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ABSTRACT

Environmental sustainability has emerged as a central concern in the global
aquaculture industry, particularly in developing countries like Nigeria where fish
farming plays a critical role in food security and rural livelihoods. This review
critically examines existing literature on the interrelationship between
environmental sustainability practices and livelihood development in Nigeria’s fish
farming sector. It explores how environmentally responsible aquaculture
techniques—such as water quality management, waste control, biodiversity
conservation, and eco-friendly feed use—impact income generation, employment
opportunities, and resilience among fish farmers. Despite the sector’s growing
contribution to the national economy, unsustainable practices remain widespread,
leading to ecosystem degradation and productivity decline. The review identifies
key drivers and barriers to sustainable fish farming and highlights the policy,
institutional, and technological interventions needed to foster eco-conscious
aquaculture. It also assesses how the adoption of sustainable methods can
strengthen the socio-economic wellbeing of farmers and contribute to long-term
rural development. Findings suggest that while awareness of sustainability
principles is increasing, their adoption remains limited due to financial constraints,
knowledge gaps, and weak policy enforcement. The review calls for more
integrated approaches that align environmental goals with livelihood improvement
strategies. This study contributes to ongoing discourse on sustainable food systems
and offers recommendations for policy, research, and practice aimed at achieving a
balance between ecological integrity and socio-economic development in Nigeria's
aquaculture sector.

INTRODUCTION

Background of the Study

The Nigerian fish farming sector has experienced significant growth over the past two decades,
driven by increasing demand for animal protein, declining capture fisheries, and the need to
boost local food production. Aquaculture now plays a vital role in meeting the protein needs of
Nigeria’s growing population, while also serving as a major source of employment and income
for rural and peri-urban communities. However, this rapid expansion has raised concerns about
the environmental sustainability of fish farming practices across the country.

Fish farming, if poorly managed, can lead to adverse environmental impacts such as water
pollution, overuse of antibiotics, biodiversity loss, and habitat degradation. These issues not
only undermine ecological balance but also threaten the long-term viability of fish farming as a
livelihood source. As environmental resources become strained, the socio-economic benefits of
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aquaculture may diminish, affecting the incomes, food security, and resilience of fish farming
households.

In this context, the need to adopt sustainable aquaculture practices that protect the
environment while enhancing livelihoods has become more urgent. The concept of
environmental sustainability in aquaculture involves implementing eco-friendly production
techniques, improving water and waste management, and ensuring the conservation of aquatic
ecosystems. On the other hand, livelihood development refers to the improvement of income,
employment, food security, and overall wellbeing of individuals and communities involved in
fish farming.

This study reviews the existing body of literature to explore the nexus between environmental
sustainability and livelihood development in Nigeria’s fish farming sector. By synthesizing
current research, it seeks to identify best practices, challenges, and policy gaps, and to provide
guidance on how Nigeria can promote a more sustainable and inclusive aquaculture industry.

Statement of the Problem

Nigeria’s fish farming sector has become a critical component of national food security,
employment generation, and rural economic development. However, the rapid intensification
of aquaculture activities has often occurred with minimal attention to environmental
sustainability. Unsustainable fish farming practices—such as poor water quality management,
excessive use of antibiotics, improper waste disposal, and the destruction of natural habitats—
have contributed to environmental degradation, reduced fish productivity, and increased
vulnerability of ecosystems. These environmental issues, if left unaddressed, pose serious
threats to the long-term viability of aquaculture as a livelihood source.

At the same time, many small-scale fish farmers in Nigeria continue to face challenges such as
low productivity, high input costs, poor access to environmentally friendly technologies, and
weak institutional support. While efforts have been made by government agencies, research
institutions, and NGOs to promote sustainable aquaculture practices, there is a noticeable gap
in the integration of environmental sustainability principles with livelihood development
strategies.

Existing literature has examined either the environmental impact of fish farming or the
economic benefits to farmers, but few studies have systematically reviewed how the two
dimensions intersect. There is limited evidence on how environmentally sustainable practices
can simultaneously enhance the livelihoods of fish farmers and ensure ecological protection.
This lack of comprehensive understanding hinders the design of policies and interventions that
could promote a balanced, resilient, and inclusive fish farming sector in Nigeria.

Therefore, a critical review is needed to explore the nexus between environmental
sustainability and livelihood development in Nigeria’s fish farming sector. Such a review will
help bridge the knowledge gap, inform policy decisions, and support the development of
sustainable aquaculture models that align environmental protection with socio-economic
empowerment.
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The specific objectives of this study are to review existing literature on environmental
sustainability practices in Nigeria’s fish farming sector, assess the socio-economic impact of fish
farming on the livelihoods of individuals and communities involved in the sector, examine the
interrelationship between sustainable environmental practices and livelihood development
among fish farmers, identify challenges and barriers to the adoption of environmentally
sustainable aquaculture practices in Nigeria, highlight best practices and innovations that
promote both ecological sustainability and livelihood enhancement and, provide policy and
research recommendations for improving environmental and socio-economic outcomes in
Nigeria's aquaculture sector.

Justification of the Study

The relevance of this study lies in the dual importance of environmental conservation and
socio-economic development within the fish farming industry in Nigeria. As aquaculture
expands to meet rising food demand and economic needs, it becomes imperative to ensure that
growth does not come at the cost of ecological degradation. Unsustainable practices have led to
pollution, habitat loss, and declining water quality, all of which threaten the long-term
productivity of fish farms and the well-being of dependent communities.

Moreover, fish farming has become a lifeline for many Nigerians, particularly in rural and semi-
urban areas, where it provides jobs, income, and a source of affordable protein. However, the
full potential of this sector is often undermined by inadequate environmental management,
poor infrastructure, and limited access to sustainable technologies and practices. Without
integrating sustainability into aquaculture operations, farmers are exposed to increased risks,
including disease outbreaks, reduced yields, and income instability.

This study is therefore justified as it seeks to fill a critical gap in literature by reviewing the
intersection between environmental sustainability and livelihood development in the Nigerian
context. By synthesizing insights from past research, the study will offer a deeper
understanding of how eco-friendly fish farming practices can lead to better socio-economic
outcomes. It will also serve as a valuable resource for policymakers, researchers, development
partners, and practitioners seeking to design holistic interventions that balance environmental
stewardship with economic growth.

Ultimately, the findings will contribute to shaping more resilient, productive, and sustainable
fish farming systems in Nigeria—thereby supporting national goals in agriculture, poverty
alleviation, environmental protection, and food security.

LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK
Literature Review
Fish farming, also known as aquaculture, has become an increasingly important component of
Nigeria’s agricultural sector, contributing significantly to national food security, employment
generation, and rural development (Adeleke, Yusuf, & Omotayo, 2020). However, as fish
farming expands, concerns over its environmental sustainability and the implications for long-
term livelihood development have intensified. A critical examination of existing literature
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reveals a dynamic interplay between sustainable environmental practices and socio-economic
advancement in Nigeria’s aquaculture landscape.

Environmental sustainability in fish farming refers to the application of eco-friendly practices
that preserve natural resources and prevent ecological degradation. According to Adewumi,
Ayodele, and Oyekunle (2022), the failure to adopt sustainable methods such as proper effluent
management, water quality monitoring, and the use of organic feed has led to negative
environmental consequences. These include pollution of freshwater bodies, loss of aquatic
biodiversity, and eutrophication—all of which undermine the long-term viability of fish farms.
Lawal, Omolayo, and Salami (2023) affirm that these environmental risks are more pronounced
in regions where smallholder farmers dominate the aquaculture value chain and where
regulatory enforcement is weak.

Several studies emphasize the benefits of adopting environmentally responsible fish farming
methods. Integrated systems like aquaponics, biofloc technology, and the use of renewable
energy (e.g., solar-powered aerators) have demonstrated success in reducing waste and
improving production efficiency (Akinyemi & Bello, 2024). Eze and Udofia (2020) highlight that
farms adopting such technologies not only safeguard ecosystems but also realize higher yields,
lower mortality rates, and better financial returns over time.

On the livelihood side, fish farming has proven to be a reliable income-generating activity for
rural households. It supports job creation, enhances nutritional intake, and empowers
marginalized groups including women and youth (Onuoha & Etim, 2022; Musa & Salisu, 2023).
However, the literature indicates that sustainability-oriented fish farms enjoy more stable and
diversified income streams compared to their counterparts employing conventional, high-
impact methods (Okafor & Obasi, 2021). These farms often command premium prices in the
market due to better product quality and compliance with safety standards.

Despite the clear advantages, barriers to the widespread adoption of sustainable practices
persist. Studies by Oluwatosin, Ogundipe, and Afolabi (2021) and Nwachukwu, Obasi, and
Okeke (2020) identify key challenges such as limited access to capital, poor extension services,
low technical know-how, and inadequate policy implementation. Although Nigeria has adopted
national frameworks that advocate sustainable aquaculture (e.g., the National Aquaculture
Strategy), their operationalization remains limited, especially in rural communities where most
fish farmers reside.

Institutional and policy support plays a crucial role in bridging the gap between environmental
goals and livelihood development. The effectiveness of regulatory bodies like the Federal
Department of Fisheries has been called into question due to logistical and funding constraints
(Bello, Odusanya, & Olanrewaju, 2023). Strengthening these institutions and fostering public-
private partnerships could help provide the necessary infrastructure, training, and incentives
to encourage sustainability among fish farmers.

Technological innovation also emerges as a vital catalyst in the literature. loT-based monitoring
systems, mobile extension platforms, and digital marketplaces are enabling fish farmers to
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make real-time decisions and access broader markets (Ajayi, Akinyemi, & Adebayo, 2023).
However, adoption remains uneven, and disparities in digital literacy and infrastructure
continue to limit the impact of these innovations.

In conclusion, existing literature underscores a strong and positive relationship between
environmental sustainability and livelihood development in Nigeria’s fish farming sector.
Sustainable aquaculture practices are not only crucial for ecological preservation but also for
ensuring the socio-economic resilience of farming households. Addressing institutional,
financial, and technological barriers will be critical to fostering a more sustainable and inclusive
fish farming industry in Nigeria.

Theoretical Framework
The theoretical framework underpinning this study is built upon two interrelated theories:
Environmental Sustainability Theory and the Sustainable Livelihoods Framework (SLF).

Environmental Sustainability Theory posits that the responsible management of natural
resources is essential for the long-term stability of ecological systems and human development.
In the context of fish farming, this theory emphasizes the importance of maintaining water
quality, preserving biodiversity, and minimizing ecological harm through sustainable
aquaculture practices. Practices such as efficient water use, eco-friendly feed inputs, and proper
waste management are central to sustaining fish stocks and aquatic ecosystems.

The Sustainable Livelihoods Framework (SLF), developed by DFID, provides a
multidimensional lens to evaluate how individuals and communities use their asset base—
comprising natural, human, physical, social, and financial capital—to achieve better livelihood
outcomes. In fish farming, sustainable environmental practices enhance natural capital, which
in turn positively influences other forms of capital, leading to improved income, food security,
and resilience.

By linking these two theories, this study explores how environmentally sustainable fish farming
not only protects ecological integrity but also strengthens the socio-economic well-being of fish
farmers in Nigeria. The theoretical framework thus establishes a foundation for assessing the
dual benefits of sustainability and livelihood development in the aquaculture sector.

Conceptual Framework

The conceptual framework for this study is anchored on the integration of environmental
sustainability theory and the Sustainable Livelihoods Framework (SLF), providing a
comprehensive lens through which the interplay between environmentally conscious
aquaculture practices and livelihood outcomes in Nigeria’s fish farming sector can be examined.
Environmental sustainability theory emphasizes the need to manage natural resources in a way
that does not compromise the ecological integrity of future generations. Within the aquaculture
context, this involves promoting farming techniques that maintain the health of aquatic
ecosystems, mitigate environmental degradation, and ensure the long-term viability of water-
based food production. Practices such as efficient water use, responsible feed management,
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minimal chemical inputs, appropriate waste disposal, and biodiversity conservation form the
foundation of sustainable fish farming.

These practices are not only ecological imperatives but also economic enablers. A clean and
balanced aquatic environment contributes directly to improved fish health, higher yields, lower
disease prevalence, and overall improved production outcomes. Consequently, environmental
sustainability in fish farming becomes a critical determinant of long-term productivity and
profitability.

The Sustainable Livelihoods Framework (SLF), developed by the UK Department for
International Development (DFID), offers a holistic model for understanding how individuals
and communities use and enhance their resource base to sustain their well-being. According to
the SLF, livelihood sustainability depends on access to five key forms of capital:
1. Natural Capital - access to quality natural resources (e.g., clean water, fertile ponds, and
biodiversity),
2. Human Capital - skills, knowledge, and health enabling effective labor,
3. Physical Capital - infrastructures such as ponds, hatcheries, aeration systems, and
water-testing Kkits,
4. Financial Capital - income, credit, and savings that support investments and buffer
against risks,
5. Social Capital - networks, group membership, and institutional linkages that provide
social safety nets and access to information.

Environmentally sustainable fish farming contributes to strengthening these livelihood assets.
For instance, sustainable practices help preserve natural capital by protecting water quality
and aquatic life. When fish farmers receive training and access to innovation, their human
capital improves. Investment in better equipment and infrastructure enhances physical capital,
while increased productivity and profitability bolster financial capital. Participation in
cooperatives or extension networks enhances social capital, facilitating knowledge-sharing and
collective action.

The framework also acknowledges the role of external influences such as policy environment,
market access, technology diffusion, and climatic conditions, which mediate the relationship
between sustainable practices and livelihood outcomes. These contextual factors either enable
or hinder farmers' capacity to adopt and benefit from environmentally sustainable approaches.
In essence, this framework proposes a cyclical and reinforcing relationship: environmentally
sustainable aquaculture practices contribute to ecosystem health, which in turn supports stable
and resilient fish farming systems, thereby improving livelihood outcomes across the five
capitals. Simultaneously, improved livelihoods provide the resources and incentives for
farmers to continue or enhance sustainable practices, creating a virtuous cycle of
environmental and socio-economic gains.

By adopting this integrated conceptual framework, the study aims to investigate not only the
direct environmental and economic outcomes of sustainable fish farming but also the broader
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development implications-especially in enhancing food security, reducing poverty, and
building resilience among fish-farming households in Nigeria.

METHODOLOGY

Study Area

The study is focused on Nigeria, a West African country with abundant inland water bodies,
wetlands, and favorable climatic conditions that support aquaculture. Nigeria is the largest
producer of aquaculture fish in sub-Saharan Africa, with catfish (Clarias gariepinus) being the
most commonly farmed species. Fish farming is predominantly practiced in states such as Ogun,
Oyo, Lagos, Delta, Rivers, Anambra, and Kaduna, where access to water resources and proximity
to markets facilitate commercial production.

The sector plays a critical role in employment generation, rural development, food security, and
income enhancement, particularly for smallholder farmers. However, environmental
challenges such as pollution, poor waste management, overuse of antibiotics, and unregulated
expansion threaten the sustainability of fish farming in these regions. As a result, balancing
environmental sustainability with livelihood development is crucial for long-term productivity
and resilience in the sector.

Given Nigeria’s diverse ecological zones—from the rainforest belt in the South to the savannah
regions in the North—the study takes a nationwide perspective, drawing from various
geographic, socio-economic, and ecological contexts to understand the interplay between
environmental sustainability and livelihood outcomes in fish farming.

Data Collection
Sources Academic journals, government and NGO reports, policy documents, theses, and
reputable online databases (e.g., Scopus, Web of Science, Google Scholar, ResearchGate). Search

Terms: "fish farming in Nigeria", "aquaculture and sustainability"”, "livelihood development and
fish farming", "environmental management in aquaculture”, "sustainable aquaculture Nigeria"“,
Inclusion Criteria: Studies published between 2015 and 2025, with a focus on Nigeria. Peer-
reviewed articles and grey literature relevant to the topic. Studies that address both

environmental and livelihood dimensions of fish farming.

Data Collection

As this study adopts a critical review approach, data were collected through a systematic review
of existing literature using a transparent and replicable process. Relevant academic databases
including Google Scholar, Scopus, ScienceDirect, ]STOR, PubMed, and ResearchGate were
searched extensively. The keywords used in the search included “environmental
sustainability,” “fish farming,” “aquaculture,” “livelihood,” “Nigeria,” and “sustainable
aquaculture practices.”

The review focused on peer-reviewed journal articles, government reports, policy briefs, and
technical publications published between 2020 and 2025. Only studies that addressed the
Nigerian context or provided significant insights applicable to fish farming in Nigeria were
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considered. Studies published before 2020 or those not related to the core themes of
sustainability and livelihoods were excluded from the review.

An initial pool of over 150 documents was screened based on abstracts and relevance, and
further narrowed through full-text analysis. This process yielded approximately 60 high-
quality studies that formed the basis of the critical review. From these documents, key data
points were extracted, including study objectives, methodologies, outcomes, and conclusions.
The extracted information was thematically categorized to highlight major areas such as
sustainable environmental practices, economic impact on farmers, policy implementation,
innovation, and livelihood outcomes.

To ensure reliability and validity, each study was evaluated for its methodological soundness,
relevance to the Nigerian fish farming sector, and the strength of its findings. This structured
and systematic data collection process provided a solid foundation for analyzing the
relationship between environmental sustainability and livelihood development in Nigeria’s fish
farming industry.

RESULT AND DISCUSSION

The systematic review of literature indicates a growing consensus that environmentally
sustainable practices in fish farming are critical to improving the livelihoods of Nigerian
aquaculture stakeholders. Despite the increasing attention to sustainable aquaculture, actual
adoption of practices such as biofloc systems, integrated aquaculture, proper pond waste
disposal, and the use of organic feed remains limited, especially among rural and smallholder
fish farmers. Studies such as Adewumi et al. (2022) and Okafor and Obasi (2021) highlight low-
to-moderate levels of adoption, citing cost, lack of access to credit facilities, inadequate training,
and limited awareness as primary barriers.

The consequences of unsustainable aquaculture practices are increasingly evident across
Nigeria. Unregulated waste discharge, use of chemical-based feeds, overfeeding, and poor
effluent management have been linked to significant water pollution and ecosystem
degradation. According to Lawal et al. (2023), these issues contribute to reduced fish yield,
increased disease outbreaks, and compromised food safety. Nwachukwu et al. (2020) also
document the negative effects of aquaculture runoff on adjacent water bodies, including
biodiversity loss and changes in aquatic habitats. These environmental damages not only affect
local ecosystems but also undermine the long-term economic viability of fish farms.

Fish farming continues to play a vital role in livelihood enhancement, especially in rural Nigeria.
It serves as a major source of employment, income generation, and food security. Musa and
Salisu (2023) emphasize its potential in reducing rural poverty and empowering women and
youth across value chains such as hatchery operations, feed production, and fish marketing.
However, findings from recent studies suggest that farmers who adopt more environmentally
sustainable practices tend to report better outcomes in terms of fish health, yield, and
profitability. Onuoha and Etim (2022) observe that sustainable systems such as aquaponics and
biofloc tend to reduce input costs over time while improving feed efficiency and survival rates,
ultimately strengthening farmers’ resilience and income.
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Policy and institutional dynamics play a significant role in shaping sustainability outcomes.
Although Nigeria has developed several policies promoting sustainable aquaculture—such as
the National Aquaculture Strategy and the National Environmental Standards—their
implementation has been weak due to poor inter-agency coordination, limited funding, and
minimal enforcement mechanisms. Oluwatosin et al. (2021) argue that many fish farmers
operate outside the formal regulatory framework, missing out on government support and
information that could enhance their productivity and sustainability. In addition, the
inadequate presence of aquaculture extension agents across the country limits farmers’ access
to innovations and best practices.

Technology and innovation are slowly emerging as game changers in Nigeria’s fish farming
sector. Innovations like solar-powered aerators, smart water monitoring sensors, and mobile
apps for farm management are being piloted with success in selected regions. Akinyemi and
Bello (2024 ) report that farms using loT-enabled water quality sensors experienced lower fish
mortality rates and improved growth performance due to better environmental control.
However, despite the benefits, uptake of such technologies remains low due to affordability
issues and lack of technical know-how. Ajayi et al. (2023) report that less than 15% of Nigerian
fish farmers are using precision aquaculture tools, reflecting the digital divide that continues to
limit progress in the sector.

An overarching insight from the literature is the clear and positive nexus between
environmental sustainability and improved livelihoods in fish farming. Eze and Udofia (2020)
emphasize that environmentally responsible practices contribute to ecosystem stability,
reduce production risks, and promote consistent yields, all of which enhance the economic
sustainability of fish farms. Bello et al. (2023) affirm that fish farmers who adopt sustainable
approaches are more resilient to shocks, have better access to markets, and experience higher
levels of long-term profitability. This synergy between environmental stewardship and
livelihood development provides a compelling case for integrating sustainability into
mainstream aquaculture practices in Nigeria.

CONCLUSION
This review has critically examined the interrelationship between environmental sustainability
and livelihood development in Nigeria's fish farming sector. The findings demonstrate that
while fish farming continues to play a crucial role in income generation, food security, and rural
employment, its long-term viability is threatened by environmentally unsustainable practices.
I[ssues such as poor water quality management, indiscriminate waste disposal, and excessive
use of chemical inputs not only degrade aquatic ecosystems but also reduce fish yields and
increase the vulnerability of fish farmers to income shocks. Conversely, fish farmers who adopt
sustainable aquaculture practices tend to enjoy more stable incomes, reduced operational risks,
and improved long-term productivity. However, adoption remains low, largely due to limited
access to education, lack of institutional support, insufficient funding, and poor implementation
of environmental policies. A key insight from the literature is that sustainability and livelihood
improvements are not mutually exclusive; rather, they reinforce each other when enabled by
supportive policies, innovative technologies, and capacity-building initiatives. Thus, achieving
sustainable fish farming in Nigeria requires a coordinated effort from policymakers,
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researchers, development agencies, and the private sector to create an enabling environment
for both environmental stewardship and socio-economic growth.
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