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ABSTRACT

Fisheries constitute an important component of food security, employment generation, rural livelihoods, nutritional
security and aquatic ecosystem functioning. However, increasing fishing pressure, habitat degradation, pollution,
alteration of river flows, destructive fishing practices, invasive species, climate change and unregulated exploitation
have contributed to declines in many indigenous fish populations. Indigenous fish species are particularly important
because they form integral components of aquatic food webs, support ecosystem stability and provide nutritional and
economic benefits to local communities. Their decline can therefore have consequences extending beyond fisheries
production to biodiversity conservation and community livelihoods. This article examines the principles, challenges
and strategies associated with sustainable fisheries management and the conservation of indigenous fish species, with
particular emphasis on India. The study adopts a review-based approach using scientific literature, institutional reports
and international fisheries-management frameworks. The review highlights the importance of ecosystem-based
fisheries management, protection of spawning and nursery grounds, regulation of fishing effort, selective fishing gear,
seasonal and spatial fishing restrictions, habitat restoration, conservation breeding, genetic resource management,
community participation and scientific monitoring. The FAO Code of Conduct for Responsible Fisheries emphasizes
maintaining fishery resources, preventing overfishing, conserving associated species and protecting critical aquatic
habitats. India's exceptionally diverse freshwater, brackishwater and marine ecosystems support numerous indigenous
fish species. Recent research has emphasized the need for species-specific conservation strategies, including both in
situ and ex situ conservation, improved genetic-resource management and targeted conservation programmes.
Sustainable fisheries management should therefore integrate ecological conservation with the socioeconomic needs
of fishing communities. The article concludes that long-term conservation of indigenous fish diversity requires a
participatory, science-based and ecosystem-oriented management framework.

Keywords: Sustainable fisheries, indigenous fish; fish biodiversity; conservation; ecosystem approach; inland
fisheries; habitat restoration; climate change; community participation; India.

Introduction

Fisheries are among the world's most important renewable natural-resource sectors. They provide food, employment,
income and livelihood opportunities to millions of people. Fish also provide high-quality animal protein, essential
fatty acids, vitamins and minerals, making fisheries particularly important for nutritional security. The importance of
fisheries, however, extends beyond fish production. Aquatic ecosystems perform numerous ecological functions,
including nutrient cycling, energy transfer, maintenance of food webs and regulation of ecosystem processes.
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Indigenous fish species are important components of these systems because they have evolved within particular
ecological environments and are adapted to local environmental conditions. The sustainability of fisheries is
increasingly challenged by overexploitation, habitat degradation, pollution, climate variability and changes in
hydrological regimes. The FAO Code of Conduct for Responsible Fisheries recommends maintaining the quality,
diversity and availability of fishery resources while preventing overfishing and protecting associated species and their
ecosystems. The ecosystem approach to fisheries management broadens conventional fisheries management by
considering interactions among target species, non-target species, habitats, ecosystems and human communities. FAO
identifies the ecosystem approach as an important framework for achieving sustainable fisheries. The conservation of
indigenous fish species is particularly important in developing countries such as India, where inland fisheries
contribute substantially to rural livelihoods and food security. Consequently, sustainable fisheries management should
not focus exclusively on increasing fish production. It should simultaneously address biodiversity conservation,
habitat protection, genetic diversity and the socioeconomic well-being of fishing communities.

Review of Literature
FAO framework for sustainable fisheries

The FAO Code of Conduct for Responsible Fisheries, adopted in 1995, provides an internationally recognized
framework for responsible conservation, management and development of aquatic living resources. It emphasizes
ecosystem and biodiversity considerations in fisheries management.

The Code recommends:

e Prevention Of Overfishing;

e  Management Of Fishing Capacity;

e Conservation Of Biodiversity;

e Protection Of Endangered Species;

e Rechabilitation Of Depleted Stocks;

e Reduction Of Bycatch And Discards;

e Environmentally Safe Fishing Practices; And

e Protection And Rehabilitation Of Critical Fish Habitats.

These principles remain highly relevant to indigenous fish conservation.
Ecosystem approach to fisheries

The ecosystem approach recognizes that fish populations cannot be managed independently of their habitats and
ecological relationships. FAO guidance emphasizes limiting fisheries' impacts on ecosystems, maintaining ecological
relationships and applying the precautionary principle.

An ecosystem approach therefore considers:
Fish — Habitat — Food web — Fisheries — Human communities
Indigenous fish conservation in India

India possesses substantial fish diversity across rivers, lakes, reservoirs, wetlands, estuaries, coastal waters and marine
ecosystems. Indigenous species contribute to ecological functioning as well as local food systems and livelihoods.
India's state fishes and identified significant knowledge gaps concerning biology, habitat, genetics, aquaculture, fish
health, harvesting and conservation. Their review proposed targeted conservation programmes incorporating both in
situ and ex situ conservation measures. This is significant because conservation cannot be based solely on increasing
fish production. Maintaining genetic diversity and natural populations is equally important.
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Community participation

Small-scale and traditional fishing communities possess valuable knowledge concerning fish habitats, seasonal
migration, spawning grounds, fishing seasons and local environmental changes. FAO guidance recognizes the
importance of stakeholder participation and the inclusion of indigenous fishing communities in ecosystem-based
fisheries management. Consequently, sustainable management should combine scientific knowledge with local
ecological knowledge.

Habitat degradation

Fish populations depend upon healthy aquatic habitats. Wetlands, floodplains, mangroves, river channels, estuaries
and spawning grounds provide essential breeding, nursery and feeding habitats.

Habitat degradation caused by pollution, river modification, wetland conversion, excessive water abstraction and
hydrological alterations can reduce fish populations even when fishing pressure itself is controlled.

Objectives of the Study
The major objectives of this article are:

1. To examine the importance of sustainable fisheries management.

2. To assess the ecological and socioeconomic importance of indigenous fish species.

3. To identify major threats to indigenous fish biodiversity.

4. To examine the role of ecosystem-based fisheries management.

5. To identify strategies for conservation of indigenous fish species.

6. To examine the importance of habitat restoration and protection.

7. To assess the role of local fishing communities in fisheries conservation.

8. To suggest policy measures for sustainable fisheries development in India.

9. To emphasize the importance of scientific monitoring and genetic-resource conservation.

10. To develop an integrated framework for sustainable fisheries and indigenous fish conservation.

Methodology
The article follows a review-based research methodology. Information was synthesized from:

e Peer-Reviewed Research Publications;

e  Books And Scientific Literature;

e Fao Fisheries-Management Documents;

o  Fisheries Policy Literature;

e Indian Fisheries Institutions;

e Biodiversity And Conservation Literature; And

e Relevant Governmental and Institutional Sources.

The literature was examined thematically under the following areas:

Fisheries sustainability — Indigenous fish biodiversity — Threats — Conservation approaches — Community
participation — Policy and governance — Future strategies

The study is primarily qualitative and analytical rather than based on a primary field survey.
Importance of Indigenous Fish Species

Indigenous fish species provide several ecological and socioeconomic benefits.
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< Ecological importance: Indigenous fishes:

e Maintain Aquatic Food Webs;

e  Transfer Energy Between Trophic Levels;
e  Contribute To Nutrient Cycling;

e Regulate Aquatic Communities;

e  Support Predator Populations;

e Contribute To Ecosystem Resilience; And
e Maintain Biological Diversity.
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« Nutritional importance: Small indigenous fish species can contribute significantly to local diets. Depending

on species and consumption patterns, fish provide protein, essential fatty acids and micronutrients.

+« Economic importance: Indigenous fish support:

e  Artisanal Fishing;

e  Small-Scale Fisheries;

e Local Fish Markets;

e  Fish Processing;

e  Transportation;

e  Household Income; And
e Allied Employment.

7

s Cultural importance: Traditional fishing communities frequently possess longstanding relationships with

local aquatic ecosystems. Indigenous fish may therefore have cultural, culinary and social importance in

addition to their economic value.

Major Threats to Indigenous Fish Species

+« Overfishing: Excessive fishing pressure can reduce spawning populations and alter the age and size structure

of fish stocks. Particularly harmful practices include:

e Harvesting Immature Fish;

e  Excessive Fishing Effort;

e Very Fine-Mesh Nets;

e Destructive Fishing Methods;

e Fishing During Breeding Periods; And
o [llegal Fishing.

The FAO Code emphasizes that fishing effort should remain compatible with the productive capacity of fishery

resources.
o

habitats can eliminate breeding and nursery areas.

e  Water Quality;

e Dissolved Oxygen;

e Fish Reproduction;

e  Fish Growth;

e Larval Survival; And
e  Aquatic Food Webs.

seasonal floodplain connectivity.

« Habitat destruction: The conversion or degradation of wetlands, floodplains, mangroves, estuaries and river

< Water pollution: Industrial effluents, agricultural runoff, sewage, plastics and other contaminants can affect:

+ River regulation: Dams, barrages and altered river flows can affect migration routes, spawning habitats and
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Invasive species: Introduced species can compete with indigenous species for:
e Food;
e Habitat;

e Breeding Sites; And
e  Other Ecological Resources.

Some introduced species may also prey upon native fish.

R/
0.0

Climate change: Climate change may influence:
e  Water Temperature;
e Rainfall;
e River Discharge;
e Dissolved Oxygen;
e Breeding Cycles;
e Species Distribution;
e  Migration Patterns; And
e  Fish Productivity.

Climate-related environmental changes therefore need to be incorporated into fisheries management.

Sustainable Fisheries Management Strategies

7
L %4

*,
0.0

Ecosystem-Based Fisheries Management: Adopt an integrated approach that considers fish populations,
aquatic habitats, food webs, biodiversity, water quality and climate change rather than managing individual
fish stocks in isolation.

Regulation of Fishing Effort and Sustainable Harvesting: Control excessive fishing through scientifically
determined catch limits, fishing seasons, minimum legal fish sizes, appropriate mesh sizes, licensing systems
and restrictions on destructive fishing practices.

Protection and Restoration of Fish Habitats: Conserve and restore rivers, wetlands, floodplains,
mangroves, estuaries, spawning grounds and nursery habitats. Maintaining ecological connectivity and
suitable water quality is essential for sustaining indigenous fish populations.

Community Participation and Co-Management: Involve fishing communities in decision-making,
monitoring, conservation and enforcement. Combining scientific knowledge with traditional ecological
knowledge can improve compliance and the long-term effectiveness of fisheries management.
Conservation of Indigenous Species and Climate-Resilient Management: Prioritize the conservation of
indigenous fish species through in-situ protection, conservation breeding, genetic-resource management and
scientifically appropriate stocking. Fisheries policies should also incorporate climate-change adaptation,
biodiversity monitoring and modern technologies such as GIS, eDNA and genetic tools.

Conservation Approaches for Indigenous Fish Species

In-situ Conservation and Fish Sanctuaries: Protect indigenous fish species within their natural habitats by
establishing fish sanctuaries, aquatic protected areas and conservation zones in rivers, lakes, wetlands and
reservoirs.

Habitat Restoration and Protection: Restore degraded rivers, wetlands, floodplains, estuaries and
spawning grounds. Maintaining water quality, natural flow regimes and habitat connectivity is essential for
the survival and reproduction of indigenous fish species.

Sustainable Fishing Practices: Regulate fishing through appropriate mesh sizes, seasonal fishing bans,
minimum catch sizes, fishing quotas and restrictions on destructive fishing methods to prevent
overexploitation and juvenile fish capture.

Ex-situ Conservation and Captive Breeding: Establish conservation hatcheries and breeding programmes
for threatened indigenous species. Maintaining suitable broodstock can support population recovery and
safeguard valuable genetic resources.
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Genetic Diversity Conservation: Protect the genetic diversity of indigenous fish populations through
scientific broodstock management, genetic monitoring, gene banks and avoidance of indiscriminate stocking
or introduction of genetically unsuitable populations.

Community Participation and Awareness: Involve local fishing communities in conservation planning,
monitoring and enforcement. Awareness programmes can encourage responsible fishing and strengthen
community-based conservation initiatives.

Climate-Resilient and Scientific Management: Integrate climate-change adaptation, biodiversity
monitoring, GIS, environmental DNA (eDNA), population assessments and other modern technologies into
conservation programmes to identify population declines and develop timely management interventions.

Habitat Restoration

Fish conservation cannot be successful without maintaining suitable habitats.

Major restoration measures

Threat Restoration/Management Measure
Wetland degradation Wetland restoration
River pollution Wastewater treatment

Loss of spawning habitat Spawning-ground protection

Reduced river connectivity Ecological flow and connectivity measures

Mangrove destruction Mangrove restoration

Excessive fishing Fishing-effort regulation

Juvenile capture Minimum mesh-size regulations
Invasive species Monitoring and management
Climate stress Climate-resilient fisheries planning

Role of Aquaculture in the Conservation of Indigenous Fish Species: Aquaculture can play an important role in

the conservation of indigenous fish species when it is scientifically planned and environmentally responsible. In
addition to producing fish for food and livelihoods, conservation-oriented aquaculture can reduce pressure on wild
populations and support the recovery of threatened species. The following approaches are particularly relevant for
journal publication:

1.

Conservation Breeding of Indigenous Species: Captive-breeding programmes can be established for
threatened and declining indigenous fish species. Controlled breeding can increase population numbers and
provide healthy juveniles for conservation and, where appropriate, restoration programmes.

Reduction of Fishing Pressure on Wild Populations: Sustainable aquaculture production can provide an
alternative source of fish, thereby reducing excessive dependence on wild-caught populations. Greater
availability of cultured indigenous species may help reduce fishing pressure on vulnerable natural stocks.
Restocking and Population Recovery: Hatchery-produced juveniles can be used for scientifically designed
restocking programmes in suitable natural habitats. Such programmes should be based on population
assessments and ecological carrying capacity to avoid negative effects on wild populations.

Maintenance of Genetic Resources: Conservation hatcheries can maintain carefully managed broodstock
of indigenous species and help safeguard genetic resources. Genetic monitoring is essential to prevent
excessive inbreeding and the loss of locally adapted genetic characteristics.
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5. Promotion of Indigenous-Species Aquaculture: Encouraging the culture of suitable native fish species can
support biodiversity while generating income and employment for farming and fishing communities.
Indigenous species should be prioritized where they are ecologically and economically appropriate.

6. Research, Monitoring and Capacity Building: Aquaculture facilities can serve as centres for research on
fish breeding, nutrition, disease management, genetics and reproductive biology. The knowledge generated
can contribute to both aquaculture development and conservation of wild populations.

7. Community Livelihoods and Conservation Awareness: Community-based aquaculture can provide
alternative or supplementary livelihoods for fishing communities. Training in sustainable fish culture can
strengthen local participation in conservation and reduce dependence on unsustainable fishing practices.

Aquaculture should be viewed not only as a means of increasing fish production but also as a complementary tool
for biodiversity conservation. Conservation-oriented aquaculture can support captive breeding, genetic-resource
preservation, population recovery, livelihood diversification and reduction of pressure on wild fish stocks. However,
indiscriminate stocking, genetic mixing, disease transmission and accidental introduction of non-native species can
create ecological risks. Therefore, aquaculture-based conservation programmes should follow scientifically sound
breeding, genetic-management, biosecurity and habitat-restoration principles.

Fisheries and Climate Change: Climate change has emerged as a major challenge to the sustainability of fisheries
and the conservation of indigenous fish species. Changes in temperature, rainfall, freshwater availability, ocean
conditions and extreme weather events can alter fish habitats, distribution, reproduction, growth and survival. Climate-
resilient fisheries management is therefore essential for protecting aquatic biodiversity and sustaining the livelihoods
of fishing communities.

1. Changes in Water Temperature: Rising water temperatures can influence fish metabolism, growth,
reproduction, spawning behaviour and survival. Species that have narrow temperature ranges may experience
habitat loss or changes in their geographical distribution. Temperature changes can also affect the availability
of food organisms and alter aquatic food webs.

2. Changes in Fish Distribution and Migration: Climate change can cause fish species to shift their
distribution towards cooler or more suitable habitats. Changes in river flow, rainfall and water temperature
may also affect seasonal migration and breeding patterns. Such changes can particularly affect indigenous
species that depend on specific environmental conditions.

3. Extreme Weather Events and Habitat Degradation: Floods, droughts, cyclones, heatwaves and irregular
rainfall can damage fish habitats and fishing infrastructure. Droughts may reduce water availability in rivers,
lakes and wetlands, while severe floods can disturb spawning and nursery habitats. Coastal fisheries are
additionally exposed to cyclones, sea-level rise and coastal ecosystem degradation.

4. TImpacts on Fish Reproduction and Productivity: Changes in temperature, water flow and seasonal cycles
can affect spawning, egg development, larval survival and recruitment. These changes may ultimately reduce
fish productivity and alter the composition of aquatic communities. Climate-related changes can therefore
increase the vulnerability of already threatened indigenous fish species.

5. Effects on Fishing Communities and Livelihoods: Climate change can reduce the predictability and
productivity of fisheries, affecting the income and food security of fishing communities. Small-scale fishers
are particularly vulnerable because they often depend directly on local aquatic resources and have limited
capacity to absorb climate-related economic losses.

6. Climate-Resilient Fisheries Management: Fisheries policies should incorporate climate information into
stock assessment, fishing regulations and conservation planning. Adaptive measures may include protection
of climate refugia, restoration of wetlands and mangroves, maintenance of river connectivity, diversification
of fisher livelihoods and flexible fishing regulations based on changing environmental conditions.

7. Science, Technology and Ecosystem Monitoring: Long-term monitoring of water temperature, fish
populations, habitat conditions and climatic variables is essential. Technologies such as GIS, remote sensing,
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environmental DNA (eDNA), genetic tools and digital fisheries databases can improve the detection of
changes in fish distribution and biodiversity and support evidence-based conservation.

Climate change is increasingly influencing fish populations, aquatic ecosystems and fisheries-dependent communities.
Effective responses require an integrated approach combining climate-resilient fisheries management, habitat
conservation, sustainable fishing, biodiversity protection, scientific monitoring and community participation.
Protecting healthy rivers, wetlands, estuaries, mangroves and other aquatic habitats can increase ecosystem resilience
and provide greater protection for indigenous fish species. Therefore, climate adaptation should become an integral
component of sustainable fisheries management and long-term aquatic biodiversity conservation.

Role of Science and Technology: Modern technologies can strengthen fisheries conservation. Usefulness of
technologies include:

™o a0 o

Environmental DNA (eDNA): Can support detection and monitoring of aquatic species.

GIS and remote sensing: Useful for mapping wetlands, habitats and changes in aquatic ecosystems.
Genetic tools: Useful for assessing genetic diversity and population structure.

Electronic monitoring: Can improve monitoring of fishing activity.

Mobile applications: Can support community-based reporting and fisheries data collection.

Artificial intelligence and data analytics: Can potentially improve stock assessment, habitat monitoring
and detection of illegal fishing.

Findings of the Study: The major findings of the review are as follows.

1.

10.

Indigenous fish biodiversity is ecologically important: Indigenous species are integral components of
aquatic ecosystems and contribute to food webs, ecological functioning and biodiversity.

Fisheries sustainability requires ecosystem management: Management based solely on target-species
production is insufficient. Habitat, associated species, pollution and ecosystem processes must also be
considered.

Habitat degradation is a major conservation challenge: Protection of rivers, wetlands, floodplains,
estuaries and spawning grounds is essential for maintaining indigenous fish populations.

Overfishing must be controlled: Fishing pressure should correspond to the biological productivity of fish
populations. The FAO framework emphasizes prevention of overfishing and rehabilitation of depleted stocks.
Community participation improves conservation potential: Traditional and small-scale fishing
communities possess valuable ecological knowledge and should participate in fisheries governance.
Conservation must include genetic diversity: Conservation programmes should protect not merely species
presence but also genetic diversity and locally adapted populations.

Both in situ and ex situ conservation are necessary: Natural habitat protection should remain the priority,
while conservation hatcheries, broodstock programmes and genetic-resource banks can provide
complementary protection.

Climate change requires adaptive management: Fisheries regulations must be flexible enough to respond
to changing environmental conditions.

Scientific monitoring is essential: Regular assessment of fish abundance, recruitment, habitat quality,
fishing effort and biodiversity is required for evidence-based management.

Fisheries conservation and livelihoods should be integrated: Conservation policies that ignore fisher
livelihoods may face implementation difficulties. Sustainable fisheries should therefore provide both
ecological and socioeconomic benefits.

Suggestions and Policy Recommendations: The following measures are recommended.

>

Establish indigenous fish conservation zones: Important breeding, nursery and feeding habitats should be
identified and protected.
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» Strengthen fisheries monitoring: Regular biodiversity and fish-stock assessments should be conducted at
river, wetland, reservoir and coastal levels.
> Improve enforcement: Fisheries regulations should be accompanied by effective monitoring and
enforcement mechanisms.
» Promote indigenous-species aquaculture: Where ecologically appropriate, culture of native species can
reduce dependence on wild fish populations and create alternative livelihood opportunities.
» Strengthen community institutions: Local fishing cooperatives and community organizations should
participate in fisheries management.
> Develop fish genetic-resource databases: Comprehensive databases should document:
e  Species Distribution;
e  Population Structure;
e  Genetic Diversity;
e Breeding Biology;
e Habitat Requirements; And
e Conservation Status.
» Protect wetlands and rivers: Fisheries policy should be integrated with broader water, wetland, pollution-
control and biodiversity policies.
> Develop climate-resilient fisheries plans: Each major fisheries region should develop climate-risk
assessments and adaptive management strategies.
» Promote awareness: Fisher communities, students, local governments and consumers should be educated
about indigenous fish conservation.
» Strengthen research collaboration: Universities, ICAR institutions, government departments, local

communities and conservation organizations should collaborate in long-term fisheries research.

Proposed Integrated Conservation Framework: A sustainable indigenous-fish conservation model can be
represented as:

Biodiversity Assessment
l
Fish Stock Monitoring

!
Habitat Identification

!

Protection of Spawning/Nursery Grounds

l

Sustainable Fishing Regulations

l

Community Participation

!

Conservation Aquaculture

!

Genetic Resource Management

!

Climate-Resilient Management

l

Continuous Monitoring and Adaptive Management
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This framework combines ecological, technological, economic and social dimensions of fisheries conservation.

Conclusion

Sustainable fisheries management and conservation of indigenous fish species are essential for maintaining aquatic
biodiversity, food security, livelihoods and ecological stability. The increasing pressures of overfishing, habitat
destruction, pollution, invasive species, hydrological modification and climate change demonstrate that conventional
production-oriented fisheries management is no longer sufficient. An ecosystem-based approach provides a more
comprehensive framework by linking fish populations with their habitats, associated species, environmental processes
and human communities. The FAO Code of Conduct for Responsible Fisheries emphasizes long-term conservation,
prevention of overfishing, biodiversity protection, selective fishing practices and rehabilitation of critical habitats. For
India, conservation of indigenous fish species requires greater attention to rivers, wetlands, reservoirs, estuaries and
other aquatic ecosystems. Recent Indian research has highlighted knowledge gaps and the need for targeted
conservation strategies combining in situ and ex situ measures. The future of fisheries should therefore move from a
narrow objective of maximizing fish production towards a broader objective of sustainable utilization while
maintaining biodiversity and ecosystem integrity. Effective conservation will require cooperation among scientists,
government agencies, fishing communities, universities, conservation institutions and other stakeholders. Ultimately,
sustainable fisheries should ensure that aquatic resources remain productive and biologically diverse for present and
future generations. Indigenous fish conservation is not merely a biodiversity issue; it is also a question of food security,
livelihood security, ecological resilience and sustainable development.
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