
 

 

 



 

 

 

 

SUSTAINABLE FISHERIES 

AND AQUATIC LIFE 
 

ISBN No. 978-81-992962-9-9 

 

 

 

 

 

 

EDITOR 

Dr. Mrs. Vijayshree Hemke  

  



 

 

 

 

Book Title: Sustainable Fisheries and Aquatic Life 

Editor: Dr. Mrs. Vijayshree Hemke 

© VYD PUBLISHERS 2025 

This work is subject to copyright. All rights are reserved by the Publisher, 
whether the whole or part of the material is concerned, specifically the rights of 
translation, reprinting, reuse of illustrations, recitation, broadcasting, 
reproduction on microfilms or in any other physical way, and transmission or 
information storage and retrieval, electronic adaptation, computer software, or 
by similar or dissimilar methodology now known or hereafter developed. 

The use of general descriptive names, registered names, trademarks, service 
marks, etc., in this publication does not imply, even in the absence of a specific 
statement, that such names are exempt from the relevant protective laws and 
regulations and therefore free for general use. 

The publisher, the authors, and the editors are safe to assume that the advice 
and information in this book are believed to be true and accurate at the date of 
publication. Neither the publisher nor the authors or the editors give a warranty, 
expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral 
with regard to jurisdictional claims in published maps and institutional 
affiliations. The images included in this book are solely intended for educational 
and study purposes. All rights to the original photographs remain with their 
respective photographers. 

ISBN: 978-81-992962-9-9 

Cover Page and Graphic Design By Miss. Urvi Dhumal 

Published By: VYD Publishers, Satara 

  



 

 

  



 

 

  



 

 

CONTENT  
 
 
PART I: FOUNDATIONS OF FISHERIES AND AQUATIC ECOSYSTEMS 

1. Historical Development of Fisheries and Aquatic Biodiversity 

Sachin Shelake …………………………………………………………...…… 01 – 10  

2. Aquatic Biodiversity: Foundations, Functions, And Futures 

Pallavi Meheta ………………………………………………………..….…… 11 – 22  

3. Freshwater Biodiversity:  Status, Threats, and Conservation 

Priorities 

Dr. Nandkumar Kallappa Kamble ……………………………...…… 23 – 37  

4. Marine Biodiversity And Coral Reef Ecosystems 

Dr. Tabarej Abdul Ajij Shaikh ……………………………………….…. 38 – 52  

PART II: ECOSYSTEMS, HABITATS, AND ENVIRONMENTAL LINKAGES 

5. Riverine Fishery Resources Of Western Himalaya (Jammu 

Region): Current Status Of Fish Diversity, Challenges And 

Conservation Perspectives  

Kuldeep Krishan Sharma and Gurnam Singh …………………… 53 – 79  

6. Wetlands And Their Role In Sustaining Fisheries Biodiversity 

S. S. Pathare, Dr. D. M. Karanjkar  

and N. V. Salunkhe ………………………….……………………….……… 80 – 88  

7. Fish Migration and Habitat Fragmentation: Ecological Dynamics, 

Challenges, and Conservation Imperatives  

Mr. Sunil J. Suryawanshi and Dr. Swapnil A. Shewale……… 89 – 100  

8. Blue Carbon Ecosystems And Fisheries In India 

Mr. Akshay Suresh Mane ………………………………………..……. 101 – 115  

 



 

 

9. Integrating Aquatic Biodiversity Conservation With Commercial 

Fisheries In Indian Protected Waters 

Dr. Pratiksha S. Bhandare …………………………………………. 116 – 127  

PART III: AQUACULTURE AND TECHNOLOGICAL INNOVATIONS 

10. Aquaculture Techniques And Innovations 

Dr. Madhav Bhilave……………………………………………..………. 128 – 135  

11. Aquaponics: Linking Fish And Plant Production For 

Sustainability 

Ms. Deepali Dnyandev Patil …………………………………………. 136 – 146  

12. Integrated Fish Farming Systems  

Dr. Arifabegum Chhabulal Mulani ………………………………. 147 – 163  

13. Ornamental Fish Culture In India  

Ms. Amruta Arjun Patil …………………………………….…………. 164 – 173  

14. Water Quality Management In Aquaculture Ponds 

Vaibhav Annasaheb Late ………………………………….…………. 174 – 191  

15. Technological Innovations In The Cold Supply Chain And Their 

Socio-Economic Impact On Aquaculture Livelihoods 

Dr Nishita Desai ……………………………………………….…………. 192 – 207  

PART IV: SUSTAINABILITY, POLICY, AND TRADITIONAL KNOWLEDGE 

16. Sustainable Fisheries Management In India 

Mrs. Suvarna Janardan Patil ………………………..……………… 208 – 222   

17. Management Of By-Catch And Juvenile Fish In India’s Marine 

Fisheries 

Mr. Rahul Tayade …………………………………………………….…. 223 – 232  

18. Rebuilding Small-Scale Fisheries In India 

Miss. Smita S. Magade …………………………………………………. 233 – 242  



 

 

19. Leveraging Indigenous Knowledge And Traditional Practices For 

Sustainable Fisheries  

Dr. Madhav Bhilave ……………………………………….……………. 243 – 252  

20. Traditional Fishing Communities Of India 

Dr. Suvarna Bhagwan Pol ……………………………….…………. 253 – 264  

21. Urbanization, Pollution And Fisheries In India’s River Systems 

Dr. Anuradha B. Tate ……………………………………….…………. 265 – 275  

 
 

  



 

 

  



 

 

CONTRIBUTORS  
 

Mr. Sachin K.  Shelake  

Assistant Professor, Yashwantrao Chavan Mahavidyalaya, Halkarni, 

Chandgad.  

Pallavi Meheta  

Assistant professor, Smt. K. W. College, Sangli. 

Dr. Nandkumar Kallappa Kamble  

Assistant Professor, Head, Department of Zoology, Dr. Patangrao Kadam 

Mahavidyalaya Ramanandnagar (Burli). 

Dr. Tabarej Abdul Ajij Shaikh  

Assistant Professor, Departmental of Zoology, Yashwantrao Chavan 

College of Science Karad.  

Kuldeep Krishan Sharma  

Former Vice Chancellor Himalayan University, Itanager, currently 

Ashutosh Mukherjee Fellow (ISCA) Department of Zoology, Cluster 

University of Jammu, Jammu 

Gurnam Singh 

Department of School Education, Govt. of Jammu and Kashmir 

Shashank Pathare,  

Department of Zoology, KBP University Satara.  

Dr. D. M. Karanjkar 

Head, Department of Zoology and Fisheries, KBP University Satara.  

Miss. N. V. Salunkhe  

Department of Zoology, KBP University Satara. 



 

 

Mr. Sunil J. Suryawanshi 

Assistant Professor, Department of Zoology & fisheries, Yashavantrao 

Chavan Institute of Science, Satara.  

Dr. Swapnil A. Shewale 

Assistant Professor, Department of Zoology, Bhavan’s Hazarimal Somani 

College, Chowpatty, Mumbai.  

Mr. Akshay Suresh Mane 

Assistant Professor, Department of Zoology, Dr. Ganpatrao Deshmukh 

Mahavidyalaya, Sangola. 

Dr. Pratiksha S. Bhandare 

Department of Zoology, Padmabhushan Dr. Vasantraodada Patil 

Mahavidyalaya, Tasgaon.  

Prof. Madhav Bhilave 

Professor, Division of Fisheries Science, Department of Zoology, Shivaji 

University, Kolhapur, Maharashtra, India.  

Ms. Deepali Dnyandev Patil 

Department of Zoology, Dr. Patangrao Kadam Mahavidyalaya 

Ramanandnagar (Burli).  

Dr. Arifabegum Chhabulal Mulani 

Head and Assistant Professor, Department of Zoology Krishna 

Mahavidyalaya Rethare Bk 

Ms Amruta Arjun Patil 

Department of Zoology, Dr. Patangrao Kadam Mahavidyalaya 

Ramanandnagar (Burli).  

Vaibhav Annasaheb Late 

Assistant Professor Zoology, Jijamata College of Science and Arts, Bhende, 

Tal. Newasa Dist. Ahilyanagar.  



 

 

Dr Nishita Desai  

Assistant Professor, (Mktg,HR), DES's Institute of Management 

Development and Research, Pune 

Mrs. Suvarna Janardan Patil 

Department of Zoology, DMKG, College Mangalwedha.  

Mr. Rahul Tayade 

Department of Zoology, Kisan Veer Mahavidyalaya, Wai. Tal. Wai, Dist. 

Satara  

Miss. Smita S. Magade  

Assistant Professor, D. P. Bhosale College, Koregaon. 

Dr. Suvarna Bhagwan Pol  

Assistant Professor, Head, Department of Zoology, Balwant College, Vita. 

Dr. Anuradha B. Tate  

Assistant Professor, Head, Department of Zoology, Rayat Shikshan 

sanstha’s MJSM, Shrigonda.  

  



 

 

  



1 

 

HISTORICAL DEVELOPMENT OF 

FISHERIES AND AQUATIC 

BIODIVERSITY 
- Sachin Shelake 

 

Introduction 

Fisheries have played a vital role in human civilization since 

prehistoric times. From providing a primary source of protein to 

supporting economic activities and cultural practices, aquatic resources 

have been central to the survival and development of communities 

worldwide. In India, fishing has not only been a source of food but also 

a way of life for millions of people living along rivers, coasts, and inland 

water bodies. The profession of fishing has historically supported rural 

economies, enabled trade, and fostered cultural traditions closely linked 

to water ecosystems. 

Aquatic biodiversity, encompassing the diversity of freshwater, 

brackishwater, and marine species, forms the backbone of sustainable 

fisheries. Healthy aquatic ecosystems provide essential services such as 

nutrient cycling, water purification, and habitat provision, which in turn 

sustain fisheries and human livelihoods. Fish species diversity, along 

with the organisms that inhabit aquatic environments, ensures 

ecological balance and resilience against environmental changes. The 

loss of biodiversity can therefore directly impact fisheries productivity, 

food security, and the well-being of dependent communities. 

Historically, fisheries development has evolved differently 

across regions, influenced by geography, technology, cultural practices, 

and governance systems. Globally, early humans relied on rivers, lakes, 

and coastal areas for subsistence fishing, gradually developing methods 

and tools for capture and preservation. In India, evidence from 

archaeological sites and ancient texts indicates that fishing practices 

were well-established even during the Indus Valley Civilization (c. 

2500–1700 BCE), with communities utilizing nets, hooks, and small 

watercraft to exploit inland and coastal resources. Over centuries, 

traditional systems of pond and reservoir management emerged, 

particularly under regional kingdoms, which promoted integrated fish 

farming and conservation of aquatic habitats. 
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The development of fisheries has also been influenced by 

external factors such as colonial interventions, industrialization, and 

modernization, which introduced mechanized fishing, commercial 

markets, and scientific aquaculture techniques.  

Early History of Fisheries 

Fisheries have been an integral part of human subsistence since 

prehistoric times. Archaeological evidence, including cave paintings, 

tools, and fish remains, suggests that early humans recognized the 

abundance of aquatic resources and developed techniques to exploit 

them effectively. Cave paintings found in various parts of India, such as 

Bhimbetka in Madhya Pradesh, depict fishing activities and aquatic life, 

indicating that fish played a significant role in the diet and culture of 

prehistoric communities. Stone and bone implements, hooks, nets, and 

fish traps discovered at excavation sites provide further evidence of 

systematic fishing practices dating back thousands of years. 

During the Indus Valley Civilization (c. 2500–1700 BCE), one of 

the earliest urbanized societies in South Asia, fishing was both a 

subsistence and commercial activity. Excavations at Harappa, Mohenjo-

daro, and other sites have revealed fish bones, nets, and harpoons, 

indicating that the inhabitants relied on rivers, reservoirs, and coastal 

areas for fish. Species such as catfish, carp, and hilsa were commonly 

exploited, and fish trade appears to have been well-organized, as 

suggested by standardized weights and trading seals found at these 

sites. The Indus Valley Civilization demonstrates early integration of 

human communities with freshwater and marine ecosystems, showing 

an understanding of resource availability and seasonal patterns. 

Traditional knowledge of fisheries has been an enduring 

feature of Indian aquatic management. Communities living along rivers, 

lakes, estuaries, and coastal zones developed sustainable practices over 

generations. Indigenous fish traps, basket weirs, and seasonal fishing 

restrictions reflect a deep understanding of aquatic ecology. In 

freshwater systems, villagers often practiced selective harvesting and 

rotational fishing, which allowed fish populations to regenerate. Along 

the coasts, communities used knowledge of tides, migration patterns, 

and breeding seasons to optimize fishing while minimizing ecological 

impact. These traditional practices not only ensured the availability of 

fish for food but also contributed to the maintenance of aquatic 

biodiversity and ecosystem health. The early history of fisheries 
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highlights the close interconnection between humans and aquatic 

ecosystems. It illustrates that sustainable use of fish resources is not a 

modern concept but has roots in prehistoric and early historic 

communities, where knowledge, culture, and ecology were intertwined. 

Fisheries in Medieval India 

During the medieval period, fisheries in India witnessed 

significant development under the influence of regional kingdoms and 

local rulers. The management of water bodies, such as rivers, lakes, 

tanks, and reservoirs, was closely linked to both agriculture and fish 

culture. Medieval rulers recognized the dual importance of aquatic 

ecosystems for irrigation and as a source of food and invested in creating 

and maintaining water storage systems that also supported fisheries. 

This period saw the emergence of organized fish cultivation practices 

that laid the foundation for many traditional aquaculture systems still in 

use today. 

The Kakatiya and Vijayanagara empires are notable examples 

of medieval Indian kingdoms that emphasized water management for 

both agriculture and fisheries. The Kakatiya dynasty (12th–14th 

centuries CE) in present-day Telangana and Andhra Pradesh 

constructed elaborate tank networks for irrigation. These tanks, locally 

known as cheruvus and kuntes, were also stocked with freshwater fish 

species such as rohu (Labeo rohita), catla (Catla catla), and mrigal 

(Cirrhinus mrigala), providing protein-rich food for local communities. 

Similarly, the Vijayanagara Empire (14th–17th centuries CE) in 

Karnataka maintained large reservoirs and promoted polyculture 

practices, integrating multiple fish species in a single water body to 

optimize yield while preserving ecological balance. 

Indigenous practices of polyculture and integrated fish farming 

were widespread during this period. Communities practiced 

polyculture, raising different fish species together based on their 

ecological niches surface feeders, column feeders, and bottom feeders—

to maximize resource utilization and reduce competition. Integrated fish 

farming, combining crops, livestock, and fish, became an essential 

strategy for rural self-sufficiency. For example, paddy fields were 

temporarily converted into fish ponds during off-seasons, allowing rice-

fish integration that increased productivity while maintaining soil 

fertility. In some regions, livestock manure was used as natural fish feed, 

reflecting an early understanding of nutrient cycling and ecosystem 



4 

 

management. Medieval Indian fisheries demonstrate a harmonious 

relationship between humans and aquatic ecosystems, where fish 

cultivation was integrated with agriculture, water management, and 

traditional ecological knowledge. These practices ensured sustainable 

fish production, supported local livelihoods, and maintained aquatic 

biodiversity.  

Colonial Period and Modernization 

The colonial period in India brought significant changes to 

fisheries, largely driven by European trade interests and the 

introduction of new technologies. The arrival of Portuguese, Dutch, and 

British traders in coastal India during the 16th to 19th centuries led to 

the commercialization of marine fisheries. Coastal communities were 

integrated into export-oriented trade networks, supplying fish and 

other aquatic products to European markets. This period saw the 

beginnings of systematic exploitation of both coastal and inland 

fisheries for economic gain, often prioritizing trade over traditional 

subsistence practices. 

Under British colonial rule, fisheries management became more 

organized, with the establishment of formal Fisheries Departments in 

the late 19th and early 20th centuries. These departments conducted 

surveys of fish resources, monitored fish populations, and introduced 

regulations to manage fisheries. The British administration also 

emphasized scientific research, establishing marine laboratories and 

aquaculture stations, which laid the foundation for modern fisheries 

science in India. Institutions such as the Central Marine Fisheries 

Research Institute (CMFRI) and various state-level fisheries 

departments began systematic studies of fish biology, breeding, and 

water quality, enabling the development of more advanced fishing and 

cultivation techniques. 

The colonial era also witnessed the development of fish 

markets, mechanized fishing, and aquaculture techniques. Coastal and 

inland markets became more structured, facilitating the 

commercialization of fish products. The introduction of mechanized 

boats, nets, and other fishing gear increased catch efficiency, 

particularly in marine fisheries. In aquaculture, colonial administrators 

encouraged the construction of ponds and tanks for freshwater fish 

cultivation, often using techniques adapted from indigenous knowledge 

but enhanced with scientific methods. Polyculture systems, selective 
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breeding of carp species, and controlled stocking of ponds became more 

widespread, setting the stage for modern aquaculture development in 

India. While colonial modernization increased production and 

commercial opportunities, it also disrupted traditional fishing practices 

and altered the socio-economic fabric of fishing communities.  

Post-Independence Fisheries Development in India 

Following India’s independence in 1947, the development of 

fisheries received focused attention as part of national food security, 

rural livelihoods, and economic growth initiatives. The government 

recognized fisheries as a critical sector, not only for nutrition but also 

for employment, export earnings, and regional development. This 

period marked the establishment and expansion of institutional 

frameworks, technological advancements, and policy measures aimed at 

modernizing fisheries while ensuring sustainable use of aquatic 

resources. 

Institutional Framework: The post-independence period saw the 

creation of Central and State Fisheries Departments, tasked with 

promoting fisheries development, research, and management. Key 

institutions under the Indian Council of Agricultural Research (ICAR), 

such as the Central Marine Fisheries Research Institute (CMFRI), Central 

Institute of Freshwater Aquaculture (CIFA), and the National Bureau of 

Fish Genetic Resources (NBFGR), played pivotal roles in research, 

species conservation, and aquaculture development. These institutions 

facilitated studies on fish breeding, growth, feed, water quality 

management, and disease control, laying the foundation for a modern 

scientific approach to fisheries in India. 

Green Revolution in Aquaculture: Inspired by broader agricultural 

development programs, India witnessed a “Green Revolution” in 

aquaculture starting in the 1960s and 1970s. This period introduced 

carps, tilapia, and shrimp farming on a large scale, transforming 

traditional pond-based aquaculture into a productive, commercially 

viable industry. Techniques such as polyculture, induced breeding, and 

integrated fish farming were widely promoted, increasing fish 

production while enhancing farmer incomes. Coastal aquaculture, 

particularly shrimp farming along the east and west coasts, emerged as 

a major contributor to export earnings, highlighting the economic 

potential of modern aquaculture systems. 
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Fisheries Policies and Community-Based Programs: To ensure 

equitable growth and sustainability, the government implemented 

several policies and community-based programs. The Blue Revolution 

program, launched in the early 2000s, emphasized inland and marine 

fisheries development, technology dissemination, capacity building, and 

participatory management. Community-based approaches, such as 

fishers cooperatives and self-help groups, empowered local 

communities to manage resources sustainably, conserve biodiversity, 

and enhance livelihoods. Traditional knowledge and local practices 

were integrated with modern scientific techniques to improve fish 

productivity and ecological balance.  

Through institutional support, technological innovation, and 

policy interventions, post-independence India successfully modernized 

fisheries while promoting sustainable development. The sector not only 

improved food security and rural employment but also laid the 

foundation for scientific aquaculture, biodiversity conservation, and 

community participation, which continue to guide fisheries 

development in the country today. 

Aquatic Biodiversity: Historical Perspective 

India is endowed with rich and diverse aquatic ecosystems, 

including freshwater rivers, lakes, reservoirs, wetlands, brackishwater 

zones, estuaries, and extensive coastlines. These ecosystems host a wide 

variety of fish, crustaceans, mollusks, and other aquatic organisms, 

making India one of the mega-biodiverse countries in the world for 

aquatic life. Freshwater species, such as carps, catfishes, and murrels, 

dominate rivers, lakes, and ponds, while brackishwater and estuarine 

regions support species like shrimp, prawns, and mangrove-associated 

fish. Coastal and marine habitats harbor commercially important finfish 

and shellfish, including hilsa, mackerel, sardines, and various 

crustaceans. This diversity is critical not only for fisheries production 

but also for the ecological balance of aquatic systems. 

Rivers, wetlands, lakes, and estuaries play an essential role in 

maintaining aquatic biodiversity. Rivers serve as migration pathways 

for anadromous species, wetlands act as breeding and nursery grounds, 

and estuaries provide highly productive transitional habitats where 

freshwater meets the sea. Seasonal wetlands and floodplains support 

diverse freshwater species and provide ecosystem services such as 

nutrient cycling, water filtration, and flood mitigation. Historically, these 
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habitats sustained traditional fishing communities, and local knowledge 

ensured the sustainable utilization of resources. However, human 

impacts have increasingly threatened aquatic biodiversity. Overfishing, 

particularly with mechanized gear, has led to the decline of many fish 

populations, while habitat loss due to urbanization, dam construction, 

and wetland drainage has reduced breeding and feeding grounds. The 

introduction of exotic species, such as tilapia and common carp, has 

sometimes displaced native species, altering ecosystem dynamics. 

Pollution from agricultural runoff, industrial effluents, and domestic 

waste further degrades aquatic habitats, affecting water quality and 

species survival. 

Conservation Efforts 

Conservation of aquatic biodiversity in India has historically 

relied on both traditional practices and modern scientific interventions. 

Traditional and indigenous practices, such as the maintenance of sacred 

groves, temple tanks, and village ponds, played a crucial role in 

protecting fish habitats and maintaining ecological balance. In many 

regions, local communities adhered to seasonal fishing restrictions, 

respected breeding areas, and implemented rotational harvesting 

methods. These practices ensured the sustainable use of aquatic 

resources and reflected a deep understanding of ecological principles, 

often embedded in cultural and religious traditions.  

In the modern era, scientific conservation initiatives have 

become essential to address the pressures of overfishing, habitat loss, 

and environmental degradation. India has established protected areas, 

fish sanctuaries, and aquatic reserves to safeguard critical habitats. 

Hatcheries and species recovery programs have been implemented to 

support the breeding and restocking of threatened freshwater and 

marine species, including endemic carps and hilsa. Institutions such as 

CMFRI, CIFA, and NBFGR have played a pivotal role in research, species 

monitoring, and developing guidelines for sustainable fisheries 

management. The role of NGOs, government agencies, and community 

participation has been central to the success of conservation efforts. 

Community-based programs encourage local stakeholders to manage 

water bodies sustainably, prevent illegal fishing, and protect aquatic 

habitats. Awareness campaigns, capacity-building workshops, and 

cooperative management models have empowered fishing communities 

to adopt conservation practices while maintaining livelihoods. The 
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integration of traditional knowledge with modern scientific techniques 

continues to strengthen conservation outcomes, ensuring that both 

biodiversity and human communities thrive together. 

Challenges and Future Prospects 

Despite significant conservation efforts, aquatic biodiversity 

and historical fisheries systems in India face multiple challenges. 

Pollution, climate change, urbanization, and unsustainable fishing 

practices have led to habitat degradation, population declines, and 

reduced ecosystem productivity. Dams and water diversion projects 

disrupt fish migration, while invasive species alter natural ecological 

dynamics. These pressures threaten the sustainability of fisheries and 

the livelihoods of millions of dependent communities. 

To secure the future of fisheries, there is a pressing need for 

sustainable practices and the revival of traditional systems. Integrating 

indigenous knowledge with modern science can help design adaptive 

management strategies that balance productivity, ecological health, and 

social welfare. Practices such as rotational harvesting, polyculture, 

integrated fish farming, and community-based management can be 

revitalized to enhance both biodiversity and economic benefits. Looking 

ahead, the future of fisheries management depends on holistic 

approaches that combine historical wisdom, scientific innovation, and 

participatory governance. Policies should emphasize habitat 

restoration, biodiversity conservation, climate resilience, and equitable 

access to resources.  

Conclusion 

The historical development of fisheries in India illustrates a 

long and dynamic relationship between humans and aquatic 

ecosystems. From prehistoric fishing practices and the organized 

fisheries of the Indus Valley Civilization, to the water management 

systems of medieval kingdoms and the modernization efforts during the 

colonial period, fisheries have evolved alongside cultural, technological, 

and economic transformations. Post-independence initiatives, scientific 

research, and institutional support have further strengthened the 

sector, promoting sustainable aquaculture, species conservation, and 

community-based resource management. Conserving aquatic 

biodiversity remains central to maintaining ecosystem health and 

sustaining human livelihoods. Rivers, wetlands, lakes, and coastal 

ecosystems provide critical habitats for diverse species, support 
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fisheries productivity, and offer essential ecosystem services. Historical 

and traditional practices, combined with modern scientific approaches, 

have shown that it is possible to achieve a balance between utilization 

and conservation. Looking forward, there is an urgent need for 

sustainable, inclusive, and adaptive management strategies. Integrating 

traditional ecological knowledge with modern fisheries science, 

involving local communities in governance, and implementing policies 

that prioritize biodiversity conservation can ensure the resilience and 

productivity of India’s aquatic ecosystems.  
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AQUATIC BIODIVERSITY: 

FOUNDATIONS, FUNCTIONS, AND 

FUTURES 

- Pallavi Meheta  

Introduction 

Aquatic biodiversity refers to the wide range of living 

organisms found in the freshwater and marine environments of the 

Earth. It includes everything from microscopic plankton floating in the 

oceans to the larger and more complex plants and animals living in 

rivers, lakes, ponds, wetlands, estuaries, mangroves, coral reefs, and 

even the deepest parts of the sea. This diversity is understood at three 

levels: genetic diversity within species, species diversity among 

different groups of organisms, and ecosystem diversity across various 

aquatic habitats. Together, these different forms of diversity help 

maintain ecological balance and support natural processes that are 

essential for all life forms. 

Freshwater ecosystems such as rivers, lakes, and wetlands 

occupy a very small percentage of the Earth’s total water resources, yet 

they support a remarkably rich variety of fish, amphibians, insects, 

aquatic plants, algae, and microorganisms. Because many freshwater 

systems are isolated from each other, they often promote the evolution 

of unique and endemic species that are not found anywhere else. Marine 

ecosystems, which cover more than two-thirds of the Earth’s surface, 

are home to an enormous variety of life. Coral reefs, seagrass beds, 

coastal lagoons, mangroves, and open ocean zones support millions of 

species. Many marine organisms remain undiscovered or poorly 

studied, highlighting how much of the aquatic world is still unknown to 

science. 

Patterns and Components of Aquatic Biodiversity 

The distribution of aquatic biodiversity across the world is 

shaped by various factors such as climate, geography, water chemistry, 
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and the long-term evolutionary history of species. Freshwater systems 

in tropical regions including the Amazon, Congo, Ganga, and Mekong 

basins are globally recognised for their exceptionally high species 

richness and endemism. The isolation of river networks over long time 

periods allows different populations to develop unique characteristics, 

resulting in species found nowhere else. Similarly, ancient lakes such as 

Lake Baikal in Russia and Lake Tanganyika in Africa are known for 

harbouring rare and evolutionarily distinct groups of fish, crustaceans, 

and other invertebrates. 

Marine ecosystems also exhibit an extraordinary level of 

biodiversity. Coral reefs support thousands of species of colourful fish, 

corals, molluscs, and crustaceans, while the colder polar oceans rich in 

nutrients sustain immense populations of krill, seabirds, seals, and 

whales. Microscopic phytoplankton, although invisible to the naked eye, 

are extremely important because they produce nearly half of the world’s 

oxygen and form the base of aquatic food webs. Aquatic plants and 

macrophytes, such as seagrasses, mangroves, and water lilies, perform 

essential ecological functions. They stabilise sediments, promote 

nutrient cycling, protect shorelines from erosion, and serve as nursery 

habitats for many fish and invertebrate species. Every aquatic organism 

plays a specific role in maintaining ecosystem health: 

 Wetland plants act as natural filters by absorbing pollutants and 

regulating water flow. 

 Filter-feeding animals like clams, mussels, and oysters help 

maintain water clarity and quality. 

 Predatory species help regulate prey populations and maintain 

balance within food webs. 

These interconnected relationships shows how each species 

contributes to the functioning and stability of aquatic ecosystems.  

Ecological and Societal Importance of Aquatic Biodiversity 

Aquatic biodiversity plays a crucial role in supporting both 

ecological balance and human well-being. Fisheries dependent on 

rivers, lakes, wetlands, and oceans provide an essential source of 

protein for billions of people around the world. In India, millions of 

households rely directly on fishing and related activities for their daily 

livelihood, making healthy aquatic ecosystems vital for social and 
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economic stability. Wetlands act as natural water purifiers by trapping 

sediments, absorbing pollutants, and replenishing groundwater, 

thereby ensuring access to clean drinking water. Mangrove forests along 

India’s coastline offer strong natural protection against cyclones, storm 

surges, and coastal erosion. Their dense root systems reduce wave 

intensity and safeguard vulnerable coastal villages. Coral reefs, with 

their rich biodiversity and striking beauty, attract tourists from across 

the globe, generating significant income and supporting local cultural 

practices.  

Aquatic biodiversity also has remarkable biomedical value. 

Many life-saving medicines including antibiotics, anticancer agents, 

anti-inflammatory compounds, and pain relievers have been discovered 

from marine and freshwater organisms. As scientific research expands, 

aquatic ecosystems continue to represent one of the richest sources of 

unexplored biochemical diversity. In addition, aquatic environments are 

important regulators of the global climate. Oceans, wetlands, 

mangroves, and seagrass meadows act as major carbon sinks, storing 

large quantities of carbon in their biomass and sediments. By capturing 

and holding carbon, these ecosystems help reduce the pace of climate 

change. The loss of aquatic biodiversity can therefore have severe 

consequences. Declines in fish populations threaten food security, 

especially for low-income coastal and river-dependent communities. 

The degradation of rivers, wetlands, and marine habitats affects cultural 

traditions and disrupts access to clean water. Reduced carbon storage 

capacity further intensifies climate impacts. 

Threats to Aquatic Biodiversity:  

Aquatic ecosystems across the world, including those in India, 

are currently experiencing some of the most severe and complex 

environmental pressures in history. These pressures act together, 

weakening the natural resilience of freshwater and marine habitats and 

pushing many species towards decline or extinction. The major threats 

can be understood through the following interconnected dimensions: 

1. Habitat Destruction: The loss and degradation of natural habitats 

remain the most significant threats to aquatic biodiversity. Large areas 

of wetlands are drained or converted for agriculture, reducing vital 
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breeding and feeding grounds for fish, birds, and amphibians. Rivers are 

increasingly modified through dams, embankments, and water 

diversions, which disrupt natural flow patterns, fragment habitats, and 

block migration routes of many species.  In marine environments, coral 

reef systems are suffering from widespread bleaching due to rising sea 

temperatures. Coastal development such as ports, tourism 

infrastructure, and urban expansion has severely impacted mangroves, 

estuaries, and seagrass beds. These habitats act as nurseries for 

numerous species, and their loss directly reduces biodiversity and 

ecosystem productivity. 

2. Pollution: Aquatic systems are highly sensitive to pollution from 

multiple sources. Agricultural runoff brings excessive fertilizers and 

pesticides into rivers and lakes, causing eutrophication, toxic blooms, 

and oxygen depletion. Industrial discharges introduce heavy metals, 

chemicals, plastics, and microplastics that accumulate in aquatic 

organisms and travel up the food chain. Untreated domestic sewage, 

pharmaceutical residues, and hospital waste further degrade water 

quality and impair reproductive, behavioural, and physiological 

functions of aquatic life. Such pollutants weaken entire ecosystems by 

altering water chemistry and reducing overall habitat suitability. 

3. Overexploitation: Unsustainable harvesting of fish and other aquatic 

resources poses a major challenge, particularly in regions where fishing 

pressure is high. Practices such as bottom trawling, indiscriminate 

netting, and targeting spawning aggregations significantly reduce fish 

populations and alter community structure. By-catch (the accidental 

capture of non-target species) and the harvesting of juvenile fish 

prevent proper stock replenishment, leading to long-term declines in 

commercially important species. Overexploitation disrupts food webs 

and increases the vulnerability of ecosystems to other environmental 

disturbances. 

4. Invasive Species: The introduction of non-native species whether 

through ballast water from ships, aquaculture activities, ornamental fish 

trade, or accidental escapes has created serious ecological imbalances. 

Invasive species often grow faster, reproduce more efficiently, and 
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outcompete native species for food and habitat. They may also introduce 

new diseases or parasites. These invasions alter natural community 

dynamics, reduce native biodiversity, and sometimes cause irreversible 

changes to ecosystem structure. 

5. Climate Change: Climate change intensifies all existing pressures on 

aquatic ecosystems. Rising water temperatures affect species 

distributions, forcing some organisms to migrate while leaving others 

unable to adapt. Altered rainfall patterns influence river flow, 

groundwater recharge, and the timing of floods and droughts. Ocean 

acidification weakens coral reefs and threatens shell-forming organisms 

such as molluscs and certain plankton groups. Extreme weather events 

cyclones, heatwaves, and floods create unpredictable and often 

destructive conditions. Together, these changes influence breeding 

cycles, food availability, nutrient dynamics, and overall ecosystem 

functioning, making climate change one of the most far-reaching threats 

to aquatic biodiversity. 

Evolution, Adaptation, and Endemism 

Freshwater biodiversity has been strongly shaped by 

geographic isolation. When river systems become separated by 

mountains, valleys, tectonic shifts, or long-term geological processes, 

the species living in them begin to evolve independently. Over time, this 

leads to the development of unique adaptations and a high degree of 

endemism. Well-known examples include the adaptive radiation seen in 

cichlid fishes and the highly specialised organisms found in ancient lakes 

such as Lake Baikal and Lake Tanganyika.  

In marine ecosystems, evolutionary processes occur along 

natural gradients of salinity, pressure, light availability, and 

temperature. Deep-sea organisms represent some of the most 

remarkable adaptive strategies on Earth. These species survive in 

complete darkness, near-freezing temperatures, and crushing pressure, 

often depending on hydrothermal vents as their primary energy source. 

Such ecosystems demonstrate how life can persist and diversify even 

under extreme environmental conditions. These evolutionary pathways 

highlight the ecological vulnerability of species that have very narrow 

distribution ranges or highly specific ecological requirements. Even 
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small changes in their habitat can threaten their survival, making 

conservation of such ecosystems particularly important. 

Conservation and Restoration Strategies 

Conserving aquatic biodiversity requires integrated and 

holistic approaches that safeguard ecosystems while also supporting the 

needs of local communities. Effective conservation combines habitat 

protection, pollution control, restoration, and active participation of 

stakeholders. Key strategies include the following: 

Habitat Protection:  

 Establishing marine protected areas to conserve coral reefs, 

mangroves, and coastal ecosystems. 

Creating freshwater biodiversity reserves in rivers, lakes, and 

wetlands to safeguard endemic and threatened species. 

 Protecting riparian zones and floodplains, which act as 

ecological buffers and maintain natural hydrological processes. 

Ecosystem Restoration 

 Replanting mangroves to stabilise coastlines, enhance fish 

nursery habitats, and support carbon storage. 

 Restoring seagrass beds and coral reefs to improve water 

quality and enhance marine productivity. 

 Removing obsolete or unused dams to reconnect rivers, 

allowing migratory fishes to complete their life cycles. 

 Reactivating natural floodplain dynamics, which support 

nutrient cycling, groundwater recharge, and habitat diversity. 

Pollution Control:   

 Strengthening wastewater treatment systems to reduce 

industrial and domestic pollution. 

 Reducing agricultural runoff by promoting eco-friendly farming 

practices, such as controlled fertiliser use and buffer strips. 

 Implementing plastic waste reduction initiatives to minimise 

microplastic and macroplastic pollution in rivers and oceans. 

Invasive Species Management 

 Early detection and rapid response strategies to prevent 

invasive species from establishing and spreading. 

 Using environmental DNA (eDNA) technologies for advanced 

and cost-effective monitoring of aquatic ecosystems. 
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Restoring Aquatic Biodiversity: Case Studies 

The restoration of aquatic ecosystems has emerged as a global 

priority, and several successful initiatives across continents clearly 

demonstrate that biodiversity loss can be reversed through scientifically 

informed, community-supported, and policy-driven efforts. These case 

studies illustrate diverse restoration approaches from river 

reconnection and wetland protection to coral rehabilitation showing 

how targeted actions can revive ecological processes and restore 

species populations. 

Europe (River Floodplain Reconnection and Recovery of Migratory 

Fish):  

In many parts of Europe, rivers were historically channelised, 

dammed, and detached from their natural floodplains. These 

modifications disrupted the movement of migratory fish and altered the 

ecological functioning of river systems. To address this, countries such 

as Germany, the Netherlands, and France initiated large-scale 

restoration projects aimed at reconnecting rivers with their floodplains. 

Key interventions included: 

 Removing old and obsolete dams 

 Re-meandering straightened river sections 

 Allowing seasonal flooding to restore wetland habitats 

 Improving riparian vegetation and sediment transport 

These measures have improved water quality, revived spawning 

grounds, and increased habitat complexity. As a result, species like 

Atlantic salmon, European sturgeon, lampreys, and eels have shown 

signs of population recovery.  

Asia (Community-Led Wetland Conservation and Sustainable 

Livelihoods):  

Across Asia, wetlands are critical for supporting fisheries, 

agriculture, and waterbird populations. However, many wetlands have 

been degraded by pollution, encroachment, and overuse. Community-

driven conservation initiatives in countries such as India, Bangladesh, 

and Cambodia provide excellent examples of how local participation can 

revive biodiversity while also strengthening livelihoods. 

Successful strategies include: 

 Establishing community-managed fish sanctuaries 

 Restoring traditional water channels and desilting wetlands 
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 Regulating fishing during breeding seasons 

 Promoting eco-friendly livelihood alternatives like ecotourism 

and sustainable aquaculture 

These efforts have resulted in: 

 Increased fish biomass and species richness 

 Improved habitat for migratory birds 

 Enhanced water security for nearby villages 

 Greater awareness and stewardship among local communities 

One notable example is the community-led conservation of Chilika Lake 

(India), where restoration of the lake mouth, control of invasive species, 

and participatory management helped bring back Irrawaddy dolphins 

and revived fisheries. 

Africa (Integrated Watershed Management for Freshwater 

Restoration):  

Many African freshwater ecosystems have been severely 

degraded due to deforestation, soil erosion, unregulated agriculture, 

and climate-induced droughts. Integrated watershed management 

projects in countries such as Kenya, Ethiopia, and South Africa have 

shown how landscape-level conservation can bring significant 

ecological benefits. 

Restoration actions typically include: 

 Reforesting degraded hillslopes 

 Constructing check dams and contour trenches to reduce 

erosion 

 Improving agricultural practices to minimise runoff 

 Restoring riparian vegetation along rivers and streams 

These interventions help stabilise soil, enhance groundwater recharge, 

and maintain river flows even during dry seasons. As a result, aquatic 

biodiversity including fish, amphibians, and macroinvertebrates has 

started to recover. Communities also benefit through improved water 

availability, increased agricultural productivity, and strengthened 

resilience to climate change. 

Oceania (Coral Reef Rehabilitation through Microfragmentation):  

Oceania is home to some of the world's most spectacular coral 

reefs, including the Great Barrier Reef. However, rising sea 

temperatures, cyclones, and pollution have caused widespread coral 

bleaching and mortality. To counter this, researchers and conservation 
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organisations have adopted microfragmentation, an innovative coral 

restoration technique. 

Key features of microfragmentation: 

 Corals are cut into very small fragments 

 These fragments grow 25–50 times faster than whole corals 

 Once grown, they are transplanted back to degraded reefs 

This approach accelerates reef recovery and helps rebuild three-

dimensional reef structures that support diverse marine life, including 

reef fishes, molluscs, and crustaceans. In regions such as the Great 

Barrier Reef and reefs across Fiji and Hawaii, microfragmentation has 

shown promising results in restoring coral cover and improving 

ecological resilience. 

Recommendations for a Sustainable Future 

A sustainable future for aquatic biodiversity requires an 

integrated approach that protects ecosystems while empowering the 

communities that depend on them. Priority actions include safeguarding 

small and temporary water-bodies often rich hotspots of species 

diversity through proper mapping, legal protection, and catchment 

management. Conservation planning must also incorporate climate 

adaptation by ensuring habitat connectivity, establishing climate-

resilient corridors, and using scientific models to anticipate ecological 

risks. Large-scale restoration of wetlands, mangroves, rivers, seagrass 

beds, and coral reefs, supported by continuous monitoring through 

modern tools like GIS, drones, and environmental DNA, is essential to 

reverse degradation. Strengthening global advocacy and education 

through school curricula, community awareness campaigns, and 

international cooperation will help build a society that values aquatic 

ecosystems.  

Conclusion 

Aquatic biodiversity forms the backbone of ecological balance, 

supports essential life processes, and ensures the continuity of human 

livelihoods, nutrition, and cultural identity. Yet, it is increasingly 

endangered by multiple pressures such as habitat destruction, pollution, 

overharvesting, invasive species, and the growing impacts of climate 

change. Addressing these challenges requires an integrated approach 
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that blends scientific advancements with local knowledge, strong policy 

frameworks, and active community participation. Through coordinated 

global and national efforts strengthened by restoration initiatives, 

effective governance, and public awareness we can revive degraded 

aquatic ecosystems and protect the rich diversity of life they hold.  
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FRESHWATER BIODIVERSITY:  STATUS, 

THREATS, AND CONSERVATION 

PRIORITIES 

- Dr. Nandkumar Kallappa Kamble 

 

Introduction 

Freshwater biodiversity refers to the variety of life forms found 

within inland aquatic habitats such as rivers, lakes, wetlands, reservoirs, 

ponds, and streams. It encompasses a wide spectrum of organisms 

ranging from microscopic plankton, algae, and aquatic plants to 

invertebrates, amphibians, crustaceans, mollusks, and fishes. Together, 

these organisms form complex ecological networks that sustain the 

productivity and stability of freshwater ecosystems. Freshwater 

ecosystems are among the most vital yet vulnerable natural resources 

on Earth. They provide drinking water, irrigation, and energy, while 

supporting livelihoods for millions of people through fisheries, 

agriculture, and recreation. They also deliver essential ecosystem 

services such as nutrient cycling, groundwater recharge, carbon 

sequestration, and climate regulation. For many rural and indigenous 

communities, freshwater bodies hold not only economic but also 

cultural and spiritual significance. 

India, with its diverse geography and climate, possesses one of 

the richest freshwater biodiversities in the world. The country’s 

extensive network of rivers (such as the Ganga, Brahmaputra, Godavari, 

Krishna, and Narmada), natural lakes, floodplains, and wetlands provide 

habitats for a vast range of aquatic species. India is home to more than 

765 species of freshwater fishes, over 1,200 species of aquatic plants, 

and numerous amphibians, crustaceans, and mollusks. Regions such as 

the Western Ghats, Eastern Himalayas, and Northeast India are 

recognized as global biodiversity hotspots, hosting a high degree of 

endemism and ecological diversity. Despite their immense importance, 

freshwater ecosystems face increasing pressure due to overexploitation, 

pollution, habitat modification, and climate change.  
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Freshwater Ecosystems in India 

India’s freshwater ecosystems are a reflection of its diverse 

geography, monsoon-driven hydrology, and rich cultural heritage. 

Spanning from the snow-fed Himalayan rivers in the north to the rain-

fed streams of the Western Ghats in the south, these ecosystems provide 

a foundation for biodiversity, food security, and human survival. They 

not only sustain aquatic life but also shape agriculture, industry, and the 

very rhythm of rural and urban life across the country. Freshwater 

habitats in India are broadly classified into rivers, lakes, reservoirs, 

wetlands, floodplains, and ponds. Each of these systems supports a 

unique combination of physical, chemical, and biological processes, 

making them indispensable components of the natural landscape and 

human economy. 

Rivers:  Rivers are the most dynamic freshwater ecosystems, constantly 

shaping and reshaping the landscape through their flow regimes and 

sediment transport. India is home to more than 20 major river basins 

and nearly 400 smaller rivers, together sustaining one of the world’s 

most extensive freshwater networks. The Ganga, Brahmaputra, 

Godavari, Krishna, Cauvery, Narmada, and Mahanadi are among the 

major rivers that have nurtured civilizations for millennia. They provide 

drinking water, irrigation, transportation, and fishery resources to 

millions of people. Ecologically, rivers support diverse biotic 

communities ranging from microscopic plankton and aquatic insects to 

large fishes, turtles, and mammals such as the Gangetic dolphin 

(Platanista gangetica), India’s national aquatic animal. Each river has its 

own ecological character: 

 The Himalayan rivers (like Ganga and Brahmaputra) are 

perennial, snow-fed, and exhibit high discharge and sediment 

load. 

 The peninsular rivers (like Godavari and Krishna) are rain-fed, 

showing distinct monsoonal flow patterns. 

Rivers act as nutrient corridors, maintaining ecological 

connectivity between headwaters, floodplains, and estuaries. Seasonal 

flooding replenishes soils, supports floodplain fisheries, and creates 

temporary habitats for amphibians and migratory birds. However, 

increasing dam construction, pollution, and sand mining have 
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fragmented these habitats, altering flow dynamics and threatening 

native species. 

Lakes and Reservoirs:  Lakes and reservoirs represent relatively stable 

freshwater systems that function as natural or artificial storage basins. 

India harbors numerous natural lakes like Wular Lake (Jammu & 

Kashmir), Chilika Lake (Odisha), and Loktak Lake (Manipur) each 

possessing unique ecological characteristics and species diversity. 

Wular Lake, one of Asia’s largest freshwater lakes, provides breeding 

grounds for carp fishes and serves as a critical habitat for migratory 

birds. Chilika Lake, although a brackish lagoon, supports rich freshwater 

biodiversity during monsoon inflows and has been designated a Ramsar 

Site due to its global ecological significance. Loktak Lake, famous for its 

floating phumdis, sustains the endangered Sangai deer (Rucervus eldii 

eldii) and numerous endemic aquatic plants. Artificial reservoirs such as 

Hirakud (Odisha), Sardar Sarovar (Gujarat), and Tungabhadra 

(Karnataka) play a dual role supporting irrigation and hydropower 

generation while also evolving into productive inland fisheries. Many 

reservoirs harbor diverse fish species such as Catla catla, Labeo rohita, 

and Cirrhinus mrigala, which are important for local livelihoods. These 

water bodies have become centers for aquaculture development,  

Wetlands: Wetlands are among the most biologically productive 

ecosystems, providing multiple ecological services water purification, 

flood control, carbon sequestration, and biodiversity conservation. 

India’s wetlands occupy nearly 15 million hectares, covering around 

4.6% of the geographical area (MoEFCC, 2019). They include a variety 

of habitats such as marshes, swamps, peatlands, mangrove-associated 

freshwater zones, and floodplain lakes. Wetlands serve as breeding and 

nursery grounds for numerous aquatic organisms. Species like Clarias 

batrachus (walking catfish) and Anabas testudineus (climbing perch) 

depend heavily on these habitats for spawning. Wetlands such as 

Keoladeo National Park (Bharatpur), Vembanad-Kol Wetland (Kerala), 

and Deepor Beel (Assam) are globally recognized Ramsar Sites 

supporting migratory waterfowl and rare species. However, 

urbanization and encroachment have drastically reduced wetland areas, 

especially around cities like Bengaluru and Delhi. Loss of wetlands not 

only threatens biodiversity but also disrupts the hydrological cycle, 

leading to floods, water scarcity, and loss of local fisheries. 
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Floodplains: Floodplains are vital extensions of river systems that 

undergo seasonal inundation. They serve as nutrient sinks and act as 

natural filters, improving water quality and soil fertility. The Ganga-

Brahmaputra floodplain, one of the largest in the world, supports dense 

human populations and remarkable biological diversity. These fertile 

zones host small indigenous fish species (SIFs) like Amblypharyngodon 

mola, Esomus danricus, and Puntius sophore, which are vital for rural 

nutrition and livelihoods. Floodplains also act as breeding grounds for 

migratory species such as Catla catla and Labeo rohita, ensuring the 

replenishment of fish populations in adjoining rivers. Unfortunately, 

floodplain ecosystems face severe threats due to embankment 

construction, agricultural expansion, and flood control measures. Such 

interventions alter the natural flooding regime, affecting fish migration 

patterns and the regeneration of aquatic vegetation. 

Ponds and Village Tanks: Ponds and tanks are ancient components of 

India’s rural water management system. They are usually small, man-

made freshwater bodies constructed for irrigation, domestic use, or 

religious purposes. Beyond their utilitarian role, they function as 

biodiversity microhabitats, supporting algae, zooplankton, 

macrophytes, and small fish populations. In states like Tamil Nadu, 

Karnataka, and Maharashtra, thousands of temple tanks and village 

ponds still exist as symbols of sustainable community water 

management. Many of these ponds are ecologically significant, hosting 

species of Channa, Mystus, and Heteropneustes that thrive in confined 

habitats. Traditional conservation practices and community-based 

management, often linked with religious beliefs, have historically 

ensured their protection. However, rapid urbanization, neglect, and 

pollution have rendered many ponds ecologically degraded. Restoration 

and rejuvenation of these traditional systems are now being recognized 

as vital for groundwater recharge, flood mitigation, and biodiversity 

conservation. 

Biodiversity Hotspots of Freshwater Ecosystems: India’s freshwater 

biodiversity is not evenly distributed it is concentrated in several key 

ecoregions recognized globally for their endemism and ecological value: 

 Western Ghats: A UNESCO World Heritage Site, home to over 290 

freshwater fish species, with nearly 40% endemism. Rivers such 

as Periyar, Chalakudy, and Bharathapuzha harbor unique genera 

like Schistura, Garra, and Puntius. 
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 Northeast India: Encompassing the Brahmaputra and Barak 

basins, this region hosts over 250 fish species, including several 

new species discovered in recent decades. The area also supports 

a high diversity of mollusks and amphibians. 

 Ganga-Brahmaputra Basin: A vast and dynamic system 

supporting major inland fisheries and endemic fauna such as the 

Gangetic dolphin and the Indian softshell turtle (Nilssonia 

gangetica). 

 Central and Peninsular India: Rivers like Godavari, Krishna, and 

Narmada provide habitats for economically valuable and 

culturally significant fish species used in capture and culture 

fisheries. 

Status of Freshwater Biodiversity 

Freshwater biodiversity represents one of the most essential 

yet most threatened components of the Earth’s biological wealth. India, 

endowed with a diverse range of aquatic habitats from high-altitude 

lakes of the Himalayas to the deltaic wetlands of the east coast supports 

a vast array of freshwater organisms. These species form the foundation 

of aquatic food webs, play vital ecological roles, and sustain millions of 

people through fisheries, agriculture, and cultural practices. However, 

the rapid pace of environmental change, urbanization, and exploitation 

has placed India’s freshwater biodiversity under considerable stress.  

Current Species Richness: India’s freshwater ecosystems are home to 

an exceptional variety of taxa, ranging from microscopic algae and 

zooplankton to large vertebrates. According to the National Bureau of 

Fish Genetic Resources (NBFGR, 2022) and Zoological Survey of India 

(ZSI), India harbors one of the richest freshwater faunas in Asia. 

 Fish: India is home to over 1,000 species of freshwater and 

brackish water fishes, representing about 11% of the world’s fish 

diversity. Major families include Cyprinidae (carps and minnows), 

Siluridae (catfishes), Channidae (snakeheads), and Bagridae. 

Iconic species such as Catla catla, Labeo rohita, and Cirrhinus 

mrigala dominate inland fisheries and aquaculture systems. 

 Amphibians: India supports around 437 amphibian species 

(Frost, 2023), of which nearly 85% are endemic. The Western 

Ghats alone account for over 70% of the country’s amphibian 
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endemism, with genera such as Nyctibatrachus, Raorchestes, and 

Micrixalus being particularly diverse in these regions. 

 Crustaceans: Freshwater crustaceans, including prawns, crabs, 

and copepods, are abundant across Indian rivers and wetlands. 

Over 150 freshwater prawn species have been recorded, 

including commercially valuable taxa like Macrobrachium 

rosenbergii and M. malcolmsonii. 

 Mollusks: Freshwater mollusks are represented by over 200 

species belonging to families such as Unionidae, Viviparidae, and 

Planorbidae. These organisms are important bioindicators of 

water quality and play critical roles in nutrient cycling. 

 Aquatic Plants: India’s freshwater flora comprises more than 

2,000 species of aquatic macrophytes, including submerged, 

floating, and emergent plants such as Hydrilla verticillata, 

Nelumbo nucifera (lotus), and Eichhornia crassipes (water 

hyacinth). While many are ecologically significant, invasive 

species like water hyacinth pose a major threat to native 

biodiversity. 

Endemic and Threatened Species (IUCN Red List Status): India’s 

freshwater ecosystems harbor high levels of endemism, especially in 

isolated hill streams, Western Ghats rivers, and North-Eastern basins. 

Approximately 35–40% of freshwater fish species found in India are 

endemic (Jayaram, 2010; NBFGR, 2021). The Western Ghats, a UNESCO 

World Heritage Site, contains over 290 freshwater fish species, of which 

more than 40% are endemic. Notable endemic fishes include Tor 

mussullah, Garra hughi, and Puntius denisonii. According to the IUCN Red 

List (2023), around 20% of India’s freshwater fishes are threatened, 

being classified as Vulnerable, Endangered, or Critically Endangered. 

Species such as the Mahseer (Tor putitora), Ganges Shark (Glyphis 

gangeticus), and Deccan Banded Killifish (Aplocheilus blockii) are facing 

population declines due to overfishing, damming, and pollution.  

 Amphibians show even higher conservation concern nearly 

41% of Indian amphibians are threatened or near-threatened, largely 

due to habitat loss, agricultural runoff, and diseases such as 

chytridiomycosis. Among freshwater invertebrates, several species of 

mollusks and crustaceans are under pressure from eutrophication and 

water extraction. Some species of the genus Bellamya and Pila have 

shown localized population declines. The combined pressures of habitat 

fragmentation, introduction of exotic species, and industrial effluents 
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have accelerated the vulnerability of many freshwater taxa. 

Conservation of endemic species, therefore, requires habitat-specific 

management and restoration. 

Regional Variations in Biodiversity: India’s freshwater biodiversity 

shows significant regional variation, influenced by climatic zones, 

hydrological regimes, and geological features. 

 Northern and Himalayan Region: Characterized by cold-water 

species such as Schizothorax, Garra, and Triplophysa. These 

species are adapted to high-altitude conditions with low 

temperatures and fast-flowing streams. 

 Northeastern India: The Brahmaputra and Barak basins host 

over 250 fish species, with high diversity of Danio, Barilius, and 

Botia. This region serves as a transition zone between the Indian 

and Indo-Burmese biogeographic realms. 

 Western Ghats: Known as the global hotspot of freshwater 

biodiversity, this region supports endemic genera like 

Lepidopygopsis and Bhavania. Rivers such as Periyar, Chalakudy, 

and Netravati contain some of India’s most ancient lineages. 

 Central and Peninsular India: Rivers like Godavari, Krishna, 

and Narmada harbor a mix of northern and southern elements, 

supporting both tropical and subtropical fish communities. 

 Eastern and Coastal Plains: These areas, influenced by 

estuarine and brackish water systems, contain species adapted to 

variable salinity conditions, such as Mystus gulio, Etroplus 

suratensis, and Mugil cephalus. 

Role of Small Indigenous Freshwater Fishes (SIFs): Small Indigenous 

Fishes (SIFs), typically species growing less than 25 cm in length, play a 

crucial role in both ecology and rural nutrition. They are rich in 

micronutrients, calcium, iron, and omega-3 fatty acids, making them 

vital for combating malnutrition in rural India. Common SIFs include 

Amblypharyngodon mola, Esomus danricus, Puntius sophore, Mystus 

tengara, and Osteobrama cotio. These species are often caught in natural 

waters such as ponds, floodplains, and wetlands using traditional gears. 

According to ICAR-CIFA (2021), regular consumption of SIFs can 

significantly improve maternal and child health in low-income 

communities. Moreover, these fishes contribute to local livelihoods 

through small-scale fisheries and aquaculture integration. Despite their 

ecological and nutritional value, SIFs have often been neglected in 
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mainstream fisheries management. Habitat degradation, pesticide use, 

and invasive species have severely affected their populations. There is 

an urgent need to include SIFs in biodiversity conservation and nutrition 

policies. 

Threats to Freshwater Biodiversity 

Freshwater ecosystems, despite covering less than 1% of the 

Earth’s surface, support nearly 10% of all known species and about one-

third of all vertebrates. In India, rivers, lakes, and wetlands have 

historically sustained livelihoods, cultural traditions, and ecological 

balance. However, in recent decades, the intensity of anthropogenic 

pressures on these ecosystems has increased dramatically. The result 

has been a rapid decline in species populations, loss of habitats, and 

degradation of ecological functions. 

Habitat Loss and Degradation: Habitat loss remains the most 

significant threat to freshwater biodiversity. Natural habitats are being 

fragmented, altered, or completely destroyed due to multiple 

developmental activities. 

a) Dam Construction and River Regulation: India has over 5,700 

large dams, built primarily for irrigation, hydropower, and flood 

control. While these structures serve human needs, they 

fragment river systems, block fish migration routes, alter 

sediment flow, and disrupt natural hydrological cycles. For 

example, the construction of dams across the Godavari, Narmada, 

and Teesta rivers has led to changes in river flow and habitat 

modification, directly impacting migratory fish such as the 

Mahseer (Tor putitora) and Hilsa (Tenualosa ilisha). The 

reduction in sediment load downstream also affects deltaic 

ecosystems, leading to coastal erosion and salinity intrusion. 

b) River Channelization and Sand Mining: Excessive river 

channel modification and unregulated sand mining destabilize 

riverbeds and eliminate spawning grounds. Sand mining in the 

Yamuna, Ganga, and Pamba rivers has destroyed breeding 

habitats of benthic fish and invertebrates. 

c) Wetland Drainage and Urbanization: Wetlands are being 

drained for agriculture and urban expansion. Cities such as 

Bengaluru, Chennai, and Delhi have lost over 70% of their natural 

wetlands in the last three decades. This loss affects not only 

biodiversity but also water quality, flood control, and 
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groundwater recharge. Encroachment and construction near 

lakes like Hussain Sagar (Telangana) and Vembanad (Kerala) 

have caused heavy siltation, eutrophication, and a decline in 

native species diversity. 

Over-Exploitation of Resources: Overfishing and unsustainable 

harvesting of aquatic resources pose serious threats to the survival of 

many freshwater species. 

a) Unsustainable Fishing Practices: Excessive fishing pressure, 

especially in closed seasons or breeding periods, has led to a 

significant decline in wild fish populations. The use of destructive 

gears such as fine-mesh nets, dynamite fishing, and electrofishing 

further disrupts aquatic communities. In many Indian rivers, 

juvenile carps and catfishes are being harvested before maturity, 

affecting natural recruitment and reducing stock sustainability. 

b) Illegal Harvesting and Wildlife Trade: Several freshwater 

species, including turtles, crabs, and ornamental fishes, are 

illegally collected for trade. The Indian Softshell Turtle (Nilssonia 

gangetica) and Asian Arowana (Scleropages formosus) are 

frequently smuggled, contributing to their decline in the wild. 

c) Overstocking and Monoculture in Aquaculture: While 

aquaculture contributes substantially to India’s fish production, 

overstocking and monoculture practices can have negative 

ecological consequences. The dominance of fast-growing exotic 

species like tilapia and common carp often leads to competition 

with native species for food and space, altering the natural 

ecological balance of local water bodies. 

Pollution and Eutrophication: Pollution is one of the most pervasive 

threats to freshwater ecosystems in India. Rivers like the Ganga, 

Yamuna, Sabarmati, and Musi have been severely affected by industrial 

effluents, agricultural runoff, and untreated domestic sewage. 

a) Industrial and Domestic Waste: According to the Central 

Pollution Control Board (CPCB, 2022), over 70% of India’s 

surface water is contaminated beyond permissible limits. 

Untreated domestic sewage contributes nearly 80% of this 

pollution load. Heavy metals, detergents, and pharmaceuticals 

have been detected in river sediments, leading to 

bioaccumulation and fish kills. 
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b) Agricultural Runoff and Nutrient Loading: Fertilizer and 

pesticide runoff from agricultural lands introduce nitrates and 

phosphates into rivers and lakes, resulting in eutrophication. 

Algal blooms, such as those frequently seen in Chilika Lake and 

Loktak Lake, deplete dissolved oxygen and cause massive fish 

mortality events. 

c) Plastic and Microplastic Pollution: Plastic waste has emerged 

as a recent but alarming issue. Microplastics have been found in 

freshwater fishes and sediments of rivers like the Ganga, 

Brahmaputra, and Mula-Mutha. These pollutants not only affect 

aquatic species but also pose risks to human health through the 

food chain. 

Invasive and Exotic Species: The introduction of non-native fish 

species has significantly altered freshwater biodiversity in India. Some 

introductions were deliberate for aquaculture, while others occurred 

accidentally. 

a) Common Carp (Cyprinus carpio): Originally introduced for 

aquaculture, the common carp has become invasive in many 

reservoirs and lakes. It disturbs sediments, increases turbidity, 

and competes with indigenous bottom-dwelling species. 

b) Tilapia (Oreochromis mossambicus, O. niloticus): Tilapia, known 

for its fast growth and hardiness, has displaced native fishes like 

Etroplus suratensis and Channa marulius in several freshwater 

systems. Its aggressive breeding and feeding behavior make it 

ecologically dominant. 

c) Other Introduced Species: Species such as Silver Carp 

(Hypophthalmichthys molitrix), Grass Carp (Ctenopharyngodon 

idella), and African Catfish (Clarias gariepinus) have invaded 

many inland water bodies. The African catfish, in particular, preys 

on native fishes and amphibians, causing irreversible damage to 

aquatic communities. 

Climate Change and Hydrological Alterations: Climate change acts as 

a multiplier of existing threats, influencing freshwater biodiversity 

through temperature shifts, altered precipitation, and extreme events. 

 Altered River Flows: Changes in monsoon patterns have 

reduced river discharge in several basins. Seasonal drying of 

rivers like the Godavari and Sabarmati has become more 

frequent. 
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 Increased Droughts and Floods: Both extremes extended dry 

spells and flash floods impact aquatic habitats, breeding cycles, 

and food availability. 

 Thermal Stress: Rising temperatures affect dissolved oxygen 

levels and metabolic rates of aquatic organisms. Cold-water 

fishes like Mahseer and Schizothorax are particularly sensitive to 

warming trends. 

 Glacial Retreat: In the Himalayas, shrinking glaciers alter the 

flow regime and temperature of headwater streams, threatening 

endemic cold-water species. 

Data Gaps: Despite the ecological importance of freshwater 

biodiversity, it remains underrepresented in research. 

 Data Deficiency: Many freshwater taxa, particularly 

invertebrates and microflora, are poorly documented. Over 35% 

of freshwater fish species in India are classified as Data Deficient. 

 Lack of Long-term Monitoring: Systematic biodiversity 

monitoring programs are limited to a few regions, leaving vast 

ecosystems unassessed. 

 Policy Gaps: Fisheries policies have historically emphasized 

productivity over ecological sustainability. Integration between 

water resource management, biodiversity conservation, and 

climate adaptation is still weak. 

 Low Public Awareness: Freshwater conservation receives less 

attention compared to terrestrial or marine ecosystems, resulting 

in inadequate funding and enforcement. 

Historical and Traditional Conservation Practices 

India’s cultural and spiritual relationship with nature has 

historically contributed to the protection of freshwater ecosystems and 

their biodiversity. Long before modern conservation science emerged, 

communities across the subcontinent developed traditional practices 

that ensured the sustainable use and regeneration of aquatic resources. 

Sacred groves, temple tanks, and village ponds were central to 

this ethos. These water bodies were often dedicated to deities, and 

fishing or other extractive activities were prohibited or strictly 

regulated. For example, temple tanks in Tamil Nadu and Kerala have 

served as refugia for native fish species and aquatic plants for centuries, 

maintaining genetic diversity even in urbanized regions. Village ponds 

and traditional reservoirs (locally known as talabs, cheruvus, or 



34 

 

pokhars) were managed collectively, ensuring equitable water 

distribution for irrigation, drinking, and livestock while conserving 

aquatic life. Communities practiced seasonal fishing bans, often aligned 

with fish breeding seasons, allowing for natural replenishment of stocks. 

Rotational harvesting systems wherein sections of a river or pond were 

fished alternately helped prevent overexploitation and allowed 

recovery periods for fish populations. In North-East India and the 

Western Ghats, indigenous tribes maintained sophisticated ecological 

knowledge of local species behavior, water cycles, and ecological 

interactions. This traditional ecological knowledge (TEK) played a key 

role in maintaining ecosystem balance and biodiversity. Integrating 

such traditional systems with modern management could greatly 

enhance sustainability. Reviving local governance institutions 

(panchayats and fisher cooperatives) and embedding traditional norms 

within policy offers an effective approach for conserving freshwater 

biodiversity in culturally relevant ways. 

Modern Conservation Initiatives 

With increasing anthropogenic pressures, India has adopted a 

range of scientific and policy-driven conservation initiatives to 

safeguard its freshwater biodiversity. Modern conservation efforts now 

combine ecological science, institutional frameworks, and participatory 

governance models. Protected areas and fish sanctuaries have been 

established across several states. Notable examples include the Dandeli-

Anshi Tiger Reserve (Kali River) and Kaveri Fish Sanctuary, which 

harbor endangered species like Tor putitora (Golden Mahseer). These 

sanctuaries serve as safe breeding grounds and help regulate 

sustainable fishing in buffer zones. Species recovery and hatchery 

programs have been instrumental in reviving threatened populations.  

The Central Institute of Freshwater Aquaculture (CIFA), 

Bhubaneswar, and the National Bureau of Fish Genetic Resources 

(NBFGR), Lucknow, have developed captive breeding and seed 

production programs for Indian Major Carps (Catla catla, Labeo rohita, 

Cirrhinus mrigala) and regionally important species like Hilsa ilisha and 

Tor khudree. Institutional support is provided by ICAR, Central Marine 

Fisheries Research Institute (CMFRI), and Central Inland Fisheries 

Research Institute (CIFRI). These organizations lead research, policy 

formulation, and technology dissemination related to sustainable 

fisheries and biodiversity management. In parallel, non-governmental 

organizations (NGOs) and local communities play vital roles in 
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community-based conservation. NGOs such as WWF-India, Wetlands 

International, and the Foundation for Ecological Security (FES) have 

implemented participatory projects focusing on wetland restoration, 

biodiversity assessment, and community stewardship.  

Integration of Traditional Knowledge with Modern Science 

Traditional practices such as polyculture and integrated rice–

fish farming have long sustained rural livelihoods while maintaining 

ecological balance. In the eastern and southern states, rice fields have 

historically served dual purposes grain cultivation and fish rearing 

where species like Anabas testudineus, Channa striata, and Puntius spp. 

thrive in flooded paddies. This integrated rice–fish system enriches soil 

fertility, reduces pest infestations, and provides nutritional security to 

local communities. Modern science has now optimized these age-old 

systems through the use of improved fish breeds, controlled stocking 

densities, and water quality management, thereby enhancing yields 

without compromising biodiversity.  

Similarly, rotational pond use and seasonal fish culture 

practiced in traditional village ponds ensured natural rest periods for 

aquatic habitats. These indigenous practices, when combined with 

scientific monitoring and selective breeding programs, promote long-

term productivity and sustainability. Collaborative research projects led 

by institutions like ICAR-CIFA and NBFGR have successfully 

documented traditional aquaculture techniques, validating their 

ecological and economic benefits. By incorporating these insights into 

policy and extension programs, India can build a community-centered 

aquaculture model rooted in local participation and knowledge sharing.  

Conclusion 

Freshwater biodiversity forms the backbone of ecological 

stability and human survival. The rivers, wetlands, lakes, and ponds of 

India are not only habitats for diverse species but also vital sources of 

food, water, and livelihood for millions. This chapter highlights how 

freshwater ecosystems have evolved through centuries of human 

interaction shaped by traditional wisdom, scientific progress, and 

environmental challenges. Despite their immense value, these 

ecosystems face escalating threats from habitat degradation, pollution, 

overexploitation, and climate change. Addressing these challenges 

requires sustainable management strategies that balance ecological 

preservation with human development. Conservation priorities must 
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focus on restoring degraded habitats, protecting endangered species, 

and promoting responsible aquaculture practices.  
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MARINE BIODIVERSITY AND 

CORAL REEF ECOSYSTEMS 

- Dr. Tabarej Abdul Ajij Shaikh 
 

Introduction 

Marine biodiversity refers to the variety of life forms inhabiting 

the world’s oceans, encompassing a vast range of organisms from 

microscopic plankton and algae to invertebrates, fishes, reptiles, and 

large marine mammals. It represents one of the most complex and 

dynamic components of Earth’s biosphere, contributing to global 

ecological stability and human sustenance. Marine biodiversity includes 

both pelagic (open ocean) and benthic (sea floor) ecosystems, which 

together regulate nutrient cycles, carbon sequestration, and climate 

balance. 

Oceans cover nearly 71 percent of the Earth’s surface and host 

the planet’s richest and most productive ecosystems. Among these, coral 

reefs stand out as the “rainforests of the sea,” providing habitat to nearly 

one-quarter of all marine species despite occupying less than one 

percent of the ocean floor. Coral reefs are vital for coastal protection, 

nutrient recycling, and supporting fisheries that sustain millions of 

people globally. They also play a crucial role in carbon and nitrogen 

cycling, maintaining water quality, and providing genetic resources 

valuable for biotechnology and medicine. Globally, coral reefs are 

distributed primarily in the tropical and subtropical regions between 

30° N and 30° S latitudes, where warm, clear, and shallow waters favor 

coral growth. Prominent reef regions include the Great Barrier Reef 

(Australia), the Coral Triangle (Indonesia–Philippines–Papua New 

Guinea), and extensive reef systems in the Caribbean and Indian Oceans. 

India, blessed with an extensive coastline of over 7,500 km, 

harbors diverse marine habitats that contribute significantly to global 

marine biodiversity. The nation’s marine realm is divided mainly into 

three major biogeographic zones: 

 The Arabian Sea on the west coast, characterized by high 

productivity and pelagic fisheries; 
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 The Bay of Bengal on the east coast, known for its estuaries, 

deltas, and mangrove ecosystems; and 

 The island systems of Andaman–Nicobar and Lakshadweep, 

which support some of the most pristine and ecologically 

significant coral reef ecosystems in the Indian Ocean. 

Marine biodiversity in these regions underpins coastal 

livelihoods, providing food security, employment, and cultural identity 

for millions of people. Fisheries, aquaculture, tourism, and traditional 

coastal economies all depend on the sustainable health of marine 

ecosystems.  

Marine Ecosystems of India 

India’s marine realm is extraordinarily diverse, extending over 

a coastline of about 7,517 kilometers and encompassing an Exclusive 

Economic Zone (EEZ) of more than 2 million square kilometers. This 

vast maritime boundary supports a complex mosaic of ecosystems, each 

possessing distinct biophysical characteristics, ecological roles, and 

biodiversity values. These ecosystems coral reefs, mangroves, seagrass 

meadows, estuaries, lagoons, and continental shelf environments are 

intricately linked through hydrological, nutrient, and biological 

exchanges, forming an interconnected ecological network that sustains 

marine life and coastal livelihoods. 

Major Marine Ecosystems:  

A. Coral Reefs: Coral reefs are among the most biologically productive 

and ecologically significant ecosystems in the Indian Ocean region. They 

are primarily distributed in the Gulf of Kachchh (Gujarat), Gulf of 

Mannar (Tamil Nadu), Lakshadweep Islands, and Andaman and Nicobar 

Islands. The Gulf of Kachchh hosts fringing and patchy coral formations 

adapted to extreme environmental conditions, including high turbidity, 

wide temperature variations, and strong tidal currents. Despite such 

stresses, over 37 species of corals have been recorded, along with 

associated mollusks, crustaceans, and reef fishes. 

The Gulf of Mannar, between India and Sri Lanka, is one of the 

country’s richest reef complexes, supporting over 100 coral species and 

a vast array of reef-associated fauna such as giant clams, sea cucumbers, 

and ornamental fishes. The Andaman and Nicobar Islands represent one 
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of the most pristine and biodiverse coral reef regions, characterized by 

fringing, barrier, and atoll reefs that provide habitat for hundreds of fish 

and invertebrate species. The Lakshadweep Islands, composed entirely 

of coral atolls, represent a unique geomorphological system with lagoon 

ecosystems, seagrass meadows, and reef flats that support species such 

as parrotfish, butterflyfish, angelfish, and hawksbill turtles. Coral reefs 

serve as natural breakwaters, reducing the impact of waves and 

protecting coastlines from erosion and storm surges. They are also 

important to fisheries, tourism, and coastal food security, while storing 

massive amounts of blue carbon, thus playing an essential role in 

mitigating climate change. 

B. Mangroves: Mangrove forests form the transitional interface 

between land and sea, thriving in the intertidal zones of tropical and 

subtropical coasts. India ranks among the top ten mangrove-rich nations 

in the world, with a total mangrove cover of approximately 4,900 square 

kilometers. The Sundarbans mangrove ecosystem, shared with 

Bangladesh, represents the largest contiguous mangrove forest in the 

world and is home to the Royal Bengal Tiger. It harbors species such as 

Rhizophora mucronata, Avicennia marina, and Sonneratia alba, which 

provide crucial breeding and nursery grounds for shrimp, crabs, 

mollusks, and finfishes. On the western coast, mangroves occur in the 

Gulf of Kachchh, Gulf of Khambhat, Maharashtra, Goa, and Kerala, where 

they stabilize sediments, trap nutrients, and protect villages from 

coastal flooding. These forests act as carbon sinks, sequestering 

significant amounts of organic carbon, and serve as a natural shield 

against cyclones and tsunamis. 

C. Seagrass Meadows: Seagrass ecosystems, though less extensive than 

coral reefs or mangroves, are ecologically indispensable. These 

submerged flowering plants grow in shallow coastal lagoons, bays, and 

reef flats, particularly in the Gulf of Mannar, Palk Bay, Lakshadweep, and 

Andaman & Nicobar Islands. Species like Halodule uninervis, Halophila 

ovalis, and Thalassia hemprichii dominate these meadows, providing 

habitats for dugongs (sea cows), green sea turtles, pipefishes, and 

juvenile reef fishes. Seagrasses also play a vital role in sediment 
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stabilization, nutrient recycling, and carbon sequestration, earning them 

the title of “blue carbon ecosystems.” 

D. Estuaries and Lagoons: India’s coastline is punctuated by numerous 

estuaries, backwaters, and lagoons, which function as nutrient-rich 

transition zones between freshwater and marine environments. The 

Godavari, Krishna, Mahanadi, and Ganga-Brahmaputra estuaries are 

among the most prominent, supporting extensive deltaic and mangrove 

ecosystems. These estuarine systems sustain commercially important 

species such as prawns (Penaeus indicus, Macrobrachium rosenbergii), 

mullets, and catfishes. The Vembanad Lake (Kerala) and Chilika Lagoon 

(Odisha) are particularly notable; Chilika, a Ramsar site, is Asia’s largest 

brackish water lagoon and supports over 150 species of fish, 225 species 

of birds, and thousands of migratory waterfowl during winter. These 

habitats are the lifeblood of coastal fisheries, supporting millions of 

artisanal fishers. 

E. Continental Shelf and Open Ocean Systems: India’s continental 

shelf, extending to depths of about 200 meters, encompasses regions of 

high biological productivity and forms the core of the country’s marine 

fisheries. The Arabian Sea is characterized by strong upwelling zones 

that bring nutrient-rich waters to the surface, enhancing plankton 

productivity and supporting pelagic fisheries such as sardines, 

mackerel, and tuna. The Bay of Bengal, on the other hand, is influenced 

by major riverine inputs, resulting in nutrient-enriched coastal waters 

that sustain shrimp and demersal fish populations. The open ocean 

areas also support large pelagic predators such as billfishes, sharks, and 

dolphins, forming an essential link in the marine food chain. 

Ecological Interconnectedness of Marine Ecosystems: All these 

marine ecosystems coral reefs, mangroves, seagrass beds, estuaries, and 

continental shelves are ecologically interconnected and mutually 

dependent. Mangroves and seagrasses act as nutrient filters and 

sediment traps, maintaining the water clarity required for coral health. 

Reefs, in turn, provide wave protection, enabling the establishment of 

mangroves and seagrasses in nearshore zones. Estuaries act as nursery 
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grounds for many reef and open-ocean species, while the continental 

shelf provides the feeding and breeding grounds for migratory fishes.  

Socio-Economic and Ecological Importance 

India’s marine ecosystems are not just biological treasures but 

also economic lifelines. They contribute significantly to food security, 

livelihood generation, and coastal protection. Coral reefs and seagrass 

beds support tourism and recreation, while mangroves and estuaries 

sustain artisanal fisheries and aquaculture. The goods and services 

derived from these ecosystems including carbon sequestration, 

biodiversity maintenance, shoreline stabilization, and storm mitigation 

highlight their inestimable ecological and economic value. However, 

these systems face mounting pressures from coastal development, 

pollution, overfishing, and climate change, necessitating integrated 

coastal zone management and community-based conservation 

approaches. 

Coral Reef Ecosystems:  

Structure and Function Coral reefs are biogenic marine structures 

formed primarily by calcium carbonate–secreting corals belonging to 

the order Scleractinia (stony corals). These living organisms, together 

with calcareous algae, sponges, bryozoans, and other reef-building 

species, create massive limestone frameworks over thousands of years. 

Coral reefs are often referred to as the “rainforests of the sea” due to 

their incredible biodiversity and ecological productivity. Reef-building 

corals (hermatypic corals) thrive mainly in shallow, warm, and sunlit 

tropical waters, where temperatures range between 23°C and 29°C and 

salinity remains stable around 32–35 ppt. They are sensitive ecosystems 

that depend on clear, oligotrophic waters for optimal photosynthesis 

and calcification processes. 

Types of Coral Reefs: Based on geomorphological structure and spatial 

development, coral reefs are broadly classified into three main types: 

1. Fringing Reefs: Fringing reefs are the most common type and 

develop directly along the shoreline of continents or islands. They 

are separated from the coast by a shallow lagoon or reef flat. The 
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Gulf of Mannar and Palk Bay in southern India host extensive 

fringing reefs, where coral colonies occur close to seagrass 

meadows and mangrove habitats. These reefs often experience 

high sedimentation and freshwater inflow but continue to 

support diverse coral and fish communities. 

2. Barrier Reefs: Barrier reefs are located farther offshore, 

separated from the mainland or island by a deep lagoon. They 

form massive wall-like structures parallel to the coastline. 

Though India lacks a true continuous barrier reef system like the 

Great Barrier Reef of Australia, the Andaman and Nicobar Islands 

exhibit localized barrier formations, particularly around South 

Andaman, Havelock, and Little Andaman. These reefs play a 

critical role in wave attenuation and coastal stabilization. 

3. Atoll Reefs: Atolls are ring-shaped coral reefs that enclose central 

lagoons, formed over subsiding volcanic islands. India’s 

Lakshadweep Islands represent the country’s only group of atoll 

reefs, comprising 36 coral islands with vibrant lagoon 

ecosystems. These atolls harbor diverse coral species such as 

Acropora, Porites, Favia, and Montipora, and provide breeding 

grounds for reef fish, lobsters, and turtles. 

Coral–Zooxanthellae Symbiosis: The foundation of coral reef 

productivity lies in the mutualistic symbiosis between coral polyps and 

microscopic photosynthetic algae known as zooxanthellae (genus 

Symbiodinium). The algae reside within the coral’s endodermal cells and 

perform photosynthesis, providing up to 90% of the coral’s nutritional 

requirements in the form of carbohydrates and oxygen. In return, corals 

offer the algae protection and essential nutrients such as nitrogen and 

phosphorus. This symbiotic relationship not only fuels coral metabolism 

and growth but also facilitates calcium carbonate deposition, forming 

the rigid reef structure. Any environmental stress that disrupts this 

association, such as temperature rise, pollution, or sedimentation, can 

lead to coral bleaching a phenomenon where corals expel their 

symbiotic algae and lose their color and vitality. 
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Ecological Roles and Functional Significance: Coral reefs perform 

multifaceted ecological functions that are important for marine 

biodiversity and coastal ecosystems: 

 Coral reefs provide complex three-dimensional structures that 

serve as habitats and shelter for an estimated 25% of all marine 

species, including fish, mollusks, crustaceans, echinoderms, and 

marine mammals. 

 Many commercially important fishes such as snappers, groupers, 

and parrotfish spend part of their life cycle within coral reef 

systems before migrating to open waters. 

 Coral reefs efficiently recycle nutrients through symbiotic and 

detrital pathways, maintaining high productivity in otherwise 

nutrient-poor tropical waters. 

 The physical structure of coral reefs acts as a natural barrier, 

dissipating wave energy and protecting coastal communities 

from erosion, cyclones, and storm surges. 

 Through biogenic calcification, coral reefs play a role in the global 

carbon cycle, locking up significant amounts of carbon in reef 

limestone formations. 

 Coral reefs support fisheries, tourism, and recreational 

industries, contributing to food security and income for millions 

of coastal inhabitants. 

Major Coral Reef Areas of India: India’s coral reefs are distributed 

across four major regions, each with unique geomorphological and 

ecological characteristics: 

A. Gulf of Mannar and Palk Bay (Tamil Nadu): These regions 

represent fringing reef systems extending between India and Sri 

Lanka. The Gulf of Mannar Marine Biosphere Reserve (covering 

~10,500 km²) contains 21 islands with rich coral diversity (over 

100 species). The area is known for coral-associated fauna, 

including sea cucumbers, giant clams, and ornamental fishes. 

However, reefs here face significant pressure from coral mining, 

pollution, and destructive fishing. 

B. Gulf of Kachchh (Gujarat): The reefs in the Gulf of Kachchh are the 

northernmost coral formations in the Indian Ocean, surviving in 

extreme conditions of high salinity, turbidity, and temperature 



45 

 

variation. Despite these challenges, they sustain over 40 coral 

species, including Turbinaria, Favia, and Porites. The Marine 

National Park and Sanctuary (Jamnagar) protect these reefs, 

along with mangroves and seagrass beds. 

C. Lakshadweep Islands: The Lakshadweep archipelago consists of 

atoll and reef-lagoon ecosystems, harboring some of the most 

pristine coral formations in the country. These reefs are home to 

vibrant fish communities and are crucial for local tuna fisheries. 

Coral bleaching events, however, have been observed here, 

particularly during El Niño years. 

D. Andaman and Nicobar Islands: The Andaman and Nicobar group 

represents India’s largest coral reef area, estimated to cover more 

than 11,000 km². The reefs are diverse and structurally complex, 

consisting of fringing, barrier, and patch reefs. Species richness is 

exceptionally high, with over 200 coral species recorded. The 

reefs support a variety of reef fish, mollusks, crustaceans, and 

echinoderms, and serve as critical habitats for dugongs, turtles, 

and reef sharks. 

Ecological Interlinkages: Coral reefs function as integral components 

of larger coastal ecosystems, interacting closely with mangroves and 

seagrass beds. Mangroves trap sediments and nutrients, maintaining the 

water clarity required for coral growth, while seagrass meadows act as 

feeding and nursery grounds for many reef species.  

Status of Marine and Coral Biodiversity in India 

India possesses one of the most biologically diverse marine 

ecosystems in the Indo-Pacific region, attributed to its 7,517 km long 

coastline, vast Exclusive Economic Zone (EEZ) of 2.02 million km², and 

the diverse oceanographic and climatic conditions prevailing across the 

Arabian Sea, Bay of Bengal, and the island ecosystems of Lakshadweep 

and Andaman–Nicobar. The confluence of tropical, subtropical, and 

equatorial waters provides ideal conditions for an extraordinary range 

of marine species. According to the Zoological Survey of India (ZSI) and 

Central Marine Fisheries Research Institute (CMFRI), more than 15,000 

marine species have been identified in Indian waters, spanning various 

taxa including fishes, mollusks, crustaceans, echinoderms, corals, 
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sponges, and marine mammals. Of these, over 3,000 species are marine 

fishes, representing a substantial portion of the Indian Ocean’s 

ichthyofaunal diversity. Furthermore, approximately 1,000 species of 

marine algae, 1,200 crustaceans, 500 mollusks, and over 200 species of 

hard corals have been documented. 

Endemic and Globally Significant Marine Species: India’s marine 

environment harbors several endemic and ecologically significant taxa 

that contribute to global biodiversity heritage. The coral genera 

Acropora and Porites dominate reef-building processes across Indian 

reefs, with Acropora formosa and Porites lutea being particularly 

widespread and resilient to environmental fluctuations. Among reef-

associated fishes, the Clownfish (Amphiprion spp.) and Butterflyfish 

(Chaetodon spp.) serve as bio-indicators of coral health and are vital 

components of the reef ecosystem. The Sea cucumber (Holothuroidea) 

populations of the Gulf of Mannar and Andaman seas are economically 

and ecologically valuable, contributing to benthic nutrient cycling and 

sediment turnover. India also supports populations of Dugongs (Dugong 

dugon), a globally vulnerable marine mammal species dependent on 

seagrass meadows, particularly in the Palk Bay, Gulf of Mannar, and 

Andaman waters. Their presence indicates the ecological integrity of 

coastal and lagoonal habitats. Other iconic marine fauna include sea 

turtles (Olive ridley, Green, Hawksbill, and Leatherback), whales, 

dolphins, and manta rays, all of which enhance the biological richness of 

Indian seas. 

Diversity of Reef-Associated Fauna: Coral reefs in India harbor 

intricate species assemblages representing a microcosm of marine 

biodiversity. More than 200 species of hermatypic (reef-building) corals 

and 120 species of reef-associated fishes have been recorded from 

Indian reefs. 

 Fish Diversity: Prominent reef fish families include 

Pomacentridae (Damsel fishes), Chaetodontidae (Butterfly 

fishes), Labridae (Wrasses), Serranidae (Groupers), and Scaridae 

(Parrotfishes). These species play essential ecological roles in 

maintaining reef health, algae control, and trophic balance. 
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 Mollusks and Echinoderms: Coral reefs also sustain diverse 

molluscan fauna, including giant clams (Tridacna spp.), cone 

shells (Conus spp.), and cowries (Cypraea spp.). Echinoderms such 

as sea urchins, starfishes, and brittle stars contribute to nutrient 

cycling and substrate turnover within reef environments. 

 Crustaceans and Sponges: Reef crustaceans like hermit crabs, 

lobsters, and shrimps form important links in the reef food chain, 

while sponges and tunicates enhance water filtration and 

microbial balance. 

National Marine Biodiversity Hotspots: India’s marine ecosystems 

include several legally protected areas and biosphere reserves that 

serve as biodiversity hotspots, safeguarding both coral and non-coral 

marine life. 

 Gulf of Mannar Biosphere Reserve (Tamil Nadu): Designated 

in 1989, this reserve covers 10,500 km², including 21 

uninhabited islands and adjacent coral reefs, seagrass beds, and 

mangroves. It harbors over 3,600 species of flora and fauna, 

making it one of the most biodiverse marine regions in the Indian 

Ocean. The reserve supports endangered species like the dugong, 

sea turtles, and several commercially important fish and 

invertebrates. 

 Rani Jhansi Marine National Park (Andaman Islands):Located 

in the South Andaman district, this park protects fringing coral 

reefs, mangroves, and lagoons rich in Porites, Montipora, and 

Favia corals. It provides critical habitat for reef-associated fishes, 

crustaceans, and seabirds, emphasizing the importance of small 

island ecosystems in marine conservation. 

 Mahatma Gandhi Marine National Park (Wandoor, South 

Andaman): Established in 1983, this park spans 281.5 km² and 

encompasses 15 islands, offering a combination of coral reefs, 

mangrove forests, and seagrass meadows. It serves as a model for 

integrated coastal management, balancing conservation and 

community-based tourism. 

Other important protected areas include the Gulf of Kachchh 

Marine National Park (Gujarat) and the Malvan Marine Sanctuary 
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(Maharashtra), both of which are important for preserving regional 

marine biodiversity. 

Monitoring, Documentation, and Research Initiatives: Several 

national institutions play a important role in marine biodiversity 

assessment, conservation, and sustainable utilization in India: 

 National Centre for Sustainable Coastal Management (NCSCM), 

Chennai conducts ecological assessments, habitat mapping, and 

climate vulnerability studies for India’s coastal and marine zones. 

 Central Marine Fisheries Research Institute (CMFRI), Kochi 

undertakes research on marine resource assessment, stock 

monitoring, and biodiversity documentation. 

 Zoological Survey of India (ZSI) maintains extensive species 

inventories and taxonomic databases, contributing to the Indian 

Faunal Diversity project. 

 National Biodiversity Authority (NBA) coordinates conservation 

policies and access–benefit sharing frameworks related to 

marine genetic resources. 

 Space Applications Centre (SAC-ISRO) uses satellite-based 

remote sensing for coral reef monitoring, coastal mapping, and 

early detection of bleaching events. 

Threats to Marine Biodiversity and Coral Reefs 

Marine ecosystems, particularly coral reefs, are under severe 

and increasing pressure from a combination of anthropogenic and 

climatic factors. Coral bleaching, one of the most visible indicators of 

ocean stress, occurs when corals lose their symbiotic algae 

(zooxanthellae) due to elevated sea surface temperatures or ocean 

acidification. Mass bleaching events have been recorded globally and 

have led to significant coral mortality, especially in the Indian Ocean 

following El Niño years. Ocean acidification further weakens coral 

skeletons by reducing calcium carbonate availability, slowing down 

reef-building processes. Pollution is another major threat, with 

industrial effluents, untreated coastal sewage, and the accumulation of 

plastics causing eutrophication, oxygen depletion, and physical 

smothering of coral surfaces. Heavy metals and chemical contaminants 

interfere with coral reproduction and larval settlement, while 
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agricultural runoff leads to algal blooms that compete with corals for 

light and space. Overfishing and destructive fishing practices such as 

bottom trawling, cyanide poisoning, and blast fishing have not only 

reduced fish stocks but also caused irreversible physical damage to reef 

structures. The removal of key herbivorous fishes further destabilizes 

reef ecosystems by allowing algal overgrowth.  

Habitat destruction due to dredging, tourism-related activities, 

and large-scale coastal infrastructure projects including ports and 

resorts has fragmented critical reef areas. Coral mining for lime and 

construction materials in some coastal regions adds to the loss of habitat 

complexity. Invasive species, including alien marine organisms 

introduced through ballast water discharge, are altering the structure of 

native reef communities, often outcompeting indigenous corals and 

invertebrates. Climate change presents overarching threats such as sea-

level rise, increased storm surges, and altered salinity patterns that 

disrupt the delicate balance of coral ecosystems. Additionally, 

socioeconomic pressures on coastal populations driven by 

overdependence on marine resources contribute to unsustainable 

fishing, reef exploitation, and inadequate governance. Collectively, these 

factors pose a multidimensional challenge to marine biodiversity 

conservation in India’s waters. 

Conservation and Management Initiatives 

Efforts to protect India’s rich marine biodiversity and coral reef 

ecosystems have evolved through both national and international 

initiatives. India’s network of Marine Protected Areas (MPAs) and 

Biosphere Reserves including the Gulf of Mannar Biosphere Reserve 

(Tamil Nadu), Mahatma Gandhi Marine National Park (Andaman 

Islands), and Rani Jhansi Marine National Park (Ritchie’s Archipelago) 

represent significant milestones in the protection of coastal and reef 

ecosystems. These areas serve as refuges for threatened species and as 

sites for long-term ecological research and restoration. At the policy 

level, the Coastal Regulation Zone (CRZ) Notification under the 

Environment Protection Act (1986) governs activities along India’s 

coastline to minimize anthropogenic impacts. The National Biodiversity 

Action Plan (NBAP) and the Integrated Coastal Zone Management 
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(ICZM) framework further aim to balance developmental activities with 

ecosystem sustainability.  

Research organizations such as the Central Marine Fisheries 

Research Institute (CMFRI), National Centre for Sustainable Coastal 

Management (NCSCM), and Salim Ali Centre for Ornithology and Natural 

History (SACON) are at the forefront of coral reef monitoring, ecological 

assessments, and reef restoration programs. Coral transplantation 

techniques, reef rehabilitation efforts, and habitat enhancement 

activities have been successfully implemented in the Gulf of Mannar and 

Lakshadweep Islands to restore degraded reef areas. On the 

international front, India aligns its conservation strategies with 

frameworks such as the Convention on Biological Diversity (CBD), the 

International Coral Reef Initiative (ICRI), and the Sustainable 

Development Goal 14 (SDG-14: Life Below Water). These global 

commitments promote the protection and sustainable use of marine 

resources through collaborative research and policy integration. Non-

Governmental Organizations (NGOs) and local communities play a 

crucial role in conservation through citizen science programs, 

community-based reef monitoring, and sustainable livelihood 

initiatives.  

Conclusion 

Coral reefs represent one of the most complex and productive 

ecosystems on the planet, serving as the pinnacle of marine biodiversity. 

They provide irreplaceable ecological services supporting fisheries, 

protecting coastlines, cycling nutrients, and sustaining millions of 

livelihoods across tropical and subtropical regions. In the Indian 

context, coral reefs and associated marine ecosystems such as 

mangroves, seagrass beds, and estuaries form the backbone of the 

country’s coastal ecology and economy. However, these vibrant 

ecosystems face escalating threats from climate change, coral bleaching, 

pollution, overfishing, and unplanned coastal development. The 

cumulative impact of these pressures has led to habitat degradation and 

biodiversity loss, emphasizing the urgent need for coordinated 

conservation action. 

Yet, the resilience of coral reefs offers hope. Scientific 

innovation such as coral transplantation, reef restoration, and genetic 



51 

 

studies on thermal tolerance combined with traditional ecological 

knowledge of coastal communities, can pave the way for effective 

recovery and management. Collaborative conservation frameworks 

involving government agencies, research institutions, NGOs, and local 

stakeholders can help restore ecosystem integrity while ensuring 

sustainable livelihoods.  
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INTRODUCTION: 

Among the mountain systems of the world, the Indian 

Himalayan region (IHR) occupies a special place. The Himalayas are 

further geographically classified into western, central and eastern 

himalaya including 13 states and union territories of India. The Indian 

Himalayan region (IHR) is the main source of country’s major fresh 

water rivers and is also known as the water tower of earth (Valdiya, 

1997). These geo-dynamically young mountains are very important 

from the viewpoint of climate and as a source of life giving water to a 

large part of the Indian subcontinent. This geographical area of himalaya 

holds significant value for both economic and ecological reasons, as it 

shelters some of the rarest and most valuable cold-water fish species 

(Petr & Swar, 2002). In the Indian subcontinent, about 83% of the total 

drainage basin is shared by 14 major river systems. The union territiry 

of Jammu and Kashmir which lies in the western Himalayan region is 

endowed with potentially varied forms of aquatic resources adaptable 

for rich fishery resources. Most of the terrain of Jammu region is hilly 

from where the rivers, streams and rivulets meander into the plains and 

valleys. Many of these small streams and rivulets are very important as 

they provide the critical habitat for breeding and survival of many 

endemic fish species of Jammu region.  

Freshwater resources on earth planet are unevenly distributed, 

with some of the water bodies located far from human populations, 

while others are flowing through densely populated areas. They are 

limited resource and are not essential only for the survival of living 

organisms but also for fulfilling human requirements such as 

agriculture, industry and domestic needs (Bartram and Balance, 1996). 

Freshwater is crucial for sustaining all terrestrial and aquatic 
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ecosystems and human society (Millennium Ecosystem Assessment, 

2005).  

On the global scale, freshwater fish fauna is the most diverse of 

all vertebrate groups. Globally a total of about 36,100 species of fish 

have been reported (Froese and Pauly, 2025). India has an extensive 

network of rivers, both in Himalayas and plains, which harbours about 

2500 fish species (Jayaram, 2010) of of which 930 live in fresh water and 

1,570 are marine (Kar et al., 2003). The ICAR-National Bureau of Fish 

Genetic Resources (NBFGR) in India, has developed a database on fish 

genetic resources of the country and have recorded 3053 finfish, of 

which 1028 are from freshwater, 113 are from brackish water and 1912 

species have been reported from the marine environment (Lakra and 

Sarkar, 2022). 

Fish fauna alongwith being the most diverse group is also the 

most highly threatened group due to various anthropogenic activities, 

viz., dam installation, road construction and widening along the 

riverside and land-use change in the watersheds (Nel et al., 2009). Over 

the last century, riverine ecosystems have been seriously deteriorated 

from intense human intervention resulting in habitat loss and 

degradation and as a consequence, many fish species have become 

highly endangered, particular in rivers where heavy demand is placed 

on freshwaters (Lakra et al., 2010). Fresh water fish fauna in the 

Himalayan streams, is also rapidly declining. The potential causative 

factors are construction of hydroelectric projects (reservoir and R-o-R), 

over exploitation, fishing during breeding season, fishing of small sized 

fishes, and use of irrational fishing methods e.g. poisoning, dynamiting 

and electric-shocking (Singh and Agarwal, 2014; Gupta and Dutta, 

2021). In the Jammu region also, many rivers are facing the ecological 

degrdation due to above mentioned factors. Therefore it is pertinent to 

have in depth knowlwgde of fish faunal diversity, their distribution, 

assemblage structure and habitat ecology. Thus, regular reassessment 

and inventorization/documentation work of these riverine system 

requires immediate attention to access the ecosystem health, fish 

population structure, and distribution patterns in order to develop 

management and conservation strategies. 

RIVERINE SYSTEM OF JAMMU REGION 

1. Chenab river: The River Chenab has its origin from the Kulu and 

Kangra districts (Himachal Pradesh). It is also known as Chandrabagha 
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due to the confluence of two parent streams, Chandra and Bhaga. 

Chandra stream originates from a lake where as Bhaga joins it near 

Tandi. Both the streams are of equal magnitude and after their 

confluence make a mighty huge river called as Chenab river. Total length 

of river is about 1363 km and a total catchment area is about 41,899 km2 

of which 21,676 km2 (52%) lies in Pakistan, 17,430 km2 (42.5%) in 

Jammu and Kashmir UT and 2792 km2 (6.5%) in Himachal Pradesh 

(Shukla and Ali, 2018). After crossing the Pangi valley of Chamba district 

it enter Podar valley of Kashmir. In Jammu province the river travels 

through number of districts viz. Kishtwar, Doda, Ramban, Udhampur 

and Jammu. The river is fed by number of left and right hand tributaries 

from its headwaters making this river mighty huge. From Kishtwar, the 

Chenab follows south-west direction for Doda, passing through deep 

gorges along the northern base of the Pir Panjal range. Then, river 

pursues west ward direction toward the fort of Reasi up to Akhnoor. The 

total length of the river between Chandra-Bhaga confluences to Akhnoor 

is about 410 km. The river enters Pakistan through Sialkot district, near 

Dewara village of Marala.  

2. Tawi river: The river Tawi emerges out from a glacier tank, known 

as 'Kailash Kund' or Kali Kundi glacier in Kalaish range which lies at the 

top of 'Mahakailash choti' (~3965 M asl.). The river further flows down 

the southern face of the 'Maha kailash choti' in the form of a small stream 

and later it is joined by large number of small streams and rivulets 

(Burmin, Sulah Khad, and Dudar and Ramna Garwali Khad) on the way. 

Through a long meandering hilly path it flows diagonally across Jammu 

area, roughly in the north-east to south-west axis. At Jammu it enters 

into plains and finally mingles with river Chenab within the boundry of 

Pakistan. The Tawi river is a main left bank tributary of the Chenab river 

with a total length of about 112 km from its origination to confluence 

with Chenab River, and its catchment area is about 2168 km2, falling in 

the districts of Doda, Udhampur, and Jammu. 

3.  Ravi river: Three principal streams (Ravi Proper, Budhil, and the 

Nai) joins in the Chamba valley to form river Ravi formerly known as 

Irawati. River Ravi traverses for a total distance of 720 km, of which 360 

km are in India and finally it joins the Chenab River at Trimb (Pakistan). 

Throughout length, it is joined by number of right bank tributaries 

(Budhil, Tundahan, Beljedi, Saho) and left bank tributary (Chirchind 

Nala) (Shukla and Ali, 2018).  After passing through deep gorges and 
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narrow valleys of pir Panjal range it enters the Chamba district of 

Himachal Pradesh. Finally it leaves the Himalaya at Basoli and traverse 

through the Kathua (J&K) thereafter it bends westward and enters the 

Punjab plains near Madhopur.  

4. Ujh river: River Ujh originates from the south of the Kaplas peaks at 

an elevation of 4.3 km in the Seojdhar range of the Lesser Himalayas, 

located between 32°16 to 32°52’N and 75°21’ to 75°45’ E (Kumar and 

Sharma, 2023). It is a snowfed, perennial stream and catches the 

snowmelt water from wide area in the middle Himalayas close to the 

source of river Tawi in Bhaderwah. Close to Mandili, the river is very 

deep and flows through many deep gorges and narrow valley. In lower 

stretch especially downstream to Panjtirthi, many small perennial as 

well as seasonal streams and rivulets/nallahs viz. Bhini, Dangara, Sutar 

and Talin join the river Ujh thereby widening the river stretch. It 

traverses through the district Kathua and Samba for the length of about 

65 km and finally merges with river Ravi in Pakistan. 

5. Sewa river: River Sewa, is an important perennial tributary of the 

river Ravi, passing through Doda, Udhampur and Bassohli area of 

Kathua districts (Gupta and Dutta, 2021). It rises from the Domal 

structure of Kalikund in the laps of Himalayan ranges and after 

travelling through these districts, it joins the river Ravi at Kathua. The 

river Sewa is diverted for installation of one 120 MW R-o-R hydropower 

project to harness hydroelectric power. The dam is 53-meter-high 

concrete gravity dam - Sewa-II hydropower project, which is located in 

the Kathua district and is constructed by the National Hydropower 

Corporation India (NHPC).   

6.  Basanter river: River Basantar, is also an important tributary of the 

river Ravi, joining in Pakistan. It has its origination from Shivalik hills 

near Kharai Dhar at an altitude of 1300 m asl. On its course, it flows 

through southern slopes of Bani, passes through shallow gorges, forms 

asymmetrical valleys and then makes a bend before entering flood 

plains in Samba. The catchment area is 630 km2 with maximum 

discharge during monsoon season. River Basanter is a life line for local 

inhabitants of Samba district. It serves as a vital water source for 

irrigation and is also imperative for the local agricultural activities in the 

region. 

7. Wajoo river: Wajoo river is an important snowfed, perrenial stream 

and tributary of river Ravi flowing through Kathua district of Jammu 

https://www.encardio.com/projects/sewa-ii-hydroelectric-power-project
https://www.encardio.com/projects/sewa-ii-hydroelectric-power-project
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region. It has its origin from a spring in the village of Samper Sola near 

the Kathua town. It is mainly spring fed, pooled, sluggish water body. In 

its course it is also joined by a large number of seasonal and perennial 

tributaries. After draining the Kathua region, down stream of Janial 

village in Kathua, Wajoo nullah enters neighbouring state Punjab and 

finally merges with the river Ravi draining eastern boundary of Jammu 

region. This stream is a lifeline for the many people inhabiting along its 

bank. The river catchment area has vast agricultural fields and 

overflowing water is used for irrigation along length of stream. 

8. Manawar Tawi river: The Manawar Tawi is one of the most crucial 

river flowing through district Rajouri. It is a snowfed, perennial river 

and is one of the important right bank tributary of the Chenab River. The 

river originates from mountains of Pir Panjal range in Thana Mandi area 

of Rajouri district. Two small parent streams join to form river Manawar 

Tawi. One of the tributary of Manawar Tawi known as ‘Thanna-Nallah’ 

rises on the southern slope of Pir-Panjal mountains. Thanna nallah 

originates from a mountain (2,542 m asl). It then flows southwards and 

is joined by another nallah from the eastern side known as ‘Darhali-

nallah’ which originates from a mountain which is 3,555 m asl. These 

two nallahs meet each other at Rajouri town and form river Manawar 

Tawi. In its entire course, river is joined by number of right and left bank 

tributaries viz. Sukhtao, Khandal, Nallah, Jamola Wali Tawi, Dhelloriwali 

Tawi, Kalar Kas, Panda Kas, Nehari Tawi, Bhatta Kas. This river is also 

known as Rajouri Tawi and Nowshera Tawi on the regional basis. This 

river plays vital role in the entire stretch of district Rajouri providing 

water for drinking, irrigation and other agricultural purposes.  

9. Thandapani stream: It is an important spring fed, perrennial stream 

which flows through the Sunderbani town of district Rajouri. It has its 

origin in the foothills of the Pir Panjal range and thereafter it flows in 

south-west direction downstream to Taryath. The stream is joined by 

number of small rivulets as its tributaries viz. Kalima khad, Barnarra 

nallah, Kallar kas, Nilla dub and Nihari Tawi. After draining the 

Sunderbani region it finnaly merges with river Manawar Tawi.  

10.Poonch river: District Poonch located on Indo-Pak border is drained 

by an important snowfed, perrennial river Poonch. It originates in the 

southern foothills of the Pir panjal range near Neel-Kanth Gali and 

Jamian Gali (Peer Gali), initially flowing south and westward. Flowing 

downwards from its origin through Chandimarh, Bufliaz, Surankot, 

https://www.google.com/search?q=Pir+Panjal+Range&oq=Poonch+river+physiography+and+origin&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigATIHCAUQIRigAdIBCjE3NDA1ajBqMTWoAgiwAgHxBaHGxINsKAyd&sourceid=chrome&ie=UTF-8&mstk=AUtExfBD205s9wZ2TqHwlc9UR_8PQW-AqK9-dOPFTQQDoOhBKIG0ES3fP1-9DM56gS0qgIcFyp0H7Hnmdhpf6w4oGr8fJesy6VFNoWccIT0WbGzEHHImdA9lR1b3AuHf0rWZbmx4_eRc1sbnOoAXQOrcBUeR4_ySP_0sEd0z0uMihZ5aRjw&csui=3&ved=2ahUKEwjB45751tKQAxXZTGwGHQn1KuEQgK4QegQIARAE
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Kalaie and Poonch town it recieves number of left and right bank 

tributaries viz. Mandi river, Betar Nala, Mendhar river, Darungali 

stream, Rangar nallah etc. After crossing the Poonch town river 

meanders south-west to join the Mangla reservoir in Pakistan as a 

tributary of the Jhelum river. This river is known for its unique 

ecological habitats, especially for critically endangered fish species. In 

the upper stretches of river upstream to Chandimarh and Bufliaz, river 

stretch is very narrow paring through many gorges. The area is covered 

by snow and dense forests and at this location the river has high 

gradient. In the middle stretch of the river starting downstream to 

Surankot it has low gradint with deep pools, runs and cascades. In the 

lower stretch of the river downstream to Kalaie and in the Poonch town 

river is characterised by rapid, run and riffles.  

FISH BIODIVERSITY OF THE RIVERINE SYSTEM OF JAMMU REGION 

An appropriate reassessment work, documentation and 

characterization of the biodiversity are the vital and basic steps to 

assure its sustainable management and conservation. The freshwater 

fish biodiversity of India in different states has been documented and 

updated by several authors in the past, however, the precise number of 

extant fish species remains to be determined. Similarly in the Jammu 

and Kashmir union territory (western Himalaya) several studies were 

conducted to document and update the riverine resources of the region. 

As far the UT of Jammu and Kashmir is concerned it is palpable to note 

that during the nineteenth century the documentation work on the fish 

fauna of Kashmir region had received considerable importance since 

1838 when for the first time Heckel published 'Fische aus Caschmir'. 

After this pioneer work a series of some important contributions have 

been made by Vigne (1842); Heckel (1844); Steindachner (1866); 

Chaudhuri (1909); Mukerji (1936); Misra (1949); Hora et al., (1955); 

Silas (1960) and Das and SubIa (1964). It is surprising to note that, 

instead of such contributions made in the Kashmir valley, the riverine 

system of Jammu region from viewpoint of fish diversity remained 

ignored except a passing remarks made by Silas (1960) about the 

presence of a few fishes in this area. After this contribution, several 

studies were reported on fish faunal diversity of the Jammu region.  

Pioneer work on fishes in Jammu region, especially in the 

Poonch valley was contributed by Das and Nath (1965). Later on 

considering the lacuna of knowledge of the fish fauna of Jammu region, 

https://www.google.com/search?q=Mangla+Reservoir&oq=Poonch+river+physiography+and+origin&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigATIHCAUQIRigAdIBCjE3NDA1ajBqMTWoAgiwAgHxBaHGxINsKAyd&sourceid=chrome&ie=UTF-8&mstk=AUtExfBD205s9wZ2TqHwlc9UR_8PQW-AqK9-dOPFTQQDoOhBKIG0ES3fP1-9DM56gS0qgIcFyp0H7Hnmdhpf6w4oGr8fJesy6VFNoWccIT0WbGzEHHImdA9lR1b3AuHf0rWZbmx4_eRc1sbnOoAXQOrcBUeR4_ySP_0sEd0z0uMihZ5aRjw&csui=3&ved=2ahUKEwjB45751tKQAxXZTGwGHQn1KuEQgK4QegQIARAF
https://www.google.com/search?q=Jhelum+River&oq=Poonch+river+physiography+and+origin&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigATIHCAUQIRigAdIBCjE3NDA1ajBqMTWoAgiwAgHxBaHGxINsKAyd&sourceid=chrome&ie=UTF-8&mstk=AUtExfBD205s9wZ2TqHwlc9UR_8PQW-AqK9-dOPFTQQDoOhBKIG0ES3fP1-9DM56gS0qgIcFyp0H7Hnmdhpf6w4oGr8fJesy6VFNoWccIT0WbGzEHHImdA9lR1b3AuHf0rWZbmx4_eRc1sbnOoAXQOrcBUeR4_ySP_0sEd0z0uMihZ5aRjw&csui=3&ved=2ahUKEwjB45751tKQAxXZTGwGHQn1KuEQgK4QegQIARAG
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attempts were made by Zoological Survey of India (ZSI) and several 

other researchers on different rivers and streams of this region 

(Tilak,1971; Das and Nath, 1971; Malhotra et al., 1975; Joshi et al., 1978; 

Dutta and Malhotra, 1984; Balkhi, 2007; Sharma and Dutta, 2012; Vohra 

et al., 2013; Baba et al., 2014; Bhutyal and Langer, 2015; Dutta, 2015; 

Rathore and Dutta, 2015; Gandotra and Sharma, 2015; Kour et al., 2015; 

Dutta, 2016; Khajuria et al., 2016; Sharma et al., 2016; Gandotra et al., 

2017; Nisa et al., 2021; Dutta, 2021; Gupta and Dutta, 2021; Chib et al., 

2023). Despite these contributions made from time to time there was a 

dearth of compiled data on the fish diversity of Jammu region. In this 

chapter an attempt has been made to review and compile a 

comprehensive report on the distribution of various fish species in the 

riverine system of western himalaya in Jammu region.  

Different rivers and streams of Jammu region are bestowed 

with rich fish biodiversity. A total of 121 fish species belonging to 09 

orders and 20 families have been reported from the riverine system of 

Jammu region. Cypriniformes order is the dominating order with 

57.85% fish species (Fig. 1) followed by Siluriformes (24.79% spp), 

Perciformes (8.26% spp), Synbranchiformes (3.30% spp), 

Salmoniformes and Osteoglossiformes each with 1.65% species. There 

are 3 orders (Clupeiformes, Beloniformes, Percomorphi) which are 

contributing only single species. Among all the families Cyprinidae 

family with 47.93% species is dominating family (Fig. 2) followed by 

Sisoridae (8.26% spp), Balitoridae (5.78% spp), Bagridae (5.78% spp), 

Cobitidiae (4.13% spp), Siluridae (3.30% spp) and others families. 

Among the various rivers and streams, river Ravi has highest fish 

diversity representing 87 species (Dutta, 2021) in comaprison to the 

earliest reports of 97 species (Moza, 2014) and (Kumar and Dua, 2012) 

followed by Wajoo stream (64 spp), Ujh river (42 spp), Tawi river (38 

spp), Basanter stream (35 spp), Poonch river (25 spp), Chenab river (22 

spp). Detail of fish species reported from different rivers and streams is 

depicted in Table 1. In river Tawi 38 fish species were reported by 

earlier reports while Gandotra et al., 2017 reported only 21 species from 

this river, confirming the decline in fish diversity. In district Rajouri 

current study reported 27 fish species where as earlier studies reported 

only 16 species (Nisa et al., 2020). Some species viz. Mastacembelus 

armatus, Barilius bendelisis, Labeo dero which were not reported in the 

earlier studies are frequenttly found in the river stretch flowing through 

Nowshera area. Other small streams of Jammu region having 
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comparatively low fish diversity also have considerable importance in 

the total fish diversity of this region. 

Table 1. Riverine resources and their fish diversity in the 

westernHimalaya (Jammu region) 

Sr.
No. 

Order, 
family 

and fish 
species 

Important rivers and streams of Jammu region 
C

h
en

ab
  

T
aw

i 
 

R
av

i 

U
jh

  

Se
w

a 
 

B
as

an
te

r 
 

W
aj

o
o

  

M
an

aw
ar

 

T
h

an
d

ap
a

 

P
o

o
n

ch
  

 Order: CYPRINIFORMES 

 Family: CYPRINIDAE 

1 
Amblyph
aryngod
on mola 

  +    +    

2 
Aspidopa

ria 
morar 

 + + +  + +    

3 
Bangana 

dero 
       +   

4 
Barilius 
barila 

 + +        

5 
Barilius 
bendelisi

s 
 + + + +  + + +  

6 
Barilius 
modestu

s 
 + +    +    

7 
Barilius 
radiolat

us 
  +        

8 
Barilius 
shacra 

 +         

9 
Barilius 
vagra 

 + + + + + + + + + 
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10 
Catla 
catla 

  + +  +     

11 
Chela  

cachius 
 + +    +    

12 
Chela 

laubuca 
  +    +    

13 
Cirrhinus 
mrigala 

 + + +  + + +   

14 
Cirrhinus 

reba 
  + + + + +    

15 

Crossoch
eilus 
latius 

diplochil
us 

 + + + + + + + + + 

16 
Ctenoph
aryngod
on idella 

         + 

17 
Cyprinus 

carpio 
+  +    + +  + 

18 
Danio 

devario 
 + + +  + +    

19 
Esomus 
danrica 

 + + +   +    

20 
Garra 
gotyla 
gotyla 

+ + + +  + + + + + 

21 
Garra 
lamta 

  + +   + +  + 

22 

Hypopht
halmicht

hyes 
molitrix 

         + 

23 
Labeo 
bata 

 + +    + + + + 

24 
Labeo 
boga 

  +     + +  

25 
Labeo 
boggut 

+      +    

26 
Labeo 

calbasu 
  +   + +   + 
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27 
Labeo 
dero 

 + + +   + + + + 

28 
Labeo 

dyocheil
us 

 + + +   +   + 

29 
Labeo 
gonius 

  +   + +    

30 
Labeo 

pangusia 
  + +   +    

31 
Labeo 
rohita 

  +   +  +   

32 
Oncorhy

nchus 
mykiss 

+          

33 
Osteobra
ma cotio 

cotio 
  +    +    

34 
Oxygaste
r bacaila 

 +         

35 
Pethia 
ticto 

       +   

36 
Puntius 

chola 
  + +  +     

37 
Puntius 
choncho

nius 
+  + +   + + + + 

38 
Puntius 
sarana 
sarana 

 + +   + +    

39 
Puntius 
sophore 

 + + +  + + + +  

40 
Puntius 

terio 
  +        

41 
Puntius 

ticto 
 + + +  + + + +  

42 
Raiamas 

bola 
  +        

43 
Rasbora 
daniocon

ius 
+  +     +   
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44 
Rasbora 
rasbora 

   +  + +    

45 
Salmoph

asia 
bacaiIa 

  +        

46 
Salmoph

asia 
phulo 

  +        

47 

Salmoph
asia 

punjabe
nsis 

  +        

48 
Salmosto

ma 
bacaila 

   +   +    

49 

Salmosto
ma 

panjabie
nsis 

   +   +    

50 
Schizoth

orax 
esocinus 

+          

51 
Schizoth

orax 
labiatus 

+         + 

52 

Schizoth
orax 

plagiosto
mus 

+ +         

53 

Schizoth
orax 

richards
onii 

+  +  +   + + + 

54 
Securicul

a gora 
  +    +    

55 
Tor 

mosal 
 +         

56 
Tor 

putitora 
+ + + + +  + + + + 

57 Tor tor +  + +  + + +  + 
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58 

Triploph
ysa 

marmor
ata 

         + 

 Family: BALITORIDAE 

59 
Acantho
cobitis 
botia 

  + +   +    

60 
Lepidoce

phalus 
guntea 

          

61 
Noemac

heilus 
botia 

 +      +   

62 
Noemac

heilus 
corica 

 +         

63 
Noemac

heilus 
prashari 

 +         

64 
Schistur

a 
prashadi 

  +        

65 

Schistur
a 

punjabe
nsis 

  +        

 Family: COBITIDIAE 

66 
Botia 

almorha
e 

  + +   +   + 

67 
Botia 
birdi 

 + + +      + 

68 
Botia 
dayi 

     +     

69 
Botia 

lohachat
a 

  +    +    



65 

 

70 
Lepidoce

phalus 
guntea 

 + + +   +    

 Order: SILURIFORMES 

 Family: SILURIDAE 

71 
Ompok 

bimacula
tus 

   +  +     

72 
Ompok 
pabda 

+  +    +    

73 

Pseudeut
ropius 

atherinoi
des 

      +    

74 
Wallago 

attu 
 + + +  + +    

 Family: BAGRIDAE 

75 

Aorichth
ys 

seenghal
a 

  + +  + +    

76 
Mystus 

bleekeri 
  + +  + +    

77 
Mystus 

cavasius 
  +    +    

78 
Mystus 

seenghal
a 

+ +         

79 
Mystus 
tengara 

  +        

80 
Mystus 
vittatus 

  + +  + +    

81 Rita rita   +   + +    

 Family: AMBLYCIPITIDAE 

82 
Amblyce

ps 
mangois 

 + + +   +    



66 

 

 Family:  SISORIDAE 

83 
Bagarius 
bagarius 

  + +  + +    

84 
Gagata 
cenia 

  +   + +    

85 

Glyptoste
rnum 

reticulat
um 

+       +  + 

86 
Glyptoth

orax 
cavia 

  +        

87 

Glyptoth
orax 

conirostr
e 

conirostr
e 

          

88 

Glyptoth
orax 

kashmire
nsis 

       +  + 

89 

Glyptoth
orax 

pectinop
terus 

 +  +    + +  

90 

Glyptoth
orax 

punjabe
nsis 

+         + 

91 

Glyptoth
orax 

stoliczka
e 

  + + + +     

92 
Glyptoth

orax 
telchitta 

  + +    +  + 
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  Family: CLARIIDAE 

93 
Clarius 

batrachu
s 

  +        

94 
Heterop
neustes 
fossilis 

  +    +    

  Family: SCHILBIDAE 

95 
Ailia 

punctata 
  +        

96 
Clupisom
a garua 

  +   +     

97 
Clupisom

a nazri 
  +        

98 
Eutropiic

hthys 
murius 

  +        

99 
Eutropiic

hthys 
vacha 

  +        

100 

Neotropi
us 

atherinoi
des 

  +        

 Order: SALMONIFORMES 

 Family: SALMONIDAE 

101 
Oncorhy

nchus 
mykiss 

+         + 

102 
Salmo 
trutta 
fario 

  +  +   +   

 Order: PERCIFORMES 

 Family: CHANNIDAE 

103 
Channa 

marulius 
+ + +   + +    
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104 
Channa 
orientali

s 
 + + +  + +    

105 
Channa 

punctatu
s 

+ + + +  + +    

106 
Channa 
striatus 

  +    +    

 Family: CHANDIDAE 

107 
Chanda 
nama 

  +    +    

108 
Paramba

ssis 
baculis 

  +    +    

109 
Paramba

ssis 
ranga 

  +    +    

 Family: NANDIDAE 

110 
Nandus 
nandus 

  +    +    

 Family: GOBIIDAE 

111 
Glossogo

bius 
giuris 

  +    +    

 Family: BADIDAE 

112 
Badis 
badis 

 +    +     

 Order: SYNBRANCHIFORMES 

 Family: MASTACEMBELIDAE 

113 
Macroga

nthus 
aral 

  +        

114 
Macroga

nthus 
pancalus 

  + +  + +    
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115 
Mastace
mbelus 

armatus 
+ + + +  + + +  + 

116 
Mastace
mbelus 

pancalus 
 +         

 Order: OSTEOGLOSSIFORMES 

 Family: NOTOPTERIDAE 

117 
Chitala 
chitala 

  +    +    

118 

Notopter
us 

notopter
us 

  +   + +    

 Order: CLUPEIFORMES 

 Family: CLUPEIDAE 

119 
Gudusia 
chapra 

  +    +    

 Order: BELONIFORMES 

 Family: BELONIDAE 

120 

Xenento
don 

cancila 
(Ham.) 

+ + + +   +    

 Order: PERCOMORPHI 

 Family: CICHLIDAE 

121 
Oreochro

mis 
niloticus 

+          

Total number 
of fish species 

reported 
22 38 88 42 08 35 64 27 13 25 
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CRITICAL HABITATS WITHIN RIVERINE SYSTEM OF JAMMU 

REGION  

Critical habitat can be described as- areas or spatial 

environments that are essential for the day to day survival of individuals 

of the species and help to maintain their healthy population growth rate. 

As per USFWS (2002), the ‘critical habitat’ is a specific geographic area 

that is essential for the conservation of threatened or endangered 

species and that may require special management and protection. The 

critical fish habitat doesn’t mean simply as the areas of high fish density 

but, sometime less densely occupied areas may be considered more 

critical for the survival and propagation of species (Sharma et al., 2025). 

There are number of small streams and rivulets in Jammu region viz. the 

small tributaries of river Ravi, river Tawi, River Chenab, river Ujh, river 

Wajoo and river Manawar Tawi which directly or indirectly merges into 

main river. These small streams and rivulets have characterstics 

physico-chemical and substratum features which differs from thhe 

features of main river.  

During the breeding season, mature fishes move to these 

streams for breeding purpose and then feeding their fingerlings. 

Although these small streams and rivulets have low discharge and low 

species richness but have highly conducive ecological features as 

comparatively high temperature, transparent water, moderate flow, 

characteristic shallow, heterogeneous substratum which provides 

feeding and breeding ground to several endemic fish species. Thus these 

streams have high potential to be declared as critical habitats with 

riverine system of jammu region. There is a dire need to identify these 

critical habitats within each and every river system and protect them on 

the priority basis.    

CHALLENGES TO THE FISH FAUNA OF JAMMU REGION 

It is observed that the fresh water fish fauna of various 

Himalayan rivers and streams is exposed to different types of challenges 

depending upon their geomorphology and is continously declining 

(Agarwal et al., 2014; Singh and agarwal, 2017, Sharma et al., 2025). 

Some major challenges which have very high potential to impacts the 

fish fauna of rivers and streams of Jammu region are identified and 

described.            

1. Hydropower projects: The installation of hydro power projects 

(dams) on various rivers (especially river Chenab and Sewa) for 

electricity generation is the major cause that has affected the fish 
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migration. Two types of hydropower projects are installed to harness 

electricity. 1. Run-of-river (RoR) hydropower project in which a 

proportion of river segment is diverted and forced into penstocks of HPP 

for electricity generation. The fragmentation of these rivers reduces the 

water discharge in main river stretch, resulting into destruction of 

habitat ecology, impeding river continuity and alteration in natural flow 

patterns and physico-chemical variables.  

The fish population living up and down to the stream got 

seriously isolated. 2. Reservoir (dam) project in which river water is 

obstructed by damming thereby forming large reservoir. River 

continuity is lost, flow is ceased and depth is increased. There is high 

siltation rate in the reservoirs resulting into alteration in substratum 

features, habitat ecology and quality of water. Thus survival of 

rheophilic fluvial specialist species becomes very difficult.  

2. Extensive use of destructive fishing methods : Various illegal 

destructive fishing techniques are observed to be used frequently by the 

local fishermen in remote areas. Among them, use of electric current, 

dynamiting, ichthyotoxic material such as bleaching powder and 

extracts of ichthyotoxic plants are very common. These irrational fishing 

techniques are highly destructive not only to the fish fauna but also to 

the complete biota of river. Uses of these crooked fishing methods 

completely root out the fish fauna from the area of their operation as all 

the life history stages of fish are killed along with table size fish.  

3. Anthropogenic disturbances/ Urbanization: Various 

anthropogenic activities viz. the urban settlements, disposal of 

municipal waste material directly into the river, installation of stone 

crushers, mining of sand, gravel, boulders from the river bed, 

constructional work along the river, bathing and recreational activities 

are very common events occurring along the rivers. In the river 

Manawar Tawi, 7 to 8 stone crushers have been installed in the river 

stretch of about 50 to 60 km. These stone crushers are mining the river 

on large scale thus fragmenting the river into patches.  

The widening of National Highway (NH 144A) along the river is 

disposing the road debris directly into the river. These activities 

completely destroy the feeding and breeding ground of fish, change the 

physico-chemical properties of water and ecology of riverine habitat, 

thus making it unsuitable for the survival of fishes. 
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CONSERVATION AND MANAGEMENT PERSPECTIVE  

To mitigate the impact of challenges and conservation of native 

fish fauna, some corrective measures are urgently needed. The following 

management and conservation measures seems to be effectively 

implemented to reduce the over exploitation of fish resources: 

1. Identification of ‘Critical habitat’: There should be identification of 

small streams and river stretches which provide conducive ecological 

and substratum features, breeding and feeding grounds to the fishes and 

their fingerlings. These spots should be declared as Critical habitat and 

regulations should be developed to protect such critical habitat areas for 

the conservation of endemic fish fauna.  

2. Use of fish ladders in the dam: Fish ladders are the structures 

designed with a series of ascending pools with water flowing through 

them which allow fishes to leap up their way up to other side of 

obstruction. Therefore during the construction of dams there should be 

the use of fish ladders/fish ways to minimize their deleterious effects.  

3. Habitat restoration and rehabilitation: Based on sound ecological 

principles, proper identification, protection and management of stream 

habitat should be done. The breeding and feeding grounds of fishes are 

such habitats that can be restored and protected with due care.  

4. Ban on illegal fishing: Indiscriminate fishing methods are used to get 

maximum fish yield in very less time and efforts. This reckless fishing 

has drastic affect on the fish population. Therefore, there should be 

complete ban on use of illegal fishing methods and the overfishing. Strict 

implementation of existing fishing rules and regulations by the 

enforcement agencies with coordination of state fishery department and 

forest department is needed.  

5. Ban on anthropogenic activities: Various anthropogenic activities 

viz. removal of building material from the river bed, direct disposal and 

dumping of waste material into the rivers and some irresponsive 

recreational activities are common along the various rivers. All these 

activities drastically impact the fishery resources and therefore should 

be minimized or banned strictly.    

6. Declaration of fishing and off seasons: During the time of breeding, 

fishing operation should be prohibited and it should be declared as ‘off 

season’. Selective fishing may be allowed with the strict execution of 

release policy for brood fishes. Apart from the breeding season fishing 

may be allowed. This will prevent the wanton killing of fingerlings and 

brooders thereby increasing the fish production.  
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7. Declaration of fish sanctuaries: There are some religious/sacred 

places where people don’t like to do fishing due to their religious 

believes. Such places may be declared as fish sanctuaries and can play 

vital role in the in-situ conservation of fishery resources. 

8. Public awareness: Public awareness and campaigning programs 

regarding the conservation of fishery resources should be initiated and 

promoted. Peoples should be made aware about the importance of 

aquatic resources and some potential threats to these crucial resources. 

They should be motivated that how these important resources can be 

conserved and managed. 

 

 

 

Fig. 1: Percentage of different orders reported from riverine 

system of Jammu region 
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Fig. 2: Percentage of different families reported from riverine 

system of Jammu region 
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WETLANDS AND THEIR ROLE IN 
SUSTAINING FISHERIES 
BIODIVERSITY 
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N. V. Salunkhe  

 

 

Introduction 

Wetlands represent some of the most productive and 

ecologically invaluable aquatic ecosystems, supporting a rich diversity 

of flora and fauna, including numerous fish species of both ecological 

and economic significance. In the Indian context, wetlands comprise 

natural systems such as rivers, lakes, floodplains, marshes, and 

estuaries, as well as man-made reservoirs and irrigation tanks. These 

ecosystems perform essential ecological functions, including regulation 

of hydrological flows, sediment retention, nutrient cycling, and 

maintenance of water quality, thereby sustaining the overall health of 

aquatic environments. 

From a fisheries perspective, wetlands serve as critical habitats 

for spawning, nursery grounds, and feeding areas, directly contributing 

to fish population recruitment and productivity. They also provide vital 

ecosystem services that benefit human communities, such as water 

purification, flood attenuation, carbon sequestration, and support for 

traditional livelihoods dependent on fishing. Given the increasing 

pressures of urbanization, industrialization, agriculture, and climate 

change, wetland conservation has emerged as a key priority for 

sustaining both biodiversity and fisheries resources. Protecting and 

restoring these habitats is therefore indispensable for ensuring 

ecological integrity, supporting sustainable fisheries, and maintaining 

the socio-economic well-being of dependent communities. 

Types and Distribution of Wetlands in India 

India is endowed with a wide diversity of wetlands that vary in 

size, hydrological regime, and ecological characteristics. These wetlands 

are broadly classified into inland, coastal, and high-altitude types, each 
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contributing uniquely to the country’s biodiversity and fisheries 

productivity. 

Inland wetlands, which include rivers, natural lakes, reservoirs, 

floodplains, and irrigation tanks, form the backbone of freshwater 

fisheries in India. These ecosystems provide critical habitats for 

spawning, nursery, and feeding of fish species that are integral to both 

subsistence and commercial fisheries. The floodplains of the Ganga-

Brahmaputra system, for example, are home to major carp species such 

as Rohu (Labeo rohita), Catla (Catla catla), and Mrigal (Cirrhinus 

mrigala), which thrive in the nutrient-rich waters of these plains. 

Reservoirs and irrigation tanks, often man-made, also support diverse 

fish assemblages and play a significant role in inland aquaculture. 

Coastal wetlands, including mangroves, estuaries, lagoons, and tidal 

flats, act as transitional zones between terrestrial and marine 

ecosystems. They are among the most productive habitats for brackish-

water fisheries. Mangrove ecosystems, such as those in the Sundarbans, 

provide shelter and nursery grounds for commercially important 

species like Hilsa (Tenualosa ilisha), various penaeid shrimps, and other 

estuarine fish. These wetlands not only sustain fisheries but also 

perform critical ecological functions, including shoreline stabilization, 

nutrient retention, and carbon sequestration. 

High-altitude wetlands, comprising glacial lakes, alpine 

marshes, and seasonal ponds in the Himalayan region, support 

coldwater fish species that are adapted to low temperatures and 

oxygen-rich environments. These wetlands, though limited in area, are 

ecologically significant as they serve as refuges for endemic species and 

act as indicators of climate change impacts on freshwater biodiversity. 

Each type of wetland exhibits unique hydrological and ecological 

dynamics, influencing the composition, abundance, and seasonal 

movements of fish populations. Seasonal fluctuations in water 

availability, temperature, salinity, and nutrient load determine habitat 

suitability and fish productivity.  

Ecological Functions of Wetlands for Fisheries 

Wetlands are critical ecological infrastructures that sustain fish 

populations and underpin the productivity of inland, coastal, and 

estuarine fisheries. Their role extends beyond simple habitat provision 
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to maintaining the structural and functional integrity of aquatic 

ecosystems. One of the primary functions of wetlands is to serve as 

spawning and nursery grounds. Shallow zones, often enriched with 

aquatic vegetation, provide a protected environment for fish eggs, 

larvae, and juveniles. These microhabitats buffer against predation, 

strong water currents, and temperature fluctuations, thereby enhancing 

early-life survival. In species such as major carps (Labeo rohita, Catla 

catla, Cirrhinus mrigala) in floodplain wetlands or Tenualosa ilisha in 

estuarine mangrove systems, these habitats are indispensable for 

successful recruitment and sustaining population dynamics. 

Wetlands also function as highly productive feeding habitats 

due to their elevated primary and secondary productivity. They harbor 

dense communities of phytoplankton, zooplankton, benthic 

macroinvertebrates, and detrital matter, which collectively form the 

trophic base for fish. The availability of these natural food resources 

supports growth, improves condition factors, and reduces mortality in 

juvenile and adult fish. Nutrient-rich sediments, combined with seasonal 

flooding, enhance organic matter decomposition, making wetlands 

nutrient hotspots that directly influence fish biomass and overall 

fisheries yields. In addition to supporting biological productivity, 

wetlands act as natural regulators of water quality. Aquatic vegetation, 

microbial biofilms, and sediment layers facilitate nutrient assimilation, 

pollutant filtration, and sediment trapping. These processes reduce 

turbidity, prevent eutrophication, and maintain optimal levels of 

dissolved oxygen (DO), pH, and other chemical parameters crucial for 

fish metabolism, growth, and immunocompetence. By mitigating the 

accumulation of toxic compounds such as ammonia and nitrates, 

wetlands maintain conditions favorable for fish survival and overall 

ecosystem health. 

Hydrological functions of wetlands further reinforce their 

ecological importance. Seasonal inundation of floodplains, marshes, and 

estuarine wetlands ensures connectivity between rivers, lakes, and 

adjacent habitats, facilitating fish migration, dispersal, and gene flow. 

Such connectivity is vital for maintaining population resilience, 

especially for migratory and amphidromous species. Wetlands also 

provide natural flood mitigation by absorbing excess water during peak 
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flows, and help maintain hydrological stability during dry periods, 

thereby supporting continuous aquatic habitat availability.  

Threats to Wetlands and Fisheries Biodiversity 

Wetlands in India, despite their ecological and socio-economic 

significance, are increasingly threatened by a combination of 

anthropogenic pressures and natural factors that compromise their 

integrity and diminish their capacity to sustain fisheries biodiversity. 

Habitat loss and encroachment are among the most pressing challenges. 

Vast tracts of wetlands have been converted for agricultural expansion, 

urban infrastructure, industrial development, and aquaculture, 

resulting in fragmentation and loss of critical breeding, nursery, and 

feeding grounds for fish. Such land-use changes not only reduce habitat 

availability but also disrupt the ecological connectivity essential for 

migratory and potamodromous fish species. 

Pollution represents another major threat to wetland health. 

Industrial effluents, untreated domestic sewage, and nutrient-rich 

agricultural runoff introduce excessive loads of nitrogen, phosphorus, 

heavy metals, and organic contaminants into wetland systems. This 

influx of pollutants often leads to eutrophication, oxygen depletion, and 

accumulation of toxic compounds, which adversely affect fish survival, 

growth, and reproduction. Moreover, these pollutants can disrupt 

planktonic communities and benthic organisms, which form the 

foundational trophic resources for fish, thereby impacting the entire 

aquatic food web. Overfishing and unsustainable harvesting practices 

exacerbate the decline in wetland fisheries. The use of destructive 

fishing gears, such as fine-mesh nets, electrofishing, and unregulated 

capture during breeding seasons, significantly reduces fish stocks and 

depletes genetic diversity. In the absence of effective seasonal closures 

and regulatory enforcement, populations of economically important 

species are particularly vulnerable to overexploitation, threatening both 

biodiversity and the livelihoods of dependent communities. 

Hydrological alterations, including dam construction, diversion 

channels, and excessive water abstraction, further disrupt the natural 

flow regimes of rivers and wetlands. Such modifications interfere with 

seasonal flooding patterns, which are crucial for spawning, recruitment, 

and dispersal of many fish species. Loss of hydrological connectivity 
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impedes migratory pathways and reduces the ecological resilience of 

wetland ecosystems, particularly for anadromous and catadromous 

species. The introduction of invasive alien species, both fish and aquatic 

plants, poses a significant ecological challenge. Species such as 

Oreochromis niloticus (Nile tilapia) and water hyacinth (Eichhornia 

crassipes) compete with native species for food and habitat, alter 

community structure, and disrupt trophic interactions. The 

proliferation of invasive species can lead to the decline or local 

extinction of indigenous fish populations, further compromising 

wetland biodiversity and fisheries productivity. 

Wetland Conservation and Management Strategies 

The conservation and restoration of wetlands are critical to 

maintaining ecological integrity, enhancing fish biodiversity, and 

ensuring the long-term sustainability of fisheries. Effective management 

requires a combination of legal protection, habitat rehabilitation, 

sustainable resource utilization, and active community participation 

within a framework of integrated ecosystem management. 

Legal protection and policy play a foundational role in 

conserving wetland ecosystems in India. The designation of Wetlands of 

International Importance under the Ramsar Convention provides global 

recognition and mandates the adoption of sustainable management 

practices. Nationally, the Wetlands (Conservation and Management) 

Rules, 2017, under the Environment (Protection) Act, 1986, offer a 

regulatory framework for the identification, conservation, and wise use 

of wetlands. These rules emphasize maintaining ecological character, 

preventing encroachment, and promoting participatory governance. 

Additionally, national initiatives such as the National Plan for 

Conservation of Aquatic Ecosystems (NPCA) and state-level wetland 

authorities further strengthen institutional mechanisms for wetland 

conservation and biodiversity protection. Habitat restoration 

constitutes a vital component of wetland management. Restoration 

efforts often involve re-establishing native aquatic and riparian 

vegetation to stabilize shorelines, reduce sedimentation, and improve 

habitat complexity. Sediment management, including desiltation and 

controlled dredging, enhances water retention and supports aquatic 

flora and fauna. Reconnecting wetlands with their adjacent river 
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systems through controlled flow releases or channel rehabilitation is 

particularly significant for sustaining migratory fish populations.  

Sustainable fisheries management within wetlands focuses on 

maintaining ecological balance while supporting local livelihoods. 

Community-based and co-management approaches empower local 

fishers and traditional user groups to participate actively in decision-

making and resource stewardship. Practices such as enforcing closed 

seasons during breeding periods, using selective and eco-friendly 

fishing gears, and restocking with indigenous fish species contribute to 

the regeneration of fish populations. Pollution control and water quality 

monitoring are equally essential to sustain the ecological functionality 

of wetlands. Effective management includes the treatment of industrial 

and domestic effluents before discharge, the promotion of eco-friendly 

agricultural practices to minimize fertilizer and pesticide runoff, and the 

implementation of buffer zones with vegetative cover for nutrient 

retention. Regular monitoring of physicochemical parameters such as 

dissolved oxygen, pH, turbidity, and nutrient concentrations helps 

detect early signs of degradation and informs adaptive management 

measures.  

Awareness, capacity building, and stakeholder participation 

form the social foundation of wetland conservation. Engaging local 

communities, fisher cooperatives, women’s self-help groups (SHGs), and 

non-governmental organizations (NGOs) fosters a sense of ownership 

and responsibility toward wetland resources. Educational and 

extension programs can enhance understanding of sustainable fishing 

practices, biodiversity values, and ecosystem services provided by 

wetlands.  

Integration with Sustainable Fisheries and Policy 

The integration of wetland conservation with sustainable 

fisheries development is essential for achieving ecological balance, 

livelihood security, and national goals of environmental sustainability. 

Wetlands form the ecological foundation of many inland and coastal 

fisheries in India; hence, the management of these ecosystems must be 

aligned with both biodiversity conservation and socio-economic 

development objectives. An ecosystem-based approach (EBA) to 

fisheries management recognizes the interdependence between aquatic 
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habitats, species diversity, and human well-being, emphasizing the need 

to maintain ecosystem structure, function, and resilience while allowing 

for sustainable utilization of resources. 

In India, several national policies and programs have 

incorporated the principles of sustainable fisheries within the broader 

framework of wetland management. The Pradhan Mantri Matsya 

Sampada Yojana (PMMSY) serves as a flagship initiative, aiming to 

enhance fish production, income generation, and nutritional security 

while ensuring ecological sustainability. The scheme promotes 

environmentally responsible aquaculture, restoration of degraded 

water bodies, and conservation of aquatic biodiversity through habitat 

improvement, seed stocking of indigenous fish species, and scientific 

management of capture fisheries. Similarly, the National Plan for 

Conservation of Aquatic Ecosystems (NPCA) and the Wetlands 

(Conservation and Management) Rules, 2017 provide complementary 

policy support by protecting wetland ecosystems from degradation and 

promoting their sustainable use. Scientific monitoring and evidence-

based management are indispensable to the success of such integrated 

strategies. Regular assessment of water quality, fish diversity, and 

ecosystem health indicators provides the empirical foundation for 

adaptive management and policy refinement. Tools such as Geographic 

Information Systems (GIS), remote sensing, and environmental DNA 

(eDNA) analysis are increasingly being used to track changes in wetland 

habitats and fish populations.  

Conclusion 

Wetlands are irreplaceable ecosystems that play a vital role in 

sustaining fish biodiversity, fisheries productivity, and a wide range of 

ecosystem services in India. However, their ongoing degradation poses 

serious threats to ecological stability, community livelihoods, and the 

sustainable use of aquatic resources. To ensure the long-term viability 

of these ecosystems, it is important to adopt integrated conservation 

and management strategies that combine scientific knowledge, socio-

economic considerations, and active community participation. 

Restoration of degraded wetlands, enforcement of protective policies, 

and promotion of sustainable fishing practices can collectively enhance 

ecosystem resilience and biodiversity. 
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Introduction  
Fish migration is one of the most ecologically significant 

behavioral phenomena observed in aquatic ecosystems, encompassing 

the periodic or seasonal movement of fish between different habitats for 

feeding, breeding, or survival. These migrations occur across both 

freshwater and marine systems, playing a crucial role in maintaining 

ecosystem balance, population structure, and species diversity. 

Migratory behavior ensures that fish can exploit favorable 

environmental conditions while contributing to the transfer of nutrients 

and energy between ecosystems, thus linking aquatic and terrestrial 

food webs. 

Fish migration can be broadly categorized based on the 

direction and purpose of movement. Anadromous species (e.g., salmon, 

Hilsa) spend most of their lives in the sea and migrate to freshwater for 

spawning. Catadromous species (e.g., eels) exhibit the opposite pattern, 

living in freshwater and migrating to marine habitats for reproduction. 

Amphidromous species migrate between fresh and marine waters not 

specifically for breeding but as part of their life cycle, while 

potamodromous fish migrate entirely within freshwater systems such 

as rivers and lakes. Oceanodromous species, on the other hand, 

complete their entire migration cycle within marine environments. 

Fish migration is important for sustainable fisheries 

management because it directly influences stock replenishment, 

spawning success, and the spatial distribution of aquatic populations. 

Migratory species often form the backbone of capture fisheries, 

supporting food security and livelihoods in many regions. However, 

changes in migration routes due to anthropogenic pressures such as 
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dam construction, habitat degradation, and climate change threaten the 

ecological stability of aquatic systems. 

Biological and Environmental Drivers of Fish Migration 

Fish migration is governed by a complex interplay of biological 

(intrinsic) and environmental (extrinsic) factors that together regulate 

the timing, direction, and success of migratory movements. These 

factors are crucial for maintaining the life cycle continuity, reproductive 

success, and ecological balance of migratory fish species across 

freshwater and marine environments. 

Intrinsic Factors: The intrinsic mechanisms underlying migration are 

primarily driven by reproductive physiology, hormonal regulation, and 

genetic adaptation. Endocrine signals, particularly those involving 

gonadotropins and steroid hormones, play a central role in initiating 

spawning migrations. For instance, the maturation of gonads in 

anadromous and catadromous fishes is synchronized with hormonal 

cues that trigger movement toward suitable breeding habitats. Genetic 

adaptations further enable species to recognize migratory routes and 

specific environmental cues such as salinity and temperature gradients. 

This innate homing ability, observed in species like the Indian shad 

(Tenualosa ilisha) and eels (Anguilla bengalensis), ensures successful 

return to natal habitats for spawning. The strong genetic basis of 

migratory behavior highlights the evolutionary significance of these 

movements in sustaining species diversity and ecological resilience. 

Extrinsic Factors: Environmental or extrinsic factors act as external 

triggers that influence the onset and pattern of migration. Photoperiod 

and temperature are key regulators, as they control metabolic activity 

and reproductive cycles. Seasonal changes in hydrological flow such as 

increased river discharge during the monsoon provide physical and 

chemical cues for upstream or downstream migration. 

Similarly, salinity gradients and dissolved oxygen levels govern the 

spatial distribution of migratory species, especially in estuarine and 

coastal ecosystems. Species that migrate between marine and 

freshwater environments must physiologically adapt to osmoregulatory 

challenges, ensuring proper ionic balance during transitions. 
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Fluctuations in water quality or flow regime due to anthropogenic 

interventions can disrupt these cues, adversely affecting migration 

success and population sustainability. 

 

Beyond reproduction and survival, fish migration plays a 

fundamental role in nutrient translocation, trophic linkages, and energy 

flow across ecosystems. Migratory fish transport organic matter, 

nitrogen, and phosphorus between marine, estuarine, and freshwater 

environments, thereby enhancing ecosystem productivity. For example, 

spawning migrations often enrich upstream habitats with nutrients 

derived from decomposing fish carcasses, supporting plankton growth 

and food web stability. 

Habitat Fragmentation in Aquatic Ecosystems 

Habitat fragmentation is one of the most critical ecological 

challenges affecting the sustainability of aquatic ecosystems and the 

migratory behavior of fish. It refers to the disruption of natural 

connectivity within and between aquatic habitats, resulting in the 

isolation of populations and the breakdown of ecological linkages 

essential for fish migration, breeding, and survival. In riverine and 

wetland ecosystems, connectivity exists across several dimensions 

longitudinal, lateral, vertical, and temporal all of which are vital for 

maintaining ecological integrity and the continuity of aquatic life cycles. 

Longitudinal connectivity enables fish to move freely along 

river channels between feeding, nursery, and spawning grounds. When 

this connectivity is interrupted, species that depend on seasonal or life-

cycle migrations, such as the Indian shad (Tenualosa ilisha) and the 

golden mahseer (Tor putitora), lose access to critical breeding areas. 

Lateral connectivity, on the other hand, maintains the dynamic 

relationship between rivers and their adjoining floodplains or wetlands, 

which serve as productive spawning and feeding habitats during the 

monsoon season. Similarly, vertical connectivity ensures the exchange 

of water, nutrients, and energy between surface water and groundwater 

systems, while temporal connectivity allows fish populations to migrate 

in response to seasonal cues or life-stage requirements. Disruption at 

any of these levels can severely affect the ecological balance of aquatic 

environments and reduce the resilience of fish populations. 
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The major drivers of aquatic habitat fragmentation are 

primarily anthropogenic, arising from intensive developmental and 

industrial activities. Among these, the construction of hydropower 

dams, barrages, and water diversion projects stands out as the most 

significant cause. These large-scale structures alter river flow regimes, 

block upstream and downstream migrations, and transform free-

flowing rivers into segmented reservoirs. As a result, migratory fish are 

unable to reach traditional spawning grounds, leading to reduced 

recruitment and declining fishery stocks. The alteration of sediment 

flow, water temperature, and dissolved oxygen levels caused by such 

infrastructures further disrupts ecological processes that sustain 

aquatic biodiversity. Equally damaging are activities such as river 

channelization, dredging, and sand mining, which modify the physical 

structure of riverbeds and destroy benthic habitats. These processes 

reduce habitat heterogeneity and eliminate spawning and nursery sites 

critical for bottom-dwelling and potamodromous species. Pollution and 

eutrophication represent another form of habitat degradation, where 

industrial effluents, agricultural runoff, and domestic waste lead to 

excessive nutrient enrichment and oxygen depletion. Such chemically 

degraded zones act as ecological barriers, preventing fish from 

traversing certain stretches of water due to toxic or hypoxic conditions. 

Rapid urbanization and watershed alteration also contribute to 

the fragmentation of aquatic habitats by changing hydrological regimes 

and increasing sedimentation. The encroachment of riparian zones and 

wetlands for agriculture, housing, and infrastructure reduces the 

natural floodplain area that serves as a breeding and feeding ground for 

many fish species. Moreover, impervious surfaces in urban areas 

accelerate runoff and disrupt the natural recharge of groundwater, 

affecting vertical connectivity within aquatic systems.  

The ecological consequences of habitat fragmentation are 

profound and multifaceted. Disrupted migratory routes hinder gene 

flow between populations, leading to genetic isolation and reduced 

adaptive potential. Over time, isolated populations become more 

vulnerable to environmental stressors such as temperature fluctuations, 

diseases, and pollution. This loss of genetic diversity compromises 

population resilience and can eventually lead to local extinctions. 

Beyond ecological impacts, fragmentation has direct implications for 
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sustainable fisheries, as it reduces the availability of fish stocks that 

form the basis of livelihoods for millions of fishing communities in India 

and across the world. 

Ecological Consequences of Fragmentation on Migratory Fish 

Habitat fragmentation poses profound ecological consequences 

for migratory fish species, whose survival and reproduction depend on 

the seamless connectivity of aquatic environments. The interruption of 

migratory pathways caused by dams, barrages, and other anthropogenic 

barriers disrupts the intricate life cycles of fish that rely on seasonal 

movement between spawning, nursery, and feeding habitats. Such 

disruptions not only affect individual species but also alter broader 

ecological processes that sustain aquatic biodiversity and fisheries 

productivity.  

One of the most significant impacts of fragmentation is the loss 

of access to critical spawning and nursery grounds. Many migratory 

species, such as Hilsa ilisha, Tor putitora (golden mahseer), and Anguilla 

bengalensis (Indian eel), depend on long-distance migrations to reach 

specific upstream or estuarine habitats that provide the right 

environmental conditions for spawning. When dams and other barriers 

obstruct these routes, the spawning cycle is interrupted, leading to poor 

recruitment and declining population sizes. The loss of nursery habitats, 

where juvenile fish grow and find protection, further weakens 

population recovery and long-term survival. 

Fragmentation also leads to genetic isolation among fish 

populations. In natural conditions, migration facilitates the exchange of 

genes between subpopulations, maintaining genetic diversity and 

enhancing adaptive capacity to changing environmental conditions. 

When migratory corridors are blocked, gene flow becomes restricted, 

resulting in inbreeding and a decline in genetic variability. Such 

genetically isolated populations exhibit reduced resilience to stressors 

such as temperature fluctuations, water pollution, or disease outbreaks. 

Over time, this can make fish populations more susceptible to extinction, 

especially under the pressures of climate change.  

Another consequence of fragmentation is the alteration of 

hydrological and environmental cues that regulate migratory behavior. 

Seasonal changes in river flow, temperature, and water chemistry act as 
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natural signals for migration and spawning. The modification of these 

cues due to dam operations, altered discharge patterns, or water 

diversion projects confuses migratory species, often leading to delayed 

migration, incomplete spawning, or total reproductive failure. 

Disrupted flow regimes also affect nutrient transport and sediment 

dynamics, further degrading aquatic habitats essential for fish survival. 

Fragmented habitats tend to become ecologically imbalanced, 

often resulting in increased vulnerability of fish to predators and 

diseases. Reduced habitat diversity and confined movement restrict fish 

to smaller areas, intensifying competition for food and space. Stagnant 

or slow-flowing waters behind barriers create favorable conditions for 

pathogenic microorganisms and parasites, leading to higher disease 

incidence. The physiological stress associated with poor water quality 

and limited mobility further weakens the immune system of fish, making 

them more prone to infection and mortality.  

In the long term, the cumulative effects of fragmentation 

contribute to a decline in fish stocks and overall ecosystem productivity. 

The reduction of migratory species many of which play a keystone role 

in nutrient cycling and energy transfer disrupts food webs and 

diminishes the ecological integrity of rivers and estuaries. The loss of 

such species not only affects biodiversity but also impacts the 

livelihoods of fishing communities that depend on seasonal fish 

migrations for their sustenance and income. 

Previous Studies 

Several studies conducted across India and other parts of the 

world have clearly demonstrated the adverse effects of habitat 

fragmentation on migratory fish populations. These studies highlight 

how the construction of dams, barrages, and other man-made barriers 

has disrupted migratory pathways, altered ecological connectivity, and 

caused long-term population declines among key fish species.   

One of the most well-documented examples in India is the 

decline of Hilsa (Tenualosa ilisha) migration in the Ganga–Brahmaputra 

river basin. Once abundantly available from the Bay of Bengal to far 

upstream stretches of the Ganga, the Hilsa population has significantly 

declined following the construction of barrages such as the Farakka 

Barrage in West Bengal. The barrier has restricted the natural upstream 
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migration of Hilsa, which traditionally traveled to freshwater reaches 

for spawning. The reduced flow regime, siltation, and change in salinity 

gradients have further disrupted spawning cues, resulting in a sharp 

decrease in recruitment success. Studies conducted by the Central 

Inland Fisheries Research Institute (CIFRI) have indicated that the Hilsa 

fishery has shifted downstream, with noticeable reductions in catch 

volumes and average fish size signifying a collapse in the migratory 

stock structure. 

A similar situation has been observed in the Himalayan river 

systems, where populations of the Golden Mahseer (Tor putitora) a 

flagship species and indicator of river health have been severely affected 

by habitat fragmentation. The construction of hydropower dams and 

river impoundments across the Ganga, Yamuna, and Teesta rivers has 

obstructed the natural migratory routes of Mahseer, preventing their 

access to upstream spawning and nursery habitats. These obstructions, 

combined with increased sedimentation, deforestation, and pollution, 

have led to localized population fragmentation and a decline in genetic 

diversity. Conservation studies in Uttarakhand and Himachal Pradesh 

have reported that Mahseer populations are now restricted to isolated 

river stretches, making them highly vulnerable to extinction pressures.  

Globally, similar patterns of fragmentation have been reported 

for salmonid species in European and North American rivers. In regions 

such as Scandinavia, Canada, and the Pacific Northwest, numerous dams 

constructed for hydropower and flood control have blocked the 

migratory routes of Atlantic salmon (Salmo salar) and Pacific salmon 

(Oncorhynchus spp.). Although mitigation structures like fish ladders 

and bypass channels have been introduced, they often prove 

inadequate, as they fail to accommodate all life stages or species. The 

cumulative effect has been a drastic reduction in salmon spawning runs, 

loss of genetic integrity, and the collapse of traditional riverine fisheries 

dependent on these migratory stocks. 

In southern India, studies on the Godavari and Krishna river 

systems have revealed a comparable loss in fish diversity due to 

extensive dam construction and river regulation. Multiple large dams, 

including the Polavaram and Nagarjuna Sagar projects, have altered the 

natural flow regime, reduced sediment transport, and disrupted the 

connectivity between upstream and downstream habitats. 
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Consequently, several migratory and rheophilic fish species those 

adapted to fast-flowing water have declined sharply.  

Methods for Monitoring and Assessment of Fish Migration and 

Habitat Connectivity 

Accurate monitoring and assessment of fish migration and 

habitat connectivity are critical components of sustainable fisheries 

management and aquatic biodiversity conservation. Understanding how 

fish move across river systems, respond to environmental changes, and 

utilize available habitats helps in identifying barriers, assessing 

ecological impacts, and formulating effective restoration strategies. In 

recent years, both direct and indirect methods have evolved 

significantly, combining traditional field-based techniques with modern 

molecular and spatial technologies to produce more precise and large-

scale ecological insights. 

Direct techniques are the most reliable approaches for studying 

individual fish movements and migration patterns. Among these, 

tagging is one of the oldest and most widely used methods. It involves 

attaching physical markers to fish that can later be recovered or 

detected to trace movement paths, migration distances, and survival 

rates. Advanced tagging techniques such as radio telemetry and acoustic 

telemetry have greatly enhanced the accuracy of monitoring. Radio 

telemetry involves the use of radio transmitters that emit signals 

detected by fixed or mobile receivers, allowing scientists to track fish in 

real time, particularly in freshwater environments. Acoustic telemetry, 

on the other hand, utilizes underwater acoustic transmitters and 

hydrophone arrays to monitor fish movement in rivers, estuaries, and 

coastal waters, even under turbid conditions. Another widely adopted 

method is the use of Passive Integrated Transponder (PIT) tags, which 

are microchips implanted in fish that can be detected when the tagged 

fish pass near antennas. These methods collectively enable long-term, 

individual-based monitoring and provide valuable information on 

migration timing, route selection, spawning site fidelity, and mortality. 

In addition to direct observation, indirect approaches have 

become increasingly popular for large-scale monitoring and habitat 

assessment. Among these, environmental DNA (eDNA) surveillance 

represents a revolutionary, non-invasive tool for detecting the presence 
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of fish species in aquatic systems. As fish shed genetic material such as 

skin cells, mucus, and excreta into the water, eDNA analysis allows 

scientists to identify species composition and distribution without 

physically capturing the fish. This method is particularly effective for 

detecting rare, endangered, or elusive migratory species. 

Complementing molecular tools, remote sensing and Geographic 

Information System (GIS)-based modeling are powerful techniques used 

to evaluate riverine habitat connectivity and landscape-level changes. 

By integrating satellite imagery, hydrological maps, and species 

occurrence data, researchers can model habitat corridors, assess 

fragmentation intensity, and predict the impact of dams, land use, or 

climate change on fish movement. 

To standardize connectivity evaluation, several assessment 

indices have been developed. The River Connectivity Index (RCI) 

quantifies the degree of longitudinal connectivity within river systems 

by integrating physical, hydrological, and ecological parameters. It helps 

identify critical barriers and prioritize restoration sites. Similarly, the 

Habitat Suitability Index (HSI) is a widely used metric that evaluates the 

quality and availability of habitats for specific fish species based on 

environmental variables such as water temperature, flow velocity, 

substrate type, and dissolved oxygen levels. These indices assist 

policymakers and researchers in assessing ecosystem health and 

planning sustainable fisheries interventions. Furthermore, the 

integration of hydrological and biological data has opened new frontiers 

in predictive modeling of fish migration. By combining flow regime data, 

habitat parameters, and biological traits of migratory species, advanced 

ecological models can forecast how fish populations might respond to 

changes in river flow, dam operation, or habitat restoration efforts. 

These predictive models play a crucial role in adaptive management, 

allowing resource managers to simulate different management 

scenarios and evaluate their outcomes before implementation. 

Conclusion 

Fish migration represents one of the most critical ecological 

processes sustaining aquatic biodiversity, ecosystem productivity, and 

global fisheries. The intricate linkages between migration ecology, 

habitat connectivity, and sustainable fisheries underscore the 
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dependence of aquatic life on free-flowing rivers, unaltered migration 

corridors, and balanced hydrological regimes. Migratory fishes serve as 

vital components of aquatic ecosystems by facilitating nutrient 

translocation, maintaining food web stability, and supporting local 

livelihoods through capture fisheries. However, anthropogenic 

pressures such as dam construction, water diversion, pollution, and 

habitat degradation have severely disrupted these natural processes, 

fragmenting once-continuous migration routes and threatening the 

survival of many iconic species. 

Sustainable fisheries cannot be achieved without preserving or 

restoring the natural connectivity of aquatic habitats. The ecological 

balance of riverine systems depends on the continuity of spawning, 

nursery, and feeding grounds that allow species to complete their life 

cycles. Therefore, the principles of conservation-driven, ecosystem-

based management must be at the forefront of all fisheries and aquatic 

resource policies. This approach involves integrating hydrological 

restoration, environmental flow maintenance, catchment management, 

and biodiversity protection into a unified framework. Incorporating 

scientific monitoring tools such as telemetry, eDNA, and GIS-based 

modelling can provide real-time insights into the health and 

functionality of migration pathways, enabling adaptive management 

strategies tailored to specific ecosystems and species. 

The restoration of migratory routes requires collaborative 

action across local, regional, and global scales. Transboundary river 

systems, shared water resources, and migratory fish populations that 

move across national boundaries highlight the need for international 

cooperation and policy harmonization. Efforts such as constructing fish 

ladders and bypass channels, modifying dam operations to mimic 

natural flows, and implementing habitat restoration programs are 

essential for re-establishing ecological connectivity. Moreover, 

community participation and traditional ecological knowledge should 

be integrated with modern scientific practices to ensure socially 

inclusive and ecologically viable conservation outcomes. 
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BLUE CARBON ECOSYSTEMS AND 

FISHERIES IN INDIA 
- Mr. Akshay Suresh Mane  

Introduction 

Blue carbon ecosystems are among the most productive and 

ecologically significant habitats on Earth. The term “blue carbon” refers 

to the carbon captured and stored by vegetated coastal and aquatic 

ecosystems such as mangroves, seagrasses, salt marshes, and tidal 

wetlands. These ecosystems act as natural carbon sinks, absorbing 

atmospheric carbon dioxide (CO₂) through photosynthesis and storing 

it in their biomass and sediments over long timescales often for 

centuries. Unlike terrestrial forests, blue carbon habitats are capable of 

trapping organic matter beneath waterlogged sediments, preventing 

decomposition and thus locking carbon in anaerobic conditions. 

Blue carbon ecosystems hold dual relevance ecological and 

socioeconomic. Ecologically, they play a crucial role in climate change 

mitigation by sequestering large amounts of carbon and protecting 

coastal zones from erosion, storms, and flooding. India’s extensive 

coastline, spanning more than 7,500 kilometers, is home to diverse blue 

carbon habitats including the Sundarbans mangrove forests, the 

seagrass meadows of the Gulf of Mannar and Palk Bay, and the salt 

marshes and tidal wetlands of Gujarat and Kerala. Together, these 

ecosystems contribute significantly to the nation’s blue carbon stock 

and climate resilience. 

Socioeconomically, these ecosystems serve as lifelines for 

coastal fisheries and local livelihoods. Blue carbon habitats function as 

nursery and breeding grounds for numerous commercially important 

fish, crustaceans, and mollusks. The intricate root systems of mangroves 

provide shelter for juvenile fish and shrimp, while seagrass meadows 

sustain biodiversity and stabilize sediment, maintaining water quality 

essential for fisheries productivity. Many traditional fishing 

communities in coastal India such as the Kolis, Mogaveeras, and 

Sembadavars rely directly on these habitats for sustenance and 

livelihood security. Therefore, conserving blue carbon ecosystems is not 
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merely a climate action priority but also a fisheries and livelihood 

imperative. Their degradation through deforestation, coastal 

development, aquaculture expansion, and pollution threatens both 

carbon storage capacity and the stability of fishery-dependent 

communities.  

Types and Extent of Blue Carbon Ecosystems in India 

India’s coastal and marine zones host a diverse range of blue 

carbon ecosystems, primarily comprising mangrove forests, seagrass 

meadows, and salt-marsh/estuarine wetlands. These habitats not only 

represent key biodiversity hotspots but also constitute vital carbon 

sinks, storing significant amounts of organic carbon in both their 

biomass and sediments. Collectively, India’s blue carbon ecosystems are 

estimated to store approximately 67 teragrams of carbon (Tg-C), 

contributing substantially to global coastal carbon stocks (APN Global 

Change Research, 2023). 

a) Mangrove Forests: Mangroves form the most extensive and well-

studied component of India’s blue carbon ecosystems. Occupying about 

4,992 square kilometers along India’s coastline (FSI, 2021), mangroves 

thrive in intertidal zones where saltwater and freshwater mix such as 

river deltas, estuaries, and sheltered bays. Major mangrove regions 

include: 

 The Sundarbans (West Bengal): India’s largest mangrove area, 

covering over 2,100 km², and part of the world’s largest 

contiguous mangrove forest shared with Bangladesh. It plays a 

crucial role in storing carbon, with an estimated soil organic 

carbon (SOC) density exceeding 300 Mg C ha⁻¹. 

 Gulf of Kachchh and Gulf of Khambhat (Gujarat): These semi-arid 

coastal ecosystems host mangrove species such as Avicennia 

marina, contributing significantly to sediment carbon 

accumulation. 

 Andhra Pradesh, Odisha, and Tamil Nadu coasts:  Extensive 

mangrove belts along the Godavari, Krishna, and Mahanadi deltas 

are vital for local fisheries and carbon sequestration. 

 Andaman & Nicobar Islands:  These islands possess pristine 

mangrove habitats that are among the most carbon-dense in the 
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Indian Ocean region due to high sediment accretion rates and low 

anthropogenic disturbance. 

Mangroves sequester carbon both in aboveground biomass and 

deep sediments, often storing up to five times more carbon per hectare 

than tropical rainforests. Studies indicate that India’s mangroves 

account for nearly 80% of its total blue carbon stock. 

b) Seagrass Meadows: Seagrass ecosystems, though less extensive than 

mangroves, play a disproportionately large role in carbon sequestration 

per unit area. They are primarily found in the Gulf of Mannar, Palk Bay, 

Lakshadweep Islands, and Andaman & Nicobar Islands. India hosts 

about 14 species of seagrasses across an estimated 5,000–6,000 km², 

though precise mapping is still ongoing due to their patchy and 

submerged nature. Prominent species include Thalassia hemprichii, 

Halodule uninervis, and Cymodocea rotundata. These meadows stabilize 

sediments, enhance water clarity, and provide essential nursery 

grounds for reef and estuarine fish species. Some research highlights 

that Indian seagrass meadows store an average of 138–200 Mg C ha⁻¹, 

with total carbon storage potential estimated between 5 and 10 Tg-C, 

contributing substantially to the country’s blue carbon pool. 

c) Salt-Marshes and Estuarine Wetlands: Salt-marsh and estuarine 

ecosystems occupy the transitional interface between terrestrial and 

marine environments, especially along Gujarat, Maharashtra, Kerala, 

and West Bengal coasts. These habitats are characterized by halophytic 

vegetation such as Salicornia, Suaeda, and Spartina species. Salt-marsh 

ecosystems are less studied in India compared to mangroves and 

seagrasses; however, available data suggest they sequester 50–200 Mg 

C ha⁻¹, contributing notably to sediment organic carbon pools. Estuarine 

wetlands, including the Chilika Lagoon, Pulicat Lake, and Vembanad-Kol 

Wetland, serve as dynamic carbon sinks due to continuous nutrient 

exchange and sediment deposition from upstream rivers. 

d) National Blue Carbon Stock and Research Status: Meta-analyses 

conducted under the Asia-Pacific Network for Global Change Research 

(APN-GCR) and national studies (ICAR-CMFRI, NIOT, and INCOIS) 

estimate India’s cumulative blue carbon stock at approximately 67 Tg-C 
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distributed across mangroves, seagrasses, and salt-marshes. Among 

these, mangrove soils account for nearly 80–85% of total carbon 

storage, followed by seagrass sediments (10–12%) and salt-marsh 

systems (3–5%). Despite their importance, blue carbon ecosystems in 

India remain underrepresented in national greenhouse gas inventories 

and understudied in terms of spatial variability and long-term carbon 

fluxes. Ongoing initiatives by MoEFCC, ICAR-CMFRI, and TERI aim to 

map, monitor, and integrate these habitats into India’s Nationally 

Determined Contributions (NDCs) under the Paris Agreement. 

Ecological Links between Blue Carbon Ecosystems and Fisheries 

Blue carbon ecosystems particularly mangroves, seagrass 

meadows, salt-marshes, and tidal wetlands play a important role in 

maintaining the productivity, diversity, and resilience of coastal and 

estuarine fisheries. These habitats form the ecological foundation of 

tropical and subtropical fishery systems, acting as breeding, spawning, 

nursery, and feeding grounds for a wide range of fish, crustaceans, and 

mollusks. The relationship between blue carbon ecosystems and 

fisheries is symbiotic: while these ecosystems sustain fisheries through 

their biological and structural functions, healthy fish populations in turn 

help sustain nutrient cycling and ecosystem stability. 

a) Nursery and Breeding Grounds: Mangrove forests and seagrass 

meadows function as nursery habitats for many economically important 

species, including penaeid shrimps (Penaeus monodon, Fenneropenaeus 

indicus), groupers, snappers, mullets, and milkfish (Chanos chanos). The 

complex root networks of mangroves and the dense canopy of 

seagrasses provide essential shelter for juvenile stages of fish and 

invertebrates, protecting them from predators and strong currents. 

Studies from the Sundarbans (West Bengal) and Gulf of Mannar (Tamil 

Nadu) reveal that juvenile abundance and species richness are 

significantly higher within mangrove-seagrass continuum zones 

compared to unvegetated areas. These nursery functions ensure the 

replenishment of coastal fish stocks, supporting both artisanal and 

commercial fisheries. 
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b) Feeding Grounds and Nutrient Dynamics: Blue carbon habitats are 

biogeochemical hotspots that sustain high primary productivity and 

trophic connectivity. Mangrove leaf litter, seagrass detritus, and salt-

marsh vegetation undergo microbial decomposition, forming a detritus-

based food web that supports planktonic and benthic organisms the 

primary food for fish and crustaceans. The exchange of organic matter 

and nutrients between these habitats and adjacent estuarine or marine 

waters enhances the availability of food resources across trophic levels. 

For example, detrital export from mangroves contributes to nearshore 

productivity, supporting pelagic fisheries in adjacent coastal waters. 

This nutrient coupling makes blue carbon systems essential for 

maintaining ecosystem-based fishery productivity. 

c) Habitat Structure, Shelter, and Hydrodynamic Stability: The 

intricate root systems of mangroves (Rhizophora, Avicennia) and 

rhizomes of seagrasses (Cymodocea, Thalassia) stabilize sediments, 

reduce erosion, and dampen wave energy, thus maintaining habitat 

integrity for demersal and benthic species. These structures serve as 

microhabitats for epifaunal organisms, including bivalves, gastropods, 

polychaetes, and crustaceans, which form the dietary base for many 

commercially valuable fish species. Moreover, the reduction of turbidity 

by seagrass beds improves light penetration, enhancing photosynthetic 

efficiency and supporting coral reef productivity in adjacent ecosystems 

such as the Gulf of Mannar and Lakshadweep archipelagos. 

d) Water Quality Regulation and Ecosystem Health: Blue carbon 

ecosystems function as natural biofilters. Mangrove and salt-marsh 

vegetation absorb excess nutrients, heavy metals, and pollutants from 

runoff, while sediment microbial communities contribute to 

denitrification and organic matter decomposition. This process 

maintains water quality and dissolved oxygen levels favorable for 

aquatic life. Healthy wetlands and mangrove belts also play a pivotal role 

in flood attenuation and salinity regulation, ensuring hydrological 

stability that benefits spawning and breeding cycles in estuarine and 

freshwater-linked fisheries. Such regulatory functions are crucial for the 

survival of sensitive species like Hilsa (Tenualosa ilisha), which depend 

on specific salinity gradients for migration and spawning. 
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e) Carbon Sequestration and Habitat Resilience: The carbon-

sequestering function of blue carbon ecosystems directly supports 

fisheries by maintaining ecosystem resilience and climate regulation. 

When these ecosystems are intact, they not only act as carbon sinks but 

also provide stable thermal and chemical environments for aquatic 

species. Degradation of these habitats through deforestation, 

eutrophication, or coastal reclamation leads to the release of stored 

carbon (blue carbon emissions) and simultaneous loss of habitat 

services such as nursery function, sediment stabilization, and nutrient 

recycling. Therefore, carbon sequestration and fishery productivity are 

interlinked processes both dependent on the structural and biological 

integrity of blue carbon ecosystems. Protecting these habitats ensures a 

dual benefit: mitigating climate change and sustaining livelihoods 

through resilient fisheries. 

f) Connectivity and Ecosystem-Based Fisheries: Ecological 

connectivity among mangroves, seagrasses, and coral reefs forms a 

continuum of life stages for many reef-associated and estuarine species. 

Larval drift, tidal exchanges, and ontogenetic migrations link these 

systems in a seascape-level ecological network. In India’s east and west 

coasts, such connectivity supports species like snappers (Lutjanus spp.), 

rabbitfish (Siganus spp.), and shrimps (Metapenaeus spp.), which utilize 

different habitats at various life stages. Maintaining these linkages is a 

cornerstone of Ecosystem Approach to Fisheries Management (EAFM), 

emphasizing the need for integrated conservation strategies across 

connected blue carbon habitats. 

Carbon Sequestration, Habitat Health, and Fisheries Productivity 

Blue carbon ecosystems particularly mangrove forests, 

seagrass meadows, and salt-marshes represent some of the most 

effective natural systems for carbon capture and long-term 

sequestration. The link between carbon sequestration, habitat quality, 

and fisheries productivity is increasingly recognised in marine ecology 

and resource management. In India, several scientific studies have 

quantified the carbon storage potential of these ecosystems, revealing 

that areas with higher biomass carbon and sediment carbon stocks also 
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support more diverse and productive fisheries due to improved 

ecological integrity and nutrient cycling. 

a) Carbon Stocks in Indian Mangroves: Mangroves are among the 

most carbon-rich ecosystems in the world due to their high biomass 

density, slow decomposition rates, and deep organic-rich sediments. 

Indian mangrove forests covering approximately 4,992 km² store 

significant amounts of carbon in both aboveground and belowground 

pools. A study conducted in the Kadalundi Estuary (Kerala) reported a 

total carbon stock of ~182 tonnes of carbon per hectare (t C/ha), 

equivalent to about 668 tonnes of CO₂/ha (Indian Agricultural Research 

Journals, 2020). This carbon is distributed among tree biomass 

(aboveground and belowground roots), litter, and sediments, with the 

sediment carbon pool contributing up to 60–70% of the total. 

Similarly, research in the Sundarbans mangrove ecosystem, the 

largest contiguous mangrove forest in the world, recorded sediment 

organic carbon densities ranging between 85–210 t C/ha, depending on 

salinity gradients and vegetation structure. The dense pneumatophores 

of Avicennia marina and Rhizophora mucronata not only trap fine 

sediments and organic matter but also promote long-term carbon burial 

a key function that enhances soil stability and nutrient availability. 

Healthy, carbon-rich mangrove systems also sustain high fish biomass, 

as the same root structures and sediments that store carbon provide 

nursery habitats, feeding grounds, and protection for juvenile fish and 

crustaceans. Thus, mangrove carbon and fishery productivity are 

ecologically interlinked, where carbon-rich sediments indicate a 

mature, nutrient-efficient system supporting greater biological 

diversity. 

b) Carbon Storage in Seagrass Meadows: Seagrass ecosystems, 

though less extensive than mangroves, play a disproportionately large 

role in long-term carbon sequestration due to their dense belowground 

rhizome networks and high sediment trapping capacity. In India, 

seagrass meadows occur primarily in the Gulf of Mannar, Palk Bay, 

Lakshadweep, and the Andaman & Nicobar Islands, covering an 

estimated 5,000–6,000 hectares (CMFRI, 2020). A detailed study in the 

Gulf of Mannar and Palk Bay reported soil carbon densities ranging from 

35 to 165 t C/ha, with mean organic carbon stocks in seagrass biomass 

around 3–6 t C/ha. Economically, the carbon sequestration potential of 
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seagrass meadows was valued at approximately ₹2.3–3.8 lakh per 

hectare, considering prevailing carbon market rates. Species such as 

Cymodocea serrulata, Halodule uninervis, and Thalassia hemprichii 

demonstrated high rates of carbon accumulation and detritus 

production, contributing to coastal nutrient cycling and supporting 

diverse fish and invertebrate assemblages. Seagrass meadows act as 

carbon sinks and biodiversity hotspots simultaneously, providing 

habitat for juvenile reef fish, sea cucumbers, and economically 

important shellfish. 

c) Linkage Between Carbon Sequestration and Fish Habitat Quality: 

The health and carbon storage capacity of blue carbon ecosystems 

directly influence their biological productivity and fishery potential. 

Healthy mangroves and seagrasses with dense root structures exhibit 

enhanced sediment stability, nutrient retention, and microhabitat 

diversity, all of which are critical for sustaining fish populations. 

Conversely, when these habitats degrade through deforestation, 

dredging, eutrophication, or climate-induced stress the loss of biomass 

and sediment carbon results in diminished ecological functionality. 

Degraded systems exhibit lower primary productivity, increased 

erosion, and reduced nursery habitat availability, leading to declines in 

fish biomass and species richness. For instance, studies in the Godavari 

and Mahanadi estuaries have shown that areas with lower sediment 

organic carbon also display reduced abundance of juvenile prawns and 

finfish species. Thus, carbon-rich ecosystems are biologically richer 

ecosystems. The process of carbon accumulation itself enhances the 

detrital food web that supports benthic productivity. Organic carbon 

stored in sediments provides a sustained nutrient source for microbial 

and benthic communities, forming the base of trophic chains that 

ultimately support fishery productivity. 

d) Carbon-Fisheries Nexus: From an ecosystem services standpoint, 

carbon sequestration and fisheries productivity are two sides of the 

same ecological process. The more efficiently an ecosystem stores 

carbon, the more stable and resilient it becomes to external 

disturbances such as storms, salinity changes, or anthropogenic 

pollution. This resilience translates into sustainable fish production, as 

stable habitats ensure reliable spawning, nursery, and feeding areas 

over time. The economic valuation of this linkage is increasingly being 
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recognized. For example, integrating blue carbon valuation into 

fisheries management could provide financial incentives for habitat 

restoration, benefiting both climate mitigation and local fisher 

livelihoods. The Pradhan Mantri Matsya Sampada Yojana (PMMSY) and 

India’s commitments under the Nationally Determined Contributions 

(NDCs) to the Paris Agreement have both acknowledged the co-benefits 

of conserving coastal blue carbon systems for fisheries and carbon 

sequestration. 

Threats to Blue Carbon Ecosystems and Impacts on Fisheries 

Blue carbon ecosystems in India particularly mangroves, 

seagrass meadows, and salt marshes face severe anthropogenic and 

climatic pressures that threaten their ecological integrity, carbon 

sequestration potential, and the fisheries that depend on them. 

Coastal Development and Land-use Change: Rapid urbanization, 

industrialization, and tourism infrastructure along the Indian coastline 

have led to large-scale reclamation of wetlands, conversion of mangrove 

forests for ports and settlements, and fragmentation of seagrass beds. 

The expansion of shrimp aquaculture, particularly in Andhra Pradesh, 

Tamil Nadu, and Odisha, has replaced vast tracts of mangroves, resulting 

in the direct loss of carbon-storing vegetation and nursery grounds vital 

for fish and crustaceans. 

Mangrove Deforestation and Habitat Degradation: India has lost 

significant mangrove cover due to unsustainable extraction of timber, 

fuelwood, and conversion to agriculture and aquaculture. The 

degradation of mangroves not only reduces above- and below-ground 

biomass carbon but also accelerates soil organic carbon loss through 

oxidation. For instance, studies have shown that disturbed mangroves 

exhibit up to 60% lower soil carbon content compared to undisturbed 

ones, leading to massive CO₂ emissions. 

Seagrass and Salt Marsh Decline: Seagrass meadows in the Gulf of 

Mannar, Palk Bay, and Lakshadweep islands are declining due to 

destructive fishing practices, trawling, boat anchoring, and 

sedimentation from coastal construction. These pressures destroy 

seagrass roots, which are crucial for stabilizing sediments and trapping 

organic carbon. Similarly, salt marshes and estuarine wetlands are being 
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lost to reclamation and pollution, reducing the buffer capacity of coastal 

ecosystems. 

Pollution and Eutrophication: Industrial effluents, agricultural runoff, 

and untreated sewage increase nutrient loading and turbidity in coastal 

waters, leading to eutrophication and hypoxic conditions. Such stressors 

inhibit photosynthesis in mangroves and seagrasses, slow down 

biomass accumulation, and disturb the biogeochemical cycles that 

sustain carbon sequestration and fish productivity. 

Climate Change, Cyclones, and Sea-level Rise: Rising sea levels, 

saltwater intrusion, and intensified tropical cyclones are severely 

impacting blue carbon ecosystems. In the Sundarbans, increasing 

salinity and storm surges have led to a ~46% reduction in the soil 

organic blue carbon pool, as documented in recent PubMed-linked 

studies. Cyclones such as Aila (2009) and Amphan (2020) uprooted 

extensive mangrove areas, leading to immediate carbon release and the 

collapse of local fisheries. These events disrupt spawning grounds, alter 

species composition, and increase vulnerability of coastal fishing 

communities. 

Impacts on Fisheries: The degradation of blue carbon habitats directly 

affects fishery productivity by eliminating nursery and feeding grounds, 

reducing juvenile fish survival, and altering migration patterns. The 

decline in habitat complexity reduces biodiversity and abundance of 

commercially important species like prawns, crabs, and finfish. 

Furthermore, the loss of mangrove buffers exposes coastal areas to 

erosion and storm surges, damaging fishing infrastructure and 

livelihoods. 

Examples: 

India’s extensive coastal and estuarine ecosystems offer 

valuable insights into how blue carbon habitats support fisheries and 

livelihoods. The following case studies from the Gulf of Mannar–Palk 

Bay, Kadalundi estuary, and Sundarbans illustrate the intricate linkages 

between carbon sequestration, ecosystem health, and fisheries 

productivity. 

Seagrass Meadows of the Gulf of Mannar and Palk Bay (Tamil 

Nadu): The Gulf of Mannar and Palk Bay regions host some of India’s 

richest seagrass ecosystems, covering an estimated 5,000–6,000 
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hectares, representing the largest continuous seagrass meadows in the 

country. Dominant species such as Halophila ovalis, Cymodocea 

serrulata, and Thalassia hemprichii play a pivotal role in carbon storage 

and fishery support. A comprehensive study published in the Indian 

Agricultural Research Journals quantified soil organic carbon densities 

in these meadows to range between 20–40 Mg C ha⁻¹, highlighting their 

substantial carbon sequestration potential. The study also 

demonstrated that intact seagrass beds enhance local fish biomass by up 

to 35%, compared to adjacent unvegetated zones. These meadows act 

as nurseries for juvenile prawns (Penaeus indicus), groupers 

(Epinephelus spp.), and rabbitfish (Siganus spp.), species crucial for 

artisanal and small-scale fisheries in the region. However, destructive 

fishing practices such as bottom trawling, boat anchoring, and coastal 

sedimentation threaten these meadows, leading to both carbon loss and 

reduced fisheries productivity.  

 

Mangrove Carbon Stock Assessment in Kadalundi Estuarine 

Wetland, Kerala: The Kadalundi estuarine wetland in Kerala is a 

representative mangrove ecosystem situated along the Malabar Coast, 

known for its rich biodiversity and productive fisheries. A study 

assessing the mangrove carbon stock found that the ecosystem 

contained approximately 182 t C ha⁻¹ (equivalent to 668 t CO₂ ha⁻¹) 

when combining aboveground biomass and sediment carbon pools. 

Mangrove species such as Avicennia marina, Rhizophora mucronata, and 

Sonneratia alba contributed significantly to both standing biomass and 

sediment organic carbon. The root systems and detritus from these 

trees provided critical microhabitats for benthic invertebrates and 

juvenile fish species, enhancing local fisheries productivity. Researchers 

noted that areas with dense mangrove vegetation supported higher fish 

abundance and diversity, particularly estuarine catfish (Arius spp.) and 

mullets (Mugil cephalus). The study emphasized that protecting these 

carbon-rich mangroves not only contributes to climate change 

mitigation but also sustains the local fishing economy that depends on 

the nutrient-rich estuarine system. 

Sundarbans Mangroves and the Impact of Cyclones on Blue Carbon 

Pools: The Sundarbans, the world’s largest mangrove forest spanning 

India and Bangladesh, exemplifies the vulnerability of blue carbon 
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ecosystems to climate-induced disturbances. Studies published in MDPI 

have revealed that frequent and intense cyclones notably Aila (2009) 

and Amphan (2020) have drastically affected the region’s carbon 

storage potential. Research indicated an approximate 46% reduction in 

soil organic blue carbon pools following repeated cyclone events, 

primarily due to uprooting, increased salinity, and erosion. The loss of 

below-ground biomass led to significant CO₂ emissions and long-term 

habitat degradation. This degradation directly impacted the region’s 

fisheries: the collapse of mangrove-root habitats reduced nursery 

grounds for prawns, crabs, and small estuarine fishes. For local fishing 

communities, such ecological losses translated into declining catches, 

reduced income stability, and migration pressures.  

Management and Policy Implications for Fisheries and Blue Carbon 

The sustainable management of India’s coastal and aquatic 

ecosystems demands a unified framework that integrates fisheries 

governance with blue carbon conservation. Blue carbon ecosystems 

mangroves, seagrasses, and salt marshes form the ecological backbone 

of coastal fisheries while also playing a crucial role in carbon 

sequestration and climate mitigation. These habitats provide breeding, 

nursery, and feeding grounds for numerous commercially important 

fish and shellfish species, regulate nutrient cycling, and protect 

coastlines from erosion. In India, national initiatives such as the Pradhan 

Mantri Matsya Sampada Yojana (PMMSY), Integrated Coastal Zone 

Management (ICZM), and the Blue Economy Policy Framework (2021) 

underscore the importance of maintaining healthy marine and coastal 

ecosystems. By incorporating blue carbon into the Nationally 

Determined Contributions (NDCs) and national carbon accounting 

frameworks, India recognizes that conserving mangroves and 

seagrasses contributes directly to emission reduction goals while 

sustaining fisheries-based livelihoods. 

Ensuring long-term sustainability requires habitat protection, 

community participation, and policy integration. Coastal zoning, 

mangrove and seagrass restoration, and the creation of no-take nursery 

zones can strengthen both carbon sinks and fish stocks. At the same 

time, developing blue carbon credits and payment for ecosystem 

services (PES) can incentivize traditional fishing communities to 
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participate in conservation. Scientific monitoring through institutions 

such as NCSCM and ICAR will be vital to track carbon storage, fish 

productivity, and socio-economic outcomes. As highlighted by The 

Telegraph India (2024), the synergy between blue carbon conservation 

and fisheries management offers a “win–win strategy” for climate 

resilience, biodiversity protection, and livelihood security. Integrating 

these objectives within India’s Blue Economy Vision ensures that coastal 

ecosystems remain productive, carbon-rich, and socially inclusive 

paving the way for sustainable fisheries and a resilient coastal future. 

Strategies for Integrating Fisheries, Blue Carbon, and Community 

Livelihoods 

An integrated strategy linking fisheries, blue carbon 

conservation, and community livelihoods is vital for achieving India’s 

coastal sustainability goals. Co-management frameworks should 

actively engage coastal and estuarine fishing communities in habitat 

restoration, monitoring, and decision-making processes. Local fisher 

cooperatives and self-help groups can be empowered to participate in 

mangrove and seagrass restoration programs, supported through 

government and NGO initiatives. Such efforts not only improve habitat 

health and fish productivity but also create employment and livelihood 

diversification opportunities. Incentivizing blue carbon projects, 

through carbon credits or payments for ecosystem services (PES), can 

further encourage community participation. These projects can 

integrate habitat conservation with climate finance mechanisms, 

allowing communities to benefit economically from their stewardship of 

coastal ecosystems. 

Another key strategy is to strengthen habitat connectivity 

across coastal, estuarine, and inland systems to facilitate fish migration 

and reproduction. Fisheries development schemes under India’s Blue 

Economy Policy and PMMSY must explicitly include habitat protection 

clauses to ensure that growth in aquaculture and capture fisheries does 

not compromise blue carbon ecosystems. Additionally, adaptive 

management frameworks integrating carbon stock assessments, habitat 

mapping, and fishery data should be institutionalized through 

collaborations between research institutes such as ICAR-CMFRI, 

NCSCM, and local governance bodies.  
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Conclusion 

Blue carbon ecosystems in India mangroves, seagrasses, tidal 

wetlands, and salt marshes constitute invaluable natural capital that 

underpins both climate stability and fisheries sustainability. These 

habitats act as powerful carbon sinks, shoreline protectors, and 

biodiversity reservoirs, forming the ecological foundation of India’s 

coastal fisheries. However, their continued degradation threatens not 

only carbon storage capacity but also the food security and livelihoods 

of millions dependent on fisheries. Sustainable fisheries management in 

India must, therefore, move beyond traditional harvest-focused 

paradigms and recognize the interdependence between fishery 

productivity and ecosystem integrity. 

The way forward lies in integrating blue carbon conservation 

within fisheries governance, enhancing habitat resilience, and 

empowering local communities as custodians of coastal ecosystems. By 

coupling scientific management, policy innovation, and participatory 

governance, India can safeguard its blue carbon ecosystems, support 

thriving fisheries, and advance its commitments under both the Paris 

Agreement and Blue Economy Vision.  
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INTEGRATING AQUATIC BIODIVERSITY 
CONSERVATION WITH COMMERCIAL 
FISHERIES IN INDIAN PROTECTED 
WATERS 

- Dr. Pratiksha S. Bhandare   

 
Introduction 

India is recognised as one of the world’s mega-biodiverse 

countries, harbouring an extensive range of aquatic ecosystems that 

support an extraordinary variety of species. Its freshwater systems 

rivers, lakes, reservoirs, wetlands, and floodplains along with its marine 

and coastal waters, including estuaries, mangroves, coral reefs, and 

seagrass beds, provide habitats for thousands of fish, crustacean, 

molluscan, and other aquatic species. Many of these species are 

endemic, threatened, or commercially valuable, making the 

conservation of aquatic biodiversity not only an ecological imperative 

but also a socio-economic necessity. Globally, India’s aquatic 

biodiversity plays a crucial role in maintaining regional ecological 

balance and contributes significantly to the livelihoods, food security, 

and cultural traditions of millions of people residing in coastal and 

inland areas. 

Protected Areas (PAs) such as Marine Protected Areas (MPAs), 

Ramsar wetlands, fish sanctuaries, and zones under the Coastal 

Regulation Zone (CRZ) framework have been established to safeguard 

critical habitats, breeding grounds, and key species from 

overexploitation. These areas serve as refuges for juvenile and adult 

fish, endangered species, and other aquatic fauna, while maintaining 

ecosystem services that support fisheries outside protected boundaries. 

The significance of these protected waters extends beyond biodiversity 

preservation; they function as natural laboratories for ecological 

research, stock replenishment, and sustainable resource management. 

The coexistence of biodiversity conservation and commercial fisheries 

has emerged as a national priority, particularly in the context of 

increasing pressure from overfishing, habitat degradation, climate 

change, and growing coastal populations. Balancing ecological 
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protection with economic activity is crucial for sustaining the 

productivity of fisheries while ensuring the long-term survival of 

sensitive species. This integration is particularly relevant in India, 

where millions of fishers rely on marine and inland resources for their 

livelihoods, and where fisheries contribute substantially to national 

food security and export earnings. 

The rationale for integrating biodiversity protection with 

sustainable fisheries management lies in the recognition that healthy 

aquatic ecosystems are the foundation of resilient and productive 

fisheries.  

Status of Aquatic Biodiversity in Indian Protected Waters 

India’s protected waters encompass a remarkable diversity of 

both marine and freshwater ecosystems, each supporting unique 

assemblages of flora and fauna. Coastal and marine habitats include 

coral reefs, seagrass beds, estuaries, and mangrove forests, which serve 

as critical breeding and nursery grounds for many commercially and 

ecologically important species. Freshwater ecosystems such as rivers, 

lakes, reservoirs, and wetlands, including internationally recognised 

Ramsar sites, contribute significantly to the country’s inland 

biodiversity. Together, these habitats form a complex network of 

interconnected ecosystems that support high levels of species richness 

and ecological productivity. 

Within these protected waters, a wide array of aquatic 

organisms thrives. Finfish, comprising both pelagic and demersal 

species, form the backbone of fisheries, while shellfish, including 

prawns, crabs, and molluscs, contribute substantially to local economies 

and food security. Elasmobranchs, such as sharks and rays, occupy 

higher trophic levels and act as key regulators of marine ecosystems. In 

addition, numerous endemic species ranging from freshwater gobies to 

coral-dwelling reef fishes highlight the evolutionary uniqueness and 

global significance of India’s aquatic biodiversity. Flagship species, such 

as the Olive Ridley turtle in Odisha or the Ganges River dolphin in inland 

waters, and keystone species like mangrove trees and seagrasses, play 

crucial roles in maintaining ecological stability, providing habitat 

structure, and supporting a wide spectrum of associated fauna. 
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Despite the legal protection afforded to these areas, aquatic 

biodiversity within Indian protected waters faces multiple threats. 

Overfishing and unsustainable fishing practices, even in adjacent or 

partially regulated zones, continue to exert pressure on vulnerable 

populations. Habitat degradation caused by coastal development, 

deforestation of mangroves, dredging, and siltation compromises 

breeding and nursery grounds. Climate change introduces additional 

challenges through rising sea temperatures, sea-level rise, and altered 

hydrological patterns, impacting species distribution and reproductive 

success. Pollution from agricultural runoff, industrial effluents, and 

plastic debris further degrades water quality and ecosystem health. 

Collectively, these stressors threaten the ecological integrity of 

protected waters and reduce their effectiveness as refuges for 

biodiversity. 

Commercial Fisheries in and Around Protected Water Bodies 

Commercial fisheries in and around India’s protected waters 

are diverse, ranging from small-scale artisanal operations to 

mechanised industrial fishing and inland commercial fisheries. Artisanal 

fisheries, often operated by traditional communities, rely on non-

motorised boats or small outboard engines and employ selective gears 

such as gillnets, cast nets, and handlines. These fisheries typically target 

a mix of finfish, crustaceans, and molluscs for local consumption and 

domestic markets. Mechanised fisheries, in contrast, use trawlers, purse 

seines, and longline systems capable of harvesting large volumes of fish 

and shellfish, often for commercial export. Inland commercial fisheries, 

operating in reservoirs, rivers, and wetlands, exploit freshwater species 

including carp, catfish, and prawns, providing essential protein sources 

and livelihoods to inland communities. 

Communities living adjacent to protected areas (PAs) are 

heavily dependent on these fisheries for their subsistence and economic 

well-being. For many coastal villages, fishing constitutes the primary 

source of income, supporting multi-generational livelihoods and 

traditional knowledge systems. The proximity of protected waters 

offers indirect benefits: fish populations within no-take zones or 

restricted areas often spill over into adjoining fishing grounds, 

enhancing catches for local fishers. However, this dependence also 
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creates complex socio-economic dynamics, as livelihoods are sensitive 

to regulatory measures and seasonal closures imposed for conservation 

purposes. 

Fishing pressure near protected zones can be substantial, 

particularly in areas where enforcement is limited or resources are 

scarce. Mechanised fleets often concentrate efforts in buffer zones, 

targeting juvenile and adult stocks, while artisanal fishers exploit 

accessible nearshore habitats. Such intensified extraction can 

compromise the ecological objectives of protected waters, threatening 

stock replenishment, juvenile survival, and habitat integrity. 

Overfishing, coupled with unsustainable gear use, contributes to 

declines in target species, by-catch of non-target organisms, and habitat 

degradation. 

These pressures inevitably give rise to conflicts between 

conservation mandates and local livelihoods. Restrictive regulations, 

such as no-take zones, seasonal closures, or gear restrictions, are often 

perceived as constraints by fishers who rely on uninterrupted access to 

resources. Such tensions are exacerbated when enforcement is 

inconsistent or community participation in decision-making is limited.  

Legal and Policy Framework Governing Protected Waters and 

Fisheries 

India has established a multi-layered legal and policy 

framework aimed at conserving aquatic biodiversity while regulating 

fisheries activities in both marine and freshwater ecosystems. At the 

national level, the Wildlife Protection Act, 1972 serves as the 

cornerstone legislation for protecting endangered and vulnerable 

species, including aquatic fauna such as marine turtles, dolphins, and 

certain elasmobranchs. The Act empowers authorities to designate 

wildlife sanctuaries and national parks, restrict harmful activities, and 

regulate the exploitation of species under threat. Specific provisions for 

aquatic ecosystems allow for the creation of fish sanctuaries and no-take 

zones, which are critical for safeguarding spawning grounds and 

nursery habitats. 

The Coastal Regulation Zone (CRZ) notification, 2019, provides 

a regulatory framework to manage development activities along India’s 

7,500 km coastline. It classifies coastal stretches into ecologically 
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sensitive and hazard-prone zones and sets restrictions on industrial, 

tourism, and fisheries-related activities within designated areas. The 

CRZ framework complements fisheries management by safeguarding 

critical habitats such as mangroves, estuaries, and coral reefs, which are 

essential for sustaining fish populations and promoting ecosystem 

resilience against climate-induced changes. At the state level, Marine 

Fisheries Regulation Acts (MFRAs) govern fishing practices, gear use, 

seasonal closures, and minimum mesh sizes to prevent overfishing and 

reduce by-catch. These laws provide for the establishment of buffer 

zones around protected areas and empower local authorities to monitor 

compliance. While the MFRAs form the legal basis for fisheries 

regulation, enforcement often faces challenges due to overlapping 

jurisdictions, inadequate manpower, and limited surveillance 

infrastructure, especially in remote or high-pressure fishing zones. 

India’s commitment to sustainable fisheries and the Blue 

Economy is further reinforced through national initiatives such as the 

Pradhan Mantri Matsya Sampada Yojana (PMMSY) and the broader Blue 

Economy Policy. These programmes emphasize ecosystem-based 

management, responsible harvesting, and integration of conservation 

with livelihood development. They encourage scientific monitoring, 

capacity building, and adoption of sustainable technologies to enhance 

productivity while safeguarding biodiversity. In addition to national 

legislation, India is a signatory to several international conventions, 

including the Ramsar Convention on Wetlands, the Convention on 

Biological Diversity (CBD), and the Convention on International Trade 

in Endangered Species of Wild Fauna and Flora (CITES). These 

commitments guide domestic policy and promote global best practices 

in aquatic biodiversity conservation, particularly in wetlands, estuaries, 

and other ecologically significant habitats that support both fisheries 

and threatened species. 

Ecological Interactions between Conservation Zones and Fisheries 

Protected waters, including marine and freshwater reserves, 

play a pivotal role in sustaining fish populations and enhancing the 

productivity of adjacent fisheries. One of the most important ecological 

phenomena associated with these areas is the spillover effect, wherein 

adult and juvenile fish migrate from protected zones into surrounding 
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fishing grounds. This natural replenishment enhances local stock 

abundance, supports artisanal and mechanised fisheries, and 

contributes to long-term sustainability of commercial catches. In several 

Indian coastal and inland contexts, such as the Gulf of Mannar or Chilika 

Lake, studies have documented measurable increases in fish biomass in 

areas bordering protected zones, underscoring the ecological and 

economic benefits of conservation-driven stock enhancement. 

No-take zones, a critical component of many protected areas, 

further contribute to fisheries sustainability. By prohibiting all forms of 

extraction within designated cores, these zones allow fish populations 

to reach maturity, reproduce effectively, and maintain natural 

population structures. Over time, no-take zones create source 

populations of both target and non-target species, which enhance 

genetic diversity and reduce vulnerability to overfishing. These zones 

also mitigate the effects of juvenile by-catch in surrounding fishing 

grounds, providing an indirect conservation benefit to commercially 

important species. Protected waters often encompass essential nursery 

and breeding habitats, including estuaries, mangroves, coral reefs, and 

seagrass beds. These ecosystems offer shelter, food resources, and 

optimal environmental conditions for the early life stages of many fish 

and invertebrate species. Mangroves, for instance, act as critical 

nurseries for commercially important prawns and finfish, while coral 

reefs and seagrass beds support juvenile reef-associated fishes and 

elasmobranchs. The integrity of these habitats directly influences 

recruitment success and overall fisheries productivity, highlighting the 

interconnectedness of habitat conservation and sustainable resource 

use. 

Beyond species-specific benefits, protected waters provide a 

range of ecosystem services that indirectly support fisheries. They 

contribute to nutrient cycling, maintaining the productivity of adjacent 

waters; stabilize shorelines, thereby protecting nearshore habitats from 

erosion; and act as carbon sinks, which help mitigate climate-related 

impacts on marine and freshwater ecosystems.  

Conflicts and Challenges in Integrating Fisheries with Conservation 

The integration of fisheries management with biodiversity 

conservation in India’s protected waters is often challenged by a 
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complex interplay of ecological, socio-economic, and governance 

factors. One of the primary sources of tension arises from socio-

economic conflicts between conservation regulations and the 

livelihoods of fishing communities. Many coastal and inland populations 

depend heavily on fisheries for food security, income, and employment. 

Seasonal closures, gear restrictions, or the designation of no-take zones, 

while scientifically justified to protect breeding stocks and sensitive 

habitats, can directly limit access to resources, reducing household 

earnings and exacerbating poverty. In such contexts, conservation 

measures are often perceived as restrictive, leading to resistance or non-

compliance among fishers. 

Illegal fishing, gear conflicts, and enforcement gaps further 

complicate effective integration. Despite the presence of legal 

frameworks such as the Wildlife Protection Act, State Marine Fisheries 

Regulation Acts, and CRZ guidelines, enforcement remains uneven. 

Mechanised trawlers, sometimes operating in restricted zones, may use 

fine-mesh nets or other destructive gears that inadvertently capture 

juveniles and non-target species. Conflicts also arise between artisanal 

and mechanised fishers, as competition over limited resources 

intensifies. Weak surveillance, insufficient manpower, and jurisdictional 

overlaps between central and state authorities create opportunities for 

non-compliance, undermining conservation goals and increasing 

pressure on vulnerable populations. 

The impacts of destructive fishing practices extend beyond 

immediate catch reductions. Practices such as bottom trawling, blast 

fishing, or unregulated use of gillnets damage critical habitats including 

coral reefs, seagrass beds, and mangroves, which serve as nurseries and 

feeding grounds for multiple species. Habitat degradation reduces the 

resilience of ecosystems, disrupts predator–prey relationships, and 

diminishes the long-term productivity of both protected and adjacent 

fishing areas. Climate change introduces additional challenges by 

altering the distribution, abundance, and reproductive cycles of key 

species. Rising sea surface temperatures, ocean acidification, changes in 

monsoon patterns, and sea-level rise can shift species ranges, disrupt 

spawning aggregations, and increase vulnerability to overfishing. These 

climate-driven shifts may render existing protected areas less effective 

if species move outside the designated boundaries, necessitating 
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adaptive management strategies that can respond to dynamic ecological 

conditions. 

Tourism, coastal development, and industrial activities within 

buffer zones of protected waters present further obstacles. Land 

reclamation, port construction, aquaculture expansion, and unregulated 

tourism can fragment habitats, increase pollution, and heighten human–

wildlife conflicts. Even when fisheries regulations are followed, the 

cumulative impacts of these external pressures can compromise 

conservation objectives, reduce ecosystem services, and exacerbate 

socio-economic tensions among dependent communities. 

Strategies for Integrating Biodiversity Conservation with 

Sustainable Fisheries 

Integrating biodiversity conservation with sustainable fisheries 

in India’s protected waters requires a holistic approach that combines 

spatial planning, technological innovation, ecosystem-based 

management, community engagement, and rigorous scientific 

monitoring.  

Spatial and Temporal Management: Spatial and temporal regulation 

of fishing activities is a cornerstone of sustainable fisheries 

management. Seasonal closures and regulated fishing zones help protect 

spawning aggregations and juvenile stocks, allowing fish populations to 

replenish naturally. For instance, temporary fishing bans during 

monsoon months in coastal waters prevent the capture of juvenile 

sardines, anchovies, and other commercially important species, 

enhancing stock recovery. Adaptive zoning within protected areas, 

including the designation of core, buffer, and livelihood zones, allows for 

a balanced approach where conservation objectives are prioritized in 

ecologically sensitive zones, while sustainable fishing activities are 

permitted in designated buffer or livelihood areas. Core zones function 

as strict no-take areas, safeguarding breeding grounds and critical 

habitats. Buffer zones allow limited and regulated fishing, whereas 

livelihood zones integrate local communities into management, 

ensuring equitable access and compliance. 

Sustainable Gear and Technology Adoption: Technological 

interventions play a key role in reducing environmental impact while 

maintaining productivity. Selective fishing gears such as mesh size 
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regulations, hook-and-line systems, and modified gillnets reduce the 

capture of juveniles and non-target species. By-catch reduction 

innovations, including Turtle Excluder Devices (TEDs) and By-catch 

Reduction Devices (BRDs), have proven effective in mitigating 

incidental capture of turtles, elasmobranchs, and small fish in 

mechanised fisheries. Vessel monitoring systems (VMS) and digital 

tracking technologies allow authorities to monitor fishing effort, ensure 

compliance with no-take zones, and collect data for adaptive 

management. Integration of technology enhances transparency, reduces 

illegal fishing, and promotes responsible harvesting practices. 

Ecosystem-Based Fisheries Management (EBFM): Ecosystem-Based 

Fisheries Management focuses on maintaining ecological integrity while 

managing fisheries as part of a broader environmental system. 

Restoration of critical habitats such as coral reefs, mangroves, and 

seagrass beds strengthens nursery and breeding grounds, enhances 

biodiversity, and improves resilience to climate change. EBFM also 

emphasizes multi-species and multi-gear management frameworks, 

taking into account species interactions, trophic relationships, and 

cumulative impacts of fishing on ecosystem dynamics. Such approaches 

move beyond single-species management and aim to maintain 

functional ecosystems that support both biodiversity and sustainable 

fisheries production. 

Strengthening Co-management and Community Participation: The 

active participation of local communities is essential for integrating 

conservation with fisheries management. Empowering fishers in 

decision-making processes, through cooperatives, self-help groups 

(SHGs), and traditional governance institutions, ensures that 

regulations are contextually appropriate and socially acceptable. 

Incentive-based conservation schemes, such as payments for ecosystem 

services, eco-labelling of sustainably caught fish, or preferential market 

access, encourage compliance while providing economic benefits to 

local stakeholders.  

Conclusion 

The integration of aquatic biodiversity conservation with 

commercial fisheries in India’s protected waters presents both 

challenges and opportunities. This chapter has highlighted the rich 
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diversity of India’s marine and freshwater ecosystems, the critical role 

of protected areas in sustaining fish populations, and the dependence of 

local communities on adjacent fisheries for their livelihoods. Protected 

waters function as ecological refuges, offering essential nursery and 

breeding habitats, enabling stock replenishment through spillover 

effects, and providing ecosystem services that underpin fisheries 

productivity. 

At the same time, pressures from overfishing, destructive gear, 

habitat degradation, climate variability, and socio-economic 

dependence create a complex landscape of conflicts and management 

challenges. Addressing these issues requires a multi-pronged approach 

that combines spatial and temporal regulations, sustainable fishing 

technologies, ecosystem-based management, and robust governance 

structures that integrate scientific evidence with community 

participation. Incentive-based conservation, adaptive zoning, co-

management frameworks, and modern monitoring tools such as GIS and 

AI-driven assessments further strengthen the alignment of biodiversity 

protection with fisheries objectives. The synergy between conservation 

and livelihoods emerges as a central theme. Protecting sensitive habitats 

and species is not only an ecological imperative but also a socio-

economic necessity, ensuring that fisheries-dependent communities 

continue to thrive in the long term.  
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AQUACULTURE TECHNIQUES 
AND INNOVATIONS 

- Dr. Madhav Bhilave 

 

Innovation in aquaculture is not just about producing more fish it’s about 

producing smarter, cleaner, and more sustainable ecosystems 

 

Aquaculture, often referred to as farming in water, is the 

controlled cultivation of aquatic organisms including fish, crustaceans, 

molluscs, and aquatic plants such as seaweed. It encompasses the 

breeding, rearing, and harvesting of these species in diverse aquatic 

environments ranging from freshwater ponds, rivers, and lakes to 

brackish and marine systems. As an alternative to traditional capture 

fisheries, aquaculture has become a cornerstone of global seafood 

production, addressing the growing demand for protein-rich food while 

relieving pressure on overexploited wild fish stocks. Modern 

aquaculture is practiced through a variety of systems and scales from 

small, traditional earthen ponds and coastal cages used by local 

communities, to technologically advanced recirculating aquaculture 

systems (RAS) and offshore marine farms that employ automated 

controls and precision monitoring. These diverse farming approaches 

enable aquaculture to be adapted to local environmental conditions, 

species requirements, and economic capacities. The sector contributes 

significantly to food security, rural livelihoods, and economic 

development, providing employment opportunities and stable income 

sources for millions of people worldwide. Furthermore, it supports 

ecological sustainability by enabling the replenishment of fish 

populations, conserving biodiversity, and reducing the ecological 

footprint associated with wild capture fisheries. 

Aquaculture technology plays a transformative role in making 

fish farming more efficient, productive, and environmentally 

responsible. Technological advancements such as water quality sensors, 

automated feeding systems, bio secure hatchery management, and 

genetic improvement programs have revolutionized production 
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efficiency. Remote monitoring through Internet of Things (IoT) devices, 

artificial intelligence (AI)-based feeding control, and data-driven farm 

management systems enhance precision and reduce resource wastage. 

Additionally, innovations in recirculating water systems, waste 

recycling, and disease diagnostics promote circular economy principles 

and help mitigate environmental impacts. Biotechnology, including 

selective breeding and probiotic use, further strengthens fish health and 

growth performance while minimizing chemical dependencies. In 

essence, aquaculture and its associated technologies form an integrated, 

science-driven approach to sustainable aquatic food production 

ensuring a consistent, high-quality supply of seafood while aligning with 

global goals for sustainability, climate resilience, and responsible 

resource utilization. 

Aquaculture a Fast-Growing Sector 

Aquaculture technology transforms water into a field of innovation, 

where science meets sustainability 

Aquaculture is recognized as one of the fastest-growing food-

producing sectors in the world due to a combination of biological, 

technological, economic, and environmental factors that make it a 

sustainable solution to meet the rising global demand for aquatic food 

resources. Following can be attributed to rising reasons:  

1. Rising Global Demand for Protein-Rich Food: With the world 

population projected to surpass 9 billion by 2050, the demand for 

nutritious, high-quality animal protein is increasing rapidly. Fish and 

other aquatic products are rich in essential amino acids, omega-3 fatty 

acids, vitamins, and minerals, making them vital components of a 

healthy diet. As wild fish catches plateau due to overfishing and habitat 

degradation, aquaculture fills this growing nutritional gap by providing 

a reliable and renewable source of seafood. 

2. Decline of Wild Fish Stocks: Global wild capture fisheries have 

reached or exceeded their sustainable limits. Overexploitation, 

pollution, and climate change have reduced the availability of naturally 

caught fish. Aquaculture offers an alternative means of seafood 

production that can be controlled, monitored, and scaled without 

depleting natural fish populations, thus contributing to the conservation 

of marine biodiversity. 
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3. Technological Advancements: Rapid progress in aquaculture 

technology has revolutionized production efficiency and sustainability. 

Innovations such as recirculating aquaculture systems (RAS), bio floc 

technology, automated feeding systems, Internet of Things based water 

quality monitoring, and genetic improvement programs have made it 

possible to cultivate fish under controlled conditions with minimal 

environmental impact. These technologies enable year-round 

production, high survival rates, and efficient feed utilization, leading to 

increased profitability and reduced risk. 

4. Economic Viability and Employment Opportunities: Aquaculture 

generates significant income and employment opportunities, 

particularly in rural and coastal communities. It provides livelihoods for 

millions of people involved in farming, processing, feed production, and 

marketing. The economic return per unit area of water is often higher in 

aquaculture compared to traditional agriculture, making it an attractive 

sector for investment and entrepreneurship. 

5. Environmental Sustainability: When managed responsibly, 

aquaculture supports sustainable food production by reducing pressure 

on natural fisheries and promoting resource recycling. Modern 

sustainable practices, such as integrated multi-trophic aquaculture 

(IMTA), combine species like fish, shellfish, and seaweed to mimic 

natural ecosystems and reduce waste. Such eco-friendly systems 

enhance nutrient utilization and minimize pollution. 

6. Government Policies and Global Initiatives: Many countries have 

adopted supportive policies, subsidies, and research programs to 

promote aquaculture development as part of their food security and 

blue economy strategies. International organizations such as the FAO 

(Food and Agriculture Organization) emphasize aquaculture as a key 

driver for achieving the UN Sustainable Development Goals (SDGs), 

particularly those related to zero hunger, responsible consumption, and 

sustainable livelihoods. 

7. Adaptability to Climate and Geography: Aquaculture is highly 

adaptable to different environments ranging from inland ponds and 

tanks to coastal cages and offshore systems. Its flexibility and scalability 

allow for expansion even in areas unsuitable for traditional agriculture, 

making it a promising option for both developed and developing 

nations. 
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Aquaculture Techniques and Innovations 

From ponds to pixels, aquaculture is evolving through precision, 

intelligence, and innovation 

Aquaculture techniques encompass a wide array of scientific 

and technological practices aimed at the controlled breeding, rearing, 

and harvesting of aquatic organisms under optimized environmental 

conditions. The evolution of aquaculture has transitioned from 

traditional, extensive practices to highly intensive and technologically 

sophisticated systems, emphasizing sustainability, productivity, and 

resource efficiency. 

1. Aquaculture Techniques 

a) Extensive Aquaculture: Extensive systems rely primarily on the 

natural productivity of water bodies. Fish growth is supported by 

natural food organisms such as plankton, benthic invertebrates, 

and detritus, with minimal external inputs. Such systems are 

commonly practiced in ponds, lakes, floodplains, and coastal 

lagoons, and are characterized by low stocking densities and 

minimal management. While ecologically balanced, extensive 

aquaculture often yields lower production rates compared to 

intensive systems. 

b) Semi-Intensive Aquaculture: In semi-intensive systems, natural 

productivity is supplemented with formulated feeds, fertilizers, 

and water quality management practices. The integration of 

biological and chemical inputs enhances the carrying capacity of 

the system, thereby increasing yield without compromising 

environmental stability. This approach is widely adopted for 

species such as Oreochromis niloticus (Nile tilapia), Cyprinus 

carpio (common carp), and various catfishes. 

c) Intensive and Super-Intensive Systems: Intensive aquaculture 

utilizes high stocking densities, controlled water exchange, 

aeration, and balanced nutrition to maximize production. Such 

systems often employ tanks, raceways, or cages with continuous 

monitoring of physicochemical parameters such as dissolved 

oxygen, ammonia, pH, and temperature. Super-intensive systems, 

including Recirculating Aquaculture Systems (RAS), further 
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recycle and purify water through mechanical and biological 

filtration, drastically reducing water consumption and effluent 

discharge. These systems are particularly suitable for high-value 

species and urban aquafarming. 

d) Integrated Multi-Trophic Aquaculture (IMTA): IMTA represents 

an ecologically balanced approach that combines species from 

different trophic levels such as finfish, shellfish, and seaweeds 

within a single production system. Wastes from one species serve 

as nutrients for another, enhancing nutrient recycling and 

reducing environmental impact. This symbiotic system improves 

ecosystem efficiency and supports circular bio economy 

principles. 

e) Bio floc Technology (BFT): Bio floc technology is an innovative 

microbial-based aquaculture technique that utilizes beneficial 

bacterial communities to convert organic waste and nitrogenous 

metabolites into microbial protein. These bio flocs are consumed 

by cultured species, serving as an additional protein source and 

improving feed conversion ratios. BFT enhances biosecurity, 

reduces water exchange, and promotes sustainable 

intensification of aquaculture. 

f) Mari culture and Offshore Aquaculture: Mari culture involves the 

cultivation of marine species in coastal or open-ocean 

environments using cages, rafts, or longlines. Offshore 

aquaculture, positioned in deeper and less sheltered waters, 

minimizes coastal ecosystem pressure and benefits from 

superior water exchange rates, improving fish health and growth 

performance. 

Aquaculture Innovations 

Smart aquaculture is the new frontier where biology, technology, and 

sustainability converge 

a) Recirculating Aquaculture Systems (RAS): RAS represents a 

technological innovation designed to maintain water quality 

through continuous filtration, disinfection, and oxygenation. 

These closed-loop systems enable high-density fish production 

with minimal environmental discharge, making them ideal for 

land-based aquaculture in water-scarce regions. 
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b) Internet of Things (IoT) and Automation: IoT-based technologies 

integrate real-time sensors for continuous monitoring of 

temperature, dissolved oxygen, pH, salinity, and turbidity. Data 

analytics and automation systems optimize feeding schedules, 

aeration, and waste management, ensuring precision aquaculture 

and minimizing resource wastage. 

c) Artificial Intelligence (AI) and Machine Learning: AI-driven 

models are increasingly used to predict fish growth rates, detect 

diseases, and optimize feed management. Computer vision and 

machine learning algorithms facilitate automated behaviour 

analysis and early disease diagnosis, thereby improving survival 

and productivity. 

d) Genetic Improvement and Biotechnology: Selective breeding, 

hybridization, and genomic selection have significantly improved 

growth rates, disease resistance, and feed efficiency in 

aquaculture species. Molecular tools such as CRISPR-Cas9 gene 

editing, marker-assisted selection (MAS), and transcriptomic 

analysis are being explored to enhance desirable traits while 

maintaining genetic diversity. 

e) Sustainable Feeds and Alternative Protein Sources: The 

development of eco-friendly feeds utilizing plant-based 

ingredients, insect meal, single-cell proteins, and microalgae has 

reduced dependence on fishmeal and fish oil. These innovations 

contribute to lowering the ecological footprint of aquaculture 

while maintaining nutritional quality. 

f) Health Management and Probiotics: Innovative health 

management strategies emphasize preventive approaches such 

as vaccination, probiotic supplementation, and 

immunostimulants. These reduce antibiotic dependency and 

enhance the innate immunity of cultured species. 

g) Digitalization and Smart Aquaculture: Digital aquaculture 

platforms integrate cloud computing, remote sensing, and block 

chain technologies to improve traceability, transparency, and 

decision-making. Smart aquaculture farms can remotely regulate 

environmental conditions, track production data, and ensure 

compliance with sustainability standards. 
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Ultra aquaculture innovations 

Innovation is the heartbeat of aquaculture keeping the balance between 

progress and the planet 

Nano Bubble Technology in Aquaculture: Nano bubble technology 

(NBT), also known as ultra-fine bubble technology, is an advanced water 

treatment and oxygenation innovation increasingly applied in modern 

aquaculture systems to enhance water quality, fish health, and overall 

productivity. It involves the generation and use of extremely small gas 

bubbles, typically less than 200 nanometres in diameter, within the 

aquatic environment. These bubbles exhibit unique physicochemical 

properties that distinguish them from conventional micro or macro 

bubbles, making them highly effective for aquaculture applications. 

Applications in Aquaculture 

a) Enhanced Oxygenation: Maintaining optimal dissolved oxygen is 

crucial for fish growth, feed utilization, and survival. Nano 

bubbles provide a sustained oxygen source, even at high stocking 

densities, ensuring uniform oxygen distribution throughout the 

culture system. This is especially valuable in recirculating 

aquaculture systems (RAS) and bio floc systems, where oxygen 

demand is high. 

b) Water Quality Improvement: Nano bubbles improve oxidation-

reduction potential (ORP), enhancing the breakdown of organic 

waste, ammonia, and nitrite. This helps maintain a stable aquatic 

environment with reduced toxic build-up and improved 

microbial balance. 

c) Pathogen and Biofilm Control: When ozone Nano bubbles are 

used, their collapse produces hydroxyl radicals that have potent 

bactericidal and antiviral properties. These radicals disinfect 

water, suppress pathogenic microorganisms and reduce biofilm 

formation on tank and pipeline surfaces. 

d) Enhanced Nutrient Utilization and Fish Health: By improving 

oxygen availability and reducing stress, Nan bubbles enhance fish 

respiration, metabolism, and feed conversion efficiency. The 

improved water quality and reduced pathogen load also 

strengthen immunity and lower disease incidence. 

e) Waste Decomposition and Algae Control: Nano bubbles promote 

the degradation of organic matter and reduce eutrophication by 
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oxidizing excessive nutrients. Their oxidative properties can also 

suppress harmful algal blooms in pond environments. 

Conclusion 

Aquaculture innovations are rewriting the story of food security one 

intelligent system at a time 

Aquaculture techniques and innovations collectively represent 

the convergence of biological sciences, engineering, and data 

technology. They aim to enhance productivity, biosecurity, and 

environmental stewardship in aquatic food production. The continuous 

evolution of these technologies signifies a paradigm shift from 

traditional practices toward a more sustainable, resilient, and intelligent 

aquaculture industry, aligning with global goals for food security, 

climate adaptation, and the blue economy. The aquaculture industry is 

moving towards more sustainable practices. Emerging technologies, 

such as machine learning and Inter of Things will play a major role in 

fish farming automation and organism data analytics. Other 

advancements continue enabling precise monitoring and management 

to improve fish genes. Emerging companies and start-ups also optimize 

resource utilization, reduce the environmental impacts of the industry, 

and ensure the long-term viability of aquaculture. The aquaculture 

trends & companies outlined in this report only scratch the surface of 

trends that we identified during our data-driven innovation & start up 

scouting process. Identifying new opportunities & emerging 

technologies to implement into your business goes a long way in gaining 

a competitive advantage. 

Technology in aquaculture is the bridge between nature’s rhythm 

and human ingenuity.  
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AQUAPONICS: LINKING FISH AND 
PLANT PRODUCTION FOR 
SUSTAINABILITY 

- Ms. Deepali Dnyandev Patil 
 

 

Introduction 

Aquaponics represents a revolutionary approach to sustainable 

agriculture, combining the principles of aquaculture (fish farming) and 

hydroponics (soilless plant cultivation) into one symbiotic, self-

sustaining ecosystem. In this closed-loop system, nutrient-rich water 

from fish tanks serves as a natural fertilizer for plants, while the plants, 

in turn, absorb these nutrients and purify the water before it is 

recirculated back to the fish. This mutually beneficial relationship 

reduces water consumption and eliminates the need for chemical 

fertilizers, creating a balanced and eco-friendly production cycle. 

The origins of aquaponics can be traced back to ancient 

civilizations. The Aztecs of Mesoamerica developed chinampas, or 

floating agricultural islands, that combined fish and crop cultivation. 

Similarly, in Asia, early rice–fish culture systems in China, Thailand, and 

India demonstrated the efficient recycling of nutrients between aquatic 

and terrestrial organisms. These traditional practices form the 

foundation of modern aquaponic systems, which have evolved with 

advances in science and technology. In the modern era, aquaponics 

addresses some of the most pressing global challenges freshwater 

scarcity, soil degradation, and food insecurity. By integrating food 

production with environmental conservation, aquaponics contributes to 

the Sustainable Development Goals (SDGs), particularly those related to 

zero hunger (SDG 2), clean water (SDG 6), and responsible production 

(SDG 12). 

Globally, aquaponics is expanding rapidly in countries like 

Australia, the United States, Israel, and Singapore, where urban and 

rooftop farms utilize this technology for local food production. In India, 

the concept is gaining popularity in urban and peri-urban areas such as 
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Pune, Bengaluru, Hyderabad, and Goa, supported by government 

programs and research initiatives under ICAR, CIFE, and NABARD.  

Components of an Aquaponic System 

An aquaponic system is a highly integrated, self-sustaining food 

production model that connects aquatic organisms, beneficial bacteria, 

and plants in a continuous nutrient and water cycle. The system is 

composed of four major components the fish rearing unit, biofiltration 

unit, hydroponic plant unit, and the water recirculation and aeration 

unit all of which function together to maintain ecological balance and 

productivity. 

The fish component (aquaculture unit) forms the foundation of 

the aquaponic system. It consists of tanks or ponds designed for the 

controlled rearing of aquatic species such as tilapia, catfish, rohu, 

pangasius, and ornamental fishes like koi carp or goldfish. The choice of 

species depends on climatic conditions, water quality, and market 

demand. Fish produce organic waste in the form of uneaten feed, feces, 

and excretory products, which contain high concentrations of ammonia 

(NH₃). Although toxic to fish in large amounts, this ammonia serves as 

the vital nutrient base for plant growth after being biologically 

converted into safer forms. Maintaining proper water temperature, pH, 

and dissolved oxygen levels is critical to ensure the health of the fish and 

the stability of the overall system. The biofiltration system acts as the 

biological engine of aquaponics. It provides a habitat for beneficial 

nitrifying bacteria such as Nitrosomonas and Nitrobacter, which colonize 

biofilters, gravel, or grow media. These bacteria perform two essential 

biochemical conversions: ammonia is first oxidized into nitrite (NO₂⁻) 

by Nitrosomonas, and then nitrite is further converted into nitrate 

(NO₃⁻) by Nitrobacter. Nitrates are far less toxic to fish and readily 

absorbed by plants as nutrients. This biological filtration process not 

only detoxifies the water but also transforms waste into a valuable input 

for the plant system, ensuring a continuous nutrient cycle. 

The plant component (hydroponic unit) utilizes the nutrient-

rich water from the fish tanks to grow crops without soil. A variety of 

vegetables, herbs, and fruits such as lettuce, basil, spinach, tomato, 

cucumber, bell pepper, and strawberries can be cultivated. Depending on 

the design and scale, several hydroponic techniques are used, including 
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the Floating Raft (Deep Water Culture) system, the Nutrient Film 

Technique (NFT) where water flows in a thin film along plant roots, and 

Media Bed Systems that use gravel, clay pebbles, or coconut coir for root 

support and additional biofiltration. These plants absorb nitrates and 

other dissolved nutrients, thereby purifying the water before it returns 

to the fish tanks. The dual output fish and plants makes aquaponics a 

highly productive and resource-efficient system. The water 

recirculation and aeration system ensures continuous water flow and 

oxygenation throughout the cycle. Pumps transfer nutrient-laden water 

from fish tanks to plant beds, while gravity or return pumps carry 

filtered water back to the aquaculture unit. Aeration devices such as air 

stones, diffusers, or mechanical aerators maintain adequate dissolved 

oxygen levels for both fish and plant roots, which is crucial for 

respiration and microbial activity. Sensors are often used to monitor 

parameters such as pH, ammonia, nitrate, temperature, and oxygen 

levels, ensuring balance and efficiency. 

Collectively, these components form a closed-loop ecosystem 

that mimics natural aquatic environments. The integration of fish, 

plants, and microbes allows for near-zero waste generation, minimal 

water consumption (up to 90% less than conventional agriculture), and 

sustainable production of both protein and vegetables 

Types of Aquaponic Systems 

Aquaponic systems can be categorized into several types based 

on their structural design, water flow mechanisms, and space utilization. 

Each type offers distinct advantages in terms of scalability, resource 

efficiency, and suitability to specific environmental or socio-economic 

conditions. The four most widely adopted systems are the Media-Based 

System, Nutrient Film Technique (NFT), Deep Water Culture (DWC), and 

Vertical Aquaponics System. 

Media-Based Aquaponic System: The Media-Based Aquaponic System 

is among the most common and simplest forms, particularly suitable for 

small-scale, backyard, or educational installations. In this system, plants 

are cultivated in beds filled with solid media such as gravel, expanded 

clay pebbles (hydroton), or volcanic rocks. These materials not only 

provide mechanical support for plant roots but also act as a substrate 

for beneficial nitrifying bacteria. As nutrient-rich water from the fish 
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tank flows through the media bed, the solid wastes are naturally filtered, 

and ammonia is converted into nitrates, which plants absorb efficiently. 

This dual action of physical filtration and biological conversion makes 

media-based systems highly effective and low maintenance, ideal for 

small communities, schools, or pilot projects. 

Nutrient Film Technique (NFT): The Nutrient Film Technique (NFT) 

system represents a more advanced and water-efficient design. In this 

setup, a continuous thin film of nutrient-rich water is circulated through 

slightly sloped channels or pipes, allowing plant roots to absorb 

nutrients directly from the flowing stream. This system is lightweight 

and requires minimal growing media, making it suitable for leafy 

vegetables and herbs such as lettuce, mint, and basil. The NFT design 

offers the advantage of efficient oxygenation and easy scalability; 

however, it demands precise control of water flow rates and nutrient 

concentrations to avoid root drying or nutrient deficiencies. It is 

commonly adopted in controlled-environment agriculture and urban 

aquaponic farms. 

Deep Water Culture (DWC) or Raft System: The Deep Water Culture 

(DWC) or Raft System is one of the most commercially popular 

aquaponic designs due to its high productivity and ease of operation. In 

this system, plants are placed on floating rafts, with their roots 

suspended directly into a large tank or channel of nutrient-rich, 

oxygenated water derived from the fish rearing unit. The DWC system 

allows for stable nutrient absorption and consistent growth, making it 

ideal for large-scale vegetable production. It is widely used for 

cultivating fast-growing leafy greens such as lettuce, kale, and spinach. 

Aeration is a critical component of DWC systems, ensuring that 

dissolved oxygen levels remain adequate for plant roots and microbial 

activity. This design is particularly suitable for large aquaponic farms 

and commercial greenhouses. 

Vertical Aquaponics System: The Vertical Aquaponics System 

represents an innovative approach tailored for urban and space-

constrained environments. It utilizes vertically stacked growing units or 

towers, where water trickles down from the top layer to lower levels, 

nourishing plants at each stage before returning to the fish tank. This 

design maximizes the use of vertical space, allowing for higher yields per 

square meter while maintaining water and nutrient efficiency. Vertical 



140 

 

systems often employ lightweight media and automated pumping 

systems, making them ideal for rooftop gardens, balconies, and indoor 

farms. Additionally, they contribute to urban greening, air purification, 

and local food production with minimal land requirement. 

Benefits of Aquaponics 

Aquaponics offers a wide range of ecological, economic, and 

social benefits that make it one of the most promising approaches to 

sustainable food production in the 21st century. By integrating 

aquaculture and hydroponics into a single closed-loop system, 

aquaponics not only enhances productivity but also ensures resource 

efficiency and environmental conservation. 

Water Efficiency: One of the most remarkable advantages of 

aquaponics is its extremely low water requirement. Compared to 

traditional soil-based agriculture, aquaponic systems use up to 90% less 

water, as the nutrient-rich water from fish tanks is continuously 

recirculated and reused after plant filtration. In conventional farming, 

much of the irrigation water is lost through soil percolation and 

evaporation, whereas in aquaponics, nearly all water remains within the 

system. This makes aquaponics particularly suitable for arid and semi-

arid regions, where freshwater scarcity poses a major challenge to crop 

production. 

Reduced Waste and Environmental Pollution: Aquaponics effectively 

converts what would be considered waste in aquaculture into a valuable 

resource for plant growth. Fish excreta and uneaten feed, which can 

pollute surrounding water bodies when discharged, are transformed 

through microbial processes into nitrates an essential nutrient for 

plants. This recycling of nutrients drastically reduces water 

contamination, minimizes eutrophication risks, and creates a self-

sustaining nutrient cycle. Thus, aquaponics serves as a model of circular 

bio-economy, where waste is not disposed of but rather repurposed 

productively. 

Chemical-Free and Organic Production: Since the health of both fish 

and plants is interdependent, the use of chemical fertilizers, pesticides, 

or antibiotics is avoided in aquaponic systems. Instead, farmers rely on 

natural biological processes for nutrient conversion and pest control. 

This ensures the production of organic, residue-free, and 
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environmentally safe food, aligning with consumer demand for healthy 

and sustainable products. Additionally, the absence of synthetic inputs 

preserves beneficial microbial communities and contributes to overall 

system stability. 

Income Diversification and Economic Resilience: Aquaponics offers 

dual-income opportunities by enabling farmers to simultaneously 

produce fish and high-value horticultural crops such as lettuce, basil, 

spinach, or tomatoes. This integrated production model enhances 

profitability per unit of water and land used. It also provides a 

continuous source of income throughout the year, as both components 

— fish and vegetables — can be harvested on staggered cycles. For small 

and medium-scale farmers, this diversification acts as a buffer against 

market fluctuations and crop failures, thereby improving economic 

resilience and livelihood security. 

Urban Food Security and Sustainability: In rapidly urbanizing 

societies, aquaponics serves as an innovative solution for urban and 

peri-urban food production. Its compact and modular nature allows it to 

be established on rooftops, backyards, or community centers, reducing 

the dependence on distant farmlands. Locally grown aquaponic produce 

minimizes transportation costs, reduces greenhouse gas emissions, and 

ensures access to fresh, nutrient-rich food for city dwellers. By bringing 

production closer to consumption centers, aquaponics contributes 

significantly to urban food security and sustainable cities as envisioned 

under the United Nations Sustainable Development Goals (SDG-2 and 

SDG-11). 

Technical and Management Considerations 

Successful operation of an aquaponic system requires precise 

management of biological, physical, and chemical components to 

maintain equilibrium between fish, plants, and microorganisms. The 

system functions as a closed-loop ecosystem where each element is 

interdependent; therefore, careful monitoring and timely adjustments 

are essential to sustain productivity and ecological balance. 

System Balancing: The foundation of aquaponics lies in maintaining a 

proper balance between the fish biomass and plant density. The 

nutrients produced by the fish should be sufficient to meet the nutrient 

demands of the plants, without leading to excessive accumulation of 
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ammonia or nitrate in the system. An imbalance such as overstocking 

fish or underplanting can result in poor water quality and stress on 

aquatic organisms. Typically, the system is designed based on the feed 

input-to-plant area ratio, which determines the nutrient load. Regular 

monitoring and gradual adjustment of stock densities help maintain 

long-term stability and optimal nutrient cycling. 

Water Quality Monitoring: Water is the lifeblood of the aquaponic 

system, serving as both habitat and nutrient carrier. Key parameters 

such as pH (6.5–7.5), temperature (24–30°C), dissolved oxygen (>5 

mg/L), and ammonia (<0.5 mg/L) must be constantly monitored. A 

neutral pH ensures both fish comfort and efficient nutrient absorption 

by plants. Dissolved oxygen is crucial not only for fish respiration but 

also for microbial nitrification, which converts ammonia into usable 

nitrates. Advanced systems employ real-time digital sensors and 

automated controllers to maintain ideal water conditions and 

immediately alert farmers to any deviations. 

Feed Management: Fish feed is the primary input in an aquaponic 

system, as it directly influences nutrient availability and water quality. 

The use of high-quality, balanced feed ensures optimal fish growth while 

minimizing waste. Overfeeding must be avoided, as uneaten feed 

decomposes and elevates ammonia levels, posing toxicity risks. 

Incorporating natural or organic feed ingredients, such as plant-based 

proteins and probiotics, supports sustainable nutrient cycling and 

reduces environmental impact. Efficient feed conversion ratios (FCR) 

not only improve profitability but also enhance overall system 

efficiency. 

System Maintenance: Regular cleaning and inspection of mechanical 

components including filters, pumps, and aeration systems are vital for 

ensuring uninterrupted operation. Biofilters must be maintained in 

optimal condition to sustain microbial populations responsible for 

nitrification. Any clogging of pipes or malfunction of pumps can lead to 

reduced water circulation, oxygen depletion, and system failure. 

Preventive maintenance, along with routine removal of sediment and 

waste from the sump, minimizes the risk of disease outbreaks and 

ensures long-term system health. 

Energy and Technology Use: Energy efficiency plays a major role in the 

sustainability of aquaponic systems. The increasing use of solar-
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powered water pumps, LED grow lights, and automated control systems 

has significantly reduced energy costs and carbon emissions. 

Integration of Internet of Things (IoT) devices and smart monitoring 

platforms allows for continuous tracking of parameters such as 

temperature, water flow, and nutrient levels, enabling data-driven 

decision-making. These technological advancements not only enhance 

precision but also make aquaponics more accessible to small-scale and 

urban farmers by reducing labor and operational burdens. 

Research and Development and Challenges in India:  

Despite its numerous ecological and economic advantages, 

aquaponics faces several challenges that limit its widespread adoption, 

particularly in developing countries like India. One of the primary 

barriers is the high initial investment required for setting up 

infrastructure such as tanks, water recirculation systems, biofilters, 

grow beds, and monitoring equipment. Unlike traditional farming, 

aquaponics demands significant technical knowledge and skill, as 

farmers must manage both aquaculture and hydroponic components 

simultaneously. Any imbalance in water chemistry, nutrient cycling, or 

system maintenance can have cascading effects, leading to fish mortality 

or poor plant growth. The sensitivity of water quality parameters 

including pH, ammonia, and dissolved oxygen requires continuous 

monitoring and immediate corrective actions. Additionally, dependence 

on uninterrupted electricity for aeration and recirculation poses a major 

constraint in rural or semi-urban areas with inconsistent power supply. 

Market-related challenges such as lack of consumer awareness, absence 

of certification for aquaponic produce, and limited access to premium 

markets further affect profitability and scalability. 

In recent years, however, India has witnessed growing interest 

and research initiatives aimed at overcoming these challenges and 

promoting aquaponics as a sustainable food production system. Leading 

research institutions such as the ICAR-Central Institute of Fisheries 

Education (CIFE), Mumbai, and the ICAR-Central Institute of Freshwater 

Aquaculture (CIFA), Bhubaneswar, have developed experimental 

models to study water–nutrient dynamics, species compatibility, and 

productivity optimization. Several private startups including Urban 

Kisaan (Hyderabad), Letcetra Agritech (Goa), and Hydrogreens 



144 

 

(Bengaluru) are pioneering modular aquaponic systems suited for both 

commercial production and urban households. These enterprises are 

also engaged in community training and awareness programs. 

Moreover, universities and agricultural colleges across India are 

incorporating aquaponics into their curricula, offering workshops, 

research projects, and demonstration units to build technical capacity 

among students and entrepreneurs.  

 

Conclusion 

Aquaponics embodies a transformative and holistic approach to 

modern food production one where sustainability, efficiency, and 

ecological harmony converge. By recycling water and nutrients within a 

closed-loop system, it effectively bridges the traditional divide between 

aquaculture and agriculture, turning waste into resource and creating a 

self-sustaining ecosystem. In the face of mounting global challenges such 

as water scarcity, soil degradation, and climate change, aquaponics 

offers a promising, resource-efficient, and eco-friendly alternative that 

supports both food security and environmental resilience. 

In the India, the potential of aquaponics extends beyond 

innovation it signifies an opportunity to redefine rural and urban 

farming systems through scientific integration and sustainable 

practices. With adequate institutional support, policy backing, 

technological advancement, and farmer capacity-building, aquaponics 

can play a pivotal role in achieving national goals related to sustainable 

agriculture, employment generation, and climate-smart food systems. 
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INTEGRATED FISH FARMING 
SYSTEMS  

- Dr. Arifabegum Chhabulal Mulani 
 

Introduction 

Integrated Fish Farming (IFF) is a holistic and sustainable 

approach to food production that combines aquaculture with 

agriculture, livestock rearing, and other compatible farming activities 

within a single system. The primary concept of IFF lies in the efficient 

utilization and recycling of farm resources where the by-products or 

wastes of one subsystem serve as inputs for another. For example, 

animal manure enriches pond water with nutrients that stimulate 

plankton growth, which in turn serves as natural food for fish; similarly, 

nutrient-rich pond silt can be used as fertilizer for crops. Thus, 

integrated fish farming promotes ecological balance, optimizes resource 

use, and reduces dependency on external inputs. 

The practice of integrating fish culture with other farming 

components has long been recognized as a cornerstone of sustainable 

rural livelihoods. It enables small and marginal farmers to diversify 

income sources, ensure year-round production, and enhance food and 

nutritional security. Unlike conventional monoculture systems, IFF 

minimizes waste, increases productivity per unit area, and reduces 

environmental pollution through natural nutrient cycling. This system 

also supports the rural economy by generating employment and 

strengthening resilience against market and climatic fluctuations. 

Globally, integrated farming systems have been practiced for 

centuries in various forms. In China and Southeast Asia, farmers 

traditionally combined paddy cultivation with fish, ducks, and pigs 

creating self-sustaining systems that required minimal external inputs. 

Over time, these practices evolved with scientific advancements and are 

now part of organized aquaculture systems supported by technology 

and policy frameworks. In India, traditional forms of integrated fish 

farming have been practiced in regions such as Assam, West Bengal, 

Odisha, and Kerala, where rice–fish and duck–fish cultures are well 
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known. These systems, rooted in indigenous knowledge, are now being 

modernized through the efforts of research institutions like ICAR–CIFA 

(Central Institute of Freshwater Aquaculture), NFDB (National Fisheries 

Development Board), and State Fisheries Departments to enhance 

productivity and sustainability. 

Integrated Fish Farming directly contributes to several United 

Nations Sustainable Development Goals (SDGs), including SDG 1 (No 

Poverty), SDG 2 (Zero Hunger), SDG 12 (Responsible Consumption and 

Production), and SDG 14 (Life Below Water). By integrating multiple 

farming components, IFF enhances resource efficiency, promotes 

circular economy principles, and provides a viable strategy to address 

the challenges of food insecurity, unemployment, and environmental 

degradation.  

 

Historical Background and Evolution 

The concept of Integrated Fish Farming (IFF) is deeply rooted 

in ancient agrarian traditions and reflects humanity’s long-standing 

relationship with nature’s cyclic systems. Historical records trace the 

origins of integrated farming practices to China and Southeast Asia, 

where farmers began combining aquaculture with agriculture and 

animal husbandry more than 2,000 years ago. The Chinese developed 

sophisticated forms of polyculture and integration, such as fish–duck–

pig and rice–fish–duck systems, designed to maximize the use of natural 

resources within limited land areas. These systems functioned as 

closed-loop ecological models, where animal wastes fertilized the 

ponds, plankton nourished the fish, and pond sediments were later used 

to enrich crop fields. Similar practices evolved across Southeast Asia in 

countries like Vietnam, Thailand, and Indonesia where rice paddies 

doubled as fishponds during the monsoon, offering a dual harvest of 

grain and fish. 

In India, the tradition of integrating aquaculture with 

agriculture and livestock rearing has a long and regionally diverse 

history. The rice–fish culture systems of Assam, West Bengal, Odisha, 

and coastal Kerala are among the most prominent examples. In these 

areas, farmers utilized seasonal inundated fields, low-lying paddy lands, 

and swampy areas for cultivating fish alongside rice. The native fish 

species such as Catla catla, Labeo rohita, Cirrhinus mrigala, and local 
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minor carps were commonly cultured, often without external feed 

inputs. In Assam and West Bengal, indigenous knowledge guided the 

synchronization of fish stocking with paddy transplantation, ensuring 

both crops benefitted from shared nutrients and pest control. In Odisha 

and Kerala, the practice was integrated with duck rearing the ducks 

feeding on pests and weeds, while their droppings served as organic 

fertilizer for both fish and rice. 

During the pre-independence era, these traditional integrated 

systems were largely subsistence-based, designed to meet household 

food needs rather than commercial goals. However, as the demand for 

fish and agricultural produce increased, the focus gradually shifted 

toward improving productivity and scientific management. Post-

independence, the Indian Council of Agricultural Research (ICAR) and 

its specialized institutes, particularly the Central Inland Fisheries 

Research Institute (CIFRI) and later the Central Institute of Freshwater 

Aquaculture (CIFA), played a pivotal role in standardizing and 

promoting integrated farming technologies. The introduction of 

composite fish culture in the 1970s further enhanced the efficiency of 

integrated systems by optimizing species combinations for different 

ecological conditions. 

The evolution from traditional to semi-intensive and intensive 

integrated fish farming models was significantly accelerated under 

various national initiatives, notably the Blue Revolution programs 

launched by the Government of India. These programs emphasized 

scientific fish culture, infrastructure development, and the 

diversification of farming systems through Integrated Fish Farming 

Demonstration Projects. The establishment of the National Fisheries 

Development Board (NFDB) in 2006 marked another milestone, 

providing technical and financial support for integrated systems such as 

rice–fish, poultry–fish, pig–fish, and horticulture–fish farming. These 

initiatives encouraged farmers to adopt mixed farming models that 

improve productivity, enhance resource utilization, and promote 

sustainable livelihoods. 

In recent decades, integrated fish farming has evolved from a 

traditional ecological practice to a modern, scientifically managed 

enterprise aligned with sustainable development principles. The 

incorporation of innovative technologies such as biofloc systems, 
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wastewater-fed aquaculture, and precision feeding along with 

government support under missions like the Pradhan Mantri Matsya 

Sampada Yojana (PMMSY), has strengthened the relevance of IFF in 

India’s rural economy. 

Types of Integrated Fish Farming Systems in India 

Integrated Fish Farming (IFF) in India has developed into a 

dynamic and diversified system that harmoniously combines 

aquaculture with agriculture, horticulture, and livestock rearing to 

achieve multiple production goals from a single farm unit. The essence 

of IFF lies in its synergistic linkages where the by-products and wastes 

of one component become valuable inputs for another, ensuring 

efficient recycling of nutrients, minimum resource wastage, and 

sustainable productivity. 

In the India the diversity of climatic zones, soil conditions, and 

socio-economic settings has given rise to a wide range of integrated fish 

farming models. Farmers across different states have successfully 

adopted combinations such as rice–fish, poultry–fish, pig–fish, duck–

fish, and horticulture–fish systems. Each of these models is uniquely 

designed to suit the local agro-ecological conditions, availability of 

inputs, and farmers’ traditional knowledge. For example, rice–fish 

culture is well suited to the waterlogged paddy fields of Assam, West 

Bengal, and Odisha, whereas poultry–fish and pig–fish farming systems 

are more common in regions like Kerala, Meghalaya, and Bihar, where 

livestock integration provides both manure and supplementary income. 

Similarly, duck–fish culture has been widely practiced in Eastern and 

Southern India for centuries, where ducks not only fertilize ponds but 

also help control pests and aquatic weeds. The horticulture–fish model, 

on the other hand, integrates the cultivation of fruits, vegetables, or 

fodder crops on pond bunds, thereby enhancing land use efficiency and 

diversifying farm income. 

These systems collectively aim to maximize productivity per 

unit area, improve farm income stability, and promote ecological 

balance through resource recycling and waste minimization. They also 

play a crucial role in strengthening food and nutritional security by 

providing fish, meat, eggs, grains, fruits, and vegetables within one 

integrated framework. 
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Over the years, research and demonstrations by institutions 

like the Central Institute of Freshwater Aquaculture (CIFA), Central 

Inland Fisheries Research Institute (CIFRI), and various Krishi Vigyan 

Kendras (KVKs) have refined these systems to suit modern 

environmental and economic needs.  

a. Rice–Fish Culture 

The rice–fish culture system is one of the oldest and most 

ecologically sustainable forms of integrated fish farming, wherein fish 

are reared concurrently or alternately with rice in the same paddy fields. 

This traditional yet scientifically relevant practice optimizes the use of 

water, land, and nutrients, creating a mutually beneficial agro-aquatic 

ecosystem. In this system, the paddy field functions as a shallow 

fishpond, while the fish contribute to pest control, nutrient recycling, 

and soil aeration thereby enhancing rice productivity and ecological 

balance. 

Methodology: In rice–fish culture, fish are reared in flooded paddy 

fields either during the kharif (monsoon) or rabi (post-monsoon / 

winter) season, depending on the regional hydrology and climate. The 

system generally involves the modification of traditional paddy fields by 

creating peripheral trenches or refuge ponds (locally called hapa or 

ghera) to retain water and provide shelter for fish during temporary 

drainage. Fish fingerlings are introduced 10–15 days after rice 

transplantation to minimize crop damage. The fish feed on plankton, 

weeds, insect larvae, and detritus naturally available in the field, thereby 

reducing the need for external inputs. Water depth is typically 

maintained between 15–25 cm, allowing both rice and fish to thrive 

simultaneously. Periodic exchange of water and natural aeration further 

enhance the biological efficiency of the system. Depending on the 

ecological conditions, farmers may adopt: 

 Concurrent (simultaneous) rice–fish culture, or 

 Rotational (alternate) rice–fish culture, where fish are reared 

after rice harvest using residual field water. 

Fish Species Used: The choice of species depends on local climatic and 

hydrological conditions. Commonly used species include: 

 Common carp (Cyprinus carpio) a hardy species adaptable to 

shallow waters. 
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 Rohu (Labeo rohita) and Catla (Catla catla) fast-growing Indian 

major carps. 

 Mrigal (Cirrhinus mrigala) bottom feeder enhancing nutrient 

turnover. 

 Murrels (Channa striata, Channa marulius) air-breathing fish 

tolerant to low oxygen levels. 

 Tilapia (Oreochromis mossambicus) a prolific and fast-growing 

exotic species. 

Ecological and Agronomic Benefits:  

 Natural pest and weed control: Fish feed on larvae of rice pests 

(e.g., leaf folders and stem borers) and aquatic weeds, reducing 

pesticide use. 

 Enhanced nutrient recycling: Fish excreta enrich the water and 

soil with organic matter and nutrients such as nitrogen and 

phosphorus. 

 Improved soil aeration: The movement of fish in the field helps in 

soil stirring and oxygen penetration. 

 Increased rice yield: Studies have shown 10–20% higher rice 

yields compared to monoculture systems due to improved soil 

fertility and reduced pest incidence. 

 Diversified income and food security: Farmers gain both fish and 

rice harvests from the same area, improving nutrition and 

economic resilience. 

Examples:  

 Assam: Traditional bao paddy (deepwater rice) systems in the 

Brahmaputra Valley successfully integrate indigenous fish 

species like Clarias batrachus and Anabas testudineus. The 

system sustains local livelihoods and reduces the dependence 

on synthetic fertilizers. 

 West Bengal: Farmers in districts such as Birbhum and Nadia 

have adopted scientific rice–fish culture under ICAR-CIFA 

guidance, achieving yields of 400–600 kg/ha of fish along with 

10–15% higher paddy output. 

 Chhattisgarh: The State Fisheries Department has promoted 

rice–fish integration in lowland paddy fields, demonstrating 

that even smallholders can attain economic benefits by utilizing 

existing waterlogged areas efficiently. Integrated models 
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combining rice–fish–duck culture have also shown remarkable 

success in tribal and rural belts. 

 

b. Poultry–Fish System 

The Poultry–Fish Integration System is a highly efficient and 

resource-recycling model of Integrated Fish Farming (IFF) where 

poultry rearing is combined with aquaculture to maximize nutrient 

utilization and economic returns. This system is based on the ecological 

principle of waste-to-wealth conversion, where poultry droppings act as 

both natural manure for pond fertilization and direct feed for plankton, 

thereby promoting fish growth and enhancing overall pond 

productivity. 

System Design and Integration Approach: In this model, poultry 

sheds are constructed either directly above fish ponds (on elevated 

bamboo or wooden platforms) or adjacent to them with easy drainage 

arrangements for droppings to enter the water. Typically, 500–1,000 

birds are maintained per hectare of pond surface. The design ensures 

that excreta fall uniformly into the pond, enriching the water with 

organic matter and stimulating the growth of natural fish food 

organisms like phytoplankton, zooplankton, and benthic fauna. The 

integration reduces labor costs for manure collection and enhances 

nutrient recycling efficiency, making it one of the most cost-effective and 

sustainable aquaculture practices adopted in India and Southeast Asia. 

Nutrient Cycling and Ecological Benefits: Poultry droppings are rich 

in nitrogen (N), phosphorus (P), and potassium (K) key nutrients that 

fertilize pond ecosystems. On average, a single bird produces 25–30 kg 

of manure annually, which can generate 50–60 kg of additional fish yield 

per hectare. The manure promotes plankton blooms, serving as natural 

fish feed, while also improving the overall biological productivity of the 

pond. This nutrient recycling process minimizes dependence on 

artificial fertilizers and supplementary feeds, thereby reducing input 

costs and environmental impacts. Additionally, the system supports 

microbial decomposition that stabilizes pond ecology and maintains 

healthy water quality. 

Stocking Density and Fish Species Selection: The success of the 

poultry–fish system depends on balanced stocking densities and 

appropriate species composition: 
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Recommended stocking density: 5,000–7,500 fingerlings per hectare. 

Commonly cultured species include: 

 Rohu (Labeo rohita)column feeder utilizing plankton and 

detritus. 

 Catla (Catla catla) surface feeder consuming zooplankton. 

 Mrigal (Cirrhinus mrigala) bottom feeder utilizing organic debris. 

 Common carp (Cyprinus carpio) omnivorous species tolerant of 

eutrophic conditions. 

 Silver carp (Hypophthalmichthys molitrix) efficient 

phytoplankton grazer.  

Economic Profitability and Sustainability: The poultry–fish system is 

economically attractive due to low input costs and dual income streams 

from both fish and poultry products. Studies conducted by ICAR-CIFA 

and State Fisheries Departments indicate: 

 Fish yield: 3.5–4.5 tonnes/ha/year. 

 Poultry yield: 250–350 broilers per production cycle. 

Reduction in feed cost by 20–30% due to natural pond 

fertilization. Moreover, the system enhances nutritional security 

through simultaneous production of protein-rich fish and poultry meat. 

c. Pig–Fish System 

The Pig–Fish Integration System is one of the most efficient and 

traditional forms of Integrated Fish Farming (IFF), particularly 

practiced in northeastern states of India, such as Assam, Meghalaya, 

Nagaland, and Arunachal Pradesh, as well as in several tribal regions 

across eastern and central India. This system harmoniously links pig 

husbandry and aquaculture, utilizing pig manure as a valuable nutrient 

source for fish pond ecosystems. It not only maximizes resource 

utilization but also provides a sustainable livelihood model for small and 

marginal farmers. 

Method: In a Pig–Fish System, pigsties are constructed adjacent to or 

above the fish ponds, enabling the direct transfer of pig excreta into the 

pond water. The excreta act as an organic fertilizer, enriching the pond 

with nutrients such as nitrogen, phosphorus, and carbon compounds. 

These nutrients stimulate planktonic growth, which serves as the 

natural food base for fish. A typical integration includes 25–35 pigs per 

hectare of pond area, depending on the size, waste load, and water 
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retention capacity. The system is usually combined with Indian major 

carps (Catla, Rohu, Mrigal) or exotic carps (Common carp, Silver carp, 

Grass carp) in polyculture to ensure the efficient utilization of different 

ecological niches within the pond. 

Nutrient Dynamics and Ecological Benefits: Pig excreta are 

particularly rich in organic matter and digestible nutrients, which 

decompose quickly and enhance biological productivity. The high 

nutrient content fosters phytoplankton and zooplankton proliferation, 

forming the primary food source for fish. In addition, the integration 

helps in: 

 Recycling agricultural and livestock waste into aquatic food 

production. 

 Enhancing pond fertility naturally without external chemical 

fertilizers. 

 Improving fish growth rates and reducing feed costs 

substantially. 

Studies by ICAR-CIFA (Central Institute of Freshwater Aquaculture) 

and State Fisheries Departments show that pig–fish systems can 

produce 3.5 to 5.0 tonnes of fish per hectare per year, with minimal 

external inputs. The feed conversion ratio (FCR) improves due to the 

nutrient-rich pond environment. 

Economic and Livelihood Aspects: Economically, the Pig–Fish System 

offers dual income streams from both fish and pig production. Farmers 

benefit from: 

 Low input costs, as no separate pond fertilization is needed. 

 Continuous nutrient cycling, ensuring sustained pond 

productivity. 

 High net returns, due to combined meat and fish sales. 

A farmer maintaining 25–30 pigs can generate significant income 

annually, while simultaneously producing nutritionally rich food for 

local communities.  

Management Strategies and Environmental Concerns: While the 

Pig–Fish System offers numerous ecological and economic benefits, 

proper management is essential to prevent environmental degradation 

and disease risks. Key management measures include: 

 Regular pond water monitoring to prevent excessive nutrient 

accumulation leading to eutrophication. 
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 Periodic removal of sludge and maintenance of water exchange 

to maintain dissolved oxygen levels. 

 Vaccination and health management of pigs to prevent zoonotic 

disease transmission. 

 Controlled manure input, using 1,000–1,200 kg of pig dung per 

hectare per month as an optimal rate. 

 Rotational rest periods for ponds after every 2–3 production 

cycles to allow sediment recovery. 

d. Horticulture–Fish or Agro–Fish Systems 

The Horticulture–Fish or Agro–Fish Integrated System is a 

versatile and sustainable farming model that combines aquaculture 

with crop and vegetable cultivation around fishponds. It aims to achieve 

maximum resource efficiency through the simultaneous use of land, 

water, sunlight, and organic wastes. This system represents an 

ecologically balanced approach that enhances food production, income 

generation, and environmental sustainability, particularly suited for 

small and marginal farmers in India. 

Method: In this integration, the pond embankments and adjacent 

upland areas are utilized for cultivating horticultural crops, vegetables, 

fruits, or fodder plants, while the pond body is used for fish culture. The 

runoff water enriched with organic matter from crop fields flows into 

the pond, serving as a natural source of nutrients. Conversely, nutrient-

rich pond mud and water can be recycled for crop irrigation, reducing 

the dependency on chemical fertilizers. Common crops grown along 

pond bunds include banana, papaya, coconut, areca nut, brinjal, tomato, 

okra, chilli, bottle gourd, ridge gourd, and leafy vegetables. Seasonal 

crops like paddy, maize, and pulses are often integrated on nearby 

lowlands. The fish species commonly cultured include Indian major 

carps (Catla, Rohu, Mrigal), Common carp, and Grass carp, depending on 

water depth and resource availability. 

Ecological and Nutrient Benefits: This system establishes a closed-

loop nutrient cycle, where agro-wastes, such as crop residues, vegetable 

trimmings, and organic compost, are used as pond inputs to enhance 

plankton production. The organic mud and nutrient-enriched pond 

water, when used for irrigation, significantly improve soil fertility and 

water retention capacity. Key ecological advantages include: 
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 Optimal use of land and water resources, especially in densely 

populated or land-scarce regions. 

 Reduction in agrochemical use, as nutrient recycling maintains 

soil health naturally. 

 Enhanced biodiversity, attracting pollinators and beneficial 

microorganisms. 

 Increased carbon sequestration, contributing to climate 

resilience. 

Economic and Social Benefits: The Horticulture–Fish System offers a 

multi-dimensional income source. Farmers earn from: 

 Sale of fish (3–4 tonnes/ha/year, depending on species and 

management). 

 Sale of vegetables and fruits, harvested regularly from pond 

bunds and surrounding lands. 

 Reduced input costs, due to on-farm nutrient cycling and water 

reuse. 

This diversified production model provides year-round 

employment, enhances nutritional security, and minimizes economic 

risk, since losses in one component can be compensated by another. 

Studies conducted by ICAR-CIFA (Bhubaneswar) and State Agricultural 

Universities (SAUs) demonstrate that integrated agro–fish farms yield 

30–50% higher net returns compared to monoculture systems. 

Successful Models in India 

 West Bengal and Odisha: Farmers combine fish ponds with 

banana and papaya plantations, ensuring constant shade, 

reduced evaporation, and enhanced microclimate regulation. 

 Assam and Tripura: Mixed cropping of vegetables and pulses on 

pond embankments with carp culture has improved both 

productivity and income stability. 

 Kerala and Tamil Nadu: Integration of coconut and aquaculture is 

practiced in homestead farming, maximizing returns from small 

plots. 

 

Management Considerations 

 Crops should be selected based on soil type, microclimate, and 

water availability. 
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 Use of organic inputs (compost, manure, pond mud) should 

replace chemical fertilizers to maintain ecological integrity. 

 Proper drainage and bund stabilization should be ensured to 

prevent erosion. 

 Periodic soil and water quality monitoring is essential for 

balancing nutrient inputs and avoiding eutrophication. 

e. Duck–Fish Integration 

The Duck–Fish Integrated System is one of the most ecologically 

efficient and traditional models of integrated aquaculture practiced in 

India and several Asian countries. It represents a symbiotic relationship 

between aquaculture and poultry management, wherein ducks 

contribute to pond fertility, aeration, and pest control, while fish culture 

utilizes the natural nutrients derived from duck activities. This system 

ensures resource recycling, diversified income, and sustainable 

productivity, making it a cornerstone of Integrated Farming Systems 

(IFS) in aquatic environments. 

Method and Ecological Role: In this integration, ducks are reared on 

or around fish ponds, where they are allowed to swim freely during the 

day and are usually housed in floating or nearby shelters during the 

night. Their constant movement on the water surface promotes aeration 

and prevents the formation of algal scums or stagnation. 

Ducks act as biological weeders and pest controllers, feeding on insects, 

mosquito larvae, snails, aquatic weeds, and other small organisms. This 

reduces the need for chemical pest control and enhances natural pond 

hygiene. Additionally, duck droppings, rich in nitrogen and phosphorus, 

directly enrich pond water, stimulating plankton production, which 

forms the base of the aquatic food chain. 

Nutrient Dynamics and Pond Productivity: On average, each duck 

produces 120–150 grams of droppings per day, which serves as organic 

manure for the pond ecosystem. This nutrient input promotes the rapid 

growth of phytoplankton and zooplankton, enhancing the natural food 

availability for fish. In well-managed duck–fish systems, about 200–300 

ducks per hectare of pond area are maintained, ensuring an optimal 

nutrient balance. This integration can support polyculture of Indian 

major carps (Catla, Rohu, Mrigal) and exotic carps (Silver carp, Grass 

carp, Common carp). As a result, fish yield increases by 30–40% 
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compared to non-integrated ponds, and feed costs are significantly 

reduced. 

Economic and Livelihood Benefits: The Duck–Fish System provides 

dual income streams from duck eggs and meat as well as fish production. 

Ducks such as Khaki Campbell, White Pekin, and Indian Runner are 

commonly used due to their high egg-laying capacity and adaptability to 

aquatic environments.  

 Reduced expenditure on pond fertilization and feed. 

 Continuous income generation from egg sales throughout the 

year. 

 Efficient space utilization without requiring additional land for 

poultry rearing. 

 Employment and nutritional benefits for rural households, 

particularly empowering women in farming communities. 

A farmer managing 200 ducks alongside a 1-hectare pond can 

yield up to 4 tonnes of fish per year and 25,000–30,000 eggs annually, 

ensuring high profitability with minimal external inputs. 

Example: The Kuttanad region of Kerala, known as the “Rice Bowl of 

Kerala,” offers one of the best examples of Duck–Fish–Rice integrated 

farming. Here, farmers have practiced rotational farming, where ducks 

graze in the paddy fields after harvest, feeding on leftover grains and 

pests, while their droppings enrich the soil. Simultaneously, the nutrient 

runoff from fields sustains fish culture in adjoining ponds and canals. 

This time-tested practice demonstrates the perfect synchronization of 

agriculture, aquaculture, and livestock, creating a closed-loop 

sustainable system that supports both productivity and environmental 

resilience. 

Environmental and Management Considerations: While the Duck–

Fish System is environmentally friendly, certain management aspects 

are crucial for long-term sustainability: 

 Maintain optimal duck density to prevent excessive organic 

loading in ponds. 

 Provide clean resting areas to prevent disease outbreaks. 

 Regularly monitor dissolved oxygen and water quality to avoid 

eutrophication. 

 Practice rotation or resting periods between production cycles 

for sediment recovery. 
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 Ensure biosecurity measures to prevent transmission of avian 

diseases. 

Ecological and Economic Benefits 

Integrated Fish Farming Systems (IFFS) represent a sustainable 

and resource-efficient approach to food production by combining 

aquaculture with agriculture, livestock, and horticulture in a mutually 

beneficial manner. These systems optimize the use of land, water, and 

nutrients through ecological recycling, where waste from one 

component becomes a resource for another. For example, livestock and 

poultry droppings enrich pond water, stimulating plankton growth that 

serves as a natural feed for fish, while nutrient-rich pond mud can be 

reused as fertilizer for crops. This closed-loop cycle reduces the need for 

chemical fertilizers and external feed inputs, minimizing costs and 

environmental pollution. Furthermore, by integrating multiple farm 

components such as rice fields, poultry sheds, and horticultural plots, 

farmers can enhance productivity per unit area, improve soil fertility, 

and reduce ecological footprints. The natural balance achieved in these 

systems promotes biodiversity, supports pest control, and maintains 

water quality, contributing to long-term environmental sustainability. 

Economically, integrated fish farming provides a diversified 

income base and strengthens rural livelihoods by generating multiple 

streams of revenue from fish, livestock, and crops simultaneously. This 

diversification not only reduces economic risks associated with market 

or climatic fluctuations but also creates consistent employment 

opportunities for rural youth and women. Studies have shown that 

integrated models can increase total farm income by 30–50% compared 

to monoculture systems, owing to reduced input costs and higher 

overall productivity.  

 

Management and Technical Aspects:  

Efficient management and technical planning form the 

foundation of successful Integrated Fish Farming Systems (IFFS). Proper 

pond preparation and layout design ensure optimal water retention, 

drainage, and accessibility for integrating livestock sheds, horticultural 

plots, or crop fields. Water management practices such as regular 

exchange, aeration, and maintenance of water depth are essential to 
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sustain ideal conditions for aquatic species. Selection of compatible fish 

species and crops plays a crucial role; combinations like carps with rice, 

ducks, or vegetables are preferred for balanced nutrient utilization and 

minimal competition. The use of Integrated Nutrient and Pest 

Management (INM/IPM) techniques such as organic manures, 

biofertilizers, and biological pest control helps maintain ecosystem 

health while avoiding harmful chemical residues. Regular monitoring of 

key water quality parameters like dissolved oxygen, pH, temperature, 

and ammonia levels is vital for preventing stress and disease outbreaks.  

Challenges and Limitations: 

Despite its advantages, IFFS faces several technical, ecological, 

and socioeconomic challenges that limit widespread adoption. Disease 

transmission between livestock and fish remains a major concern, 

especially when waste management is inadequate. Overloading of 

nutrients and poor pond hygiene can lead to water contamination and 

eutrophication, negatively affecting fish health and productivity. Many 

small and marginal farmers lack technical knowledge, training, and 

access to extension services, which hampers proper management and 

innovation. Market linkages and input availability, such as quality seed, 

feed, and veterinary support, are often inadequate in rural regions, 

affecting profitability. Furthermore, region-specific models are needed 

to address variations in climate, topography, and local farming practices 

to ensure adaptability and efficiency.  

Conclusion 

Integrated Fish Farming (IFF) stands as a sustainable and 

holistic approach to achieving food security, nutritional sufficiency, and 

economic stability in rural communities. By linking aquaculture with 

agriculture, livestock, and horticulture, it promotes efficient recycling of 

nutrients, reduces dependency on external inputs, and maximizes the 

productive potential of land and water resources. Such integrated 

models not only enhance farm profitability but also maintain ecological 

balance by minimizing waste and environmental degradation. The 

harmony between different farm components strengthens the resilience 

of rural livelihoods, making farmers less vulnerable to climate 

fluctuations and market uncertainties. 
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ORNAMENTAL FISH CULTURE IN 
INDIA  

- Ms. Amruta Arjun Patil 
 

Introduction 

Ornamental fish culture refers to the breeding, rearing, and 

management of small, colorful, and attractive fish species both 

freshwater and marine that are primarily kept for aesthetic and 

recreational purposes in aquariums. These fishes are valued for their 

striking colors, unique patterns, and graceful movements, making them 

a central element of the global aquarium trade. The culture includes a 

wide range of species such as goldfish, guppies, mollies, tetras, barbs, 

gouramis, and marine varieties like clownfish and angelfish. This sector 

combines aquaculture practices with aspects of art, ecology, and 

commerce, emphasizing not just production but also the maintenance of 

beauty, health, and biodiversity. 

Historically, ornamental fish keeping dates back thousands of 

years. Ancient Chinese and Japanese civilizations were among the first 

to domesticate and selectively breed carp species, leading to the 

development of the famous goldfish and koi. Over time, this practice 

spread to Europe and other parts of the world, evolving into a major 

global industry. In India, ornamental fish culture began on a small scale 

in the early 20th century but gained significant momentum in recent 

decades due to increasing urbanization, rising middle-class income, and 

growing interest in aquarium keeping as a hobby. Today, India’s 

ornamental fish industry caters to both domestic and international 

markets, with major production centers located in states like West 

Bengal, Kerala, Tamil Nadu, and Assam.  

Taxonomy, Diversity, and Species Used 

India possesses remarkable ornamental fish diversity, 

encompassing both indigenous freshwater species and marine varieties 

that hold substantial aesthetic and economic value. The country’s 

freshwater ornamental fish fauna includes over 150 recognized species, 

many of which are endemic to biodiversity-rich regions like the 
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Northeast Himalayas and the Western Ghats. Prominent indigenous 

freshwater species include Puntius conchonius (Rosy Barb), Danio rerio 

(Zebra Danio), Badis badis (Blue Badis), Colisa lalia (Dwarf Gourami), 

Oreichthys cosuatis (Indian Glass Barb), and Channa gachua (Dwarf 

Snakehead). Marine ornamental species, on the other hand, include 

Amphiprion sebae (Sebae Clownfish), Pomacanthus semicirculatus (Blue 

Ring Angelfish), Dascyllus aruanus (Three-Stripe Damsel), and 

Zebrasoma flavescens (Yellow Tang). These fishes are prized for their 

vivid coloration, patterns, and compatibility with aquarium systems. 

The major families represented in Indian ornamental fisheries 

include Cyprinidae (barbs, rasboras, danios), Osphronemidae 

(gouramis), Cichlidae (angelfish, discus), Poeciliidae (guppies, mollies, 

swordtails), Characidae (tetras), and Belontiidae (bettas). The 

Northeast region, comprising Assam, Arunachal Pradesh, Meghalaya, 

and Manipur, is particularly rich in wild ornamental fish species often 

referred to as the “hotspot of ornamental ichthyofauna” in India. 

Similarly, the Western Ghats harbor several endemic species such as 

Etroplus suratensis (Pearlspot) and Puntius denisonii (Denison Barb), 

which have high export demand. States like West Bengal, Kerala, and 

Tamil Nadu have become hubs for ornamental fish farming due to 

favorable climatic conditions, availability of broodstock, and proximity 

to export infrastructure. 

In India, both captive breeding and wild collection contribute to 

ornamental fish supply. Captive breeding programs particularly for 

guppies, goldfish, mollies, and clownfish are expanding through 

hatcheries and private farms supported by ICAR-CIFE, MPEDA, and 

NFDB initiatives. However, a significant portion of indigenous species 

still originates from wild collection, especially in the Northeast and 

Western Ghats.  

Infrastructure and Culture Systems 

Ornamental fish culture in India employs a range of 

infrastructure setups depending on scale, species, and investment level. 

At the grassroots level, backyard units and small-scale tanks are popular 

among rural households and women entrepreneurs, providing a low-

cost entry into ornamental aquaculture. More advanced systems include 

cement tanks, fiberglass tanks, and earthen ponds designed for 
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breeding, rearing, and grow-out phases. In regions like West Bengal, 

Kerala, and Tamil Nadu, farmers typically use a combination of cement 

cisterns (5–10 m²) for breeding and earthen ponds (50–100 m²) for 

grow-out operations. For high-value marine ornamental species, 

recirculatory aquaculture systems (RAS) and glass aquaria are 

employed, allowing precise control of temperature, salinity, and 

lighting. Additionally, hatchery and nursery setups are vital 

infrastructure components where broodstock conditioning, spawning, 

larval rearing, and fry management take place under controlled 

environmental conditions. 

The culture process of ornamental fish involves several stages 

broodstock maintenance, spawning induction, larval rearing, juvenile 

grow-out, quarantine, and packaging. Healthy and genetically diverse 

broodstock are maintained in optimal conditions to ensure regular 

spawning. Hormonal induction or environmental manipulation (light, 

temperature, water exchange) is often applied to trigger breeding in 

species like gouramis, barbs, and cichlids. The larval rearing phase 

requires meticulous attention to live feed (infusoria, Artemia, rotifers) 

and water parameters, as ornamental fry are delicate and highly 

sensitive to environmental changes. Once juveniles reach a marketable 

size, they undergo quarantine procedures to ensure they are disease-

free before being sold or exported. Proper packaging using oxygenated 

polythene bags with water-conditioning agents is critical for transport 

survival, especially for export consignments. 

Water quality management is central to the success of 

ornamental fish culture. Parameters such as temperature (24–30°C), pH 

(6.5–7.5), dissolved oxygen (>5 mg/L), and ammonia levels (<0.02 

mg/L) must be maintained to prevent stress, colour loss, or mortality. 

Filtration systems, aeration, and partial water exchange are routinely 

practiced to maintain hygiene and clarity. Ornamental fish, being 

smaller and more delicate than food fishes, demand specialized care, 

including disease management using mild prophylactics and nutritional 

strategies that enhance colour and fin development. Value addition 

plays a significant role in market competitiveness breeders selectively 

enhance colour intensity, fin morphology, and body patterns through 

diet, light exposure, and genetic selection.  
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Domestic Market and Export Trade 

The domestic ornamental fish market in India has expanded 

rapidly over the past two decades, driven by the growing popularity of 

aquariums in homes, offices, hotels, and educational institutions. The 

increasing urban middle-class population, changing lifestyles, and 

interest in aquarium keeping as a hobby have contributed to consistent 

market growth. India’s domestic market for ornamental fish and 

accessories is estimated to exceed ₹500 crore annually, with an annual 

growth rate of 10–12%. The market encompasses a wide range of 

consumers from individual hobbyists and aquarium enthusiasts to large 

commercial aquaria and interior designers who incorporate 

aquascaping as part of home décor. Major hubs for domestic trade 

include Kolkata, Mumbai, Chennai, Bengaluru, and Kochi, where 

ornamental fish are bred, sold, and distributed through a network of 

retailers and wholesalers. The domestic segment also benefits from the 

expansion of pet stores, online marketplaces, and aquarium exhibitions, 

which have boosted awareness and accessibility of ornamental fish and 

related accessories like tanks, feeds, filters, and decorative materials. 

In terms of export performance, India holds a modest yet 

growing position in the global ornamental fish trade. The country’s 

export value fluctuates between USD 2–4 million annually, accounting 

for less than 1% of the global ornamental fish market. However, its 

unique biodiversity particularly from regions like the Northeast, 

Western Ghats, and coastal waters gives it considerable potential for 

expansion. The key exporting states are West Bengal, Tamil Nadu, 

Kerala, and Odisha, with Kolkata serving as the major export hub due to 

its established networks and proximity to Southeast Asian markets. 

Commonly exported species include barbs (Puntius spp.), danios (Danio 

rerio), gouramis (Trichogaster spp.), loaches, catfishes, and marine 

ornamentals like clownfish (Amphiprion spp.) and angelfish. The major 

export destinations include Singapore, Thailand, Japan, the USA, 

Germany, and the UK. 

The value chain for ornamental fish trade typically flows from 

producers (breeders and small-scale farmers) to aggregators or 

middlemen, followed by wholesalers, retailers, and finally hobbyists or 

exporters. At each stage, value addition occurs through sorting, grading, 

quarantine, and packaging. This network supports a wide livelihood 
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base, including women and youth in rural areas engaged in breeding, 

packaging, and transport. On the policy and institutional front, several 

initiatives have been implemented to promote ornamental fisheries in 

India. The National Fisheries Development Board (NFDB), Marine 

Products Export Development Authority (MPEDA), and ICAR-CIFA 

(Bhubaneswar) have introduced training, hatchery support, and 

marketing assistance programs. The Pradhan Mantri Matsya Sampada 

Yojana (PMMSY) has included ornamental fish culture as a priority area 

under fisheries diversification, offering subsidies for infrastructure and 

equipment.  

Socio-Economic and Livelihood Implications 

Ornamental fish culture has emerged as a vibrant livelihood 

option in India, offering sustainable employment opportunities for 

rural, peri-urban, and urban communities alike. Its low land 

requirement, small investment cost, and high economic returns make it 

particularly suitable for marginal farmers, landless laborers, youth, and 

women entrepreneurs. In rural areas, ornamental fish farming often 

complements existing agricultural activities, enabling year-round 

income diversification. Many farmers in West Bengal, Kerala, Tamil 

Nadu, and Assam have successfully established small-scale breeding 

units using backyard ponds, cement tanks, or household aquaria. This 

sector not only supports primary production but also generates indirect 

employment through activities like feed preparation, aquarium 

maintenance, transport, packaging, and marketing, thereby 

strengthening local economies. 

One of the most remarkable aspects of this sector is its role in 

women empowerment and micro-entrepreneurship. Women-led self-

help groups (SHGs) in West Bengal’s North 24 Parganas and South 24 

Parganas districts have gained national attention for their success in 

ornamental fish rearing, particularly in breeding and sale of species like 

guppies, mollies, and goldfish. Supported by initiatives from ICAR-CIFA, 

MPEDA, and NFDB, these women have transitioned from subsistence 

livelihoods to organized aquaculture enterprises. Their work has not 

only improved household incomes but also enhanced social recognition, 

confidence, and financial independence. Similar empowerment stories 

have been documented in Kerala and Tamil Nadu, where women’s 
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cooperatives have established ornamental hatcheries and aquarium 

maintenance businesses with government and NGO support. 

Beyond primary production, ornamental fish culture offers a 

range of value addition and niche business opportunities, such as 

aquascaping services, aquarium design, maintenance, fish feed 

production, and accessory retail. The growing trend of ornamental fish 

exhibitions and hobbyist networks across major cities like Mumbai, 

Bengaluru, and Chennai has opened new avenues for youth 

entrepreneurship and eco-friendly business models. However, the 

sector also faces challenges in scaling up operations. High-quality 

broodstock, advanced breeding technologies, and disease management 

expertise are still limited to a few centers. Access to finance, especially 

for women and small entrepreneurs, remains a barrier due to the 

perceived risks of live fish trade. Furthermore, marketing linkages are 

often informal and localized, leading to inconsistent pricing and profit 

margins. Skill development, certification systems, and improved cold 

chain and transport infrastructure are essential to strengthen India’s 

ornamental fish industry and make it globally competitive.  

Conservation, Biosecurity and Environmental Issues 

The ornamental fish trade exerts complex pressures on wild 

fish populations and their habitats. Historically, many high-value 

species were sourced from the wild, and continued unregulated 

collection can lead to localized depletion, altered community structure, 

and loss of genetic diversity. Conservation priorities therefore include 

shifting supply chains from wild harvest to sustainable captive breeding, 

protecting critical habitats (stream headwaters, peat swamps, reef flats) 

that harbour endemic species, and maintaining the genetic integrity of 

populations by avoiding uncontrolled hybridization and repeated in-

breeding in captive lines. Conservation-oriented interventions such as 

community-based collection quotas, habitat restoration, and ex-situ 

breeding programs for rare endemics help reconcile livelihoods with 

biodiversity protection. 

Biosecurity and disease management are central to responsible 

ornamental aquaculture. Ornamentals are vulnerable to a wide range of 

pathogens (parasites, bacterial and fungal infections, viral agents) and 

protozoans; because many consignments cross long distances, a single 
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outbreak can have wide geographic impact. Good management practices 

include stringent quarantine procedures for incoming broodstock and 

juveniles, routine health screening, use of certified disease-free seed, 

disinfection protocols for equipment and packaging, and judicious use 

of therapeutics under veterinary guidance. Maintaining optimal water 

quality (stable pH, low ammonia/nitrite, adequate oxygen), proper 

stocking densities, and regular biofilter maintenance reduces stress and 

disease incidence. Training growers in early disease detection and 

response, and establishing local veterinary/aquatic health networks, 

greatly improves system resilience. 

Environmental concerns extend beyond biodiversity and 

disease. Escape of non-native ornamentals into natural waters can 

create invasive species problems competitors, predators, or carriers of 

novel pathogens that threaten native fauna and ecosystem function. 

Effluent and wastewater from intensive hatcheries, if discharged 

untreated, can cause nutrient loading and deteriorate local waterbodies; 

therefore, effluent treatment (settling ponds, constructed wetlands, or 

biofilters) and reuse of water within the facility are important mitigation 

measures. Finally, welfare considerations ensuring humane handling, 

appropriate stocking densities, and adequate transport conditions are 

increasingly important for market access and ethical practice.  

Challenges, Constraints and Future Prospects 

The ornamental fish sector faces several structural and 

operational constraints. Key challenges include limited access to quality 

broodstock, high larval mortality in early rearing stages, few certified 

hatcheries that meet international health and quality standards, and 

fragmented or weak export networks. Regulatory gaps especially 

inconsistent live-shipment standards, unclear quarantine requirements, 

and lack of eco-labelling hinder market expansion and raise the risk of 

disease spread or biodiversity harm. Small producers also commonly 

lack access to finance, cold-chain logistics, and reliable market 

information, which together limit scale-up and value capture. 

At the same time, encouraging trends and technological 

innovations offer pathways forward. There is growing investment in 

captive breeding of native species, selective breeding for desirable traits 

(colour, fin shape, hardiness), and development of high-value variants 
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for niche markets. Technological solutions automated rearing systems, 

improved larval feed and live feed production, standardized quarantine 

protocols, better packaging methods (oxygen-enriched bags, 

temperature control), and digital marketing platforms are improving 

survival rates and market reach. Startups and incubators are piloting 

modular RAS and small-scale hatcheries that reduce environmental 

footprint and improve biosecurity. Policy and institutional action can 

catalyze these advances. Suggested measures include stronger 

institutional support for breeder networks and certified hatcheries, 

industry clustering (common facilities for quarantine, testing and 

packaging), targeted training programs for breeders and exporters, 

streamlined export facilitation and certification for live shipments, and 

incentives for captive breeding of threatened endemics. Linking the 

industry with the aquarium hobby sector, tourism (public aquaria), and 

conservation programs (restocking, ex-situ conservation) can create 

synergistic markets that value sustainably produced ornamentals.  

Conclusion 

Ornamental fish culture presents a unique convergence of 

economic opportunity, rural and urban entrepreneurship, and 

biodiversity value. To realize its full potential sustainably, the sector 

must balance production goals with robust conservation, biosecurity 

and environmental management. Priorities include accelerating captive 

breeding of native species, strengthening health and quarantine 

infrastructure, adopting effluent-safe technologies, and building market 

linkages that reward sustainable practice. A coordinated strategy 

combining research, extension and skill development, targeted policy 

support, industry clustering, and consumer awareness (eco-labelling) 

will enable ornamental fisheries to expand responsibly.  
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WATER QUALITY MANAGEMENT 
IN AQUACULTURE PONDS 

- Vaibhav Annasaheb Late 

 

Introduction 

Water is the fundamental element of life for all aquatic 

organisms and plays a decisive role in the success of aquaculture. The 

quality of water in fish ponds determines the overall productivity, 

growth rate, and health of cultured species. In aquaculture, water is not 

just a habitat it serves as the medium through which fish obtain oxygen, 

feed, excrete waste, and maintain physiological balance. Therefore, 

understanding and managing water quality is essential for achieving 

both biological and economic sustainability in aquaculture systems. 

Good water quality directly influences fish growth, survival, and 

feed conversion ratio (FCR). When water parameters such as 

temperature, dissolved oxygen, pH, and ammonia remain within the 

optimal range, fish utilize feed more efficiently, exhibit faster growth, 

and remain less susceptible to diseases. Conversely, deteriorated water 

conditions can lead to stress, slow growth, poor feed utilization, and 

outbreaks of bacterial or fungal infections. Thus, the relationship 

between water quality and fish health is dynamic and continuous, 

demanding regular monitoring and corrective management. 

Aquaculture is practiced under diverse climatic and ecological 

conditions from the coastal brackish water systems of Andhra Pradesh 

and West Bengal to the inland freshwater ponds and tanks of 

Maharashtra, Odisha, and Assam. Many farmers also depend on seasonal 

or rain-fed ponds, where water availability and quality fluctuate widely. 

Such variability highlights the importance of region-specific water 

management practices that consider local soil type, rainfall, 

temperature, and farming system. 

Key Physical Parameters Affecting Pond Water Quality 

Physical parameters of water play a crucial role in determining 

the suitability of a pond for aquaculture. These parameters influence the 

chemical and biological processes in the water and directly affect fish 
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growth, metabolism, and survival. The most important physical factors 

include temperature, turbidity, transparency, colour, and odour.  

Temperature: Temperature is one of the most influential physical 

factors governing aquatic life. It affects almost every physiological 

process in fish including respiration, feeding rate, digestion, growth, and 

reproduction. Since fish are cold-blooded animals, their body 

temperature and metabolism change with the temperature of 

surrounding water. An increase in water temperature accelerates 

metabolic activity and feeding rate, but if it exceeds the species’ 

tolerance limit, it can cause stress or even mortality.  

Similarly, very low temperatures slow down metabolism and 

feeding, resulting in reduced growth. Temperature also controls the 

solubility of oxygen in water; warmer water holds less dissolved oxygen 

than cooler water, which can lead to oxygen depletion during hot 

afternoons or dense plankton blooms. For most Indian freshwater 

fishes, the following temperature ranges are considered ideal for 

growth: 

 

Fish Species 
Optimum Temperature Range 

(°C) 

Rohu (Labeo rohita) 25 – 32 

Catla (Catla catla) 25 – 30 

Mrigal (Cirrhinus mrigala) 24 – 30 

Common Carp (Cyprinus carpio) 22 – 28 

Tilapia (Oreochromis 

mossambicus) 
25 – 35 

 

Maintaining this range helps achieve better growth and feed 

efficiency. Farmers should monitor water temperature regularly, 

especially during summer and winter, and avoid sudden changes by 

ensuring proper water depth, shading, and aeration. 

Turbidity: Turbidity refers to the cloudiness or haziness of water 

caused by suspended particles such as clay, silt, organic matter, or 

microscopic organisms. In aquaculture ponds, moderate turbidity is 
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beneficial because it indicates the presence of plankton, which serves as 

natural fish food. However, excessive turbidity caused by soil erosion, 

runoff, or algal bloom can reduce light penetration, thereby limiting 

photosynthesis and oxygen production by phytoplankton. High 

turbidity also interferes with fish respiration by clogging gills and can 

hinder the feeding efficiency of visual feeders such as carps and tilapia. 

Proper embankment construction, vegetation cover, and controlled 

feeding can help minimize unwanted turbidity. 

Transparency: Transparency is a simple and reliable indicator of pond 

productivity and is usually measured with a Secchi disc a black and 

white circular plate lowered into the water until it disappears from 

sight. The depth at which the disc disappears indicates the transparency 

level. For most productive fish ponds, a transparency range of 30 to 40 

cm is considered ideal. Lower transparency (less than 25 cm) may 

indicate excessive plankton bloom or organic load, while very high 

transparency (above 50 cm) may suggest low nutrient content and poor 

natural productivity. Farmers should regularly monitor transparency 

and manage feeding and fertilization accordingly. 

Colour and Odour The colour and odour of pond water provide 

valuable clues about its health and productivity. 

 Greenish water generally indicates a healthy plankton 

population. 

 Dark green or bluish-green water suggests algal bloom, which 

may lead to oxygen fluctuations. 

 Brown or muddy water is often caused by suspended soil 

particles. 

 Blackish or foul-smelling water indicates organic decay and 

anaerobic conditions at the pond bottom. 

Unpleasant odours are often produced by hydrogen sulphide or 

ammonia due to decomposition of organic matter or poor water 

circulation. Regular aeration, removal of excess sludge, and maintaining 

balanced feeding can prevent such conditions and ensure a healthy 

aquatic environment. 

Chemical Parameters of Water Quality 

The chemical composition of pond water plays a vital role in 

maintaining the health and productivity of aquaculture systems. 
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Chemical parameters determine the suitability of water for supporting 

fish life and influence biological processes such as respiration, nutrient 

cycling, and photosynthesis. Imbalances in these parameters can cause 

stress, disease outbreaks, or even fish mortality. Therefore, monitoring 

and managing the chemical characteristics of pond water is an essential 

part of scientific aquaculture management. 

Dissolved Oxygen (DO): Dissolved oxygen (DO) is one of the most 

critical factors for the survival and growth of aquatic organisms. Fish 

and beneficial microorganisms depend on oxygen for respiration, while 

the decomposition of organic matter also consumes oxygen from the 

water. DO levels fluctuate naturally during the day increasing during 

daylight hours due to photosynthesis by phytoplankton and decreasing 

at night when respiration dominates. The ideal DO concentration for 

most freshwater fish species ranges between 5.0 to 8.0 mg/L. 

Concentrations below 3.0 mg/L can cause stress, while levels below 2.0 

mg/L may result in fish mortality. Low oxygen conditions, known as 

hypoxia, are often caused by excessive organic load, algal die-off, or 

overstocking. 

To maintain optimum DO levels, farmers should: 

 Use aerators during night hours or early morning. 

 Avoid overfeeding and excess organic waste accumulation. 

 Encourage moderate phytoplankton growth through balanced 

fertilization. 

pH (Hydrogen Ion Concentration): The pH of water represents its 

acidity or alkalinity, which greatly influences fish physiology and 

nutrient availability. A balanced pH ensures proper metabolic activity 

and enhances the efficiency of other water quality parameters. 

 The optimum pH range for most freshwater aquaculture ponds is 

7.0 to 8.5. 

 A pH below 6.5 indicates acidic conditions, which can reduce 

plankton growth and cause gill irritation in fish. 

 A pH above 9.0 can increase ammonia toxicity and stress fish 

populations. 

Daily fluctuations in pH occur due to photosynthesis and 

respiration cycles rising during the day and falling at night. Periodic 

application of agricultural lime (CaCO₃) helps maintain the buffering 

capacity and stabilize pH levels in the pond. 
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Carbon Dioxide (CO₂): Carbon dioxide is released into pond water 

through fish respiration, decomposition of organic matter, and diffusion 

from the atmosphere. In balanced systems, CO₂ is utilized by 

phytoplankton during photosynthesis, maintaining equilibrium. 

However, excessive CO₂ concentrations (>10 mg/L) can interfere with 

the ability of fish to absorb oxygen through their gills, leading to 

respiratory distress. Proper aeration and daytime water exchange can 

effectively reduce excess CO₂ levels. Maintaining good plankton balance 

also ensures that CO₂ is utilized efficiently during daylight hours. 

Ammonia, Nitrite, and Nitrate: These compounds are part of the 

nitrogen cycle in aquaculture ponds. Fish excrete ammonia as a 

metabolic waste product, and uneaten feed or decaying organic matter 

further adds to the nitrogen load. 

 Ammonia (NH₃ + NH₄⁺): The most toxic form is unionized 

ammonia (NH₃). Its concentration should be kept below 0.02 

mg/L. High ammonia levels cause gill damage, poor growth, and 

mortality. 

 Nitrite (NO₂⁻): Intermediate compound formed during ammonia 

oxidation. Toxic at levels above 0.1 mg/L, as it interferes with 

oxygen transport in fish blood (“brown blood disease”). 

 Nitrate (NO₃⁻): Final product of nitrification and relatively non-

toxic at low levels (<50 mg/L). However, continuous 

accumulation may cause eutrophication. 

Biological filtration, adequate aeration, and use of probiotics or 

biofilters promote the growth of nitrifying bacteria (Nitrosomonas and 

Nitrobacter), which help convert toxic ammonia and nitrite into safer 

nitrate forms. 

Hardness and Alkalinity: Water hardness refers to the concentration 

of calcium (Ca²⁺) and magnesium (Mg²⁺) ions, while alkalinity 

represents the water’s ability to neutralize acids, mainly due to 

bicarbonates and carbonates. These two parameters help in maintaining 

pH stability and buffering capacity in the pond. 

 Ideal hardness: 50–150 mg/L as CaCO₃ 

 Ideal alkalinity: 75–200 mg/L as CaCO₃ 

Soft and poorly buffered water (low hardness/alkalinity) leads to 

frequent pH fluctuations, which stress fish and affect productivity. 
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Application of limestone or dolomite during pond preparation enhances 

both hardness and alkalinity. 

Salinity and Conductivity: Salinity measures the total concentration of 

dissolved salts in water, while conductivity indicates the water’s ability 

to conduct electricity both are closely related parameters. Salinity is 

particularly important in brackish water aquaculture, where species like 

shrimp, mullet, and milkfish thrive. 

 Freshwater aquaculture: salinity < 0.5 ppt 

 Brackish water aquaculture: salinity between 0.5 – 30 ppt 

Fish species vary in their salinity tolerance; for instance, tilapia 

and milkfish can adapt to a wide range of salinities. Monitoring 

conductivity (typically 50–1500 µS/cm in freshwater systems) helps 

assess ionic balance and nutrient availability in ponds. 

Biological Aspects of Water Quality 

The biological components of an aquaculture pond play an 

equally important role in maintaining overall water quality and 

ecological balance. A pond is not just a physical structure filled with 

water it is a living, dynamic ecosystem containing a diverse community 

of organisms such as phytoplankton, zooplankton, benthic fauna, and 

microorganisms. These biological entities interact continuously with the 

physical and chemical environment and directly influence the health 

and productivity of cultured fish. 

Role of Phytoplankton, Zooplankton, and Benthic Organisms as 

Biological Indicators: Phytoplankton are microscopic plants that form 

the base of the aquatic food web. They perform photosynthesis, 

producing oxygen and serving as a primary food source for zooplankton 

and filter-feeding fish. The density and composition of phytoplankton 

communities are excellent indicators of pond fertility and nutrient 

availability. A moderate, stable phytoplankton population signifies a 

healthy and productive pond, whereas sudden blooms or die-offs 

suggest nutrient imbalance or pollution. Zooplankton including rotifers, 

cladocerans, and copepods feed on phytoplankton and organic detritus. 

They act as a critical link between primary producers and higher trophic 

levels such as fish larvae and juveniles. A diverse and abundant 

zooplankton population indicates good water quality and balanced 

nutrient cycling. Benthic organisms, such as worms, mollusks, and insect 
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larvae, live at the pond bottom and decompose organic matter, recycling 

nutrients back into the water column. Their abundance and diversity 

reflect the oxygen level and cleanliness of the pond bed. A dominance of 

pollution-tolerant species or a decline in benthic fauna generally 

indicates organic pollution or anaerobic conditions. 

Relationship between Plankton Bloom and Nutrient Levels: The 

growth of plankton communities in ponds depends largely on nutrient 

concentrations, particularly nitrogen and phosphorus. These nutrients 

are introduced through feed residues, fertilizers, or natural 

decomposition. A balanced nutrient level promotes a healthy plankton 

bloom that enhances natural productivity and provides oxygen through 

photosynthesis. However, when nutrient levels become excessive due to 

overfeeding or poor management, eutrophication occurs leading to 

dense algal blooms. Such blooms can deplete dissolved oxygen during 

the night and cause massive fish kills when the algae die and decompose. 

Therefore, maintaining an optimum balance between nutrient input and 

plankton density is essential for sustaining good water quality and 

avoiding oxygen stress. 

Harmful Algal Blooms (HABs):  Not all algal blooms are beneficial. 

Some species of cyanobacteria (blue-green algae) such as Microcystis, 

Anabaena, and Oscillatoria produce toxins that are harmful to fish and 

other aquatic organisms. These Harmful Algal Blooms (HABs) usually 

occur in nutrient-rich, stagnant waters with high temperatures and 

sunlight exposure.  

Causes of HABs: 

 Over-enrichment of nutrients (mainly nitrogen and phosphorus). 

 Poor water circulation and low dissolved oxygen. 

 High temperature and stable water conditions. 

 Excessive organic matter and lack of aeration. 

Control Measures: 

 Maintain balanced feeding and avoid excess fertilizer application. 

 Regular aeration to prevent stratification and improve oxygen 

distribution. 

 Periodic water exchange and removal of surface scum. 

 Use of biological control agents such as plankton-feeding fish 

(e.g., silver carp). 
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 Application of eco-friendly probiotics to improve microbial 

balance and suppress harmful algae. 

Early detection and management of algal blooms help maintain 

pond stability and protect fish health. 

Microbial Balance and the Importance of Beneficial Bacteria: 

Microorganisms including bacteria, fungi, and actinomycetes play a vital 

role in decomposing organic matter and maintaining nutrient balance in 

aquaculture ponds. Among them, beneficial bacteria, particularly 

Nitrosomonas, Nitrobacter, Bacillus, and Lactobacillus species, are 

essential for converting toxic compounds like ammonia and nitrite into 

less harmful nitrate through the process of nitrification. The use of 

probiotics in aquaculture has become increasingly popular in recent 

years. Probiotics are live microbial supplements that enhance water 

quality by: 

 Breaking down organic waste and sludge. 

 Reducing harmful ammonia and hydrogen sulphide levels. 

 Suppressing pathogenic bacteria through competitive exclusion. 

 Enhancing the immune response and digestion of fish. 

Probiotic formulations are now widely used in Indian 

aquaculture for both pond preparation and routine management. Their 

use promotes a balanced microbial ecosystem, minimizes disease 

outbreaks, and supports sustainable production without relying heavily 

on chemicals or antibiotics. 

Monitoring and Assessment of Pond Water Quality 

Effective monitoring and assessment of water quality are 

fundamental to maintaining a healthy aquaculture system. Regular 

observation and timely evaluation of physical, chemical, and biological 

parameters help farmers detect unfavorable changes before they cause 

stress or disease in fish populations.  

Routine Water Quality Testing Methods: Water quality testing can be 

carried out using both manual (conventional) and digital (instrumental) 

methods, depending on the availability of resources and the level of 

precision required. 

 Manual Methods: These are low-cost and simple techniques 

suitable for small-scale or rural fish farmers. Examples include 

visual observation of water colour, smell, and turbidity, or 
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measuring transparency with a Secchi disc. Chemical test kits 

available in the market can be used for estimating pH, dissolved 

oxygen, ammonia, and alkalinity. 

 Digital Methods: Modern aquaculture increasingly relies on 

digital devices for more accurate and instant measurements. 

Portable water quality meters and multi-parameter probes can 

simultaneously measure parameters such as temperature, DO, 

pH, conductivity, and salinity.  In advanced systems, automated 

sensors and Internet of Things (IoT)-based monitoring units 

continuously record real-time data, allowing farmers to take 

immediate corrective measures. Such tools are becoming 

increasingly popular in India through government-supported 

aquaculture development schemes. 

Sampling Frequency and Data Recording: The frequency of water 

sampling depends on the intensity and type of aquaculture practiced. 

 In extensive or semi-intensive systems, monitoring once every 7–

10 days is generally sufficient. 

 In intensive culture systems, where stocking densities and feed 

input are high, water quality should be checked daily or every 

alternate day. 

Sampling should be carried out at fixed points in the pond generally 

from the middle and near the inlet and outlet and at both surface and 

bottom layers. Sampling during early morning and afternoon helps 

record daily variations, especially for parameters like dissolved oxygen 

and pH. All observations and test results should be carefully recorded in 

a logbook or digital record sheet. Maintaining long-term records helps 

in: 

 Identifying seasonal and daily trends. 

 Detecting recurring issues or pollution sources. 

 Planning management interventions and corrective actions. 

 Demonstrating compliance with Good Aquaculture Practices 

(GAP). 

Common Instruments Used in Water Quality Monitoring: A variety 

of simple and advanced instruments are available for water quality 

analysis. Some commonly used tools include: 
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Instrument Purpose/Parameter Measured 

DO Meter 
Measures dissolved oxygen 

concentration. 

pH Meter 
Determines acidity or alkalinity of 

water. 

Thermometer Records water temperature. 

Secchi Disc 
Measures water transparency and 

turbidity. 

TDS/Conductivity Meter Estimates salinity and ionic strength. 

Ammonia/Nitrite Test 

Kits 

Used for estimating toxic nitrogen 

compounds. 

Alkalinity and Hardness 

Kits 

Measure buffering capacity and mineral 

content. 

 

Importance of Maintaining Records for Management and Disease 

Prevention: Continuous monitoring supported by accurate record 

keeping forms the backbone of scientific aquaculture management. By 

analyzing water quality records, farmers can: 

 Recognize patterns that lead to fish stress or mortality. 

 Detect gradual changes in temperature, DO, or pH before they 

reach critical levels. 

 Correlate disease outbreaks with environmental fluctuations and 

adopt preventive measures. 

 Optimize feed management, aeration schedules, and water 

exchange frequency. 

Moreover, record maintenance is a requirement under many 

certified aquaculture programs promoted by agencies such as ICAR, 

MPEDA, and NFDB. It helps in demonstrating responsible farming 

practices and ensuring traceability of production, which is increasingly 

important for domestic and export-oriented aquaculture. 
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Water Quality Management Practices 

Efficient management of water quality is one of the most critical 

aspects of successful aquaculture. Good water quality ensures optimal 

fish growth, feed utilization, and disease resistance. It involves a 

combination of preventive measures, regular monitoring, and corrective 

actions to maintain a balanced and productive aquatic environment. The 

following practices are widely adopted in pond aquaculture for effective 

water quality management. 

Pond Preparation: Before the start of a new culture cycle, proper pond 

preparation is essential to create favorable conditions for fish stocking 

and growth. It involves a series of steps such as drying, liming, and 

manuring. 

 Drying: After the previous harvest, ponds should be completely 

drained and sun-dried for 2–3 weeks. Drying kills unwanted 

organisms like predatory fish, disease-causing pathogens, and 

parasites. It also helps in the oxidation of organic matter 

accumulated in the bottom soil. 

 Liming: Lime (usually calcium carbonate or calcium oxide) is 

applied to neutralize soil acidity, improve pH, and enhance the 

availability of nutrients. The amount of lime depends on the soil 

pH typically ranging from 200–2,000 kg/ha. Liming also 

promotes the growth of beneficial plankton and maintains a 

stable pond environment. 

 Manuring: After liming, organic manures such as cow dung, 

poultry manure, or compost are added to stimulate plankton 

production, which serves as natural fish food. Inorganic fertilizers 

(like urea and single superphosphate) may also be applied in 

moderate quantities to support primary productivity. 

Proper pond preparation ensures a balanced nutrient base and a 

disease-free environment before stocking fish seed. 

Aeration: Oxygen availability is vital for the survival and growth of 

cultured fish. Aeration improves dissolved oxygen (DO) levels and 

maintains aerobic conditions in the pond. 

 Natural Aeration: Achieved through photosynthesis by aquatic 

plants and algae during daylight and by wind action at the water 

surface. However, this alone is insufficient in high-density 

aquaculture systems. 
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 Mechanical Aeration: Devices such as paddlewheel aerators, air 

blowers, and diffused air systems are used to maintain adequate 

DO levels, especially during night-time or cloudy days when 

oxygen depletion is common. 

Water Exchange: Regular water exchange helps dilute accumulated 

wastes, balance nutrient levels, and maintain suitable physical and 

chemical conditions. 

 Frequency: In semi-intensive systems, partial water exchange 

(10–20%) is done once every 7–10 days. In intensive systems, 

daily or alternate-day exchange may be necessary. 

 Volume: The volume replaced depends on stocking density, feed 

input, and water quality deterioration. 

 Timing: The best time for water exchange is early morning when 

DO is low or after heavy feeding when organic waste 

accumulation is high. 

Use of Biofilters and Probiotics: Maintaining microbial balance is a 

modern and eco-friendly approach to water quality management. 

 Biofilters: These are physical structures or systems (like sand, 

gravel, or bio-ball filters) that promote the growth of nitrifying 

bacteria, which convert toxic ammonia and nitrite into less 

harmful nitrate. They are especially important in recirculatory 

aquaculture systems (RAS). 

 Probiotics: Beneficial microbial preparations containing species 

of Bacillus, Nitrosomonas, and Lactobacillus are applied directly 

to pond water or feed. They help in decomposing organic matter, 

reducing ammonia and hydrogen sulfide levels, and 

outcompeting harmful bacteria. 

Nutrient Management: Overfeeding and excessive organic input are 

major causes of water quality deterioration. Uneaten feed and fish 

excreta increase the organic load, leading to oxygen depletion and toxic 

gas formation. 

 Feed only the required quantity based on biomass and water 

temperature. 

 Use floating or slow-sinking feed pellets to minimize wastage. 

 Periodically check feed trays and adjust feeding rates. 

 Promote natural feed sources like plankton through balanced 

fertilization. 
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Control of Algal Blooms: Excessive algal growth, especially of blue-

green algae (Cyanobacteria), can severely impact water quality by 

causing oxygen fluctuations, toxin release, and fish mortality. 

Control Measures Include: 

 Shading: Reducing light penetration by using aquatic 

macrophytes or shade nets helps limit algal growth. 

 Biological Control: Introducing filter-feeding fish such as silver 

carp can help control phytoplankton density. 

 Chemical Control: In severe cases, the application of approved 

algaecides (e.g., copper sulfate in low concentrations) may be 

used carefully to avoid toxicity to fish. 

Sediment Management: Pond bottom sediment accumulates uneaten 

feed, fecal matter, and decaying organic debris, leading to the formation 

of anaerobic conditions and the release of toxic gases such as hydrogen 

sulfide (H₂S) and methane (CH₄). 

 Periodically remove or siphon out sludge from the bottom. 

 Ensure proper aeration to promote aerobic decomposition. 

 Apply microbial decomposers or probiotics to accelerate 

organic matter breakdown. 

 During pond preparation, completely dry and till the bottom 

soil to restore its quality. 

Climate and Seasonal Influence on Water Quality 

The quality of water in aquaculture ponds is not static; it 

fluctuates seasonally under the influence of climatic factors such as 

rainfall, temperature, wind, and evaporation. These variations 

significantly impact the physico-chemical characteristics of water, 

biological activity, and overall pond productivity.  

Monsoon and Summer Effects on Pond Stratification and Oxygen 

Levels: During the monsoon season, heavy rainfall can lead to dilution 

of pond water, lowering salinity, alkalinity, and nutrient concentration. 

Sudden inflow of rainwater also disturbs the pond’s thermal and oxygen 

balance, sometimes resulting in turnover or stratification breakdown, 

which can cause fish stress or mortality. Additionally, surface runoff 

may introduce silt, pesticides, or organic matter, leading to turbidity and 

pollution. Summer months are characterized by high temperatures and 

increased evaporation rates. Elevated water temperatures reduce 
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oxygen solubility while accelerating fish metabolism and microbial 

activity. This can lead to oxygen depletion, ammonia accumulation, and 

stress-induced fish mortality. Shallow ponds, especially in semi-arid 

regions, are more vulnerable to such thermal and oxygen-related 

fluctuations. 

Evaporation Losses and Temperature-Induced Stress: Evaporation 

is a critical issue during the dry season, particularly in inland areas of 

Maharashtra, Andhra Pradesh, and Tamil Nadu. Continuous water loss 

not only reduces pond depth but also increases salinity and 

concentration of dissolved wastes. High temperatures combined with 

low DO levels induce thermal and oxidative stress, affecting feed intake, 

immunity, and growth performance of fish. Regular water 

replenishment, use of shade nets, and aeration during early morning 

hours are effective countermeasures. Mulching around pond 

embankments and maintaining vegetation buffers also reduce 

evaporation losses. 

Adaptive Management Practices in Indian Climatic Regions: India’s 

vast geographical diversity demands region-specific management 

strategies: 

 In coastal regions, farmers must monitor salinity fluctuations due 

to tidal effects and rainfall. 

 In tropical inland areas, managing temperature and evaporation 

through aeration and partial shading is crucial. 

 In northern and hilly regions, ponds should be designed to retain 

heat and prevent excessive cooling during winter months. 

Season-based adaptive practices like adjusting feeding 

frequency, stocking density, and aeration schedules help maintain stable 

water quality and minimize climate-induced stress on aquaculture 

species. 

Common Problems and Their Solutions 

Water quality problems are common in aquaculture ponds due 

to overfeeding, nutrient buildup, or sudden environmental changes. The 

table below summarizes the most frequent issues, their likely causes, 

and appropriate management approaches. 
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Problem Probable Cause Management Approach 

Low 

Dissolved 

Oxygen (DO) 

Overfeeding, algal 

decay, poor aeration 

Use mechanical aerators, 

increase water exchange, 

reduce organic load 

High 

Ammonia 

Levels 

Excess feed, poor 

circulation, 

decomposition of 

waste 

Apply probiotics, enhance 

aeration, perform partial 

water exchange 

Algal Bloom 

Excess nutrients, high 

organic manure, 

stagnant water 

Use shading or aquatic 

plants, reduce fertilizer 

input, control feed 

quantity 

Acidic Water 

(Low pH) 

Low alkalinity, acid 

sulfate soil, heavy 

rain dilution 

Apply agricultural lime or 

dolomite, increase 

buffering capacity 

Fish 

Mortality 

Sudden changes in 

temperature, pH, or 

DO 

Conduct regular 

monitoring, gradual 

acclimatization, and 

emergency aeration 

Foul Odour 

or Black 

Water 

Anaerobic bottom 

condition, organic 

sludge buildup 

Remove sludge, apply 

probiotics, increase 

bottom aeration 

Turbidity 

Soil erosion, runoff, 

overgrowth of 

plankton 

Strengthen embankments, 

use settling tanks, manage 

plankton balance 

Sustainable Water Quality Management Strategies 

Long-term sustainability in aquaculture depends on 

environmentally responsible practices that minimize waste, conserve 

resources, and ensure economic viability. Sustainable water quality 

management integrates traditional wisdom with modern innovations 

and aligns with international standards. Eco-friendly management 

involves the use of organic manures, biological fertilizers, and natural 

microbial consortia instead of synthetic chemicals. The zero-water 

exchange system promotes internal recycling of nutrients within the 
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pond using microbial biofloc, thereby reducing water wastage and 

pollution. Integration with Aquaponics and Biofloc Technology 

 Aquaponics: Combines fish farming with hydroponic plant 

cultivation, where fish waste serves as plant nutrients and plants 

help purify the water. 

 Biofloc Technology (BFT): Utilizes beneficial microbial 

communities that convert organic wastes into protein-rich flocs, 

serving as supplementary feed for fish. Both systems minimize 

external discharge and improve feed efficiency. 

The FAO and ICAR recommend Good Aquaculture Practices 

(GAP) focusing on water quality monitoring, waste management, 

disease prevention, and responsible input use. GAP certification 

enhances market credibility and ensures that aquaculture operations 

remain sustainable and environmentally friendly. Sustainable water 

quality management can only be achieved through capacity building and 

farmer participation.  

Conclusion 

Water quality is the foundation of successful and sustainable 

aquaculture. Every aspect of pond productivity ranging from fish health, 

growth rate, and feed utilization to disease prevention is directly 

influenced by the quality of water. Maintaining optimal water conditions 

is not a one-time effort but a continuous process that demands regular 

monitoring, preventive management, and scientific intervention. 

Effective management of physical, chemical, and biological parameters 

ensures that aquaculture systems remain balanced and productive 

throughout the culture cycle. Timely testing of parameters such as 

dissolved oxygen, pH, ammonia, and temperature helps detect potential 

problems early, reducing economic losses and preventing fish stress or 

mortality. Routine observation, coupled with systematic record keeping, 

enables farmers to understand environmental fluctuations and make 

informed decisions based on scientific evidence rather than guesswork. 

The integration of preventive care practices such as proper 

pond preparation, aeration, biofiltration, and nutrient management has 

proven to enhance water stability and fish survival rates. Adopting eco-

friendly approaches, including the use of probiotics, biofloc systems, and 

organic amendments, also supports a sustainable balance between 
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productivity and environmental protection. Sustainable aquaculture, 

water quality management represents a direct link between 

environmental stewardship and economic growth. As India continues to 

expand its aquaculture sector, adopting scientific and eco-conscious 

practices becomes essential for maintaining productivity without 

compromising natural resources. 

Looking ahead, the future of water quality management lies in 

technological innovation and smart farming systems. The introduction 

of IoT-based smart sensors, real-time monitoring platforms, and 

automated data analysis tools allows for continuous tracking of pond 

parameters and instant corrective actions. These digital solutions, 

combined with farmer training and policy support, can revolutionize 

aquaculture management in India, ensuring greater efficiency, 

resilience, and sustainability. Water quality is not merely a component 

but the lifeline of aquaculture.  
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TECHNOLOGICAL INNOVATIONS IN THE 
COLD SUPPLY CHAIN AND THEIR SOCIO-
ECONOMIC IMPACT ON AQUACULTURE 
LIVELIHOODS 

- Dr Nishita Desai 
 
 

Introduction 

In recent years, the global aquaculture sector has witnessed 

significant growth and transformation, driven by the twin pressures of 

rising seafood demand and the imperative for more sustainable, 

efficient value chains. Simultaneously, the cold supply chain (CSC) which 

covers temperature-controlled logistics, storage, processing and 

distribution of perishable products has evolved through technological 

innovations, offering opportunities for improved food safety, reduced 

losses, enhanced traceability and better market access. When these two 

trends intersect innovations in the cold chain applied to aquaculture 

products the potential impact on livelihoods of aquaculture producers 

(especially smallholder and rural actors) becomes considerable. This 

chapter explores the technological innovations in the cold supply chain 

as they relate to aquaculture, assesses their socio-economic impacts on 

aquaculture livelihoods, and offers insights and recommendations for 

policymakers, practitioners and academic researchers. 

Cold Supply Chain in Aquaculture:  

The cold supply chain refers to the sequence of activities by 

which temperature-sensitive products are harvested, processed, stored, 

transported, distributed and delivered while maintaining required 

temperature and environmental conditions so as to preserve quality, 

safety and shelf life. In the context of aquaculture, this includes: post-

harvest catch or harvest handling, chilling/freezing or other processing, 

cold storage (warehousing), refrigerated transport (road/sea/air), 

distribution to markets (domestic and export), and last-mile delivery. 

Significance for Aquaculture Livelihoods: Aquaculture is a vital 

livelihood source for many rural, littoral and coastal communities 

globally. As documented by the “Blue Revolution” narrative, aquaculture 
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offers opportunities for poverty alleviation and employment generation, 

particularly in Asia and sub-Saharan Africa. However, the full potential 

of aquaculture is often constrained by post-harvest losses, weak 

logistics, limited market access, and inadequate value-chain integration. 

These constraints reduce incomes, limit scale, and keep producers 

trapped in low-value segments. 

An efficient cold supply chain can mitigate these constraints by: 

 Reducing spoilage and loss of product quality, 

 Enabling longer shelf life and access to distant/high-value 

markets (domestic export), 

 Improving food safety and traceability, thereby enhancing 

consumer trust and price premiums, 

 Supporting value-added processing (filleting, packaging), which 

can increase incomes. 

Key Challenges in the Cold Supply Chain for Aquaculture:  

 Infrastructure deficits: Lack of refrigeration rooms, inadequate 

insulated transport vehicles, unreliable power supply, and long 

distances to markets. For example, an overview of aquaculture 

noted “infrastructure deficits – Cold chain logistics: insufficient 

refrigeration and transportation systems result in substantial 

post-harvest losses.”  

 High initial capital cost: Establishing cold chain infrastructure 

(refrigerated trucks, cold storage warehouses) requires large 

investment, which small producers often cannot afford.  

 Lack of traceability and transparency: Producers often cannot 

assure buyers of temperature history, origin, safety, which 

reduces market bargaining power. A systematic review of 

digital innovations found that adoption is still uneven and 

socio-economic impacts depend on access.  

 Energy and operating cost issues: Refrigeration and transport 

in remote/rural locations can be expensive, with high 

fuel/electricity cost, and often inefficient equipment leading to 

temperature excursions. 

 Small scale and fragmentation of producers: Many aquaculture 

producers operate at small scale, often individually or in 

cooperatives, making it difficult to achieve economies of scale 

in cold logistics. 
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 Market constraints: Even if product is of good quality, lack of 

linkages, market exposure, regulatory compliance, standards can 

restrict access to higher-value markets. The disruption by COVID-

19 of aquaculture value chains further highlighted these 

vulnerabilities.  

Technological Innovations in the Cold Supply Chain Relevant to 

Aquaculture 

This section presents key technological innovations that have 

emerged or are emerging in cold supply chains, emphasising those with 

direct relevance to aquaculture and seafood value chains. 

Real-time Monitoring and IoT Sensor Systems: One of the 

foundational innovations in modern cold chains is the use of IoT 

(Internet of Things) sensors for continuous monitoring of temperature, 

humidity, and environmental parameters throughout transport, 

storage, and handling. For example, recent reviews have highlighted 

that companies are increasingly relying on sensors, GPS tracking, and 

cloud computing to track shipments. In the aquaculture context, real-

time monitoring enables early detection of temperature excursions or 

chain breaks, which can otherwise degrade product quality, reduce 

shelf-life, or make the product unsafe. 

Benefits include: 

 Enhanced product integrity and reduced spoilage. 

 Ability to document temperature history and provide assurance 

to buyers. 

 Potential reduction in insurance/premium costs and improved 

logistics reliability. 

 Data enabling predictive maintenance of refrigeration 

equipment, further reducing downtime. 

In India, for example, cold-chain innovations in produce highlight 

that IoT-enabled monitoring allowed reduction of spoilage and higher 

accountability. For aquaculture this can translate into fewer reworks, 

less waste, and higher incomes. 

Blockchain, Traceability and Digital Ledgers: Transparency and 

traceability have become central concerns in food and seafood value 

chains. Technology solutions such as blockchain (distributed ledger) are 

being introduced to create tamper-proof digital records of every step in 
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the cold chain: origin, handling conditions, transport, storage, 

distribution. According to one source, blockchain technology for food 

traceability in the cold chain is expected to grow significantly, helping 

reduce costs related to manual record-keeping and disputes. In 

aquaculture, traceability supports certifications, access to export 

markets (which demand provenance and cold-chain integrity), 

premium pricing, and mitigation of safety risks. 

The benefits: 

 Builds trust in markets and allows small farmers/co-operatives 

to present credible provenance. 

 Helps detect illegal, unreported and unregulated fishing (IUU) 

and ensures compliance with standards.  

 Enables more efficient recall mechanisms and risk management. 

Smart/Automated Warehousing, Robotics and AI: Cold storage 

warehouses and cold transport hubs are increasingly using automation, 

robotics, and AI to optimise operations. For example, smart systems that 

manage inventory, route forklifts, optimise temperature zones, and 

reduce human error are proliferating. Innovations such as autonomous 

vehicles, robots for picking/handling, and AI-driven inventory 

management are shifting the model of cold logistics from labour-

intensive to technology-intensive. 

In aquaculture, this means: 

 Faster, more consistent processing of fish (filleting, packaging) 

under optimal temperature conditions. 

 Lower labour costs or lower dependence on skilled labour and 

fewer losses due to handling errors. 

 Potential for aggregators/co-operatives to scale operations and 

serve larger markets. 

Renewable Energy, Solar-Powered Refrigeration and Off-grid 

Solutions: Energy cost and reliability are major constraints in cold 

supply chains, especially in remote or rural aquaculture zones. 

Emerging solutions include solar-powered refrigeration units, phase-

change materials (PCMs) for passive cooling, and off-grid cold storage 

modules. For example, a review of sustainable refrigeration in cold chain 

logistics lists solar-powered systems and heat storage technologies as 

key innovations. Moreover, cold chain innovation reviews for Indian 

produce highlight mobile cold storage units with PCMs for 48 hours 
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without external power.  In aquaculture, especially for small-scale 

producers in remote areas, these technologies mean: 

 Cold storage or transport options where grid power is unreliable 

or absent. 

 Lower operating costs (less fuel/energy consumption) and lower 

carbon footprint. 

 Possibility of aggregation centres near producer clusters with 

renewable-powered cold rooms. 

Data Analytics, AI-Powered Decision Support and Predictive 

Optimization: Beyond sensors and monitoring, the use of analytics, AI 

and machine learning is transforming cold chain logistics. For example, 

route optimisation, demand forecasting, predictive maintenance of 

refrigeration equipment, and temperature excursion prediction are key 

innovations. For aquaculture, this can translate into: 

 Optimised routing of refrigerated trucks to markets, ensuring 

minimal transit time and optimal temperature exposure. 

 Predictive analytics reducing downtime of cold chain equipment, 

minimising losses. 

 Better forecasting of supply/demand dynamics so that producers 

know when to harvest, process, ship for better prices. 

Alternative Packaging, Insulation Materials and Last-mile 

Innovation: The cold chain also benefits from innovations in packaging 

and last-mile delivery. Advanced insulation materials (e.g., vacuum 

insulated panels, PCMs), biodegradable packaging, temperature-

controlled lockers, drone delivery of chilled fish products are emerging. 

For aquaculture producers engaging in value-added packaging or direct 

sales, these technologies allow transport over greater distances with 

less spoilage, opening new markets and enhancing value capture. 

Digital Twin, Remote Monitoring and Control Systems: Although 

more nascent in aquaculture supply chains, digital twin technologies 

virtual replicas of physical systems, enabling real-time monitoring and 

simulation have begun to appear in aquaculture infrastructure (e.g., net-

cages) but have implications for cold logistics too. A recent study 

proposed a digital twin for aquaculture net cages for real-time 

monitoring and remote operations. Though not exclusively cold-chain 

focused, the concept illustrates a broader move toward integrated 
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digital ecosystems where cold logistics become part of a responsive, 

data-driven aquaculture value chain. 

Socio-Economic Impact on Aquaculture Livelihoods 

With the innovations outlined above, how do aquaculture 

producers and associated actors experience socio-economic impacts? 

This section analyses several dimensions: income and profitability, 

employment and labour, market access and value capture, resilience and 

risk reduction, equity and inclusion, and unintended/disruptive 

consequences. 

Income, Profitability and Value Capture: The fundamental socio-

economic benefit is improved income and profitability for aquaculture 

producers due to reduced post-harvest losses, improved product quality 

and access to higher-value markets. 

 Real-time monitoring and better cold logistics reduce spoilage 

and quality degradation, meaning more of the catch becomes 

marketable. One market study in India noted that technological 

Cold-Chain solutions reduced spoilage in fisheries by up to 30%.  

 Better access to premium markets (domestic high-end retail or 

export) via traceability (blockchain) and good cold chain practice 

provides producers the opportunity to demand better prices, 

rather than being bulk low-value suppliers. 

 Lower logistics cost (through optimized routing, renewable 

refrigeration) increases net returns. 

 For example, the global seafood-cold-chain logistics market 

report highlights investment in automated, smart cold facilities 

which open opportunities for producers in tier-2/3 cities 

previously excluded.  

 Collectively, this leads to higher margins and better viability for 

aquaculture enterprises. 

Employment, Labour and Livelihood Diversification: Technological 

innovations can affect employment and livelihoods in several ways: 

 At the producer-level, better cold chain means more stable 

production and market participation, reducing seasonal or 

market-driven income volatility. 

 The need for new skills: monitoring sensors, managing 

refrigerated logistics, packaging/processing operations may 
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create new job roles (technician, cold-chain operator, data 

manager). This can enhance livelihood quality. 

 Value-added processing (enabled by better cold chain) can shift 

some producers from mere growers to processors/packagers, 

increasing value retention locally and providing employment 

opportunities in rural/coastal areas. 

 On the flip side, there is risk of labour displacement: automation 

and robotics in processing may reduce demand for low-skilled 

labour, potentially affecting women or marginalised labour 

groups. Literature warns of “social dislocation” as technology is 

introduced in aquaculture value chains.  

Market Access, Inclusion and Value Chain Integration: One of the 

most important socio-economic dimensions is inclusion of previously 

marginalised small-scale aquaculture producers into higher-value 

supply chains. Innovations in cold chain help by: 

 Enabling remote or rural producers to link to urban or export 

markets, thanks to reliable refrigerated transport or mobile cold 

storage near the farm. 

 Supporting cooperatives or producer organisations to aggregate 

produce, invest in shared cold-chain assets, and thereby 

negotiate better prices or supply contracts. 

 Traceability/blockchain gives credibility to producers, helping 

them certify quality and origin, making them attractive to high-

end buyers. 

 Digitisation of logistics (analytics, optimisation) reduces cost 

premiums and lowers entry barriers. 

Resilience, Risk Reduction and Sustainability: Innovations in the 

cold supply chain enhance resilience of aquaculture livelihoods: 

 Reduced spoilage and better quality reduce income variability 

and post-harvest risk. 

 Renewable refrigeration or off-grid cold chain solutions reduce 

dependence on grid power interruptions, diesel/fuel costs and 

vulnerability to energy cost spikes or climate events, making 

livelihood more secure. 

 Improved traceability and food-safety compliance reduce risk of 

rejection of shipments (especially for export), thereby reducing 

financial shock. 
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 Innovations that reduce waste (packaging, energy) also support 

environmental sustainability and lower operating costs, which 

improves long-term viability. 

Equity, Gender and Smallholder Inclusion Considerations: While 

there are many positive socio-economic potentials, it is important to 

highlight equity and inclusion aspects: 

 Small-scale producers may lack access to capital, technology, 

training, or networks to adopt cold chain innovations. If the 

technology adoption favours large producers/co-operatives, the 

inequality gap may widen. 

 Gender considerations: In many aquaculture communities, 

women are engaged in processing, drying, packing, value-

addition. Automation may replace processing roles traditionally 

done by women, unless deliberate strategy is adopted to include 

and upskill women in new roles (cold-chain monitoring, data 

management, etc.). 

 Regional disparities: Remote or less-connected regions may lag 

in cold-chain infrastructure; inclusive policies are needed to 

ensure benefits reach marginalised zones. 

 Cultural/traditional knowledge: Rapid technological change may 

erode certain traditional practices and knowledge systems—and 

may displace labour. A scenario analysis warns of social 

dislocation if the transition is not managed.  

Table No. 1: Sample Comparative Cold Chain Metrics Before and 

After Innovation 
 

Metric 
Before Cold-

Chain 
Innovation 

After 
Implementation 
of Innovations 

Estimated 
Impact 

Percentage of 
harvest lost in 

transit/storage 

e.g., 20-30% 
(varies) 

Reduced to ~10-
15% (using IoT 

monitoring + 
better transport) 

~40 % 
reduction 

in loss 

Average 
turnaround 

time from farm 
to market 

e.g., 48 hours 

Reduced to ~24-
30 hours 

(optimized 
routing, better 

logistics) 

~30-50% 
faster 
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Cold-chain 
compliant 
shipments 
eligible for 

export 

Low share 
(small 

producers 
excluded) 

Increased share 
via traceability + 

refrigerated 
transport 

Increased 
market 
access 

Energy cost for 
cold storage 

(remote) 

High (diesel, 
grid 

unreliability) 

Lower via 
solar/off-grid + 

efficient 
insulation 

Lower 
operating 

cost, 
improved 

margin 
 

Trend in Seafood Cold Chain Investment and Facility Growth 
 

 
 

 
The global market report on seafood cold chain logistics shows 

rising investment: for example, in India 37 new seafood-focused cold 
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storage units were established in port cities in 2024, increasing cold 

chain availability by 22%. This indicates the scale of infrastructure 

growth and the window of opportunity for aquaculture producers to tap 

into improved logistics. 

Adoption of Digital Innovations in Fisheries and Aquaculture 

(2010-2025) 
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A systematic review of digital innovations in fisheries and 

aquaculture (2010-2025) has summarized 35 academic papers, 
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indicating a rising trend in adoption of ICT/mobile applications, 

traceability, blockchain and sensor technologies, and linking adoption to 

socio-economic outcomes.  

Table No. 2: Socio-Economic Impact Summary Matrix 
 

Dimension Positive Outcomes 
Potential Risks / 

Caveats 

Income & 

profitability 

Lower losses, better 

quality, access to 

premium markets 

Upfront capital cost, 

need for training, risk 

of debt 

Employment & 

livelihoods 

New jobs (monitoring, 

data, logistics), value-

added processing 

Displacement of 

manual labour, gender 

bias in new roles 

Market access 

& inclusion 

Inclusion of small 

producers, export 

opportunities 

Technology gap may 

exclude small scale or 

remote producers 

Resilience & 

sustainability 

Lower risk (spoilage, 

market rejection), lower 

energy cost 

Dependency on 

technology, 

maintenance issues, 

power outages 

Equity & social 

inclusion 

Rural/remote producer 

empowerment, women’s 

role enhancement 

If not inclusive, may 

widen inequality, 

erode traditional 

labour 

 

Barriers, Risks and Equity Considerations 

Even though the promise of cold chain and aquaculture 

integration is strong, there are important barriers and risks which 

require attention. 

High Upfront Costs and Financing: Cold-chain infrastructure 

(refrigerated transport, insulated storage, sensor systems) often 

demands high capital. For example, in the Indian fisheries cold chain 

market, establishing robust systems may require investments of over ₹5 

crores (≈ US$0.67 million) for small-to-medium enterprises. Without 

access to finance, small producers may be excluded, which undermines 

equity. 
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Technology Adoption, Skills and Capacity: Effective use of sensor 

systems, blockchain, analytics and automation requires skills and 

capacity. Small farmers/co-ops may lack such capacity. The systematic 

review of digital innovations noted adoption is still uneven and depends 

on enabling conditions (training, infrastructure, institutional support). 

Bridge programmes and capacity-building are essential. 

Maintenance, Reliability and Operational Costs: Technology 

introduces dependencies: sensor systems need power and connectivity; 

automated warehouses need skilled maintenance; solar systems need 

storage and upkeep. Remote or rural aquaculture producers may face 

reliability issues (power outages, maintenance cost, connectivity). 

These operational risks can erode expected benefits. 

Market Fragmentation and Power Dynamics: Enhanced 

infrastructure and technology may favour large aggregators, processors 

or exporters who can capture scale advantages. Small producers may 

struggle to aggregate produce or negotiate market contracts. Without 

pro-producer policy frameworks, value capture may be asymmetric. 

Equity, Gender and Social Inclusion: As flagged earlier, risks include 

displacement of traditional labour (often low-skilled and possibly 

women), erosion of traditional knowledge, or exclusion of marginalised 

groups unable to access technology. The “atrophy scenario” warns of 

social dislocation if technological change is too rapid or unbalanced. 

Policymakers must ensure inclusive access, gender-sensitive training, 

support for cooperatives, and recognition of traditional roles. 

Environmental and Sustainability Risks: Though many cold chain 

innovations are more sustainable (solar, efficient insulation), 

refrigeration still consumes energy and may use refrigerants with high 

global-warming potential if not managed properly. Also, extending shelf 

life and distribution distances may increase carbon footprints unless 

aligned with sustainable logistics. Technological adoption without 

environmental safeguards may lead to unintended negative impacts. 

Technology-Market Mismatch and Over-Investment Risks: There’s 

a risk of investing in high-tech solutions without appropriate market 

infrastructure (e.g., consistent demand, logistics connectivity) or 

without addressing first-order constraints (e.g., farm productivity, 

quality control). This can lead to under-utilised assets, increased debt 

burdens on producers, and technology abandonment. 
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Conclusions  

The cold supply chain is critical for unlocking value in 

aquaculture, primarily by reducing loss, improving quality, enabling 

access to distant and high-value markets, and enhancing producer 

incomes. Key technological innovations including IoT sensors, 

blockchain traceability, renewable refrigeration, AI analytics, and 

advanced packaging have now matured sufficiently to be highly relevant 

in these value chains. These innovations can lead to significant socio-

economic impacts, such as higher incomes, new employment 

opportunities, improved resilience, and better market inclusion.  

However, realizing these positive outcomes is dependent on 

essential enabling factors like financing, capacity development, 

inclusive access, institutional support, and proper maintenance, all 

within aligned market conditions. If critical issues of equity, gender, 

small-holder inclusion, and regional disparities are not addressed, there 

is a substantial risk of widening inequalities, displacing vulnerable 

labor, and failing to deliver the expected livelihood benefits. 
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SUSTAINABLE FISHERIES 
MANAGEMENT IN INDIA 

- Mrs. Suvarna Janardan Patil  

 

Introduction 

Sustainable fisheries management refers to the application of 

ecological, economic, and social principles to ensure that fishery 

resources are utilized in a way that maintains their long-term 

productivity and biodiversity. It aims to balance the needs of the present 

generation without compromising the ability of future generations to 

benefit from aquatic ecosystems. This concept encompasses both 

capture fisheries and aquaculture systems, integrating conservation of 

fish stocks, habitat protection, and responsible governance practices. 

Fisheries play a vital role in supporting global food security, 

providing livelihoods to millions, and contributing significantly to 

national economies through employment, trade, and nutrition. In India, 

the fisheries sector is one of the fastest-growing food production 

systems, supporting over 28 million people directly or indirectly and 

contributing substantially to the national Gross Domestic Product 

(GDP). It forms a crucial component of the Blue Economy, which 

emphasizes the sustainable use of ocean and aquatic resources for 

economic growth, improved livelihoods, and environmental health. 

Globally, unsustainable fishing practices, overexploitation, and habitat 

degradation have led to the decline of many fish populations. In 

response, there has been a paradigm shift towards sustainability-

focused management that integrates ecological science with socio-

economic realities. The concept of sustainability in fisheries thus 

extends beyond maintaining fish stocks; it encompasses habitat 

conservation, pollution control, equitable benefit distribution, and 

climate resilience. 

Sustainability in fisheries is particularly significant due to the 

country’s diverse aquatic environments ranging from coastal and 

marine ecosystems to inland rivers, lakes, and reservoirs. Both capture 

and culture fisheries contribute to India’s food systems, but they also 

face challenges such as overfishing, habitat loss, and climate-induced 
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changes. Adopting sustainable management approaches is essential to 

address these challenges and ensure long-term ecological and economic 

stability. This vision aligns closely with the United Nations Sustainable 

Development Goal (SDG 14): Life Below Water, which calls for the 

conservation and sustainable use of oceans, seas, and marine resources. 

Achieving SDG 14 involves preventing overfishing, protecting 

vulnerable ecosystems, reducing marine pollution, and strengthening 

institutional frameworks for fisheries governance.  

Overview of the Indian Fisheries Sector 

India’s fisheries sector forms a vital component of the nation’s 

agricultural economy and the Blue Economy framework, contributing 

significantly to food security, employment generation, and nutritional 

well-being. The country is endowed with vast and diverse aquatic 

resources, encompassing marine, coastal, and inland ecosystems that 

sustain a wide array of fish species and support millions of livelihoods. 

India presently ranks as the third largest fish-producing nation in the 

world and the second in aquaculture production, reflecting its 

remarkable growth trajectory in the global fisheries landscape. 

Inland Fisheries and Aquaculture: The inland fisheries sector has 

emerged as the principal driver of fisheries development in India. It 

includes rivers, reservoirs, ponds, lakes, tanks, and floodplain wetlands 

that collectively account for a substantial share of national fish 

production. Inland aquaculture, particularly the culture of Indian Major 

Carps (Catla catla, Labeo rohita, Cirrhinus mrigala), has expanded 

rapidly due to scientific management practices, improved hatchery 

technologies, and efficient feed formulation. In addition, species 

diversification with Tilapia (Oreochromis spp.), Pangasius 

(Pangasianodon hypophthalmus), and freshwater prawns 

(Macrobrachium rosenbergii) has contributed to enhanced productivity 

and profitability. Major inland fish-producing states such as Andhra 

Pradesh, West Bengal, Odisha, Assam, Chhattisgarh, and Bihar have 

demonstrated substantial progress in aquaculture-based livelihoods. 

The development of seed networks, integrated fish farming systems, and 

the use of biofloc and recirculatory aquaculture systems (RAS) have 

further improved sustainability and resource efficiency in inland fish 

farming. 
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Coastal and Marine Fisheries: India’s marine fisheries extend along a 

coastline of approximately 8,118 km, encompassing an Exclusive 

Economic Zone (EEZ) of about 2.02 million square kilometres, which 

includes diverse habitats such as estuaries, mangroves, coral reefs, 

lagoons, and open sea areas. The marine sector is dominated by small-

scale and artisanal fishers who depend on the sea for their subsistence 

and livelihoods. Major marine fish-producing states include Gujarat, 

Maharashtra, Kerala, Tamil Nadu, Karnataka, and Andhra Pradesh, each 

characterized by distinctive resource bases and fishing traditions. The 

principal marine fish resources comprise sardines, mackerels, 

anchovies, tunas, ribbonfishes, prawns, lobsters, and cephalopods. 

However, the sector faces challenges of overexploitation of nearshore 

stocks, habitat degradation, pollution, and climate-induced variations in 

sea surface temperature and productivity.  

Economic and Nutritional Significance: The fisheries sector 

contributes about 1.1% to India’s Gross Domestic Product (GDP) and 

around 7% to the agricultural GDP, highlighting its critical role in 

national development. It provides direct and indirect employment to 

more than 28 million people, encompassing activities such as capture, 

culture, processing, transportation, and marketing. Moreover, fish 

serves as an inexpensive and accessible source of high-quality animal 

protein, essential fatty acids, vitamins, and minerals, particularly for 

economically weaker sections of society. In subject to public health and 

nutrition, fish consumption contributes significantly to combating 

malnutrition and micronutrient deficiencies. With rising consumer 

demand, the per capita fish availability in India has consistently 

increased over the past two decades, supported by the expansion of 

aquaculture infrastructure and value addition initiatives. 

Regional Diversity and Production Trends: The Indian fisheries 

sector exhibits remarkable regional diversity, influenced by climatic, 

hydrological, and cultural factors. While eastern and northeastern states 

dominate freshwater aquaculture, western and southern coastal states 

lead in marine capture fisheries. Over the past few decades, a clear shift 

has been observed from dependence on wild capture fisheries to 

aquaculture-based production systems, which now account for nearly 

70% of the total fish output. This transformation is driven by scientific 

innovation, policy support, and sustainable resource utilization 
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practices promoted by agencies such as the Indian Council of 

Agricultural Research (ICAR), the Department of Fisheries, and various 

state fisheries departments. Government initiatives such as the Pradhan 

Mantri Matsya Sampada Yojana (PMMSY) have further strengthened 

infrastructure, value chain development, and skill enhancement in the 

sector. 

Principles of Sustainable Fisheries Management 

Sustainable fisheries management is a multidimensional 

approach that seeks to maintain the long-term productivity of aquatic 

ecosystems while balancing ecological, economic, and social objectives. 

It emphasizes ecological sustainability, which involves managing fish 

stocks within their biological limits to prevent overfishing and ensure 

the regeneration of populations. This requires rigorous stock 

assessment, monitoring of population dynamics, and adoption of fishing 

strategies that avoid ecosystem disruption. Maintaining ecological 

balance is essential not only for fish populations but also for the integrity 

of aquatic habitats and the ecosystem services they provide, such as 

nutrient cycling, water purification, and support for biodiversity. 

Equally important is economic viability, which ensures that 

fisheries remain profitable and capable of supporting livelihoods. 

Sustainable fisheries management recognizes that overexploitation or 

inefficient practices undermine the long-term economic returns for 

fishers and aquaculture entrepreneurs. Practices such as selective gear 

use, closed seasons, and quota systems help maintain fish stocks at 

levels that support stable income while minimizing resource depletion. 

Social equity forms another fundamental principle, emphasizing 

inclusive participation, fair access to resources, and equitable benefit-

sharing among fishing communities. Policies and interventions must 

consider marginalized groups, including women and small-scale fishers, 

ensuring that they can participate meaningfully in decision-making 

processes and derive economic and social benefits from fisheries 

resources. 

Institutional and governance sustainability is also critical. 

Effective management frameworks, regulatory compliance, and 

coordinated action among central and state fisheries departments, 

research institutions, and community organizations are essential for 
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enforcing sustainable practices. The integration of traditional ecological 

knowledge (TEK) with modern scientific approaches strengthens 

management strategies, as indigenous practices such as seasonal 

closures, gear restrictions, and locally adapted aquaculture methods 

have evolved over generations to conserve resources and maintain 

ecological balance. 

Regulatory and Policy Framework in India 

Fisheries governance in India operates under a multi-tiered 

institutional and legal framework that involves both central and state 

governments, reflecting the country’s federal administrative structure. 

This regulatory and policy environment aims to ensure the sustainable 

utilization of fishery resources, the protection of aquatic ecosystems, 

and the socio-economic development of fishing communities. Effective 

governance integrates scientific research, legislative instruments, and 

community participation to achieve ecological balance and long-term 

sustainability. 

Role of Central and State Governments in Fisheries Governance: In 

India, fisheries fall under the State List of the Constitution, giving state 

governments primary authority over inland and coastal fisheries within 

territorial waters (up to 12 nautical miles). However, the Central 

Government plays a pivotal role in formulating national policies, 

managing resources in the Exclusive Economic Zone (EEZ), coordinating 

inter-state matters, and promoting research, development, and capacity 

building. The Department of Fisheries, under the Ministry of Fisheries, 

Animal Husbandry and Dairying (Government of India), serves as the 

nodal agency for fisheries development at the national level. It works in 

collaboration with state departments, scientific institutions, and 

international organizations to ensure sustainable resource management 

and livelihood enhancement. State governments are responsible for 

implementing fisheries regulations, issuing licenses, managing inland 

water bodies, and monitoring fishing activities in their respective 

jurisdictions. 

Major Legislative Instruments: Several legislative and regulatory 

instruments govern the fisheries sector in India. The Indian Fisheries 

Act of 1897 is one of the earliest legal frameworks, empowering state 

governments to make rules for the protection and conservation of fish 
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in inland waters. Although it is outdated in some aspects, it laid the 

foundation for subsequent reforms in fisheries management. The 

Marine Fishing Regulation Acts (MFRAs), enacted by coastal states such 

as Tamil Nadu, Kerala, Maharashtra, and Gujarat, provide legal 

measures to regulate fishing operations within territorial waters. These 

Acts typically cover the registration of fishing vessels, control of mesh 

size, licensing systems, and restrictions on destructive gears or fishing 

methods. The MFRAs are essential for minimizing conflicts between 

mechanized and traditional fishing sectors and ensuring equitable 

resource utilization. The Coastal Regulation Zone (CRZ) Notification, 

initially issued in 1991 under the Environment (Protection) Act, 1986, 

provides a base for conserving coastal ecosystems and regulating 

developmental activities along India’s coastline.  

National Policy and Developmental Initiatives: The National Policy 

on Marine Fisheries (2017) marked a significant step toward aligning 

India’s fisheries governance with global sustainability goals. The policy 

emphasizes an ecosystem-based approach, responsible fishing 

practices, biodiversity conservation, and livelihood security of coastal 

communities. It also focuses on resource mapping, deep-sea fishing 

expansion, and strengthening of monitoring, control, and surveillance 

(MCS) mechanisms. Another landmark initiative is the Pradhan Mantri 

Matsya Sampada Yojana (PMMSY), launched in 2020, which aims to 

bring about a Blue Revolution through sustainable and responsible 

development of fisheries and aquaculture. The scheme emphasizes 

infrastructure modernization, cold chain development, capacity 

building, value addition, and promotion of ornamental and recreational 

fisheries. It also supports the adoption of innovative technologies such 

as biofloc systems, integrated aquaculture, and climate-resilient farming 

practices. 

Role of Research and Institutional Support Systems: Scientific 

research and institutional collaboration are key pillars of India’s 

fisheries governance. The Indian Council of Agricultural Research 

(ICAR) plays a central role in advancing fisheries science through its 

specialized institutions such as the Central Marine Fisheries Research 

Institute (CMFRI), Central Inland Fisheries Research Institute (CIFRI), 

and Central Institute of Fisheries Technology (CIFT). These institutions 

contribute to stock assessment, gear development, disease 
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management, post-harvest technology, and aquaculture innovation. The 

National Fisheries Development Board (NFDB) acts as an apex body that 

coordinates developmental programs across states, facilitates public–

private partnerships, and ensures the implementation of national 

policies. Similarly, the Fisheries Survey of India (FSI) is responsible for 

assessing marine fishery resources, conducting exploratory surveys, 

and providing data to support evidence-based management. 

Sustainable Practices in Capture Fisheries 

Sustainable capture fisheries represent a critical component of 

responsible fisheries management, ensuring that fish stocks are 

harvested at biologically and economically optimal levels without 

compromising the ecological integrity of aquatic ecosystems. In India, 

where millions depend on capture fisheries for livelihood and nutrition, 

sustainability requires a careful balance between exploitation and 

conservation. Scientific stock assessment, regulatory measures, and 

participatory management systems together form the foundation for 

maintaining long-term productivity and ecosystem resilience. 

Stock Assessment, Quota Systems, and Closed Seasons: Stock 

assessment is a scientific process used to evaluate the population status, 

reproductive potential, and harvesting limits of fish species. It serves as 

the basis for establishing Total Allowable Catch (TAC), quotas, and other 

management decisions. In India, research institutions such as the 

Central Marine Fisheries Research Institute (CMFRI) and the Fisheries 

Survey of India (FSI) conduct regular stock assessments for major 

marine and inland fish species to determine sustainable yield levels. The 

implementation of closed seasons or fishing bans, particularly during 

the monsoon months, is a key conservation measure designed to protect 

spawning populations and allow fish stocks to replenish. For instance, 

most maritime states enforce uniform fishing bans of 45–60 days 

annually along both the east and west coasts. These seasonal closures 

have proven effective in maintaining breeding stocks, enhancing 

recruitment, and ensuring long-term sustainability of fish populations. 

Use of Selective Fishing Gears and Habitat-Friendly Techniques: 

Selective fishing gears are designed to minimize bycatch the 

unintentional capture of non-target species and reduce damage to 

aquatic habitats such as coral reefs, seagrass beds, and benthic 
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ecosystems. Technological innovations such as square mesh cod ends, 

turtle excluder devices (TEDs), and bycatch reduction devices (BRDs) 

have been introduced in Indian trawl fisheries to promote responsible 

fishing practices. Similarly, the use of environmentally safe fishing gears, 

regulation of mesh size, and restrictions on destructive methods such as 

dynamite fishing, bottom trawling in shallow waters, and push nets help 

maintain ecological balance.  

Conservation of Breeding and Nursery Grounds: Breeding and 

nursery grounds are essential habitats that support the reproductive 

and early life stages of fish species. Their conservation is crucial for 

sustaining recruitment and maintaining the natural replenishment of 

fish stocks. India has identified and demarcated several Fish Breeding 

and Spawning Zones (FBSZs) in coastal and inland ecosystems, where 

fishing is restricted or prohibited during critical breeding seasons. 

Restoration of degraded habitats such as mangroves, estuaries, 

floodplains, and coral reefs also plays a vital role in enhancing fish 

productivity. Mangroves, for example, serve as natural nurseries for 

many commercially important species. Conservation programs under 

initiatives like the National Plan for Conservation of Aquatic Ecosystems 

(NPCA) and Integrated Coastal Zone Management (ICZM) contribute 

significantly to habitat restoration and sustainable fisheries 

enhancement. 

Ecosystem Approach to Fisheries Management (EAFM): The 

Ecosystem Approach to Fisheries Management (EAFM) is a globally 

recognized framework that integrates ecological, social, and economic 

factors into fisheries governance. It moves beyond traditional single-

species management to consider entire ecosystems, including habitat 

conditions, food webs, and human impacts. EAFM promotes adaptive 

management, ecosystem resilience, and participatory decision-making, 

aligning closely with India’s commitments to the FAO Code of Conduct 

for Responsible Fisheries (1995) and the United Nations Sustainable 

Development Goal 14 (Life Below Water). In India, EAFM principles have 

been increasingly incorporated into coastal and inland fisheries 

management plans, particularly through habitat restoration, 

community-based resource monitoring, and regulation of fishing effort 

based on ecosystem health indicators. 
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Community-Based and Co-Management Systems: Sustainable 

capture fisheries cannot be achieved solely through top-down 

regulatory frameworks; they require active participation and 

ownership by local fishing communities. Community-Based Fisheries 

Management (CBFM) and co-management approaches combine 

traditional ecological knowledge with modern scientific understanding 

to ensure equitable and sustainable resource use. In India, several 

successful examples of community participation exist such as village-

level fisheries cooperatives in Kerala and Odisha, tank fisheries 

management in Andhra Pradesh, and riverine co-management 

initiatives in Assam and Meghalaya. These participatory systems 

empower local stakeholders, reduce conflicts, and enhance compliance 

with conservation measures. 

Sustainable Aquaculture Practices 

Aquaculture has emerged as one of the fastest-growing food 

production sectors globally, providing livelihood security, nutritional 

support, and economic growth. In India, aquaculture contributes 

significantly to total fish production, particularly through freshwater 

and brackishwater systems. However, the rapid expansion of 

aquaculture has also raised concerns related to environmental 

degradation, disease outbreaks, and genetic erosion. Sustainable 

aquaculture practices aim to balance productivity with ecological 

integrity, ensuring that aquaculture development remains 

environmentally sound, economically viable, and socially responsible. 

Low-Impact Aquaculture Systems: Low-impact aquaculture focuses 

on minimizing environmental footprints while optimizing productivity. 

Several innovative systems have been developed to enhance resource 

efficiency and reduce waste generation. 

 Integrated Multi-Trophic Aquaculture (IMTA) is a holistic 

approach in which species from different trophic levels such as 

fish, shellfish, and seaweeds are cultured together. The by-

products or wastes from one species serve as inputs (nutrients or 

food) for another. For instance, fish excreta can act as nutrients 

for seaweeds or filter-feeding shellfish, creating a balanced and 

self-sustaining system. IMTA promotes nutrient recycling, 
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reduces eutrophication risks, and enhances overall ecosystem 

health. 

 Biofloc Technology (BFT) is another environmentally sustainable 

method that uses microbial communities to convert waste 

nutrients (mainly ammonia and nitrites) into microbial protein. 

These flocs not only maintain water quality but also serve as 

natural feed for fish and shrimp. Biofloc systems significantly 

reduce the dependency on external feed inputs and minimize 

water exchange, making them suitable for resource-limited 

regions. 

 Recirculatory Aquaculture Systems (RAS) represent an advanced 

form of aquaculture that continuously filters and reuses water 

within the culture unit. RAS facilities utilize mechanical and 

biological filtration systems to maintain optimal water quality, 

drastically reducing water consumption and effluent discharge. 

Although capital-intensive, RAS offers high biosecurity, efficient 

waste management, and the potential for year-round production 

near urban markets. 

Efficient Feed Management and Reduction of Nutrient Waste 

Feed constitutes the most significant operational cost in 

aquaculture and is also a major contributor to nutrient pollution. 

Efficient feed management aims to maximize feed conversion efficiency 

(FCR) while minimizing waste. Strategies include precision feeding, use 

of nutritionally balanced and species-specific diets, and adoption of 

automatic or demand feeders to control feeding frequency and ration 

size. Incorporation of plant-based and alternative protein sources such 

as soybean meal, algae, and insect meal is being promoted to reduce 

dependence on fishmeal and fish oil, thus improving sustainability. 

Proper pond management practices such as maintaining optimal 

stocking densities, regular water exchange, and sludge removal further 

help in minimizing organic loading and eutrophication. 

Disease Surveillance and Biosecurity Measures: Disease outbreaks 

pose a major threat to aquaculture sustainability, often leading to 

economic losses and environmental degradation. Implementation of 

comprehensive disease surveillance and biosecurity protocols is 

therefore essential. 
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Biosecurity involves a combination of preventive measures including 

quarantine of new stocks, disinfection of culture equipment, control of 

water sources, and regular health monitoring. National agencies such as 

the National Surveillance Programme for Aquatic Animal Diseases 

(NSPAAD) under ICAR-NBFGR play a key role in disease monitoring and 

diagnostic support across India. The use of probiotics, 

immunostimulants, and vaccines is also gaining importance as an 

alternative to antibiotics, reducing the risk of antimicrobial resistance 

and residue contamination. 

Use of Indigenous Species and Genetic Diversity Conservation: 

Sustainable aquaculture also emphasizes the use of indigenous and 

locally adapted species, which are better suited to native environmental 

conditions and less likely to disrupt local ecosystems. Indigenous 

species such as Indian major carps (Catla, Rohu, Mrigal), Tilapia 

(Oreochromis mossambicus), and Giant freshwater prawn 

(Macrobrachium rosenbergii) form the backbone of India’s aquaculture 

sector. Maintaining genetic diversity within cultured stocks is vital for 

long-term sustainability, disease resistance, and adaptability to 

environmental change. Controlled breeding programs, establishment of 

gene banks, and avoidance of inbreeding through genetic monitoring are 

essential measures. Conservation of wild germplasm ensures that future 

breeding programs have access to a diverse genetic base for improved 

resilience and productivity. 

Role of Certification and Eco-Labeling in Promoting Responsible 

Aquaculture: Certification and eco-labeling systems provide an 

effective mechanism to encourage environmentally responsible 

aquaculture practices and to enhance consumer trust. Standards such as 

Best Management Practices (BMPs), Aquaculture Stewardship Council 

(ASC), and Global G. A. P. certification frameworks promote compliance 

with sustainability criteria related to environmental protection, animal 

welfare, and social responsibility. Adoption of certification not only 

improves market access especially in export-oriented sectors but also 

incentivizes producers to adopt sustainable feed, water management, 

and waste disposal practices. Government initiatives, including training 

and technical support for certification, are gradually expanding these 

practices among small and medium-scale aquaculture farmers in India. 
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Conservation of Aquatic Biodiversity and Habitats 

Aquatic biodiversity forms the ecological foundation of 

fisheries productivity and ecosystem stability. Healthy habitats such as 

rivers, lakes, estuaries, mangroves, coral reefs, and wetlands sustain 

diverse fish populations, provide spawning and nursery grounds, and 

regulate vital ecological processes including nutrient cycling and water 

purification. The degradation of these habitats due to anthropogenic 

pressures pollution, habitat fragmentation, and unsustainable 

exploitation has led to declining fish stocks and biodiversity loss across 

Indian aquatic ecosystems. 

Protection and restoration of critical habitats have therefore 

become central to sustainable fisheries management. Mangroves act as 

breeding nurseries and buffers against coastal erosion, while estuaries 

and wetlands provide refuge and feeding grounds for numerous 

migratory and resident species. Coral reefs, often called “the rainforests 

of the sea,” support immense biodiversity and sustain coastal 

livelihoods through fisheries and tourism. Conservation strategies must 

focus on maintaining connectivity among habitats, restoring degraded 

river stretches, and reopening migratory corridors obstructed by dams 

or barrages. Another emerging concern is the proliferation of invasive 

alien species, which outcompete native fauna and alter food webs. 

Effective invasive species management through early detection, 

biosecurity measures, and habitat monitoring is crucial to maintaining 

ecosystem resilience.  

Socioeconomic Dimensions of Sustainable Fisheries 

Sustainable fisheries management is not merely an ecological 

pursuit; it is equally a social and economic necessity. Fishing 

communities across India depend directly on aquatic resources for their 

livelihoods, income, and cultural identity. However, these communities 

often face multiple challenges, including resource depletion, fluctuating 

catches, lack of infrastructure, and limited access to modern technology 

and markets. Sustainable fisheries must therefore incorporate 

livelihood security, equity, and social justice as core objectives. Poverty 

alleviation and livelihood diversification are critical to reducing 

overdependence on fishing pressure. Alternative income-generating 

activities such as aquaculture, eco-tourism, and fish processing can 
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provide stability during lean fishing periods. Equally significant is the 

role of women in the fisheries value chain from fish vending and 

processing to marketing and cooperative management. Gender-

inclusive policies and targeted empowerment programmes enhance 

community resilience and participation in decision-making. 

Cooperatives, Self-Help Groups (SHGs), and traditional fisher 

organizations play a transformative role in collective bargaining, credit 

access, and equitable resource sharing. Indigenous knowledge systems 

and traditional fishing practices such as seasonal closures, gear 

restrictions, and community-based taboos embody sustainability 

principles evolved over generations. Recognizing and integrating such 

traditional ecological knowledge (TEK) into modern governance 

frameworks can strengthen conservation outcomes. 

Recommendations for Sustainable Fisheries 

The path toward sustainable fisheries in India demands a multi-

dimensional, participatory, and adaptive approach. Strengthening co-

management systems that involve fishers, scientists, and policymakers 

ensures shared responsibility and local ownership of resources. 

Participatory governance encourages compliance, transparency, and 

equitable resource use while reducing conflicts among stakeholders. 

The establishment of Marine Protected Areas (MPAs), fish sanctuaries, 

and community reserves plays a vital role in conserving spawning 

grounds, protecting endangered species, and rebuilding fish stocks. 

Integrating such conservation zones with local livelihood programs 

fosters community participation and stewardship. With climate change 

posing increasing threats such as ocean warming, salinity shifts, and 

altered species distributions there is an urgent need to promote climate-

resilient fisheries and aquaculture. This includes developing heat-

tolerant species, adopting adaptive management tools, and restoring 

ecosystem buffers like mangroves and wetlands to mitigate coastal 

vulnerability. Capacity building and skill enhancement through training, 

awareness programs, and extension services are essential to 

disseminate sustainable practices and modern technologies among 

fishers and aquaculture farmers.  
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Conclusion 

Sustainable fisheries management represents a balanced 

integration of ecological, economic, and social dimensions. It 

emphasizes that long-term productivity of fish stocks depends upon 

maintaining ecosystem integrity, biodiversity, and equitable resource 

use. The future of Indian fisheries lies in harmonizing human needs with 

ecological limits promoting responsible fishing, restoring degraded 

habitats, empowering local communities, and embracing innovation in 

aquaculture and management systems. As India advances toward its 

blue economy goals, sustainable fisheries will remain a central pillar in 

ensuring food security, livelihood resilience, and environmental 

stewardship.  

References:   

1. A review of the inland fisheries of India” (2013). FAO Inland 

Fisheries and Aquaculture Report. Food and Agriculture 

Organization of the United Nations.  

2. Aswathy, N. (2014). Economic sustainability of marine fisheries 

in India: A total factor productivity approach. Journal of Aquatic 

Biology and Fisheries, 2(2), 69-74.  

3. Chassot, E., et al. (2011). Satellite remote sensing for an 

ecosystem approach to fisheries. ICES Journal of Marine Science, 

68(4), 651–661 

4. Das, B. K., Parida, P. K., DebRoy, P., & Roy, A. (2022). A situational 

analysis of small-scale inland open water fisheries in India: from 

vulnerability to viability. Vulnerable to Viable Working Paper No. 

V2V-2022-8.  

5. Ecosystem approach to fisheries (EAF)” (2003). FAO Technical 

Guidelines for Responsible Fisheries No. 4, Suppl. 2. 

6. Indian Marine Capture Fisheries: Report” (2019). WorldFish & 

WFFP Publication.  

7. International Symposium on Ecosystem Approach to Fisheries in 

the BOBLME” (2011, December). Proceedings, Chennai, India.  

8. Islam, M. M. (2022). Status and potential of ecosystem approach 

to fisheries management: A case for sustainable coastal 

resources. Marine Policy, 144, 105331. 



222 

 

9. Kandasami, P., & Veeramuthumari, G. (2025). Unlocking fisheries 

potential in South India: Trends, technological innovations and 

sustainability. Uttar Pradesh Journal of Zoology, 46(10), 1-12.  

10. Liu, J., et al. (2024). Ecosystem-based management approaches 

for watershed and aquatic systems: A global review. 

Environmental Reviews, 31(1), 1-21.  

11. Munawar, M. (2020). A commentary—The ecosystem approach 

in the 21st century. Aquatic Ecosystem Health & Management, 

23(3), 295-300.  

12. Ninawe, A. (2025). Himalayan coldwater fisheries in India: Status, 

challenges and opportunities. Asian Journal of Fisheries and 

Aquatic Research, 27(7), 59-75.  

13. Pinder, A. C., Raghavan, R., & Ali, A. (2019). Mahseer fishes (Tor 

spp.) of the world: Status, challenges and opportunities for 

conservation. Reviews in Fish Biology & Fisheries, 29(4), 821–867. 

14. Pownkumar, V., et al. (2022). A case study of fisheries as an 

ecosystem service in the Cauvery River Basin, India. Frontiers in 

Environmental Science, 10, 892012.  

15. Roy, A., Manna, R. K., & Sharma, A. P. (2016). Socio-economic and 

livelihood analyses of hilsa (Tenualosa ilisha) fishers of lower 

Ganga River, India. Indian Journal of Fisheries, 63(1), 1-11. 

16. Sannigrahi, S., Chakraborti, S., Joshi, P. K., Keesstra, S., Roy, P. S., et 

al. (2019). Effects of Green Revolution led agricultural expansion 

on net ecosystem service values in India. Ecosystem Services, 39, 

100989.  

17. Sharma, S. (2024). Price interactions between capture fisheries 

and aquaculture: Evidence from India. Aquaculture Economics & 

Management, 28(1), 45-59. 

18. Shetkar, M. B., et al. (2025). Ecosystem-Based Fisheries 

Management: An integrated approach to sustainable fisheries. 

Journal of Marine Systems, in press.  

19. Small-scale inland open water fisheries of India” (2022). 

IndiaWaterPortal Report.  

 

  



223 

 

MANAGEMENT OF BY-CATCH AND 
JUVENILE FISH IN INDIA’S MARINE 
FISHERIES 

- Mr. Rahul Tayade  

 

Introduction  

By-catch the unintended capture of non-target organisms such 

as juvenile fish, sea turtles, sharks, rays, and other marine species 

remains one of the most pressing sustainability challenges in India’s 

marine fisheries. Over the past few decades, India’s coastal fisheries 

have undergone rapid transformation driven by mechanisation, 

technological upgrades, and large-scale expansion of fishing fleets. As 

fishing pressure intensifies and competition for dwindling resources 

increases, by-catch levels have risen dramatically across both the west 

and east coasts of the country. 

Among the various components of by-catch, juvenile catch 

poses the greatest threat to the long-term stability of fish populations. 

The premature removal of young fish disrupts natural recruitment 

cycles and reduces the future breeding stock of key commercial species 

such as the Indian mackerel (Rastrelliger kanagurta), oil sardine 

(Sardinella longiceps), penaeid prawns, anchovies, and several demersal 

finfish. Persistently high juvenile mortality can lead to stock depletion, 

weakened fishery resilience, and prolonged recovery periods. Beyond 

ecological impacts, unmanaged by-catch has far-reaching socio-

economic implications. It jeopardises the livelihood security of millions 

of coastal fishers who depend on sustainable harvests, increases 

conflicts between artisanal and mechanised sectors, and undermines 

national goals of sustainable fisheries under the Blue Economy 

framework. Therefore, the sustainable management of by-catch and 

juvenile fish is not only an ecological necessity but also a socio-economic 

imperative.  

Status of By-catch and Juvenile Capture in India  

India’s marine fisheries are characterized by exceptionally high 

levels of by-catch, placing the country among the major contributors to 
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incidental capture in the entire Indo-Pacific region. The predominance 

of trawl fisheries, which operate intensively along both the east and 

west coasts, plays a central role in this trend. Several studies have shown 

that trawlers alone are responsible for nearly sixty to seventy per cent 

of the total by-catch generated in the country. A significant proportion 

of this consists of juveniles of commercially important shrimp and 

finfish species, reflecting both the non-selective nature of the gear and 

the high fishing pressure in coastal nursery grounds. 

Purse seine fisheries, which have expanded rapidly over the last 

decade, also contribute substantially to the capture of juvenile pelagic 

species. These gears often intercept dense shoals of young sardines, 

mackerel, and anchovies during their recruitment season, particularly 

in the months following the monsoon when juvenile abundance is 

naturally high. Although gillnets are generally considered more 

selective than trawls, they occasionally result in the entanglement of 

threatened and vulnerable species such as sea turtles, rays, sharks, and 

large pelagic fishes, adding further concern to the ecological impact of 

marine fishing activities. The overall pattern that emerges across India’s 

coastline is one of widespread and increasing juvenile harvest. Seasonal 

peaks in juvenile catch, especially during the monsoon and immediate 

post-monsoon periods, indicate that fishing effort often overlaps 

directly with critical breeding and recruitment phases of marine species. 

This overlap has serious implications for stock replenishment and long-

term fishery sustainability, as premature removal of juveniles reduces 

the size of the future breeding population and slows down natural 

recovery processes. 

In addition to biological factors, several socio-economic and 

operational drivers exacerbate the problem. Rapid expansion of 

mechanised fleets, the modernization of fishing harbours, and a growing 

market for low-value or “trash fish” primarily destined for fishmeal, 

poultry feed, and pet food industries have collectively increased the 

incentive to retain juvenile and unwanted species that were previously 

discarded at sea. Such trends have shifted the dynamics of by-catch from 

being an incidental nuisance to becoming an economically utilised 

component of the catch, thereby intensifying exploitation pressure on 

young life stages and low-trophic-level species.  
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Major Causes of By-catch and Juvenile Harvest  

The problem of high by-catch and juvenile harvest in India’s 

marine fisheries arises from a combination of technological, ecological, 

and institutional factors that operate simultaneously across coastal 

regions. One of the most significant contributors is the widespread use 

of non-selective fishing gears. Traditional bottom trawls, particularly 

those employing small mesh sizes, capture a broad spectrum of 

organisms irrespective of their size or species. These gears are 

inherently indiscriminate, sweeping-up juveniles, benthic fauna, and 

non-target species in large quantities. Similarly, ring seines and certain 

gillnet designs, which have become increasingly popular due to their 

efficiency, often result in the capture of juvenile pelagic species and 

vulnerable organisms, especially when operated intensively in 

productive nearshore waters. Another major cause is the concentration 

of fishing activity in ecological zones that function as natural nurseries 

and breeding grounds. Nearshore habitats such as mangroves, estuaries, 

seagrass meadows, backwaters, and shallow sandy areas play a crucial 

role in supporting juvenile stages of many commercially important 

species. When fishing operations encroach upon these sensitive habitats 

particularly during recruitment seasons they substantially increase 

juvenile mortality. This intrusion not only reduces the number of 

individuals that survive to adulthood but also weakens the ecological 

resilience of coastal ecosystems. 

Seasonal overlap between fishing operations and the spawning 

periods of key species further aggravates the situation. Many marine 

fishes in India spawn during the monsoon months, when productivity in 

coastal waters is high. However, continued fishing pressure during this 

biologically critical period results in the large-scale harvest of early life 

stages and juvenile cohorts. Such interference with natural reproductive 

cycles has long-term implications for stock stability, as it disrupts 

recruitment and reduces the replenishment rate of exploited 

populations. The expansion of India’s mechanised and motorised fishing 

fleets adds yet another layer of complexity. Overcapacity of trawl fleets 

along both coasts has intensified competition for resources, leading 

fishers to operate closer to shore and for longer durations. This 

heightened effort has significantly increased the extraction of juveniles 
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and non-target species, as fishing grounds are repeatedly exploited with 

limited scope for natural regeneration. 

Compounding these ecological and operational issues is the 

problem of inadequate implementation of existing regulatory measures. 

Although mesh size regulations and other technical norms are 

prescribed under the State Marine Fishing Regulation Acts (MFRAs), 

compliance remains uneven due to weak monitoring and enforcement. 

Many fishers continue to use gear with illegal mesh sizes, particularly in 

trawls and seines, because enforcement mechanisms are either poorly 

developed or inconsistently applied. This regulatory gap perpetuates 

unsustainable fishing practices and undermines attempts to conserve 

juvenile stocks. 

Ecological and Socio-economic Impacts  

The widespread occurrence of by-catch and the intensive 

harvest of juvenile fish have profound ecological consequences for 

India’s marine ecosystems. One of the most immediate impacts is the 

decline in fish recruitment and stock replenishment. When large 

numbers of juveniles are removed from the environment before they 

have a chance to mature and reproduce, the natural capacity of fish 

populations to recover diminishes significantly. This reduction in 

recruitment poses serious risks to the long-term availability of many 

commercially valuable species. 

The ecological damage extends further to vulnerable, slow-

growing, and low-fecundity species such as sharks, rays, groupers, and 

certain reef-associated fishes. These species already face intrinsic 

biological constraints, and additional mortality from by-catch can lead 

to population collapse or irreversible declines. Moreover, the removal of 

large quantities of non-target organisms alters the trophic structure of 

marine ecosystems. Predator–prey relationships become imbalanced, 

and cascading effects may occur as the depletion of one species 

influences the abundance and behaviour of others within the food web. 

Bottom trawling, which is one of the major sources of by-catch in India, 

contributes substantially to habitat degradation. The physical dragging 

of heavy gear across the seabed disturbs benthic habitats, damages 

seagrass beds, destroys spawning grounds, and disrupts the ecological 

functions of soft-bottom communities. Such habitat alteration 
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undermines biodiversity, limits nursery areas for juvenile fish, and 

compromises the overall resilience of coastal ecosystems. 

The socio-economic implications of by-catch and juvenile 

harvesting are equally significant. Over time, the premature removal of 

juveniles leads to a marked reduction in the abundance of commercially 

important species, creating long-term challenges for fisheries 

management and coastal livelihoods. Declining fish stocks translate into 

reduced catch per unit effort (CPUE), forcing fishers to spend more time 

and fuel for the same or even lower returns. This has direct 

consequences for their income stability and economic well-being. The 

situation is further compounded by conflicts between mechanised and 

traditional fishing communities. Mechanised fleets, particularly 

trawlers and purse seiners, are often perceived as causing 

disproportionate damage to resources, which places artisanal fishers at 

a disadvantage. These tensions can escalate into social disputes, 

protests, and demands for stricter regulatory interventions. 

Another socio-economic shift arising from high by-catch 

volumes is the growing reliance on low-value catch for fishmeal and 

poultry-feed industries. What was once considered “trash fish” and 

discarded at sea is now economically utilised, strengthening market 

incentives to harvest juveniles and non-target species indiscriminately. 

This trend, although commercially beneficial for some sectors, 

undermines the long-term sustainability of fisheries and perpetuates 

unsustainable practices. Overall, the ecological and socio-economic 

impacts of by-catch and juvenile fishing reflect a deep interconnection 

between marine ecosystem health and human livelihoods.  

India’s Policy and Regulatory Framework  

India has developed a comprehensive policy and regulatory 

framework aimed at reducing by-catch, safeguarding juvenile fish 

populations, and promoting sustainable marine fisheries. At the core of 

these regulations are the State Marine Fisheries Regulation Acts 

(MFRAs), which mandate minimum mesh sizes for trawl nets and 

gillnets to ensure that juvenile fish can escape before capture. These 

mesh size norms are intended to promote selective fishing practices and 

reduce the indiscriminate harvest of young and non-target species. 

Although implementation varies across states, these regulations form an 
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essential component of India’s efforts to improve gear selectivity. 

Another important mechanism within the national framework is the 

enforcement of monsoon fishing bans. These seasonal closures, 

generally lasting between forty-five and sixty days depending on the 

coast, are strategically implemented during periods of peak spawning 

and recruitment. The objective of these bans is to allow fish populations 

to reproduce and replenish naturally, thereby improving stock 

resilience and supporting long-term sustainability. 

India also enforces strong legal protections for a number of 

vulnerable and endangered marine species under the Wildlife 

Protection Act of 1972. Species such as marine turtles, sharks, rays, and 

seahorses are protected under various schedules of the Act, making 

their capture, trade, and exploitation illegal. These protections directly 

contribute to reducing mortality of sensitive species frequently caught 

as by-catch in trawl nets, gillnets, and longline fisheries. In recent years, 

India has increasingly aligned itself with global trends in sustainable 

fisheries management through initiatives related to marine stewardship 

and eco-labelling. Certain fisheries, such as the Kerala shrimp trawl 

sector, have undertaken steps towards certification programmes that 

promote responsible harvesting, habitat conservation, and improved 

traceability. These initiatives encourage fisheries to adopt 

environmentally sound practices and provide market-based incentives 

for sustainability. 

Furthermore, India’s commitment to sustainable marine 

resource management is reflected in broader national programmes such 

as the Blue Economy vision and the Pradhan Mantri Matsya Sampada 

Yojana (PMMSY). These initiatives emphasise ecosystem restoration, 

responsible fishing practices, modernisation of the fisheries sector, and 

the adoption of climate-resilient strategies. Collectively, they aim to 

balance economic growth with ecological stewardship, ensuring that 

marine resources are harvested judiciously while supporting the 

livelihoods of coastal communities. Taken together, the country’s 

regulatory and policy measures constitute a multi-layered framework 

that addresses gear selectivity, seasonal protection, species 

conservation, responsible certification, and ecosystem-based 

management.  
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Strategies for Effective Management of By-catch and Juvenile Fish 

Effective mitigation of by-catch and juvenile harvest in India’s 

marine fisheries requires a combination of technological innovation, 

spatial and temporal regulation, institutional strengthening, and active 

participation of coastal communities. One of the most important 

interventions is the modification of fishing gear to improve selectivity. 

The adoption of Turtle Excluder Devices (TEDs), By-catch Reduction 

Devices (BRDs), and square-mesh cod-ends has demonstrated 

considerable potential in allowing non-target species particularly 

juveniles and vulnerable fauna to escape from trawl nets. Recent 

innovations such as the installation of LED light stimuli on nets have also 

shown promise for reducing the incidental capture of turtles, sharks, 

and other elasmobranch species. These gear-based solutions are 

essential for maintaining ecological sustainability without significantly 

compromising the operational efficiency of fishing vessels. 

Equally crucial is the scientific management of space and time 

in fisheries operations. Seasonal fishing closures during biologically 

sensitive periods especially the monsoon spawning months—have 

emerged as a practical tool for supporting successful recruitment and 

stock rebuilding. Similarly, restricting fishing activities in ecologically 

sensitive nursery grounds such as mangroves, estuaries, coral reefs, and 

seagrass beds can substantially reduce the mortality of juveniles. Spatial 

zoning, which designates specific zones for mechanised, motorised, and 

artisanal fishing units, further helps to reduce user conflicts and protect 

traditional fishers’ access to nearshore resources. 

Strengthening Monitoring, Control, and Surveillance (MCS) 

remains a critical component of responsible marine fisheries 

governance. The deployment of vessel tracking systems, enhanced 

harbour inspections, and the involvement of community-based 

surveillance volunteers can significantly improve compliance with gear 

regulations, seasonal bans, and area closures. A robust MCS framework 

is foundational for the success of any conservation-oriented fisheries 

intervention. Another essential dimension is the adoption of an 

Ecosystem-Based Fisheries Management (EBFM) approach. This 

involves recognising the ecological linkages among species, habitats, 

and fishing activities, and ensuring that management decisions consider 

long-term ecosystem health. Protecting nursery habitats, regulating 
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fishing effort, and investing in habitat restoration such as mangrove 

replantation and reef rehabilitation are central to sustaining fish 

populations and coastal biodiversity. 

While reducing by-catch remains the priority, the utilisation of 

inevitable by-catch in a responsible and value-enhancing manner can 

reduce wastage and improve economic returns. Processing low-value 

by-catch into fish silage, organic fertilisers, or other value-added 

products provides additional livelihood avenues while ensuring that 

protected or endangered species are not used under any circumstances. 

The success of these strategies ultimately depends on the involvement 

of fishing communities. Training programmes that focus on selective 

fishing practices, awareness campaigns on the long-term impacts of 

juvenile harvest, and incentive-based schemes for compliance can 

motivate fishers to adopt sustainable practices voluntarily.  

Conclusion 

The effective management of by-catch and juvenile harvest 

represents one of the most critical challenges and opportunities in the 

sustainable development of India’s marine fisheries. As coastal 

ecosystems face increasing pressure from mechanisation, overcapacity, 

habitat degradation, and climate-driven changes, the conservation of 

juvenile stocks and vulnerable species becomes central to ensuring 

ecological stability and long-term productivity of marine resources. A 

holistic approach that integrates technological interventions, such as 

selective gear modifications, with well-planned seasonal and spatial 

management can significantly reduce unintended catch and support 

natural stock replenishment. Protecting ecologically sensitive habitats 

and nursery grounds further strengthens the foundation for healthy fish 

populations and resilient coastal ecosystems. 

Equally important is the establishment of a robust Monitoring, 

Control, and Surveillance framework that promotes compliance with 

regulations and strengthens institutional accountability. However, 

regulatory measures alone cannot achieve lasting change without the 

meaningful participation of fishing communities. Empowering fishers 

through awareness, training, co-management initiatives, and incentive-

based programmes fosters a sense of stewardship and ensures that 

conservation efforts align with livelihood priorities. Aligning these 
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conservation initiatives with national priorities such as India’s Blue 

Economy vision and the objectives of the Pradhan Mantri Matsya 

Sampada Yojana (PMMSY) provides a strategic pathway for developing 

climate-resilient, economically viable, and socially inclusive fisheries.  

References   

1. Abdul Azeez, P., Rohit, P., Shenoy, L., Jaiswar, A. K., Koya, K. M., 

Vase, V. K., & Divu, D. (2024). Analysis of bycatches from mid-water 

trawl fishery targeting ribbonfish Trichiurus lepturus on the north-

west coast of India. Indian Journal of Fisheries, 71(1), 95–104.  

2. BOBP-IGO. (2023). India’s Marine Fisheries Sector Under Changing 

Climate. Bay of Bengal Programme Inter-Governmental 

Organisation.  

3. Boopendranath, M. R., Sabu, S., Gibinkumar, T. R., & Pravin, P. 

(2025). Soft bycatch reduction devices for bottom trawls: A review. 

Fishery Technology, 47(2).  

4. Dineshbabu, A. P., et al. (2022). Bycatch in Indian trawl fisheries 

and some suggestions for trawl bycatch mitigation. Current 

Science, 123(11), 1372–1380. 

5. Duarte, D. L. V., et al. (2019). Challenges in adopting turtle excluder 

devices (TEDs) in fisheries. Marine Policy, (volume), (pages).  

6. George, G., et al. (2024). Marine Biodiversity and Fisheries 

Environment Management. ICAR-CMFRI Training Manual.  

7. Gupta, T., et al. (2020). Mitigation of Elasmobranch Bycatch in 

Trawlers: A Case Study from India. Frontiers in Marine Science, 7, 

571.  

8. Lakshmi Pillai, S., Shoba Joe Kizhakudan, & Radhakrishnan, E. V. 

(2011). Crustacean bycatch from trawl fishery along north Tamil 

Nadu coast. Indian Journal of Fisheries, (issue covering 2005–

2009 data). 

9. Lobo, A. S. (2007). The Bycatch Problem. Resonance: Journal of 

Science Education, 12(5), 60–70. 

10. Lobo, A. S., & Dakshin Foundation. (2018). Managing Fisheries in 

an Ocean of Bycatch. (Policy report). Dakshin Foundation.  

11. Lobo, A. S., Dakshin Foundation, & other authors. (2013). 

Conclusions and Recommendations — Ecosystem-based 



232 

 

approaches to fisheries and marine biodiversity. Mangroves for the 

Future (Symposium report).  

12. Mahesh, V., Benakappa, S., Dineshbabu, A. P., Naik, A. S. K., 

Vijaykumar, M. E., & Khavi, M. (2017). Occurrence of Low Value 

Bycatch in Trawl Fisheries off Karnataka, India. Fishery 

Technology, 54(4), (article).  

13. Najmudeen, T. M., et al. (2008). Economic impact of juvenile fishing 

in a tropical multi-gear multi-species fishery. Ecological 

Economics.  

14. Rajesh, K. M. (2013). Marine Fishery Legislation in the Maritime 

States of India. (Report). CMFRI e-prints.  

15. Ravishankar, C. N. (2016). Responsible Fisheries for Resource 

Conservation. Indian Journal of Plant Genetic Resources.  

16. Vettiyattil, M., et al. (2023). Square mesh codend improves size 

selectivity and catch composition: A study from northwest coast of 

India. Regional Studies in Marine Science. 

17. Waghmare, S. D. (2022). Conservation and Management for 

Juvenile Fishing. JustAgriculture Newsletter.  

 

  



233 

 

REBUILDING SMALL-SCALE 
FISHERIES IN INDIA 

- Miss. Smita S. Magade  

 

Introduction:  

Small-scale fisheries (SSFs) in India constitute a vital 

component of the nation’s fisheries sector, representing a diverse array 

of artisanal, nearshore, and inland fishing activities. Unlike industrial 

fisheries, SSFs are typically characterized by low capital investment, 

small-sized vessels, traditional fishing gears, and strong dependence on 

local ecosystems. They play a crucial socio-economic role by providing 

livelihoods for millions of coastal and riverine communities, ensuring 

food security through the supply of affordable fish protein, and 

maintaining cultural and traditional practices tied to fishing. Estimates 

suggest that India’s small-scale fisheries employ over 4 million fishers 

and contribute nearly 60% of the country’s total marine fish production, 

highlighting their significance in sustaining both local and national 

economies. 

Despite their importance, SSFs face multiple challenges that 

threaten their sustainability and long-term viability. Overfishing, driven 

by population pressures, increased mechanization, and high market 

demand, has led to declining stocks of commercially important species. 

Habitat degradation, including the destruction of mangroves, estuaries, 

coral reefs, and seagrass beds, undermines critical nursery and breeding 

grounds for numerous fish species. Climate change impacts, such as sea-

level rise, ocean warming, and altered monsoon patterns, further 

exacerbate vulnerabilities by shifting species distributions and reducing 

ecosystem productivity. Socio-economic marginalization, limited access 

to credit and markets, and conflicts with industrial and mechanized 

fisheries intensify the risks faced by small-scale fishers. 

Given these pressures, rebuilding small-scale fisheries has 

emerged as a national and global priority. Rebuilding involves restoring 

fish stocks, enhancing ecosystem resilience, improving governance 

structures, and ensuring the socio-economic well-being of fishing 

communities. It emphasizes sustainability, to maintain ecological 



234 

 

balance; equity, to provide fair access to resources and opportunities; 

and resilience, to help communities and ecosystems adapt to 

environmental, economic, and social changes.  

Status and Socio-Economic Importance of Small-Scale Fisheries in 

India 

Small-scale fisheries (SSFs) are widely distributed along India’s 

extensive coastline and inland water systems, forming the backbone of 

the nation’s fisheries sector. Geographically, SSFs are concentrated 

along the east coast (West Bengal, Odisha, Andhra Pradesh, Tamil Nadu), 

the west coast (Gujarat, Maharashtra, Karnataka, Kerala), and the island 

territories of Andaman & Nicobar and Lakshadweep, each exhibiting 

unique ecological and socio-cultural characteristics. Inland SSFs operate 

across rivers, lakes, reservoirs, and floodplain wetlands, contributing 

significantly to freshwater fish production and local livelihoods. These 

fisheries are typically artisanal, employing traditional fishing methods 

such as gillnets, hook-and-line, traps, and small-scale trawls, often 

adapted to the local environment. The target species of SSFs are diverse, 

encompassing finfish such as Indian mackerel (Rastrelliger kanagurta), 

sardines (Sardinella longiceps), and groupers, as well as crustaceans like 

prawns and crabs, and mollusks including squids, cuttlefish, and clams. 

Many SSFs also integrate traditional aquaculture practices, such as pond 

and cage culture, particularly in inland and estuarine systems. These 

species not only serve as a source of income for fishing households but 

also contribute to national food security by supplying high-quality 

animal protein to local and urban markets. 

Economically, SSFs are a critical source of employment, 

engaging millions of fishers, boat operators, and fish-processing 

workers. The sector supports a vast network of related industries, 

including fish marketing, boat building, net making, and cold chain 

logistics, generating substantial local revenue. Socially and culturally, 

SSFs are deeply embedded in coastal and riverine communities, shaping 

traditions, festivals, dietary patterns, and cultural identity. Fish 

consumption forms an integral part of nutrition for millions of Indians, 

especially in coastal states, ensuring protein intake for economically 

vulnerable populations. Women’s participation in SSFs is significant, 

though often underreported. Women are actively involved in post-



235 

 

harvest activities such as fish sorting, drying, processing, and marketing. 

They also play a key role in aquaculture management and value-addition 

processes, making them essential contributors to both household 

incomes and community resilience. Gender-sensitive policies are 

therefore crucial to recognize and strengthen the role of women in SSFs. 

Despite their critical contributions, small-scale fishing 

communities remain highly vulnerable due to over-dependence on 

limited resources, exposure to natural hazards (cyclones, floods), and 

socio-economic marginalization. Many communities face seasonal 

unemployment, low bargaining power in markets, and inadequate 

access to social security and credit facilities.  

Major Threats to Small-Scale Fisheries 

Small-scale fisheries (SSFs) in India are facing a complex array 

of ecological, social, and economic threats that compromise their 

sustainability and long-term viability. Overfishing is among the most 

pressing challenges. The growing demand for fish protein, coupled with 

population pressures and inadequate regulation of fishing effort, has led 

to declining stocks of key species, including finfish, crustaceans, and 

mollusks. Many SSFs operate in areas of high resource extraction, often 

targeting juvenile or sub-adult individuals, which reduces recruitment 

potential and jeopardizes future yields. 

Destructive and non-selective fishing practices exacerbate 

these declines. Traditional methods such as small-mesh trawls, push 

nets, and certain gillnets capture non-target species indiscriminately, 

resulting in high levels of by-catch. Juvenile harvesting is particularly 

concerning, as it prevents fish from reaching reproductive age, 

undermining stock recovery. By-catch of vulnerable species, including 

turtles, seahorses, and reef-associated fish, not only threatens 

biodiversity but also disrupts ecosystem balance. Habitat degradation is 

another critical threat to SSFs. Key habitats that support fish production 

mangroves, estuaries, coral reefs, and seagrass beds have been severely 

impacted by urbanization, aquaculture expansion, coastal development, 

and pollution. Mangroves and estuaries serve as vital nurseries, 

providing shelter and feeding grounds for juvenile fish, while coral reefs 

and seagrass beds sustain adult populations and maintain overall 

ecosystem productivity. The destruction or alteration of these habitats 
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directly reduces the availability of fishery resources for small-scale 

communities. Climate change further intensifies pressures on SSFs. 

Rising sea levels, increased frequency and intensity of cyclones, ocean 

warming, and changes in monsoon patterns affect fish distribution, 

migration, and productivity. Species that were once abundant in 

traditional fishing grounds may decline or shift geographically, creating 

uncertainty and reducing the predictability of catches. 

Conflicts also arise due to competition with mechanized 

fisheries and industrial activities such as port development, 

aquaculture, and tourism. Mechanized vessels often encroach upon 

traditional fishing areas, depleting resources and causing gear damage, 

while industrial effluents and habitat destruction reduce fish 

availability. Policy and governance challenges limit the effectiveness of 

small-scale fisheries management. Weak enforcement of regulations, 

overlapping jurisdictions between central, state, and local authorities, 

and inadequate recognition of fisher rights contribute to unsustainable 

exploitation. Many small-scale fishers lack access to social security, 

insurance, and formalized cooperative structures, further increasing 

their vulnerability to ecological and economic shocks. 

Policy and Institutional Framework 

The sustainability and rebuilding of small-scale fisheries (SSFs) 

in India are closely linked to the country’s policy and institutional 

framework, which encompasses national initiatives, state regulations, 

protected area management, and international commitments. At the 

national level, the Blue Economy Policy emphasizes sustainable 

utilization of marine resources, balancing economic growth with 

ecological protection. Complementing this, the Pradhan Mantri Matsya 

Sampada Yojana (PMMSY) focuses on enhancing fish production and 

productivity through modernization of fishing infrastructure, capacity 

building, and welfare support for fisher communities. The scheme 

specifically targets small-scale fishers by providing financial assistance, 

insurance coverage, and support for post-harvest infrastructure, aiming 

to improve both livelihoods and resource sustainability. 

At the state level, Fisheries Regulation Acts (MFRAs) govern 

fishing operations, including mesh size regulations, seasonal bans, and 

licensing requirements. Many states also implement welfare schemes 
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for small-scale fishers, providing subsidies for boats and gear, pension 

schemes, and support for women engaged in post-harvest activities. 

These state-level interventions are crucial for localized management 

and enforcement, given the ecological and socio-cultural diversity of 

India’s fisheries. Marine Protected Areas (MPAs), fish sanctuaries, and 

coastal conservation zones play a critical role in sustaining SSFs. By 

protecting nursery habitats, spawning grounds, and sensitive 

ecosystems, these protected waters ensure the replenishment of fish 

stocks, benefiting both conservation goals and adjacent small-scale 

fisheries through spillover effects. In many cases, well-managed MPAs 

have been shown to enhance catches in buffer zones, supporting 

livelihoods while maintaining biodiversity. 

India is also a signatory to international frameworks, including 

the Food and Agriculture Organization (FAO) guidelines for sustainable 

fisheries, and actively aligns national objectives with the Sustainable 

Development Goals (SDG 14), which aim to conserve and sustainably use 

oceans, seas, and marine resources. These commitments provide global 

guidance on ecosystem-based management, responsible fishing 

practices, and protection of marine biodiversity. Despite these 

frameworks, gaps and challenges in policy implementation remain 

significant. Weak enforcement, lack of coordinated governance between 

central, state, and local authorities, and insufficient participation of 

small-scale fishing communities in decision-making often limit the 

effectiveness of regulations. Conflicts may arise between conservation 

priorities, industrial development, and fishing rights, while inadequate 

monitoring and data collection hinder adaptive management.  

Strategies for Rebuilding Small-Scale Fisheries 

Rebuilding small-scale fisheries (SSFs) in India requires a 

multi-dimensional approach that addresses ecological sustainability, 

socio-economic resilience, and governance. Strategies must integrate 

sustainable fishing practices, ecosystem restoration, community 

empowerment, and the use of modern technology to ensure long-term 

recovery and stability. 

Sustainable Fishing Practices: Adopting selective and low-impact 

fishing gears is critical to reduce overfishing and by-catch of juveniles or 

non-target species. Modifications such as larger mesh sizes, escape 
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panels, and species-specific traps allow immature individuals to escape, 

supporting stock replenishment. Encouraging fishers to avoid fishing 

during peak spawning and recruitment periods further ensures that 

populations can recover. Community-led initiatives, including 

monitoring of fishing effort and local enforcement of seasonal closures, 

have proven effective in promoting compliance and sustaining fishery 

productivity, while fostering stewardship among fishers. 

Ecosystem-Based Approaches: Restoration and conservation of 

critical habitats are fundamental to rebuilding SSFs. Mangroves, 

seagrass beds, and coral reefs provide essential nursery and feeding 

grounds for fish, supporting both biodiversity and fisheries yields. 

Protecting nursery and spawning areas, and integrating small-scale 

fisheries operations with Marine Protected Areas (MPAs), ensures that 

ecological functions are maintained while allowing sustainable 

exploitation in adjacent buffer zones. Ecosystem-based management 

not only safeguards fish stocks but also enhances resilience against 

climate-related impacts. 

Socio-Economic Interventions: Rebuilding SSFs requires addressing 

the socio-economic vulnerabilities of fishing communities. Providing 

alternative livelihoods such as ecotourism, aquaculture, or handicrafts 

reduces pressure on fish stocks and diversifies income sources. 

Ensuring access to credit, insurance, and market support empowers 

fishers to invest in sustainable practices and mitigate economic risks. 

Strengthening fisher cooperatives and women’s self-help groups (SHGs) 

enhances collective bargaining, promotes equitable participation, and 

improves post-harvest management and value addition, thereby 

improving community welfare. 

Co-management and Participatory Governance: Effective 

governance relies on the active involvement of local communities in 

decision-making processes. Co-management frameworks that integrate 

traditional knowledge with scientific management can improve 

compliance with regulations while resolving conflicts between 

stakeholders. Incentive-based approaches such as rewards for 

sustainable fishing or penalties for destructive practices encourage 

responsible behavior. Establishing mechanisms for conflict resolution, 

particularly between artisanal and mechanized fishers or between 
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conservation authorities and communities, further supports sustainable 

resource use. 

Examples:  

Kerala (Co-Management in Small-Scale Fisheries and Community 

Reserves): Kerala has emerged as a pioneer in participatory 

management of small-scale fisheries. Through the establishment of 

community-managed coastal reserves, local fishers have been actively 

involved in regulating fishing effort, enforcing seasonal closures, and 

monitoring resource use. Co-management arrangements, supported by 

the state government and NGOs, have improved compliance with fishing 

regulations, reduced overexploitation, and enhanced the recovery of 

locally important fish stocks. By empowering communities to manage 

their own resources, Kerala demonstrates how social inclusion and local 

governance can support both conservation and livelihoods. 

Odisha (Adoption of Turtle Excluder Devices (TEDs) in Trawl 

Fisheries):  Along Odisha’s coasts, trawl fisheries have historically 

caused high levels of by-catch, particularly of endangered sea turtles. 

The introduction of Turtle Excluder Devices (TEDs), combined with 

training programs and awareness campaigns, has significantly reduced 

turtle mortality while maintaining the economic viability of trawl 

operations. This case highlights the importance of gear modifications 

and stakeholder engagement in mitigating ecological impacts of fishing 

while sustaining community livelihoods. 

Gujarat (Mangrove Restoration and Livelihood Integration): In the 

Gulf of Kachchh, mangrove ecosystems provide critical nursery habitats 

for juvenile fish and shellfish. Restoration initiatives led by government 

agencies and local communities have re-established degraded 

mangrove areas, supporting fish population recovery and enhancing 

coastal resilience. These efforts are closely linked with livelihood 

integration, as local fishers benefit from increased fish availability, 

ecotourism opportunities, and participation in mangrove management 

programs. Gujarat exemplifies how habitat restoration can create 

synergistic outcomes for both conservation and fisheries productivity. 

Lakshadweep (Sustainable Reef Fisheries Management): The 

Lakshadweep islands, with their unique coral reef ecosystems, have 

developed locally adapted management strategies for sustainable reef 
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fisheries. These include community-enforced no-take zones, regulated 

seasonal harvesting, and promotion of non-destructive fishing 

techniques. By combining traditional knowledge with scientific 

monitoring, Lakshadweep has maintained reef biodiversity while 

ensuring continued fishery production for small-scale fishers. This 

example shows the value of place-based, ecosystem-informed 

approaches in balancing conservation and livelihood objectives. 

Vision for Future Small-Scale Fisheries in India 

The future of India’s small-scale fisheries (SSFs) depends on a 

holistic integration of ecological sustainability with socio-economic 

resilience. Ensuring the health of fish stocks, protecting critical habitats, 

and promoting responsible fishing practices are central to sustaining 

both biodiversity and livelihoods. Adaptive management strategies, 

informed by scientific research and local knowledge, must account for 

the uncertainties posed by climate change, including sea-level rise, 

altered monsoon patterns, and shifting species distributions. 

Strengthening fisher communities is equally important. Empowered 

communities with secure access to resources, active participation in 

decision-making, and equitable benefits from fisheries can implement 

conservation measures more effectively. Supporting women’s 

participation and reinforcing cooperatives or self-help groups enhances 

social equity and post-harvest value addition. National policies such as 

the Blue Economy Policy and PMMSY provide a framework for 

sustainable development, while integration with international 

collaborations, including FAO guidelines and SDG 14 objectives, ensures 

alignment with global best practices.  

Conclusion:  

Rebuilding small-scale fisheries in India requires a multi-

dimensional approach that addresses ecological, socio-economic, and 

governance challenges. Key strategies include adoption of sustainable 

fishing practices, ecosystem-based management, participatory co-

management, technological innovations, and community 

empowerment. Case studies from Kerala, Odisha, Gujarat, and 

Lakshadweep illustrate that integrating conservation with livelihoods is 

both feasible and beneficial. Balancing biodiversity conservation with 
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the needs of fisher communities is essential to maintaining resilient 

fisheries, safeguarding coastal food security, and enhancing socio-

economic well-being. Rebuilding SSFs is therefore not only a pathway to 

sustainable fisheries but also a means to empower coastal communities, 

reduce vulnerabilities, and secure India’s marine and inland aquatic 

resources for future generations. 
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LEVERAGING INDIGENOUS KNOWLEDGE 
AND TRADITIONAL PRACTICES FOR 
SUSTAINABLE FISHERIES  

- Dr. Madhav Bhilave 
 

Indigenous knowledge is not primitive; it is a refined system of 

understanding born from centuries of observation, adaptation, and 

coexistence with nature 

Indigenous knowledge represents the cumulative body of 

understandings, practices, and cognitive frameworks developed by 

communities over extended periods of interaction with their local 

environments. This knowledge system is inherently holistic, integrating 

ecological, cultural, spiritual, and technological dimensions. It 

encompasses traditional ecological knowledge, which includes 

sophisticated understandings of species behaviour, ecosystem 

dynamics, and natural resource management; spiritual and 

cosmological beliefs, which guide ethical and sustainable practices; oral 

histories, which encode environmental and cultural information; and 

practical skills in domains such as agriculture, medicine, and craft 

technologies. Transmission of indigenous knowledge is predominantly 

intergenerational and oral, often embedded in cultural rituals, language, 

social norms, and communal practices. This mode of transmission 

ensures that the knowledge is contextually grounded, adaptive, and 

responsive to local environmental conditions. Unlike formalized 

scientific knowledge, which often seeks universalizable laws, 

indigenous knowledge is highly situated, reflecting a deep relational 

understanding of the human-environment interface. 

The epistemological status of indigenous knowledge relative to 

modern science has been the subject of considerable debate among 

philosophers, social scientists, and indigenous practitioners. Terms such 

as local knowledge and ethno science are frequently employed to denote 

culture-specific knowledge systems, highlighting their empirical and 

experiential validity. Science and Technology Studies however, 

emphasizes that all knowledge including Western scientific knowledge 
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is socially and historically situated. In this sense, indigenous knowledge 

is not primitive or anecdotal but represents a legitimate epistemic 

system shaped by observation, experimentation, and adaptive 

management over time. The study and application of indigenous 

knowledge have had significant socio-political ramifications, influencing 

discourses surrounding colonialism, nationalism, postcolonial 

development, and globalization. Key issues at the intersection of 

indigenous knowledge and science include the entanglement of nature 

and culture, the processes by which scientific certainty is constructed, 

and the historically contingent nature of epistemic systems. Recognition 

of these dynamics has implications for policy-making, conservation 

strategies, and sustainable development, particularly as communities 

navigate the challenges of globalization while asserting cultural 

sovereignty and environmental stewardship. 

Indigenous wisdom is science lived through experience tested, refined, 

and sustained across generations 

According to the United Nations Educational, Scientific and 

Cultural Organization (UNESCO), indigenous knowledge is 

characterized as culture and context-specific, representing non-formal 

knowledge systems that are predominantly orally transmitted and often 

remain undocumented. It is inherently dynamic and adaptive, evolving 

in response to environmental and social changes, and holistic, 

encompassing the interconnections between ecological, cultural, 

spiritual, and technological dimensions. For many communities 

worldwide, Indigenous knowledge is closely tied to survival and 

subsistence, guiding practices related to food production, health care, 

and resource management. In broader academic discourse, Indigenous 

knowledge is frequently defined as local knowledge unique to a 

particular culture or society, forming the foundation for key aspects of 

daily life including agriculture, healthcare, food preparation, education, 

and environmental conservation. The transmission of such knowledge 

primarily occurs through intergenerational oral traditions, which 

embed ecological, social, and cultural information within narratives, 

rituals, and practical demonstrations. 
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The significance of indigenous knowledge extends beyond 

Indigenous communities, providing critical insights into ecosystem 

dynamics, sustainable resource management, and biodiversity 

conservation. Traditional communities maintain continuous, practice-

based interactions with local ecosystems, generating detailed 

understandings of ecological processes. These interactions form the 

basis of local ecological knowledge, which integrates observations of 

both biotic (living organisms) and abiotic (non-living environmental) 

components. As Indigenous knowledge accumulates over generations, 

humans and non-human entities collectively constitute integral 

elements of local ecosystems, highlighting a co-evolutionary and 

reciprocal relationship between communities and their environments. 

Indigenous knowledge in fisheries is the living science of water shaped by 

observation, refined by experience, and sustained by culture 

Consequently, indigenous knowledge offers a scientifically 

valuable perspective on ecological stewardship and sustainability, 

emphasizing the interdependence of cultural practices and 

environmental health. Its study and integration into contemporary 

research and policy can enhance ecosystem management, climate 

adaptation strategies, and sustainable development initiatives, bridging 

traditional wisdom with modern scientific approaches. Indigenous 

knowledge has been conceptualized in multiple, complementary ways 

within scholarly discourse. One perspective frames indigenous 

knowledge as the totality of indigenous epistemologies, emphasizing its 

role in contextualizing the relationships that indigenous communities 

maintain with reality. From this standpoint, indigenous knowledge is 

not merely a collection of practices or facts but a comprehensive 

cognitive framework through which communities interpret, interact 

with, and adapt to their environment. 

Other scholars conceptualize indigenous knowledge as geo-

customized knowledge, developed over time within specific locales and 

shaped by the interplay of cultural, social, and ecological factors. In this 

view, indigenous knowledge emerges as a techno-cultural product, 

reflecting innovative adaptations designed to meet the practical needs 

of society. It integrates diverse elements including culture, human-
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environment interactions, skills, worldview, holistic perspectives, and 

livelihood strategies into a coherent system that guides decision-making 

and daily life. Although these elements are culturally embedded, they 

collectively represent a socially constructed understanding of reality, 

enabling communities to interpret their surroundings and apply 

knowledge effectively. 

Indigenous knowledge transforms fishing into stewardship balancing 

human need with ecological responsibility 

At its core, indigenous knowledge is experiential and context-

dependent, crafted within sociocultural settings to address both routine 

and novel challenges. From an anthropogeographical perspective, 

indigenous knowledge is generated through sustained interactions 

between communities and their local environments. Indigenous peoples 

observe ecological patterns, engage with biotic and abiotic components 

of their surroundings, and respond to recurrent environmental threats 

through creative problem-solving. Repeated trials and adaptive 

experimentation allow communities to accumulate knowledge over 

time, refining and optimizing strategies for coping with future 

challenges. These practices persist as long as they continue to provide 

pragmatic, culturally sensitive solutions to environmental and societal 

problems. Thus, indigenous knowledge represents a dynamic, adaptive, 

and integrative system of understanding, reflecting both the intellectual 

ingenuity of communities and their interconnectedness with the 

environment. Its conceptualization underscores the importance of 

experiential learning, cultural embeddedness, and localized innovation 

in sustaining human-environment relationships. 

Interventions grounded in indigenous knowledge are socio-

culturally sensitive and widely accepted within communities, which 

facilitates their integration into everyday lifestyles. This cultural 

embedding provides strong incentives for communities to implement, 

optimize, and sustain such practices, effectively making them part of a 

valued heritage. Over time, these practices contribute to resilience, 

enabling communities to adapt to environmental, social, and economic 

challenges. A significant challenge arises when externally imposed 

scientific or modern strategies displace locally adapted indigenous 
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practices, as such disruptions can inadvertently increase vulnerability 

and undermine systems that have evolved to manage risk effectively. 

Indigenous knowledge can also be defined as the process by which local 

communities cultivate a sustained, experiential relationship with their 

natural environment. It develops gradually over time and is intrinsically 

tied to the cultural and ecological context of a specific community 

whether urban, rural, nomadic, or tribal. Indigenous knowledge is 

dynamic, with each generation adapting and refining existing 

knowledge to suit evolving needs, values, and environmental conditions. 

Its context-specific nature underscores the localization of practices and 

understanding, making them uniquely suited to the specific ecological 

and socio-cultural environment in which they arise. 

The indigenous knowledge system is often closely linked to 

sustainable livelihoods, promoting environmental stewardship and 

resilience. Because indigenous knowledge represents generations of 

observation, experimentation, and adaptive analysis, it inherently 

supports environmental sustainability and resource conservation. 

Moreover, it serves as a powerful problem-solving framework for local 

communities, enabling practical and culturally congruent solutions to 

ecological, economic, and social challenges. In essence, indigenous 

knowledge is both a dynamic epistemic system and a pragmatic tool for 

sustainability, reflecting the intricate interconnections between culture, 

environment, and community well-being. Its recognition and 

integration into policy and development strategies can enhance 

community resilience, ecological management, and culturally 

appropriate interventions. 

 

Indigenous knowledge of fisheries 

Indigenous fisheries knowledge is not anecdotal it is empirical wisdom 

rooted in continuous interaction with aquatic ecosystems 

Sustainable fishing represents a critical global challenge, 

requiring a nuanced understanding of the ecological, social, and 

economic drivers that can either promote or undermine responsible 

resource use. The conservation of marine biodiversity and the 

sustainable exploitation of fisheries depend not only on regulatory 
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frameworks but also on context-specific ecological knowledge. 

Indigenous and local knowledge has been widely recognized as a 

valuable contributor to these objectives, offering insights grounded in 

generations of observation, experiential learning, and adaptive 

management. Despite its potential, indigenous and local knowledge 

remains marginalized in policy-making and academic research, often 

overlooked in favour of top-down, formal scientific approaches. 

This study addresses the integration of indigenous and local 

knowledge into fisheries management policies, focusing specifically on 

closed fishing seasons, which are designed to protect marine fauna 

during critical reproductive periods. Traditionally, such policies are 

formulated by governmental authorities and researchers acting in 

advisory capacities, frequently without incorporating the knowledge or 

experience of artisanal fishers who directly interact with local 

ecosystems. To investigate this, semi-structured interviews were 

conducted with experienced fishers from coastal villages, aiming to 

document their understanding of fish reproductive cycles and compare 

it with existing closed season regulations. Findings indicate a substantial 

convergence between fishers’ experiential knowledge and formal 

regulatory periods, suggesting that Indigenous and local knowledge can 

provide reliable, context-specific information for environmental 

management. The study further explores the challenges of integrating 

epistemic diversity into fisheries governance, including methodological 

considerations, institutional barriers, and political dynamics. 

The results underscore the importance of adopting a reflexive 

transdisciplinary approach, which simultaneously values indigenous 

and local knowledge and scientific knowledge while critically reflecting 

on the practical and ethical challenges of combining multiple 

epistemologies. By bridging Indigenous and formal knowledge systems, 

environmental policies can become more ecologically effective, 

culturally appropriate, and socially inclusive, enhancing the 

sustainability of fisheries and the resilience of coastal communities. 

Blending indigenous knowledge with scientific understanding creates not 

a contrast, but a continuum of sustainability 
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Indigenous knowledge in fisheries encompasses the long-

standing, place-based understanding and practices developed by local 

communities through sustained interaction with aquatic ecosystems. 

This knowledge includes traditional fishing techniques, fish 

preservation methods, and resource management strategies, all 

grounded in detailed ecological observations and the utilization of 

locally available materials. IK reflects an intimate awareness of species 

behaviour, seasonal patterns, and ecosystem dynamics, enabling 

communities to exploit resources while maintaining ecological balance. 

The integration of indigenous knowledge with modern scientific 

approaches has the potential to enhance sustainability and cultural 

relevance in fisheries management. By combining experiential insights 

with contemporary aquaculture techniques, it is possible to optimize 

resource use, conserve wild fish genetic diversity, and improve the 

production of fish seed for aquaculture development. Such integration 

is particularly important because local fisher communities depend on 

aquatic resources for livelihood and subsistence, incentivizing the 

development of adaptive strategies to ensure the long-term availability 

of these resources. 

This study aims to investigate the role of indigenous knowledge 

in fish conservation, with a specific focus on aquaculture species. It 

examines how indigenous and local knowledge contributes to 

sustainable management practices, genetic resource conservation, and 

the enhancement of aquaculture productivity, highlighting its relevance 

as a complementary tool in scientific and policy frameworks. 

Recognizing and applying indigenous knowledge in fisheries and 

aquaculture can foster environmentally sustainable, socially equitable, 

and culturally appropriate resource management, benefiting both local 

communities and broader ecological systems. 

Humans have depended on aquatic resources for centuries, 

with historical, archaeological, and ethnographic evidence highlighting 

the centrality of fisheries and other aquatic resources to human 

subsistence, nutrition, and societal development. Local fishing 

communities, in particular, rely on these resources not only for 

livelihood and subsistence but also for cultural, social, and economic 

purposes. Over time, such communities have developed localized 

systems of aquatic resource management and governance, fostering 
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sustainability and creating an interdependent relationship between 

humans and aquatic ecosystems. 

Indigenous and local knowledge refers to the accumulated 

experiential information, practices, and insights that a community 

acquires over generations through close interaction with its 

environment. Within their cultural context, communities possess a 

nuanced understanding of local ecosystems, including species 

behaviour, seasonal cycles, and habitat dynamics. In fisheries, 

Indigenous and local knowledge plays a critical role in conserving fish 

resources, maintaining genetic diversity, and identifying spawning 

grounds, as local fishers have extensive observational and experiential 

knowledge that can inform scientific and management practices. 

Empirical studies have consistently demonstrated the significance of 

local knowledge in fisheries management, including the establishment 

and monitoring of fish populations, habitat protection, and the 

regulation of resource use according to cultural traditions. Globally, fish 

farmers have successfully integrated indigenous technical knowledge 

with modern aquaculture practices, resulting in enhanced 

sustainability, increased aquaculture productivity, and improved 

livelihoods. Such outcomes underscore the value of indigenous and local 

knowledge as both a cultural heritage and a practical tool for ecological 

management, conservation, and sustainable development in fisheries 

and aquaculture sectors. 

In every indigenous fishing practice lies a blueprint for balancing 

biodiversity, livelihood, and culture 

The global supply of fish and fisheries products has increasingly 

become unsustainable, largely due to rising human demand and 

overexploitation of capture fisheries. In response, aquaculture has 

emerged as a key strategy to supplement wild fish supplies and reduce 

pressure on natural stocks. Over recent decades, aquaculture 

production has expanded substantially, and in terms of global food 

production, it now rivals capture fisheries in volume. The majority of 

cultured fish are produced in developing countries, which account for 

approximately 90% of total global aquaculture production. This 

significant contribution reflects the reliance of these regions on 
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aquaculture for food security, income generation, and employment. 

Consequently, the demand for high-quality fish seed has intensified, 

prompting increased investments by both government agencies and 

private-sector stakeholders. These investments have led to the 

expansion of fish seed production infrastructure and a rise in the 

number of producers in the sector. Despite these advances, the 

aquaculture industry faces persistent challenges associated with the 

production and supply of low-quality fish seed, which undermines 

productivity and sustainability. The prevalence of poor-quality seed has 

been largely attributed to inadequate genetic management, resulting in 

adverse outcomes such as inbreeding depression, uncontrolled 

hybridization, and genetic drift. These genetic issues contribute to 

reduced growth performance, lower disease resistance, and diminished 

overall viability of cultured fish populations. 

Addressing these challenges requires the implementation of 

systematic fish genetic management strategies, including selective 

breeding programs, maintenance of brood stock diversity, and 

monitoring of genetic integrity. Integrating these measures with local 

knowledge systems and best practices can enhance aquaculture 

productivity, genetic conservation, and the long-term sustainability of 

cultured fish populations, thereby meeting the growing global demand 

for high-quality fish products. The maintenance of fish genetic diversity 

is a fundamental objective in developing sustainable aquaculture 

systems. Genetic diversity ensures the long-term viability, productivity, 

and adaptability of cultured fish populations, enabling them to 

withstand environmental changes, disease outbreaks, and other 

ecological challenges. Wild fish populations represent a critical 

reservoir of genetic resources, as they inhabit natural ecosystems and 

have undergone minimal human-induced selection pressures. These 

wild relatives of cultured species provide essential genetic variability 

that can be harnessed in selective breeding programs to enhance 

growth, disease resistance, and reproductive performance in farmed 

fish. 

The conservation of wild fish genetic resources is therefore a 

central strategy in aquaculture genetic management. Effective 

conservation integrates modern scientific approaches with indigenous 

knowledge systems, leveraging local expertise in fish behaviour, habitat 
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preferences, breeding cycles, and ecological interactions. Indigenous 

technological knowledge, accumulated through generations of 

interaction with aquatic environments, is particularly valuable in the 

development of high-quality fish seed for aquaculture production. Local 

communities possess experiential insights into spawning periods, 

habitat management, and sustainable harvesting practices, which 

complement formal breeding programs and conservation strategies. 

Indigenous knowledge has been formally recognized as a 

critical component in sustainable fisheries management and rural 

development. Collaborative interactions between local community 

experts and scientists can be strengthened by a systematic 

understanding of indigenous knowledge systems, enabling the co-

creation of management strategies that are culturally appropriate, 

ecologically sound, and operationally feasible. Indigenous knowledge 

serve both as baseline ecological data and as a source of alternative 

management approaches, providing resource managers and scientists 

with innovative solutions to challenges in genetic conservation, 

resource sustainability, and aquaculture development.  

By integrating indigenous knowledge with contemporary 

scientific practices, aquaculture systems can achieve sustainable 

productivity, conservation of genetic diversity, and long-term resilience, 

ultimately benefiting both local communities and broader ecological 

systems. 

 

Local fishers are scientists in their own right observing, 

experimenting, and adapting to the aquatic world with precision 

and respect 

 

- Adapted from Berkes, F. (1999), Sacred Ecology 
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TRADITIONAL FISHING 

COMMUNITIES OF INDIA 
- Dr. Suvarna  Bhagwan Pol 

 

Introduction 

Traditional fishing communities in India represent an integral 

part of the country’s socio-ecological and cultural heritage. Their 

livelihoods are closely interwoven with inland, coastal, and freshwater 

ecosystems, forming the backbone of India’s small-scale and artisanal 

fisheries. Historically, these communities spread across riverine plains, 

estuarine belts, backwaters, reservoirs, and coastal shores have 

practiced fishing as both a source of sustenance and cultural identity. 

Their fishing methods, rituals, and social structures evolved in harmony 

with the natural rhythms of aquatic environments, reflecting a deep 

understanding of ecological balance and resource sustainability. 

Over centuries, traditional fishers have developed intricate 

knowledge systems that encompass fish behaviour, breeding and 

migration cycles, hydrological patterns, and habitat characteristics. This 

indigenous ecological knowledge has guided them in selecting 

sustainable fishing periods, gear types, and locations, thereby 

minimizing ecological disruption while ensuring long-term 

productivity. Their practices often demonstrate adaptive management 

approaches that align with modern concepts of sustainable resource use 

and ecosystem-based fisheries management. In the contemporary 

context, however, these communities face significant challenges due to 

modernization, mechanization, habitat degradation, and regulatory 

neglect. The marginalization of traditional fishers in policy frameworks 

threatens not only their livelihoods but also the loss of time-tested 

ecological wisdom that is vital for maintaining aquatic biodiversity and 

ecosystem health.  

Demography and Distribution 

India’s traditional fishing communities are distributed widely 

across its diverse aquatic ecosystems, reflecting deep regional, cultural, 
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and ecological variation. Inland fishing communities such as the Nishad, 

Bind, Mallah, Kewat, Dhiwar, and Kaivartas inhabit the floodplains, 

reservoirs, and riverine stretches of the Ganga-Brahmaputra, Godavari, 

Krishna, Mahanadi, and Narmada basins. These groups have historically 

depended on freshwater and floodplain fisheries for their sustenance 

and income. Their livelihoods are intricately tied to seasonal 

hydrological cycles floods, water level fluctuations, and fish migration 

patterns dictating fishing seasons and gear selection. Many of these 

communities maintain collective ownership systems or customary 

rights over fishing grounds, often regulated through traditional 

panchayats or caste councils. 

Along India’s extensive 7,500 km coastline, distinct maritime 

fishing groups are found, each with unique cultural identities and fishing 

traditions. The Koli community in Maharashtra and Gujarat, the 

Sembadavar and Parava in Tamil Nadu, the Mogaveera in Karnataka, the 

Mukkuvar and Araya in Kerala, and the Vadabalija in Andhra Pradesh 

represent some of the major coastal fishing populations. These 

communities have developed highly adaptive techniques to suit local 

marine conditions ranging from artisanal canoe fishing and shore seine 

operations to modern mechanized trawling and gillnetting. Their fishing 

villages, or pattins, form cohesive social units characterized by strong 

kinship networks, occupational cooperation, and shared religious and 

cultural practices often centered around sea deities and local festivals. 

Regional diversity among traditional fishers is also reflected in 

their socioeconomic conditions, fishing gears, and targeted species. For 

instance, riverine fishers use cast nets (jal), traps (benda), and longlines, 

while coastal fishers employ gillnets, drift nets, and hooks adapted to 

varying depths and currents. Many inland fishing households combine 

fishing with agriculture or seasonal labor, while marine fishers depend 

more exclusively on fishing as a livelihood. Gender roles within these 

communities are equally significant. While men typically engage in 

active fishing, women play vital roles in post-harvest activities, 

including fish sorting, processing, marketing, and net repair. In many 

regions, women-led self-help groups contribute to household income 

diversification and local fisheries management. Intergenerational 

knowledge transmission occurs through apprenticeship and 

participation from an early age, ensuring the continuity of traditional 
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ecological knowledge, such as fish species identification, weather 

forecasting, and navigation. 

Traditional Fishing Practices and Technologies 

Traditional fishing communities in India represent centuries of 

accumulated ecological wisdom, craftsmanship, and socio-cultural 

adaptation to diverse aquatic environments. These communities have 

developed a wide range of artisanal gears, fishing methods, and 

ecological management systems that are finely tuned to the seasonal 

dynamics, hydrological regimes, and biological characteristics of local 

fish species. Their techniques are deeply intertwined with natural cycles 

and demonstrate how sustainable fishing can coexist harmoniously with 

ecosystem health. 

Artisanal Fishing Gears and Techniques: The technological diversity 

among traditional fishers across India is immense. In inland riverine 

systems, cast nets (jal or bhorjal) are one of the most widely used gears. 

The nets are thrown in a circular motion to trap shoaling fishes such as 

Catla catla, Labeo rohita, and Cirrhinus mrigala. This gear is particularly 

efficient in shallow water bodies and allows fishers to selectively target 

mature fish, thereby reducing juvenile mortality. Gill nets, drag nets, 

scoop nets, and lift nets are also extensively employed depending on the 

depth, current velocity, and target species. In smaller ponds and 

floodplain wetlands, fishers construct bamboo traps, basket traps, and 

funnel-shaped fish barriers (benda, dongi, kandali, etc.) that take 

advantage of fish behavior and water flow. These traps are eco-friendly 

and biodegradable, posing minimal threat to aquatic habitats. 

In floodplain fisheries, especially along the Ganga, 

Brahmaputra, Mahanadi, and Godavari basins, fishers practice seasonal 

floodplain pond fishing. During monsoon inundations, fish naturally 

migrate into shallow wetlands and ponds to feed and breed. When water 

levels recede, traditional fishers skillfully capture these fish using hand 

nets, bamboo screens, or temporary bunds. This method aligns with the 

natural hydrological rhythm and ensures sustainability, as it allows fish 

populations to replenish during the breeding season. In wetland 

systems such as Assam’s beels or Bihar’s chaurs, community-based 

rotational fishing is practiced, where specific groups harvest fish in 

alternate years to allow ecosystem recovery. 
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Seasonal and Ecological Knowledge: Traditional fishers possess a 

profound understanding of seasonal cycles, fish migration, and breeding 

ecology. Their knowledge is transmitted orally through generations, 

forming a vital component of India’s intangible cultural heritage. Fishers 

observe lunar phases, water temperature, current velocity, and 

vegetation growth to predict fish movement and abundance. For 

instance, in the eastern floodplains, fishers refrain from intensive fishing 

during the spawning period (May–July), allowing natural recruitment. 

Similarly, in the estuarine and coastal regions of West Bengal and 

Odisha, fishers time their fishing activities with tidal fluctuations, 

salinity changes, and migration cycles of species such as Tenualosa ilisha 

(Hilsa), Penaeus monodon, and Mugil cephalus (Grey mullet). 

In regions like Kerala and Tamil Nadu, traditional catamaran 

and vallam fishers rely on knowledge of wind direction, sea currents, 

and plankton blooms to locate fishing grounds. Such indigenous 

forecasting, though non-instrumental, is often highly accurate and 

demonstrates the deep ecological literacy of these communities. In the 

Andaman and Nicobar Islands, indigenous Nicobarese fishers follow 

taboos and customary laws that prohibit fishing in coral reef areas 

during specific months, reflecting their awareness of breeding cycles 

and reef health. 

Adaptation to Local Ecosystems: Traditional fishing practices exhibit 

remarkable ecological adaptation and technological innovation. In 

coastal shallows and estuarine areas, artisanal fishers use small, 

manually operated wooden vessels such as catamarans, vallams, and 

dongis. These boats are lightweight, easily maneuverable, and perfectly 

suited for nearshore fishing. They are often built using locally available 

timber and follow indigenous designs optimized for wave dynamics and 

fuel efficiency. In inland and wetland ecosystems, fishers build 

temporary embankments or sluices to manage water levels, ensuring 

that fish remain in accessible areas during the dry season. In flood-prone 

regions of Assam and Bihar, fishers create bamboo enclosures (atharas) 

that act as fish traps during receding floods. In contrast, in the deltaic 

regions of West Bengal, stake nets and fixed bamboo traps are used in 

tidal creeks to harvest migratory and estuarine species. These practices 

also incorporate multi-species and multi-gear approaches, reducing 

pressure on single stocks and enhancing ecosystem resilience. The use 
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of indigenous materials such as bamboo, coir, and cotton threads makes 

traditional fishing gears biodegradable and environmentally 

compatible, avoiding the pollution associated with synthetic materials. 

Socio-Ecological Governance Systems: Traditional fishing is not 

merely a technological practice but a community-governed socio-

ecological system. Fishing rights, seasonal closures, and gear 

restrictions are managed collectively through community institutions, 

local councils (panchayats), or customary cooperatives. These 

institutions regulate access to common water bodies, resolve disputes, 

and ensure equitable distribution of benefits. In many inland villages, 

rotational fishing or “panchayat-based fishing quotas” are implemented 

to prevent resource depletion. Women also play a vital role in these 

systems, especially in post-harvest activities like fish processing, drying, 

and marketing. Their participation sustains local economies and 

supports household income diversification. Intergenerational 

knowledge transfer through apprenticeship, observation, and oral 

tradition ensures the continuity of ecological knowledge and cultural 

values tied to fisheries. 

Ecological and Cultural Significance: Traditional fishing systems are 

founded on the principle of ecological reciprocity the understanding 

that human well-being is inseparable from ecosystem health. These 

communities view rivers, lakes, and seas as living entities deserving 

respect and stewardship. Rituals, festivals, and taboos often reinforce 

conservation ethics; for instance, fishing bans during certain lunar 

phases or religious observances indirectly help maintain fish stocks. The 

integration of ecological understanding, minimal environmental impact, 

and social cooperation makes traditional fisheries inherently 

sustainable. Their knowledge of habitat connectivity, breeding cycles, 

and ecosystem functioning provides valuable insights for modern 

fisheries science, especially in the context of climate change and 

biodiversity loss. 

Livelihoods, Culture and Community Resilience 

Traditional fishing communities across India play a pivotal role 

in sustaining rural and coastal economies, contributing significantly to 

subsistence, local markets, nutrition, and livelihoods. In inland riverine 

systems, artisanal fishers such as the Nishad, Mallah, and Bind 
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communities depend primarily on small-scale fishing for daily 

sustenance. Their catch often supports household consumption while 

also supplying local markets, thereby forming an integral component of 

regional food security and livelihood structures. In coastal belts, 

communities like the Koli, Sembadavar, and Mogaveera not only harvest 

marine resources but also engage in fish drying, processing, and trading 

activities that generate diverse employment opportunities within 

households. 

The cultural and social dimensions of these fishing 

communities are deeply intertwined with their livelihood practices. 

Fishing is not merely an occupation but a way of life shaped by 

generations of experience, rituals, and traditions. Many communities 

observe festivals associated with the monsoon or fishing seasons, 

honouring local deities believed to protect fish stocks and water bodies. 

Collective fishing events, such as those practiced by the Rabha 

community in Assam, represent social cohesion and shared stewardship 

of aquatic resources. Customary taboos such as restrictions on fishing 

during breeding seasons or in sacred water bodies reflect indigenous 

conservation ethics rooted in ecological understanding. Traditional 

governance systems, often led by community elders or local 

cooperatives, regulate fishing territories, ensure equitable distribution 

of catches, and maintain harmony among households. 

Despite their ecological wisdom and cultural heritage, 

traditional fishing communities face increasing socio-economic and 

environmental challenges. The advent of mechanised fishing, 

overexploitation of aquatic resources, pollution, habitat degradation, 

and construction of dams have disrupted their traditional fishing 

grounds. Inland fishers are particularly affected by declining river flow, 

siltation, and reduced fish diversity. Coastal communities, meanwhile, 

contend with the encroachment of industrial trawlers, climate-induced 

sea-level rise, and frequent cyclones. Policy interventions often 

prioritise large-scale aquaculture or mechanised sectors, marginalising 

small-scale fishers who lack formal recognition and access to credit or 

markets. 

In the face of these pressures, many traditional communities 

have demonstrated remarkable resilience and adaptability. Informal 

institutions, cooperative societies, and women’s self-help groups have 
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become vital instruments for sustaining livelihoods and managing 

resources collectively. Fishers have diversified into allied occupations 

such as aquaculture, fish vending, net-making, and eco-tourism. 

Knowledge exchange through community networks continues to 

reinforce adaptive capacity, allowing fishers to modify their practices in 

response to ecological and market changes. Moreover, NGOs and 

research institutions have increasingly recognised the importance of 

integrating local ecological knowledge into modern fisheries 

governance frameworks to ensure both livelihood security and 

biodiversity conservation. Thus, traditional fishing communities in 

India represent not only a socio-economic asset but also a living 

repository of ecological wisdom and cultural heritage.  

Threats and Vulnerabilities 

Traditional fishing communities in India face a complex web of 

environmental, economic, and social challenges that threaten their 

sustainability, livelihoods, and cultural integrity. The combined 

pressures of habitat degradation, mechanisation, policy exclusion, and 

climate change have significantly eroded the ecological and socio-

economic foundations upon which artisanal fisheries depend. 

One of the most critical threats arises from habitat alteration 

and loss of aquatic connectivity. The construction of large dams, 

embankments, and barrages along major river systems such as the 

Ganga, Godavari, and Krishna has disrupted natural water flow, blocked 

migratory routes of fish, and altered spawning and feeding habitats. 

Wetlands once crucial as nursery grounds for juvenile fish are being 

reclaimed for agriculture, urbanisation, and infrastructure projects. 

Such interventions fragment aquatic ecosystems, reducing the diversity 

and abundance of native fish species that sustain inland fishing 

communities. Furthermore, pollution from industrial effluents, 

agricultural runoff, and untreated sewage has severely degraded water 

quality, leading to eutrophication and toxic contamination of fish 

habitats. These changes not only diminish fish stocks but also pose 

direct health risks to fishers and consumers. Another major challenge is 

overfishing and competition from mechanised fleets, often dominated 

by non-traditional or commercial operators. The expansion of trawlers 

and motorised boats in both coastal and inland waters has intensified 
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fishing pressure, leading to declining catches for small-scale fishers who 

rely on traditional gear and seasonal patterns. Traditional communities, 

with limited access to modern technology or capital, are unable to 

compete economically with large-scale operations. The introduction of 

synthetic nets and destructive gears further exacerbates depletion, 

leaving artisanal fishers marginalised within their own resource 

territories. 

The loss of access to customary fishing grounds due to 

privatisation, aquaculture expansion, and restrictive licensing policies 

has deepened social and economic exclusion. Many traditional fishers 

are displaced from their ancestral water bodies or forced to pay high 

lease fees to retain fishing rights, undermining their customary tenure 

systems. Legal and regulatory frameworks often fail to recognise the 

collective rights of these communities, prioritising industrial and 

commercial interests instead. Such institutional exclusions weaken 

community governance systems and erode traditional conservation 

ethics that once regulated fishing effort and protected breeding grounds. 

Socio-economic vulnerabilities compound these environmental 

pressures. Many traditional fishers live below the poverty line, lacking 

alternate employment opportunities and access to formal credit or 

insurance. Seasonal variability in fish availability leads to unstable 

incomes, indebtedness, and food insecurity. The impacts of climate 

change, including erratic rainfall, prolonged droughts, cyclones, and 

changing water temperatures, further alter fish migration and breeding 

patterns, aggravating uncertainty in fishers’ livelihoods. Coastal erosion 

and sea-level rise pose additional threats to settlements and 

infrastructure in littoral zones. 

Gender-specific vulnerabilities are particularly pronounced. 

Women play vital but often undervalued roles in post-harvest activities 

such as fish drying, processing, and marketing. Declining catches 

directly affect household incomes and food security, disproportionately 

burdening women who manage both domestic and economic 

responsibilities. In many regions, reduced access to fish resources has 

pushed women into informal or low-paying work, undermining their 

social and financial independence. Moreover, their limited 

representation in fisheries governance and cooperatives restricts their 

ability to influence decisions that affect their livelihoods. Overall, the 
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convergence of ecological degradation, economic marginalisation, and 

institutional neglect has made traditional fishing communities one of the 

most vulnerable groups in India’s rural landscape.  

Role in Sustainable Fisheries and Resource Management 

Traditional fishing communities in India have long functioned 

as custodians of aquatic ecosystems, sustaining both biodiversity and 

livelihoods through practices grounded in local ecological knowledge 

(LEK). Their understanding of fish migration routes, breeding seasons, 

floodplain connectivity, and hydrological cycles forms the basis of a 

time-tested, adaptive management system that aligns closely with the 

principles of ecosystem-based management (EAFM). 

These communities possess intricate knowledge of seasonal 

rhythms such as pre-monsoon breeding migrations, the inundation of 

floodplains during monsoon months, and post-monsoon fish dispersal 

patterns that guide sustainable harvesting. For example, inland fishers 

in the Ganga and Brahmaputra floodplains regulate fishing during 

spawning periods, allowing populations of key species like Labeo rohita 

(rohu), Catla catla, and Cirrhinus mrigala to replenish. In the coastal 

belts of Maharashtra, Kerala, and Tamil Nadu, artisanal fishers have 

historically respected temporal closures linked to lunar cycles and 

monsoon patterns, ensuring long-term productivity of pelagic and 

demersal stocks. The maintenance of habitat integrity including 

wetlands, backwaters, mangroves, and riverine channels has also been 

central to their traditional practices. Fishing techniques such as 

selective netting, use of non-destructive gear (e.g., bamboo traps, 

handlines, and cast nets), and community-imposed restrictions on 

juvenile fish capture contribute to the ecological balance of aquatic 

environments. In many areas, customary norms prohibit fishing in 

sacred water bodies or breeding pools, inadvertently serving as de facto 

conservation zones that enhance species diversity and resilience.  

Traditional fishers’ collective management systems embody 

principles akin to modern co-management frameworks, where 

communities share responsibility for resource governance with state 

agencies. Examples include the cooperative management of beels 

(oxbow lakes) in Assam, community-based wetland restoration in Bihar, 

and participatory marine resource governance in coastal Kerala. These 
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systems promote equitable benefit-sharing, adaptive decision-making, 

and social accountability, offering valuable models for sustainable 

fisheries management in India. Policy frameworks such as the National 

Policy on Marine Fisheries (2017) and the Pradhan Mantri Matsya 

Sampada Yojana (PMMSY) increasingly acknowledge the role of small-

scale and traditional fishers. However, effective implementation 

requires explicit recognition of customary tenure rights, integration of 

traditional knowledge into scientific monitoring programs, and 

capacity-building for community institutions. Strengthening fisher 

cooperatives, ensuring secure access to fishing grounds, and involving 

communities in habitat restoration and biodiversity monitoring can 

bridge the gap between traditional wisdom and contemporary 

management. 

Conclusion 

Traditional fishing communities of India represent far more 

than occupational groups they are knowledge holders, cultural 

stewards, and ecological partners in sustaining the country’s aquatic 

biodiversity. Their practices, refined through generations of interaction 

with rivers, wetlands, and coastal ecosystems, exemplify a harmonious 

relationship between humans and nature. Inland, estuarine, and coastal 

fishers alike have developed intricate systems of resource sharing, 

seasonal regulation, and conservation ethics that align closely with 

contemporary sustainability principles. However, their continued 

marginalisation due to policy neglect, habitat degradation, and 

commercial competition threatens not only their livelihoods but also the 

ecological resilience of India’s inland and coastal fisheries.  

Empowering these communities through legal recognition, 

equitable access to resources, and participatory management 

frameworks is therefore a strategic and moral necessity. Integrating 

traditional ecological knowledge into modern fisheries science can 

strengthen habitat restoration, enhance stock recovery, and promote 

adaptive responses to climate change.  
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URBANIZATION, POLLUTION 
AND FISHERIES IN INDIA’S RIVER 
SYSTEMS 

- Dr. Anuradha B. Tate 

 

Introduction 

Urbanisation and the resulting surge in pollution have emerged 

as significant threats to the integrity of India’s river ecosystems and the 

fisheries that depend upon them. Over the past few decades, India has 

witnessed unprecedented expansion of urban areas along its major river 

corridors, driven by population growth, industrialisation, and 

infrastructure development. This rapid urban growth has intensified the 

discharge of untreated domestic sewage, industrial effluents, solid 

waste, and storm-water runoff directly into rivers. As a consequence, the 

ecological balance of these freshwater systems has been severely 

disrupted. 

Pollution alters the physical, chemical, and biological 

characteristics of river water increasing nutrient and toxin levels, 

reducing dissolved oxygen, and leading to eutrophication and habitat 

degradation. Additionally, urban encroachment and riverbank 

modification affect the natural hydrological flow, sediment transport, 

and geomorphological patterns of rivers. These changes have direct 

implications for riverine fisheries, which rely on unpolluted waters, 

healthy riparian vegetation, and connected floodplains for spawning, 

feeding, and nursery habitats. When such ecological linkages are broken, 

fish diversity declines, recruitment rates drop, and overall productivity 

diminishes.  

The degradation of river systems has cascading socio-economic 

effects on communities whose livelihoods are dependent on inland 

fisheries. Fishers living along rivers such as the Ganga, Yamuna, 

Godavari, and Mahanadi are witnessing shrinking catches and 

deteriorating fish quality due to pollution and habitat loss.  
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Extent and Trends of Urbanisation and Pollution in Indian Rivers 

India’s river systems are under severe stress from accelerating 

urbanisation and industrialisation across their catchment areas. The 

country’s major river basins such as the Ganga-Brahmaputra, Yamuna, 

Godavari, Krishna, Cauvery, and numerous west-coast rivers have 

witnessed extensive conversion of natural landscapes into urban and 

peri-urban environments. Expanding cities like Delhi, Kanpur, Varanasi, 

Kolkata, Hyderabad, Pune, and Ahmedabad exert continuous pressure 

on river corridors through land reclamation, unplanned construction, 

and pollution discharge. The transformation of vegetated floodplains 

and wetlands into impervious surfaces has disrupted the natural 

hydrological cycle, reducing infiltration, increasing storm-water runoff, 

and intensifying flash floods and erosion. 

Urbanisation also modifies river morphology and connectivity 

through channelisation, embankment construction, and flow regulation. 

These engineered alterations change sediment transport processes and 

prevent floodplain rejuvenation, leading to habitat loss for aquatic 

fauna, including fish breeding and nursery grounds. Alongside physical 

alterations, the chemical quality of water in these rivers has 

deteriorated significantly. High levels of biochemical oxygen demand 

(BOD), chemical oxygen demand (COD), and nutrient enrichment from 

domestic sewage have led to oxygen depletion and eutrophication. 

Heavy metals such as lead, cadmium, and mercury originating from 

tanneries, electroplating units, and other industries further contaminate 

sediments and biota, posing bioaccumulation risks. For example, studies 

in the Ganga River Basin reveal altered hydrology and degraded 

chemical conditions, especially in urban stretches near Kanpur, Patna, 

and Varanasi, where the discharge of untreated sewage and industrial 

effluents exceeds the river’s self-purification capacity. Similarly, the 

Yamuna River in Delhi exhibits critically high BOD values (often 

exceeding 40 mg/L), indicating severe organic pollution and minimal 

dissolved oxygen levels, unsuitable for most fish species. The Godavari 

Basin, affected by industrial hubs such as Nashik and Rajahmundry, and 

west-coast rivers receiving municipal and coastal waste, also show 

declining water quality indices. These trends highlight that 

urbanisation-induced pollution is not confined to specific regions but 
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represents a systemic threat to India’s riverine ecology, biodiversity, 

and fisheries productivity. 

Impacts on Riverine Habitats and Fisheries  

Habitat Loss, Fragmentation, and Altered Connectivity: The 

expansion of urban areas along major river corridors has led to 

widespread modification of natural river landscapes. Activities such as 

riverbank concretization, construction of embankments, bridges, 

culverts, and channel straightening have fragmented habitats and 

severely disrupted the longitudinal and lateral connectivity between 

rivers and their floodplains. This connectivity is vital for migratory fish 

species such as Catla catla, Labeo rohita, Cirrhinus mrigala, and 

Tenualosa ilisha (Hilsa), which depend on unimpeded access to 

upstream spawning grounds and downstream feeding or nursery 

habitats. Urban development, particularly in flood-prone areas, leads to 

the loss of riparian vegetation and side channels, eliminating critical 

spawning and feeding microhabitats. Studies in the Ganga and Yamuna 

river basins have shown that the transformation of floodplains into 

agricultural or residential zones has resulted in a 30–60% decline in 

floodplain-dependent fish species over the past three decades. 

Additionally, channelization and flow regulation through dams and 

barrages alter sediment transport, velocity profiles, and river 

morphology. Reduced flood pulses and changes in hydrological regimes 

interfere with the natural breeding cycles of fish that rely on monsoonal 

inundation for spawning. Shallow, vegetated floodplain wetlands that 

once served as nursery zones are now disconnected, leaving juveniles 

exposed to predation and reducing recruitment success. 

Water Quality Degradation and Chemical Pollution: Urban rivers in 

India are now heavily polluted with untreated sewage, industrial 

effluents, heavy metals, pharmaceuticals, and microplastics. Major 

Indian rivers such as the Ganga, Yamuna, Sabarmati, Mithi, and Musi 

exhibit elevated Biochemical Oxygen Demand (BOD) (often >10 mg/L) 

and Chemical Oxygen Demand (COD) levels (>40 mg/L), indicating 

severe organic pollution. High organic loading promotes microbial 

decomposition, which in turn depletes dissolved oxygen (DO), leading 
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to hypoxic or anoxic zones that cannot support most fish species. 

Furthermore, toxic metals such as cadmium (Cd), lead (Pb), mercury 

(Hg), and chromium (Cr), commonly discharged from tanneries, 

electroplating units, and textile industries, accumulate in fish tissues 

and river sediments. Bioaccumulation of these metals has been 

documented in Mystus vittatus, Channa punctatus, and Labeo rohita from 

the Yamuna and Ganga rivers, posing health risks not only to fish but 

also to humans consuming them. Chronic exposure to these 

contaminants impairs fish reproduction, reduces growth rates, and 

increases physiological stress, ultimately leading to population decline. 

Nutrient enrichment from agricultural runoff and sewage input fosters 

eutrophication, resulting in algal blooms and subsequent oxygen 

depletion upon decomposition. The proliferation of cyanobacteria, such 

as Microcystis aeruginosa, produces toxins that are lethal to aquatic life. 

In the Yamuna River stretch through Delhi, several incidents of mass fish 

mortality have been directly attributed to eutrophication-induced 

oxygen depletion during the post-monsoon period. 

Altered Hydrology, Sediment Dynamics, and Morphology: 

Urbanization alters natural river hydrology by increasing impervious 

surfaces, which in turn accelerates stormwater runoff and decreases 

groundwater recharge. This leads to flash floods during monsoons and 

reduced base flows in dry seasons, both of which disturb the ecological 

balance. Rapid runoff carries sediments, heavy metals, and 

microplastics into rivers, while embankments prevent natural sediment 

deposition on floodplains. Consequently, riverbeds experience siltation 

and sediment starvation, affecting benthic habitats that support the 

detritivorous and benthic-feeding fishes crucial for maintaining 

ecosystem function. Channel deepening and dredging for navigation 

purposes destroy spawning substrates like gravel beds and submerged 

vegetation. The decline of such structural habitat complexity has been 

linked with reduced recruitment success of native cyprinid and catfish 

populations. Light penetration is also compromised due to high 

turbidity, impeding primary productivity and diminishing food 

availability for herbivorous and omnivorous fish species. 

Ecological and Socioeconomic Consequences: The combined impact 

of these physical and chemical stressors results in a sharp decline in fish 
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diversity and abundance in urban river stretches. Sensitive and 

economically valuable indigenous species such as Tor tor (mahseer), 

Labeo calbasu, and Wallago attu are being replaced by pollution-

tolerant or exotic species like Oreochromis niloticus (Nile tilapia) and 

Clarias gariepinus (African catfish). This biological homogenization 

signifies a loss of native biodiversity and ecosystem resilience. The 

degradation of riverine fisheries directly affects livelihoods and food 

security of riparian and inland fishing communities. Traditional fishers 

dependent on rivers for subsistence and small-scale commercial fishing 

are increasingly marginalized as catch volumes decline. Reduced 

income, food insecurity, and displacement from traditional fishing 

grounds exacerbate socio-economic vulnerabilities, particularly among 

marginalized groups such as the Nishads, Mallahs, and Binds. 

Overall, urbanization and pollution have transformed India’s 

rivers from dynamic ecological corridors into stressed aquatic systems 

with declining ecological integrity and fishery productivity. The 

interplay between hydrological alteration, water quality degradation, 

and habitat loss not only threatens aquatic biodiversity but also disrupts 

the socio-ecological balance that sustains millions of livelihoods.  

Examples 

Several Indian river systems vividly demonstrate the severe 

ecological and fisheries-related impacts of urbanisation and pollution. 

The Virinjipuram stretch of the Palar River in Tamil Nadu serves as a 

representative case, where the inflow of municipal sewage and solid 

waste has drastically altered aquatic ecology. Studies have reported a 

marked reduction in macrophyte abundance key primary producers 

that provide shelter and food for fish larvae alongside a decline in native 

fish diversity and abundance. The river, once supporting a mix of carps, 

catfishes, and minor cyprinids, is now dominated by pollution-tolerant 

species and invasive taxa, indicating a loss of ecological integrity and a 

disruption of the natural food web. 

In the Ganga Basin, which supports one of the largest inland 

fisheries in India, untreated sewage and industrial effluents from cities 

like Kanpur, Varanasi, and Patna have significantly compromised water 

quality. Elevated biochemical oxygen demand (BOD) and toxic heavy 

metals such as chromium, lead, and cadmium have been associated with 
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the decline of major carp populations (Catla catla, Labeo rohita, and 

Cirrhinus mrigala). The continuous discharge of urban wastewater not 

only impairs fish health and reproduction but also affects plankton 

productivity reducing food availability for juvenile fish and thereby 

lowering recruitment success. The cumulative result has been a 

substantial decrease in fish catch per unit effort (CPUE) in several Ganga 

stretches, directly impacting traditional fishing livelihoods. 

Similarly, urban rivers in the Mumbai Metropolitan Region, 

such as the Mithi River, Ulhas River, and Dahisar River, have been 

consistently ranked among India’s most polluted waterways. These 

rivers receive massive loads of industrial effluents, untreated domestic 

sewage, plastic debris, and leachate from solid waste dumps. As a 

consequence, dissolved oxygen levels often fall below 2 mg/L, rendering 

the water uninhabitable for most native species. Fish kills are frequent 

during summer months when pollutant concentrations peak. The virtual 

disappearance of estuarine fish and shellfish species, once common in 

these systems, underscores the link between urban pressure, habitat 

degradation, and fisheries collapse. 

Strategies for Sustainable Management 

Ensuring the sustainability of riverine fisheries amidst rapid 

urbanisation requires an integrated, multi-sectoral approach that aligns 

pollution control, habitat restoration, and participatory governance. A 

crucial first step involves upgrading and expanding sewage and effluent 

treatment infrastructure, particularly in urban and peri-urban centers 

along major rivers. At present, less than 30–40% of wastewater 

generated in Indian cities is effectively treated before discharge, leading 

to chronic pollution. Strengthening effluent treatment plants (ETPs) and 

sewage treatment plants (STPs), enforcing zero liquid discharge norms, 

and regulating industrial estates under pollution control boards can 

significantly reduce point-source contamination. Simultaneously, 

storm-water management systems must be redesigned to reduce non-

point pollution, including runoff containing nutrients, pesticides, and 

plastics. Enforcing environmental flow releases (e-flows) from dams 

and barrages further ensures that adequate water is available for 

maintaining aquatic habitats and fish migration routes. 
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Equally critical is the restoration of riverine and floodplain 

habitats, which act as the ecological backbone of fisheries productivity. 

Strategies should include reconnecting rivers with their floodplains, 

modifying embankments to allow seasonal inundation, and protecting 

riparian vegetation zones that provide shade, organic input, and refuge 

for fish. Implementing fish-friendly hydraulic designs in urban river 

restoration projects (such as fish passes or ladders at barrages) can help 

maintain natural migratory routes of economically significant species 

like mahseer and carps. Long-term water-quality monitoring programs 

linked to fisheries health indicators (fish diversity indices, recruitment 

success, and CPUE data) can guide adaptive management and early 

detection of ecological decline. Moreover, community-based 

management is vital engaging urban riverfront residents, traditional 

fishing cooperatives, and local NGOs in river stewardship, clean-up 

drives, and citizen science initiatives ensures sustainable outcomes. 

Recognizing and empowering small-scale fishers as custodians of 

aquatic biodiversity not only enhances governance legitimacy but also 

promotes inclusive growth aligned with India’s National Fisheries Policy 

(2020) and National Mission for Clean Ganga (Namami Gange) 

objectives. 

Conclusion 

Urbanisation and pollution have emerged as two of the most 

pervasive threats to India’s riverine ecosystems, exerting profound 

impacts on water quality, habitat integrity, and fish biodiversity. The 

expansion of cities along river corridors, coupled with the discharge of 

untreated sewage, industrial effluents, and solid waste, has resulted in 

habitat fragmentation, eutrophication, and loss of spawning and nursery 

grounds essential for sustaining fish populations. These pressures have 

led to a marked decline in riverine fish diversity and productivity, with 

cascading effects on the livelihoods of traditional fishing communities 

and the overall ecological balance of aquatic systems. Unless addressed 

through immediate and coordinated interventions, the degradation of 

India’s river systems may reach irreversible levels, undermining both 

environmental and socio-economic sustainability. 

A sustainable path forward demands an integrated river-basin 

management approach that combines urban-watershed planning, 
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pollution mitigation, and habitat restoration. Effective implementation 

of sewage treatment infrastructure, enforcement of effluent standards, 

and maintenance of environmental flows are essential to improve 

ecological conditions. Equally, rehabilitation of riparian zones, 

reconnection of floodplains, and adoption of nature-based solutions can 

restore lost ecological functions and improve fish productivity. Most 

importantly, active community participation, particularly that of 

traditional fishers and local stakeholders, must form the cornerstone of 

river conservation and governance. By aligning urban development with 

ecological priorities and inclusive fisheries management, India can 

safeguard its riverine biodiversity, ensure food and livelihood security, 

and move toward a more resilient and sustainable blue economy future. 
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