further, the overall
transition from trawl belly to TED extension and cod end was smooth for the movement of
catch to the cod end. Field trials of a 33 m shrimp trawl fitted with TED and 25 mm square
mesh cod end stipulated in the Marine Fishery Regulation Act, revealed that there is no
shrimp catch loss from TED attached trawl. Similarly, there was no increase in the trawl
drag or fuel consumption in TED-fitted trawls. Remarkably the catch obtained was clean as
the TED with two floats lifted the cod end a little above the sea bed, which had a washing
effect on the cod end. Large-sized jellyfish and marine debris are likely to be eliminated
through TED which is an added advantage of this device. However, fishes with more than
4-inch girth size, which is very rare in shrimp trawl catches, are likely to be excluded from
the trawl. A better market price for the shrimps due to the lifting of the export ban coupled
with the conservation of endangered turtles can very well compensate for the infrequent and
minimum financial loss.

Keyworbps: Turtle Excluder Device, Shrimp Trawl, Dive-evaluation, MFRA, Catch loss
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Population Structure and Biology of Obtuse Barracuda, Sphyraena
obtusata Cuvier 1829 (Sphyraenidae) in the South-Eastern Arabian
Sea
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Kizhakudan
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Barracudas (Sphyraenidae) are major fishery resources in Indian waters contributing 35,129
tonnes to the total marine fish landing in India in 2023. In north Kerala, barracudas account
for 1225.8 tonnes, contributing 19.8% to the Kerala fishery. Trawlers were the major gear
contributing 69.87% of the barracuda catch. Obtuse barracuda, Sphyraena obtusata is a
commercially valuable fish species in the Indian coastal waters. This study investigated the
population structure, feeding and reproductive biology of S. obtusata in the southeastern
Arabian Sea. Monthly samples of S. obtusata were collected from fishery landing during
fortnight sampling along north Kerala and their length, weight, stomach analysis, sex, gonad
weight, and maturity status were recorded. The size range in the fishery was 120-297 mm
TL, females ranged from 171-297 mm TL while in males, TL varied from 151-275 mm.
Large numbers of juvenile specimens were observed during June-August and January.
Stomach analysis showed 35.7% to be empty. Fishes, dominantly anchovies formed the
major diet component.Females exhibited a distinct seasonal pattern in ovary weight, with
a peak in April-May and October. Males showed a similar pattern in testis weight, though
less pronounced. The sex ratio was 1:1.06 (F:M). The study indicated that S. obtusata is
a summer batch spawner, with a short spawning season. These comprehensive findings
contribute to a better understanding of the feeding and reproductive biology of S. obtusata
from the Arabian Sea for better informed sustainable management practices of this important
fishery resource.

Keyworps: Population structure, Obtuse barracuda, Arabian sea
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Ontogenetic and Seasonal Shifts in Habitat and Diet of a Deepwater
Snapper Pristipomoides filamentosus Along the South-West Coast of
India

Livi Wilson*, T.M. Najmudeen, S. Pakkrimuthu and Shoba Joe Kizhakudan

ICAR-Central Marine Fisheries Research Institute, Post Box No. 1603, Ernakulam North P.O.,Kochi-
682018, Kerala, India
*liviwilson@gmail.com

Pristipomoides filamentosus is an economically important deepwater snapper species
belonging to the family Lutjanidae. This study examines the diet, habitat use, and seasonal
movements of P._filamentosus across different life stages, highlighting significant ontogenetic
shifts in feeding ecology. Fish in the 50-65 cm size range, identified as spawning adults,
primarily inhabit coral reef regions during reproductive months. Their diet during this period
consists predominantly of coral reef-associated organisms, reflecting a specialized feeding
strategy linked to spawning. Post-spawning, these fish migrate to deeper waters (150-300
m), where their diet diversifies, and incorporating larger prey organisms. This transition to
a broader diet reflects a shift towards a more generalist feeding strategy post-reproduction.
Juvenile and sub-adult fish (12.4-25.5 cm), inhabit nearshore waters characterized by lower
dietary diversity compared to larger individuals. The adult fish in the 25.5-50.0 cm size
range also migrate to deeper waters for foraging, as evidenced by their broader diet, which
is predominantly composed of deepwater species. The ontogenetic shift from nearshore
habitats to deeper waters and the associated dietary changes highlight the species’ adaptive
strategies across different life stages. Overall, the findings illustrate the complex life history
of P. filamentosus, marked by seasonal migrations and significant dietary shifts that optimize
reproductive success.

Keyworps: Crimson jobfish, Feeding ecology, Habitat use, Spawning adults, Reproductive
success
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Growth Traits of Six Deep-Sea Fishes from the Southeastern
Arabian Sea: Implications for Database Enhancement and Fisheries
Management

N.K. Suyani, Abhijith Mohan, A. Kathirvelpandian*, T.T. Ajith Kumar and U.K. Sarkar

ICAR-National Bureau of Fish Genetic Resources, Lucknow-226002, Uttar Pradesh, India
*kathirars@gmail.com

The growth characteristics of fish enable researchers to estimate fish weight based on length,
assess biomass, and evaluate the health ofthe overall environment. Length-weightrelationships
(LWRs) and condition factors of six deep-sea fish (Pisces: Teleostei) collected from Kerala,
southwest coast of India, were analyzed and presented. The specimens were collected from
commercial deep-sea shrimp trawlers operating at depths of 250 to 340 m in the southeastern
Arabian Sea. The intercept (a) value of LWRs varied from 0.0032 (Chelidoperca occipitalis)
to 0.0281 (Lepidotrigla bispinosa). The growth scaling coefficient (slope, b) based on the
student’s t-test proclaimed hypoallometric growth (b<3, p<0.05) for three species (4esopia
cornuta, L. bispinosa, and Dactyloptena macracantha) and isometric growth (b=3, p>0.05)
for two species (Parapercis alboguttata and Trachinocephalus myops). However, only
C. occipitalis revealed hyperallometric growth (b>3, p<0.05) indicating that their weight
increases more rapidly than their length, which suggests that the species is experiencing
optimal growth conditions. The coefficient of determination (r*) was found higher for all the
species (1>>0.97), suggesting the best-fit model of the relationships. The mean (+=SD) relative
condition factor (K ) value ranged from 0.98+0.04 (7. myops) to 1.03+0.06 (4. cornuta).
The higher Fulton condition factor (K,) values were observed in D. macracantha and L.
bispinosa. The corporeal status based on the allometric condition factor (K,) illustrates the
highest percentage of plump fish in 4. cornuta and L. bispinosa, while, the percentage of
lean fish was found higher in 7. myops. The present study forms the first report of LWRs
of two species and condition factors of all six species from the Indian waters. The provided
descriptive statistics will help understand the growth priors of deep-sea species from the
studied region. Consequently, it will be a valuable database for managing deep-sea fisheries
in this region and for comparing other similar studies in the future.

Keyworbps: Condition factor, Corporeal status, Deep-sea, Lepidotrigla bispinosa
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Diversity Status of Deep-Sea Fishes from Indian Waters Inferred
Through Meta-Analysis
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Deep sea constitutes around 90% of the oceanic realm and constitutes valuable aquatic
resources. Deep sea exploration in Indian waters began in the late 1950s through exploratory
surveys as well as commercial trawlers operating beyond 200 meters. Data were collected
from the published sources for the period from 1899 to 2023 consisting of 210 references and
synthesized for ascertaining the present status of deep-sea fish species from Indian waters.
The data collected covered 22 landing centers and 7 research vessel cruises. The total number
of species reported is around 510 belonging to >80 families. Order Perciformes exhibited
maximum diversity of species, followed by Myctophiformes, in depth zone from 200 to
3210 m. Analysis showed that the south-west coast represents more species, whereas the
Andaman and Nicobar Islands exhibited the least diversity. Among the fish landing centres,
Sakthikulangara harbor recorded the highest diversity. Exploratory surveys carried out
through FORV Sagar Sampada documented more fish diversity in comparison with landing
centres, where deep-sea fishes are caught mostly as by-catch using commercial trawlers.
Information generated from this study on the diversity of fish resources in the deeper waters
will help fishery managers to implement management strategies for sustainable utilization.

Keyworbps: Deep sea fish, Secondary resources, Biodiversity, Sustainable utilization, Fisheries
management
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Forecasting Fisheries: Time-Series Insights into Landings of Indian
Major Carps in Brahmaputra River of India

Anil Kumar Yadav', Simanku Borah', Rakesh Kumar', B.K. Bhattacharjya’,
S.K. Majhi' and B.K. Das?

'ICAR-Central Inland Fisheries Research Institute Regional Centre, Guwahati-781006, Assam,
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Fish landings over time can be analyzed as a time-series process, revealing trends and patterns
influenced by underlying factors. Indian major carps (IMC); including Labeo rohita, Catla
catla, Cirrhinus mrigala, and L. calbasu form an important fish group of the Brahmaputra
River. This study models landings of IMC in the lower Brahmaputra at Guwahati (India)
under a time-series framework. For this purpose, quarterly data from 1987 to 2019 were
utilized to construct an appropriate model. The average catch and coefficient of variation
(CV) for each quarter were: 2.2 tonnes (CV = 118.09%) for the first quarter, 9.9 tonnes (CV =
84.9%) for the second quarter, 13.4 tonnes (CV = 84.9%) for the third quarter, and 4.6 tonnes
(CV = 77.5%) for the fourth quarter. Maximum recorded catches were 13.9 tonnes in Q1
(1998), 26.2 tonnes in Q2 (1990), 48.4 tonnes in Q3 (2002), and 14.5 tonnes in Q4 (1990).
The data were divided into a training set (Q1 1987 to Q4 2016) for model development
and a test set (2017-2019) for validation. An ARIMA model was fitted using the Box-
Jenkins methodology, incorporating seasonal differencing to achieve stationarity. Among the
SARIMA models tested, SARIMA (1,0,1) (0,1,1), provided the best fit, with the lowest AIC
(750.33) and BIC (761.35) values. Parameter estimates for this model were: non-seasonal
AR1 = 0.8616 (s.e. = 0.1173, p< 0.001), non-seasonal MA1 = -0.7371 (s.e. = 0.1428, p<
0.001), and seasonal MA1 = -0.6028 (s.e. = 0.0902, p< 0.001). The SARIMA (1,0,1) (0,1,1),
model accurately fits the IMC landings data, with diagnostic checks confirming its suitability.
Forecasting for the test period (2017-2019) yielded MAE, MAPE, and RMSE values of
0.1703, 13.508, and 0.2244, respectively. Out-of-sample forecasts for Q1 2020 to Q4 2022
suggested that annual IMC landings would stabilize at approximately 5 tonnes per year. The
findings can guide policymakers and fisheries managers in formulating sustainable fishery
management practices aimed at conserving IMC stocks in the Brahmaputra River.

Keyworbps: Catch prediction, Fishery management, Seasonal ARIMA model
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Status and Prospects of Scampi Production in Reservoirs in
Telangana

Ramesh Rathod', N. Praveen' and B.R. Pillai?
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The freshwater prawn (Scampi) production has shown significant potential in Telangana
due to the state’s abundant water resources, including rivers, ponds, tanks, and reservoirs.
The state has been actively promoting scampi farming with a fully funded state scheme of
release of prawn juveniles into public water bodies like reservoirs since 2017 and recorded a
substantial increase in scampi production from 7,783 t in 2017 to 14,142 t valued at Rs. 465
crore in 2022-23. In the present paper, the results of a survey conducted to collect data on
scampi production in reservoirs in Telangana are presented. Data from 12 reservoirs located
in five districts (Khammam, Nalgonda, Mahaboobnagar, Janagaon, and Narayanapet) of
Telangana were collected. Cooperative societies are managing these reservoirs. The data
analysis revealed that 9.759 million scampi juveniles were stocked during 2021-22 in these
12 reservoirs. The stocking density of scampi juveniles (~2 g) ranged from 2 to 30 lakhs.
After eight months of stocking, 26.98 t of scampi (20 to 100 g) were harvested. The yield
from the reservoirs ranged from 0.80 to 150 t (1.61 to 93.75 kg/ha). The harvested scampi
was sold at prices ranging from Rs. 150 to 350 per kg, significantly enhancing the income
of the society members. The present study is a first report of a systematic study on scampi
production from reservoirs and it revealed the potential of such interventions in enhancing
scampi production in the country. Problems faced by the fisherman managing the reservoirs
and their suggestions for improvement are also discussed.

Keyworbps: Freshwater Prawn (Scampi), Reservoirs, Production, Telangana
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Hydrogeochemical and Chemometric Assessment of Water Quality
in Bhojtal Wetland, India: A Ramsar Site

Rakesh Kumar'*, Sangeeta Lenka?, Simanku Borah', Anil Kumar Yadav', Dhruba Jyoti
Sarkar?, Sullip Kumar Majhi' and B.K. Das®
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Bhojtal wetland, a Ramsarsite in Bhopal, India, is essential for maintaining aquatic biodiversity
and supplying water for various human activities. This study aimed to assess spatiotemporal
variation in surface water quality using chemometric analysis and the trophic state index
(TSI), identify hydrogeochemical characteristics, andquantify contamination levels of
primary heavy metals. Nine sampling stations representing key pollution sources, including
wastewater inlets, recreational activities, and agriculture, were analyzed. The study revealed
significant seasonal variations in water quality, with pH, magnesium (Mg*"), and dissolved
oxygen (DO) exceeding permissible limits. Hydrogeochemical classification shifted from the
dominance of alkaline earth metals (Ca*" and Mg?*) and strong acids (Cl) during the monsoon
to Mg?" and Cl” dominance in post-monsoon. Entropy-based WQI results showed excellent
water quality during the monsoon, which declined to good (67% samples) and medium (33%
samples) post-monsoon. TSI evaluation indicated hyper-eutrophication, with average values
of 81.81 and 82.61 during the monsoon and post-monsoon, respectively. Heavy metal levels
were within safe limits during the monsoon, but post-monsoon measurements at Karballa and
Hallalpur revealed high cadmium (Cd) and lead (Pb) concentrations. Principal component
analysis (PCA) identified four principal components explaining 84% of the total variance, with
PCI1 highlighting the impact of municipal and urban effluents. Non-metric multidimensional
scaling (nMDS) revealed distinct groupings among sampling stations, indicating significant
spatial variability in water quality due to varying anthropogenic impacts. These findings
underscore the need for targeted land use management and pollution control to safeguard the
wetland’s water quality, especially during the post-monsoon period.

Keyworps: Entropy water quality index, Hydrochemistry, Heavy metal pollution index,
Multivariate statistics, Trophic state
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TS-1-042

Technological Innovations in Inland Fisheries Harvesting:
Advancements in Traps, Lines, Baits and Modern Methods for
Sustainable Fishery Practices

U. Sreedhar*, R. Raghu Prakash, G. Kamei and K.D. Rukhmangadhar

ICAR-CIFT Research Centre, Pandurangapuram, Visakhapatnam-530003, Andhra Pradesh, India
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Inland water bodies, such as rivers, lakes, and reservoirs, offer a significant source of
fish production, contributing to global food security and local livelihoods. Sustainable
and efficient harvesting technologies are essential to optimize yields while minimizing
environmental impacts. This paper explores recent advances in fish harvesting technologies
in inland fisheries, with a focus on traps, horizontal and vertical lines, foldable traps, and
other modern methods. Specific attention is given to bait used for both herbivorous and
carnivorous species, and the development of selective harvesting techniques that improve
species-specific targeting. Modern innovations like foldable traps and line fishing are also
evaluated for their role in improving catch rates while adhering to sustainability standards.
Field trials conducted across key inland water bodies in Andhra Pradesh, Odisha, Jharkhand,
and Assam provide robust insights into the practical applications of these technologies.
Specifically, experimental trials at Meghadri Gedda Reservoir, Visakhapatnam, Andhra
Pradesh, demonstrated the efficacy of foldable traps, capturing 0.5 kg of Puntius species
and other miscellaneous fishes within a 2-hour soaking period. Further results showed these
traps yielding 1 to 4 kg of small freshwater prawns (Macrobrachium and Caridina spp.) with
immersion durations of 8-12 hours at Chandil reservoir, Ranchi. These technologies enhance
productivity and provide insights into responsible fishing practices, offering the potential for
scalable implementation in inland fisheries globally.

Keyworbps: Inland fisheries, Harvest technologies, Traps, Horizontal lines, Vertical lines, Baits,
Foldable traps
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The Fishery and Trends of Sacred Chank (Turbinella pyrum) in the
Gulf of Mannar, Southeast Coast of India

M. Kavitha, M. Rajkumar*, L. Ranjith, R. Vinothkumar and Geetha Sasikumar

ICAR-Central Marine Fisheries Research I[nstitute, Kochi-682018, Kerala, India
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The sacred Chank Turbinella pyrum forms a commercial fishery along the Gulf of Mannar
(GoM), southeast coast of India. Its distribution is restricted to the inshore water from 5-30
m depth. From 2013 to 2023, the study documented the sacred Chank fishery in the GoM.
Different gears, such as trawl nets (bottom trawls), bottom set-gill nets (crab nets, lobster
nets, and chank nets), and diving using mechanised trawlers, vallams, and FRP boats are
used for Chank collection. Among the different exploitation methods, 7. pyrum is a targeted
fishery in the diving method, and in other gears it comes as bycatch in the southern Gulf of
Mannar, whereas in the northern Gulf of Mannar, it is targeted by gastropod trawling and
diving. In the entire GoM region, the average annual landing of 7. pyrum was 408 t (2012-
2023), and it fluctuated between 249 t in 2020 and 634 t in 2018. Since 2020, there has been
an annual increase in the catch trend, with the catch reaching 460 t in 2023. The maximum
landing of 7. pyrum (141 t) comes from the outboard gill net, which contributed 34.5%,
followed by 129 t from the single-day mechanised trawl net (31.5%). The annual landing
from the diving method was 91 t (22.2%), while the landing from the multiday trawl net was
39.4t(9.7%), with the remaining 2.1% from other gears. The overall species composition of
gastropods reveals that 7. pyrum accounts for 55% in outboard gill nets, 38% in mechanised
trawl nets, and 30% in diving and handpicking. In the fishery, the mean size of 7. pyrum was
high in the diving method (155 mm), followed by outboard gillnet (141 mm) and mechanised
trawl net (120 mm). The study shows a high catch rate by diving (14.8 kg/unit and 3 kg/
person), followed by outboard gillnet (6.9 kg/unit) and mechanised trawl net (0.2 kg/hr). 7.
pyrum shells exploited in the GoM regions are highly valued for the handicrafts and jewelry
industry in India and abroad.

Keyworps: Chank, Trawl, Diving, Landing, Catch rate
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Biometry and Seasonal Size Distribution of Two Medusa
Crambionella annandalei and Chrysaora spp. along the Coast of
Andhra Pradesh, Western Bay of Bengal

Pralaya Ranjan Behera'*, Raju Saravanan? and Suresh Kumar Pilli’
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Jellyfish are key constituents of coastal and marine ecosystems. Understanding the population
dynamics, seasonality and reproductive plasticity of jellyfish medusa requires information
about the size structure of populations and temporal changes in size. Although research on
jellyfish has increased in recent years, our knowledge of the dynamics and ecosystem role
of populations remains scanty in most parts of the oceans, and this precludes an accurate
integration of jellyfish into functional ecosystem models. This is especially true in tropical
waters, where few studies have been conducted and where field samplings are generally
inadequate. Indeed, it could be argued that studies on the life history, biology, population
dynamics and ecology of jellyfish are desperately needed in these areas. As a first step to
redressing this knowledge gap in the western Bay of Bengal, we developed information
on the biometry and seasonal size distribution of two medusa, Crambionella annandalei
and Chrysaora spp. caught using gillnets along the coast of Andhra Pradesh between
January 2017 and December 2018. Although both taxa exhibited strong seasonal patterns
in abundance and growth, being the most common and smallest in summer, C. annandalei
were largely absent during the monsoon and post-monsoon seasons. In contrast, Chrysaora
spp. were recorded throughout the year across a variety of size groups. There was a strong
cohesion in pattern between years, suggesting that the monsoon impacts populations of both
species, albeit in slightly different ways. We provided rare, field-based measurements of
growth for both species that are in broad agreement with published data for similar taxa. Our
length-weight data contribute valuable baseline information.

Keyworbps: Bay of Bengal, Bell diameter, Growth, Scyphozoa, Von Bertalanffy growth curve
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Evaluation of Economic Impacts of Trawl on Juvenile (Finfish and
Shellfish) By-Catch Along the Coast of North Andhra Pradesh,
India

Pralaya Ranjan Behera*, Muktha Menon, M. Satish Kumar and Suresh Kumar Pilli

Visakhapatnam Regional Centre of ICAR-Central Marine Fisheries Research Institute, Visakhapatnam-
530003, Andhra Pradesh, India
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By-catch and discards are recognized as major issues in shrimp trawl fisheries. The by-
catch issue involves not only juveniles of targeted fishery organisms but also juveniles
and spawners of non-targeted fishery organisms and non-fishery organisms that are not the
intended catch. Juvenile by-catch may potentially harm adult species recruitment and result
in future financial losses due to overfishing. Keeping in view of these aspects, a study was
carried out to assess the economic value of juveniles of commercially important species
of finfish and shellfish caught as by-catch by multiday commercial trawlers operated off
the coast of Visakhapatnam, north Andhra Pradesh. Juveniles of 20 species (four species
of cephalopods and sixteen species of finfish) were found to dominate the trawl by-catch.
The landed juveniles of these 20 species formed 12,757.16 t and 286.86 million numbers
per year, and their contribution to the total landings of these species in trawl by-catch was
55.30% by weight and 57.03% by numbers. Annual average loss due to fishing of juveniles
was estimated to be Rs. 209.62 crores. This information will help in deriving policies and
formulating appropriate management measures to reduce biological and financial loss
occurring due to juvenile finfish and shellfish by-catch in trawls. These results will also help
fisheries managers to conduct a management plan aiming to decrease the effects of trawling
on local fishery resources and ensure their sustainability.

Keyworbps: Economic loss, Bio-economic model, Trawl impacts, Mesh size
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Invasion of Exotic Fishes in Natural Water Bodies of Peninsular
India
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After the independence of India, to increase fish production from large water bodies, fast-
growing and easily breeding exotic fishes were introduced. Tilapia, Oreochromis mossambicus
was first introduced into India in 1952 and thereafter stocked in several reservoirs of south
India for augmenting production. Common carp was also introduced into India during
this time. Two species, viz., O. mossambicus and O. niloticus are predominantly available
in the country, found in almost throughout the country. Later many Chinese carps were
introduced for fish production. During the 1990s Malaysian catfish, Pacu and African catfish
were introduced clandestinely, but Malaysian catfish and Pacu were legalized in India for
aquaculture. Many ornamental fishes got entry into natural water bodies from discarding by
hobbyists, and now the sucker catfish, Pterigoplychthys sp. has been established in many
water bodies of India. To study the impact of invasive species on native fishes of India, the
ICAR-National Bureau of Fish Genetic Resources has taken up studies, under which extensive
sampling was done in different water bodies of Kerala and Karnataka. We observed breeding
populations of African catfish established in a temple pond in Kozhikode, Periyar Lake,
Thekkady, Manathwady River in Wayanad, Anayirangal dam, Mattuppetti dam in Idukki
and almost all the stretches of Cauvery River in Karnataka. In Panamaram River, Wayanad,
African catfish started appearing in 2014 and after the floods in Kerala in August 2018, fish
started appearing in nearby rivers also. Surveys were also conducted in Pampa and Manimala
Rivers, in southern Kerala, where we got an adult female specimen with matured ovaries. We
observed sucker catfish, Pterigoplychthys sp. in many rivers, especially in Amayizhanchan
thodu in Trivandrum. In our studies, we observed a well-established population in different
stretches of the Cauvery River, starting from Thalakkavery to Tanjavur. In our studies, we also
found that Tilapia, mostly Oreochromis niloticus, African catfish, and to some extent, sucker
catfish were all well established in our natural water bodies and these species will compete
with indigenous species. Our study found that tilapia and African catfish are omnivorous,
and have high fecundity and capacity to survive in adverse conditions, unlike indigenous
fishes. Due to their high plasticity, these species are established in more water bodies, and we
need to enforce management practices for the removal of these invasive exotic fishes from
our water bodies.

Keyworbps: Invasive species, Exotics, African catfish, Tilapia, Sucker catfish, Indigenous fishes
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Growth Patterns and Feeding Dynamics of the Critically Endangered
Hemibagrus punctatus in the Cauvery River, Western Ghats, India
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Hemibagrus punctatus is a critically endangered catfish endemic to the Cauvery river basin
(Jerdon, 1849). Commonly known as the Nilgiri mystus, it is found in habitats with deep,
flowing water over a predominantly rocky substrate. Earlier this species was also considered
extinct from its native range until its rediscovery after a gap of 14 years from the tributaries
of Cauvery in Tamil Nadu and Karnataka. The present study was conducted to evaluate the
length-weight relationships, relative condition factor and feeding biology of this species
from the Cauvery River, Karnataka. The study is based on 130 specimens collected over
one and half years with the assistance of local fishermen. The total length of the species
ranged from 16.0 to 46.0 cm in males and 16.0 to 42.0 cm in females. The length-weight
relationship (LWR) parameters and the correlation coefficient () were analyzed. The
regression coefficient (b) was estimated as b = 3.03 with r = 0.96 for both males and females,
with no significant difference observed between the sex (p>0.05). The regression coefficient
indicates isometric growth, meaning the fi