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Abstract

Indian major carps, comprising species such as Catla catla, Labeo rohita, and Cirrhinus mrigala, are
economically and culturally significant freshwater fish species in India. However, their populations are facing
unprecedented challenges due to climate change. This paper examines the multifaceted impacts of climate
change on Indian major carps, including changes in habitat suitability, altered reproductive patterns, shifts in
distribution, and increased susceptibility to diseases. Additionally, it explores the socio-economic ramifications
for fishing communities and proposes adaptation strategies to mitigate the adverse effects of climate change on
Indian major carps. Climate change poses significant challenges to Indian Major Carps (IMCs), crucial species
in the aquaculture sector of India. This abstract explores the multifaceted impacts of climate change on IMCs,
highlighting the associated challenges and adaptation strategies. Rising temperatures, altered precipitation
patterns, and extreme weather events threaten IMC habitats, spawning, and growth patterns. These changes
exacerbate water quality issues, disease prevalence, and habitat degradation, ultimately affecting IMC
production. However, various adaptation strategies have been proposed and implemented to mitigate these
challenges. These strategies include selective breeding for temperature tolerance, improved water management
practices, diversification of species, and the adoption of integrated farming systems. Despite these efforts,
climate change continues to pose significant risks to IMC aquaculture. Thus, further research and collaborative
efforts are essential to develop and implement effective adaptation strategies that ensure the resilience and

sustainability of IMC farming systems amidst a changing climate.
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Introduction

Indian major carps (IMCs) are a group of freshwater fish species native to the Indian subcontinent. The three
primary species classified as Indian major carps are Catla catla (known as Catla), Labeo rohita (known as
Rohu), and Cirrhinus mrigala (known as Mrigal). These species are highly valued for their nutritional content,
taste, and cultural significance in India. Indian major carps play a vital role in India's fisheries sector,
contributing significantly to both the economy and food security of the country. Indian major carps are a major
source of income for millions of people involved in the fisheries sector, including fishermen, fish farmers,
traders, and processors. The commercial production and trade of IMCs generate substantial revenue and
employment opportunities, particularly in rural areas where alternative livelihood options may be limited. IMCs

are an essential source of protein for millions of people in India, especially those residing in rural and coastal
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regions. They provide a nutritious and affordable dietary staple, helping to address malnutrition and food
insecurity, particularly among vulnerable populations. Indian major carps hold cultural significance in various
regions of India, often featuring prominently in traditional festivals, ceremonies, and culinary practices. They
are an integral part of the culinary heritage and gastronomic traditions of many communities, symbolizing
abundance, prosperity, and auspiciousness. Indian major carps are extensively cultivated through aquaculture
practices, contributing significantly to India‘s aquaculture production. Fish farming of IMCs has been promoted
as a sustainable and lucrative livelihood option for small-scale farmers, leading to the growth of the aquaculture
industry and rural development. Indian major carps have a growing export market, with demand coming from
both domestic and international markets. Processed and value-added products derived from IMCs, such as
fillets, frozen fish, and fish-based snhacks, are increasingly popular in global markets, contributing to foreign
exchange earnings and trade competitiveness.

Climate change poses significant challenges to the aquaculture sector globally, with particular impacts on
species such as Indian Major Carps (IMCs) in countries like India. Several studies review explores the current
understanding of the impacts of climate change on IMCs and the adaptation strategies being developed to
mitigate these challenges. Ahmed et al. (2020) provide an overview of the current scenario and future
perspectives of climate change impacts on freshwater fish in South Asia, including IMCs. They highlight the
vulnerability of IMCs to temperature variations, altered precipitation patterns, and extreme weather events,
which can disrupt spawning, growth, and distribution patterns. Barman et al. (2021) focus on the Indian context,
reviewing the specific impacts of climate change on aquaculture and the challenges faced by IMC farmers. They
discuss how rising temperatures and changing rainfall patterns affect water quality, habitat availability, and
disease prevalence, ultimately impacting IMC production. Chakraborty and Bhattacharjee (2018) emphasize the
need for adaptation strategies in fisheries and aquaculture to cope with climate change impacts. They discuss
various adaptation measures, such as selective breeding for temperature tolerance, water management practices,
and diversification of species, which can enhance the resilience of IMC farming systems. Garg et al. (2019)
delve into specific adaptation strategies being implemented in India to mitigate climate change impacts on
aquaculture. They highlight the importance of integrated farming systems, where IMC farming is combined with
other agricultural activities to optimize resource utilization and minimize risks associated with climate
variability. Islam et al. (2019) offer a comprehensive review of the broader impacts of climate change on
fisheries and aquaculture, underscoring the interconnectedness of environmental, social, and economic factors.
They emphasize the importance of incorporating local knowledge and community participation in the
development of adaptation strategies to ensure their effectiveness and sustainability.

Overall, Indian major carps play a crucial role in India's fisheries sector, encompassing economic, nutritional,
cultural, and developmental dimensions. Ensuring the sustainable management and conservation of IMCs is
essential for maintaining their contributions to food security, livelihoods, and socio-economic development in
India. By implementing appropriate adaptation strategies and fostering collaboration among stakeholders, it is
possible to enhance the resilience of IMC farming systems and ensure food security for millions of people

dependent on this vital protein source.
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Climate Change Effects on Indian Major Carps

Climate change can have significant effects on Indian major carps, which include species like rohu (Labeo
rohita), catla (Catla catla), and mrigal (Cirrhinus mrigala). These effects can manifest in various ways
Temperature Changes: Indian major carps are sensitive to water temperature changes. Climate change can lead
to alterations in water temperature regimes, affecting their growth, reproduction, and distribution. Higher
temperatures may increase metabolic rates, altering their energy requirements and physiological processes.
Altered Precipitation Patterns: Changes in precipitation patterns can influence the hydrology of rivers, lakes, and
other aquatic ecosystems where Indian major carps reside. Floods and droughts, both exacerbated by climate
change, can disrupt their habitats, spawning grounds, and food availability.

Habitat Loss and Fragmentation: Climate change-induced factors such as river flow can lead to habitat loss and
fragmentation, limiting the availability of suitable habitats for Indian major carps. This can hinder their
migration patterns and breeding success.

Disease and Parasite Outbreaks: Warmer water temperatures can contribute to the proliferation of pathogens and
parasites that affect fish health. Increased stress from environmental changes can weaken the immune systems
of Indian major carps, making them more susceptible to diseases and parasites.

Changes in Food Availability: Climate change can disrupt the abundance and distribution of plankton, insects,
and other food sources that Indian major carps rely on. This can affect their growth rates, reproductive success,
and overall population dynamics.

Competition and Predation: Shifts in species distributions due to climate change may introduce new competitors
and predators into the habitats of Indian major carps. Increased competition for resources and predation pressure
can further impact their populations.

To mitigate the impacts of climate change on Indian major carps, adaptive management strategies are necessary.
These may include habitat restoration, sustainable water management practices, conservation of genetic
diversity, monitoring and early detection of diseases, and implementing measures to reduce greenhouse gas
emissions. Additionally, research into the resilience of Indian major carps to climate change stressors can inform

more effective conservation and management efforts.

Socio-Economic Implications

The socio-economic implications of climate change on Indian major carps can be significant, affecting various
stakeholders involved in the fisheries sector. Many communities in India rely on fishing as a primary source of
income and livelihood. Climate change-induced impacts on Indian major carps, such as habitat degradation and
reduced fish stocks, can directly affect the livelihoods of fishermen and their families. Decreased catches may
lead to income loss and food insecurity among fishing communities, particularly those who depend heavily on
freshwater fisheries. Indian major carps are an important source of protein for millions of people in India. Any
decline in fish stocks due to climate change can jeopardize food security, especially for communities that rely on

fish as a staple food. This can have cascading effects on nutrition and health outcomes, particularly in regions
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where alternative protein sources are limited. Fisheries contribute to the rural economy through employment
generation, income generation, and market activities. A decline in Indian major carp populations can lead to
reduced economic activity in rural areas, affecting not only fishermen but also fish traders, processors, and other
actors along the value chain. This can exacerbate poverty and economic inequalities in fishing-dependent
communities.

Migration and Social Displacement: In the face of declining fish stocks and deteriorating livelihood
opportunities, fishing communities may be forced to migrate to urban areas in search of alternative sources of
income. This can result in social displacement, overcrowding, and increased pressure on urban infrastructure
and resources. Competition for dwindling fish stocks, exacerbated by climate change impacts, can lead to
conflicts among different user groups, including fishermen, farmers, and industries. Conflicts over water
allocation, fishing rights, and access to fishing grounds may arise, further complicating resource management
and governance efforts. Adapting to climate change impacts on Indian major carps requires investment in
infrastructure, technology, and capacity building. Fisheries management authorities, governments, and
communities may incur additional costs to implement adaptive measures such as habitat restoration, aquaculture
development, and alternative livelihood programs.

Addressing the socio-economic implications of climate change on Indian major carps requires a multi-faceted
approach that integrates climate resilience into fisheries management, promotes sustainable fishing practices,
enhances community resilience, and fosters inclusive and equitable governance arrangements. Collaboration
among government agencies, non-governmental organizations, research institutions, and local communities is

essential to develop and implement effective adaptation and mitigation strategies.

4. Adaptation Strategies

Adaptation strategies to mitigate the socio-economic impacts of climate change on Indian major carps and the
fisheries sector can be diverse and multi-dimensional. Encouraging fishing communities to diversify their
livelihoods beyond fishing can help reduce their vulnerability to climate change impacts. This could involve
promoting alternative income-generating activities such as aquaculture, agriculture, eco-tourism, or small-scale
enterprises. Diversification provides communities with additional sources of income and reduces reliance on
dwindling fish stocks. Introducing and promoting climate-resilient fishing practices can help mitigate the
impacts of climate change on Indian major carps. This may include adopting sustainable fishing techniques,
such as selective fishing gear to reduce bycatch and habitat-friendly fishing practices to minimize ecosystem
disturbances. Training programs and extension services can help fishermen adopt these practices effectively.
Aquaculture can serve as an alternative or complementary source of fish production to mitigate the pressure on
wild fish stocks. Promoting climate-smart aquaculture practices, such as integrated multi-trophic aquaculture
(IMTA) systems, which utilize multiple species to maximize resource use efficiency and minimize
environmental impacts, can help enhance resilience to climate change while increasing fish production.
Investing in infrastructure and technology can enhance the resilience of fisheries communities to climate change

impacts. This may include improving fish landing sites, cold storage facilities, and transportation networks to
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reduce post-harvest losses and ensure the efficient delivery of fish to markets. Additionally, the use of
information and communication technology (ICT) tools, such as mobile apps for weather forecasting and market
information, can help fishermen make informed decisions and adapt to changing conditions. Engaging fishing
communities in participatory and community-based natural resource management can empower them to take
ownership of local fisheries resources and adapt to climate change impacts. This may involve establishing
community-managed fishery reserves, co-management arrangements, or fisher cooperatives to promote
sustainable resource use, strengthen social cohesion, and enhance adaptive capacity. Strengthening policies and
governance mechanisms related to fisheries management and climate change adaptation is essential for effective
adaptation. This includes integrating climate change considerations into fisheries management plans, improving
access to finance and insurance for vulnerable communities, and enhancing coordination among relevant
stakeholders at the local, national, and regional levels.

By implementing these adaptation strategies in a holistic and integrated manner, it is possible to enhance the
resilience of Indian major carps and fisheries communities to the impacts of climate change, thereby

safeguarding livelihoods, food security, and ecosystem health for present and future generations.

Conclusion

In conclusion, integrating fisheries and aquaculture into national climate change adaptation strategies is crucial.
Without thoughtful planning, these vital ecosystems could suffer from measures taken by other sectors, such as
the construction of dams, coastal defenses, or marine wind farms. Addressing mitigation solutions requires
innovative approaches, like the recent focus on mangrove conservation. The Ecosystem Approach to
Aquaculture (EAA) is pivotal, aiming to incorporate aquaculture within the broader ecosystem framework. This
approach involves engaging a diverse range of stakeholders and considering interconnected processes
comprehensively. Furthermore, it's essential for both developed and rapidly developing countries to devise
strategies to mitigate greenhouse gas emissions. Countries like India can benefit from adopting energy-saving
technologies and increasing forestation efforts. Emphasizing the use of renewable energy sources such as solar
and wind is also crucial. In essence, understanding the vulnerability of fisheries and aquaculture to climate
change and enhancing their adaptive capacity are imperative tasks. This necessitates thorough research and the

implementation of effective measures to navigate climate variability and extremes effectively.

Summary

In summary, climate change poses significant threats to freshwater ecosystems, with far-reaching implications
for water resources, biodiversity, and ecosystem services. Understanding the mechanisms of climate change and
implementing effective mitigation and adaptation measures are essential for safeguarding the health and

resilience of freshwater ecosystems in the face of ongoing environmental challenges.
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