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Abstract: Aquaculture and capture fisheries 

are important to Nigeria’s food security, 

employment generation, income 

diversification, and rural economic 

development. Nevertheless, their contribution 

to sustainable development is constrained by 

high production costs, inefficient resource 

utilization, inadequate post-harvest 

infrastructure, limited access to affordable 

finance, environmental degradation, climate-

related risks, and fragmented institutional 

support. This paper presents an integrative 

review of sustainable aquaculture and fisheries 

development in Nigeria, drawing on the 

literature on production efficiency, fish 

nutrition, fisheries management, value chain 

development, financial inclusion, 

environmental sustainability, agricultural 

extension, and digital innovation. The review 

synthesizes Nigerian empirical studies with 

established international guidance and recent 

research on aquatic food systems and fish value 

chains. The literature indicates that production 

efficiency, market access, financing, 

environmental protection, and institutional 

capacity are interdependent determinants of 

sectoral performance. Improved feeding 

practices and farm management may increase 

productivity, but their economic benefits can be 

weakened by high energy costs, inadequate 

preservation facilities, market inefficiencies, 

and limited working capital. Similarly, 

fisheries productivity cannot be sustained 

without responsible resource management and 

protection of aquatic ecosystems. The paper 

develops an integrated framework linking 

production efficiency, value-chain upgrading, 

financial inclusion, environmental resilience, 

and institutional coordination. Two analytical 

tables summarize the major constraints, 

supporting evidence, intervention priorities, 

and proposed performance indicators. Two 

conceptual figures illustrate the relationships 

among development components and a phased 

implementation pathway. The review 

recommends coordinated investments in 

efficient production systems, fish processing 

and distribution, appropriate financial 

services, ecosystem protection, digital 

extension, and participatory governance. It 

concludes that sustainable development 

requires a transition from isolated production-

oriented interventions to an inclusive, 

resource-efficient, and environmentally 

responsible aquatic food system. 
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1.0  Introduction 

Aquaculture and capture fisheries contribute to 

food and nutrition security, employment, 

income generation, and economic development 

in Nigeria. Their importance extends beyond 

fish production because the sector supports a 

broad network of input suppliers, fish farmers, 

artisanal fishers, processors, transporters, 

wholesalers, retailers, financial institutions, 

and consumers. Consequently, the performance 

of fisheries and aquaculture depends on the 

interaction of production, processing, 
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distribution, finance, environmental 

management, and institutional arrangements. 

The global significance of aquatic food systems 

has been emphasized by the Food and 

Agriculture Organization of the United Nations 

(FAO, 2024), which identifies sustainable 

aquaculture expansion, effective fisheries 

management, and improved aquatic food value 

chains as important priorities for food security 

and sustainable development. The High Level 

Panel of Experts on Food Security and 

Nutrition (HLPE, 2014) similarly emphasizes 

the need to connect fisheries sustainability with 

nutrition, livelihoods, equitable access to food, 

and the management of environmental risks. 

These priorities are particularly relevant to 

Nigeria, where increasing demand for fish 

creates opportunities for domestic production 

while placing pressure on producers, aquatic 

resources, and fish distribution systems. 

Nigeria has an established aquaculture sector, 

particularly in the production of African 

catfish, alongside extensive inland and coastal 

capture fisheries. However, production 

potential does not automatically translate into 

economic viability or sustainable livelihoods. 

Olagunju et al. (2024), in a study of 609 

randomly sampled farms covering 1,118 farm 

operations, examined profitability strategies in 

Nigerian catfish aquaculture during periods of 

economic distress and the COVID-19 

pandemic. Their findings highlight the 

relevance of operating scale, experience, 

market orientation, cost management, and 

production strategies to enterprise resilience. 

These factors demonstrate that productivity 

must be assessed alongside financial 

performance and the ability of enterprises to 

withstand economic shocks. 

Production constraints include the cost and 

quality of feed, the availability of fingerlings, 

access to appropriate technologies, unreliable 

electricity, inadequate capital, and differences 

in farm-management capacity. Reviews of 

aquaculture systems in Nigeria and Egypt 

identify high feed costs, inadequate fingerling 

supply, and limited technology adoption among 

the challenges affecting sectoral development 

(El-Sayed & Fitzsimmons, 2021). Research on 

fish farmers in the Niger Delta also identifies 

production, marketing, and technological 

constraints as important influences on 

aquaculture performance (Solomon & Inyang, 

2007). These challenges suggest that 

interventions focusing exclusively on 

increasing the number of farms or expanding 

production capacity may be insufficient unless 

they also address the cost and reliability of 

essential inputs. 

The challenge continues beyond production. 

Fish is perishable, and its market value depends 

on handling, preservation, storage, 

transportation, processing, and consumer 

preferences. Liverpool-Tasie et al. (2024), 

examining aquatic food value chains in Ebonyi, 

Kebbi, and Oyo States, demonstrate the 

importance of considering multiple value-chain 

segments together. Their analysis shows that 

the organization of Nigerian aquatic food value 

chains is dynamic and involves numerous small 

and medium-sized enterprises, while 

infrastructure constraints, input-market 

difficulties, and food-safety concerns remain 

important development issues. The FAO’s 

(2023) analysis of Nigeria’s catfish aquaculture 

value chain also provides a basis for connecting 

value-chain performance with sustainability, 

resilience, and upgrading strategies. 

Financial inclusion is another central 

consideration. Aquaculture and fisheries 

enterprises require capital for production 

inputs, infrastructure, equipment, processing, 

storage, transportation, and market expansion. 

Access to credit, however, must be considered 

alongside repayment capacity, investment risk, 

enterprise management, and market conditions. 

Research on loan repayment among Nigerian 

fish farmers and the contribution of 

microfinance to economic development 

provides a foundation for examining the 

relationship between finance and agricultural 
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enterprise performance (Adinya et al., 2012; 

Kaine & Awolumate, 2017). 

Environmental sustainability is equally 

important. Aquatic food production depends on 

water quality, habitat integrity, viable fish 

populations, and the responsible management 

of natural resources. Pollution, overfishing, 

habitat alteration, and climate-related pressures 

can reduce production potential and undermine 

fishing-dependent livelihoods. The FAO 

(2010) therefore recommends an ecosystem 

approach to aquaculture that considers 

ecological, social, and economic interactions 

and incorporates stakeholder participation into 

planning and management. For Nigeria, this 

perspective implies that aquaculture expansion 

and fisheries development should be assessed 

in relation to their effects on surrounding 

ecosystems and communities. 

Institutional support connects these 

dimensions. Extension services, research 

institutions, digital communication, financial 

organizations, producer associations, and 

government agencies influence the availability 

of technical knowledge, investment resources, 

market information, and environmental 

safeguards. Research on agricultural extension 

and information technology in Nigerian 

fisheries highlights the importance of effective 

communication and institutional arrangements 

in improving farmers’ access to information 

(Awolumate & Omosola, 2017; Mundi et al., 

2024). 

Although these themes are frequently 

examined separately, their practical 

implications are interdependent. Increased fish 

production may not improve profitability if 

transport and processing costs remain 

excessive. Affordable credit may have limited 

impact if farmers cannot obtain quality inputs 

or access reliable markets. Digital market 

information may be ineffective where users 

lack connectivity, digital literacy, or the ability 

to respond to changing prices. Similarly, 

environmental protection measures may be 

difficult to sustain if fishing households lack 

viable alternative livelihoods. 

This paper therefore examines sustainable 

aquaculture and fisheries development in 

Nigeria through an integrated perspective. 

Specifically, it reviews production efficiency 

and fisheries resource management; evaluates 

processing, marketing, and value-chain 

development; examines financial inclusion and 

enterprise support; discusses environmental 

resilience and institutional capacity; and 

proposes an integrated framework for 

coordinating interventions. The paper 

contributes a conceptual synthesis that 

connects these dimensions and identifies 

priorities for research, policy, and practical 

implementation. 

2. 0 Materials and Methods 

2.1 Review design 

The study adopted an integrative narrative 

review design. This approach was considered 

appropriate because the available literature 

encompasses different research methods and 

disciplinary perspectives, including 

aquaculture economics, fish nutrition, fisheries 

biology, environmental management, 

agricultural extension, financial inclusion, and 

value-chain analysis. 

The primary literature base was the reference 

compilation supplied for the study. Additional 

publications were selected from verifiable 

scholarly and institutional sources to 

strengthen the discussion of aquatic food 

systems, Nigerian aquaculture, fisheries 

governance, and value-chain sustainability. 

These supplementary sources included FAO 

technical guidance, an FAO assessment of 

Nigeria’s catfish aquaculture value chain, peer-

reviewed studies of Nigerian aquatic food 

value chains, and empirical research on catfish-

farm profitability. 

2.2 Literature selection and thematic 

classification 

Literature was organized into five analytical 

themes: 
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1. Production and resource efficiency: 

aquaculture systems, input utilization, 

feed management, farm profitability, 

and capture fisheries productivity. 

2. Value-chain development: fish 

handling, preservation, processing, 

transportation, market information, 

food safety, and enterprise 

performance. 

3. Financial inclusion and 

entrepreneurship: credit access, 

repayment capacity, cooperative 

organizations, business development, 

and investment. 

4. Environmental sustainability and 

resilience: water quality, pollution, 

habitat protection, fisheries resource 

management, and climate-related 

vulnerability. 

5. Institutional support and innovation: 

agricultural extension, digital 

communication, education, research, 

governance, and inter-organizational 

coordination. 

Publications were considered relevant when 

their subject matter directly informed at least 

one of these themes. Studies were interpreted 

according to their reported scope and 

geographical context. Findings from a 

particular farm, species, state, or production 

system were not assumed to apply universally 

to all Nigerian fisheries and aquaculture 

enterprises. 
 

2.3 Synthesis procedure 
 

The review compared the selected literature 

conceptually to identify recurring constraints, 

complementary interventions, and implications 

for sustainable development. Evidence was 

synthesized into two analytical tables: one 

summarizing the major development 

dimensions and supporting literature, and 

another proposing implementation priorities 

and monitoring indicators. Two conceptual 

figures were developed to illustrate the 

proposed relationships among production, 

markets, finance, environmental management, 

and institutional support. 

The tables and figures represent the authors’ 

synthesis rather than original empirical 

measurements. No pooled statistical estimates 

were calculated, and no new field data were 

collected. 

2.4 Methodological limitations 

The study should be interpreted as an 

integrative narrative review rather than a 

systematic review. The supplied bibliography 

was not accompanied by a complete search log, 

predefined database-search protocol, 

standardized study-extraction forms, or a 

formal risk-of-bias assessment. The review 

therefore does not claim exhaustive coverage 

of all published research on Nigerian fisheries 

and aquaculture. In addition, bibliographic 

details for some user-supplied publications 

require confirmation against the original 

articles before final journal submission. 

3. Results and Discussion 

3.1 Aquaculture productivity and resource-

use efficiency 

Aquaculture productivity depends on the 

effective combination of feed, fingerlings, 

labour, water, energy, infrastructure, and 

management. A sustainable productivity 

strategy must therefore improve output relative 

to the resources used while maintaining 

appropriate fish-health and environmental 

conditions. 

Research on Nigerian aquaculture systems 

indicates that production performance is 

influenced by input availability, operating 

costs, technical capacity, and farm organization 

(El-Sayed & Fitzsimmons, 2021; Solomon & 

Inyang, 2007). Differences in farm scale and 

management practices can also influence 

enterprise profitability. Olagunju et al. (2024) 

demonstrate that profitability in Nigerian 

catfish aquaculture is associated with operating 

scale, experience, target markets, pond 

characteristics, and strategies for managing 

economic shocks. These findings reinforce the 
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need to evaluate production decisions within 

their broader financial and market context. 

Feed management is particularly important 

because feed expenditure can constitute a 

major component of the operating costs of 

intensive aquaculture. The supplied literature 

includes studies examining lysine- and 

methionine-supplemented diets, alternative 

feed ingredients, nutrient retention, and growth 

performance in cultured fish (Agbo & 

Awolumate, 2026; Awolumate & Agbo, 2025). 

Such research is relevant to efforts to improve 

nutrient utilization and identify suitable locally 

available feed ingredients. However, the 

commercial suitability of alternative diets 

depends on their nutritional adequacy, 

digestibility, consistency, cost, and effects on 

fish health. Results obtained under controlled 

experimental conditions should therefore be 

evaluated before recommendations are 

extended to farms operating under different 

conditions. 

Farm management practices are also important. 

Appropriate stocking densities, feeding 

schedules, water-quality monitoring, mortality 

records, biosecurity, and financial record-

keeping can help farmers identify inefficiencies 

and manage production risks. Research on the 

adoption of fish-farming technologies in 

Obio/Akpor Local Government Area, Rivers 

State, identifies the cost of improved 

technologies, inadequate capital, unreliable 

electricity, and limited access to credit as 

constraints affecting technology adoption 

(Ogunremi & Olatunji, 2020). These 

constraints illustrate why technology 

promotion must be accompanied by financial 

and infrastructure support. 

Energy reliability is particularly relevant to 

systems that depend on pumping, aeration, 

water circulation, or temperature control. 

Where electricity is unreliable, the cost of 

backup power may influence production 

decisions and reduce profitability. Investments 

in intensive systems should therefore be 

preceded by technical and financial 

assessments that consider energy requirements, 

water availability, operating costs, and the 

capacity of farmers to maintain equipment. 

Capture fisheries require a different but 

complementary approach. Productivity 

depends on fish-stock conditions, habitat 

quality, fishing effort, and the sustainability of 

harvesting practices. Research on the 

maximum sustainable yield of artisanal 

fisheries resources in the Niger and Benue river 

systems provides a relevant foundation for 

understanding the relationship between fishing 

pressure and long-term resource availability 

(Awolumate et al., 2018). Management 

strategies should combine resource assessment, 

responsible fishing practices, local 

participation, and improved handling 

infrastructure. 

The overall implication is that productivity 

should not be measured solely by the volume 

of fish produced or caught. It should also be 

assessed through resource-use efficiency, 

profitability, fish quality, environmental 

performance, and the capacity of enterprises 

and communities to sustain production over 

time. 

3.2 Value-chain development and market 

performance 

Aquatic food value chains connect production 

and harvesting to processing, transportation, 

wholesale and retail distribution, and 

consumption. The economic performance of 

the sector depends on the efficiency of these 

connections and the distribution of costs, risks, 

and benefits among participants. 

Liverpool-Tasie et al. (2024) provide important 

evidence on the dynamic nature of aquatic food 

value chains in Nigeria. Their analysis of three 

states demonstrates that value-chain actors 

respond to market imperfections and unreliable 

input supplies through varied business 

arrangements, including partial vertical 

integration. These arrangements can help 

enterprises manage risks associated with 

procurement and marketing, although they may 

also increase the range of activities that 
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individual businesses must finance and 

manage. 

The FAO (2023) catfish value-chain 

assessment similarly highlights the importance 

of analyzing the functions, sustainability, and 

resilience of the entire value chain rather than 

focusing on farm production alone. This 

perspective is essential because the cost of 

inputs, quality of harvested fish, processing 

options, transport expenses, and market 

demand jointly influence final product prices 

and profitability. 

Post-harvest handling is a major consideration 

because fish deteriorates rapidly under 

unsuitable storage and handling conditions. 

Losses may arise from delayed processing, 

inadequate cold storage, poor hygiene, damage 

during transportation, or the inability to sell 

fish at the time of harvest. These problems can 

reduce the quality and market value of fish 

even when production has been successful. The 

FAO’s work on post-harvest losses in small-

scale fisheries emphasizes the importance of 

identifying the causes of losses and selecting 

interventions appropriate to the relevant 

fisheries and market settings (FAO, 2011). 

Processing technologies such as smoking, 

drying, freezing, and improved packaging can 

extend the period during which fish remains 

marketable. However, their suitability depends 

on capital requirements, energy costs, labour, 

food safety, product quality, and consumer 

preferences. Research on smoked and dried 

fish marketing in Lagos State illustrates the 

importance of enterprise profitability and the 

challenges faced by downstream value-chain 

participants (Awolumate et al., 2022). 

Financial constraints affecting small-scale fish 

processors further demonstrate that access to 

working capital can influence their capacity to 

purchase raw materials, maintain operations, 

and respond to market demand (Awolumate & 

Muyiwa, 2025). 

Market information is another essential 

component. Timely information about prices, 

consumer preferences, demand, and the 

availability of buyers can help farmers and 

traders plan production, determine when to sell, 

and select suitable markets. Digital 

communication may improve information 

exchange, but it cannot replace reliable 

transport, appropriate storage, quality 

assurance, and functioning market institutions. 

Consequently, value-chain upgrading should 

combine improvements in processing 

technology, physical infrastructure, financial 

services, market information, and food-safety 

practices. The intended outcome is not merely 

greater production but improved economic 

value, lower avoidable losses, better product 

quality, and more reliable access to aquatic 

foods. 

3.3 Financial inclusion and enterprise 

development 

Financial inclusion enables fisheries and 

aquaculture enterprises to acquire inputs, invest 

in infrastructure, expand operations, and 

manage temporary disruptions. Nevertheless, 

the effectiveness of financing depends on the 

relationship between loan conditions, 

production cycles, cash flow, market access, 

and enterprise management. 

Research on loan repayment among fish 

farmers in Nigeria highlights the relevance of 

borrowers’ financial and operational 

circumstances to agricultural credit 

management (Adinya et al., 2012). Similarly, 

the study of microfinance and economic 

development in Ukwuani Local Government 

Area provides a broader context for 

considering the role of financial services in 

local enterprise development (Kaine & 

Awolumate, 2017). 

Credit programmes should be designed around 

the economic characteristics of the intended 

enterprises. For example, a fish farmer may 

incur substantial feed and operating costs 

before harvesting generates revenue, while a 

processor may require short-term working 

capital to purchase raw fish during periods of 

high supply. Financing arrangements that do 

not reflect these cash-flow patterns can create 
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repayment difficulties even where the 

underlying business is viable. 

Appropriate financial support should therefore 

combine transparent lending terms, realistic 

repayment schedules, financial literacy, 

business planning, and access to relevant 

market information. Loan assessments should 

consider production costs, anticipated revenue, 

price volatility, environmental risks, and the 

ability of borrowers to repay under less 

favourable conditions. 

Cooperatives and producer organizations may 

help improve access to inputs, information, 

finance, and markets. Collective procurement 

and marketing can strengthen bargaining 

power, while shared services may reduce the 

costs of equipment and training. However, 

these benefits depend on effective governance, 

transparent accounting, member participation, 

and equitable allocation of benefits. 

Enterprise development should also recognize 

the different needs of women, young people, 

small-scale processors, and artisanal fishing 

households. Training and financing 

programmes are more likely to be effective 

when they address the specific constraints 

facing each group and provide practical links to 

markets, mentoring, and appropriate 

technologies. 

3.4 Environmental sustainability and climate 

resilience 

Environmental sustainability is a prerequisite 

for the long-term viability of both aquaculture 

and capture fisheries. Aquatic ecosystems 

provide the water, habitats, and biological 

resources required for production, while 

environmental degradation can increase 

operating costs, reduce fish availability, and 

threaten the livelihoods of dependent 

communities. 

The FAO (2010) ecosystem approach to 

aquaculture emphasizes the need to integrate 

aquaculture activities into the wider ecosystem 

and to consider ecological, social, and 

economic relationships. This approach 

encourages stakeholder participation, 

coordinated planning, environmental 

monitoring, and management systems that 

account for interactions between aquaculture 

and other activities. 

Pollution from industrial operations, urban 

settlements, agricultural runoff, and inadequate 

waste disposal may affect aquatic 

environments. Environmental monitoring 

should therefore be incorporated into fisheries 

management and aquaculture planning. Where 

contamination is suspected, appropriate 

sampling, validated analytical methods, and 

evidence-based interpretation are necessary to 

assess risks and determine suitable responses. 

Habitat degradation and excessive fishing 

pressure can also undermine capture fisheries. 

Resource management should incorporate 

stock assessment, protection of important 

habitats, monitoring of fishing activities, and 

participation by local fishing communities. The 

effectiveness of these measures depends on 

adequate institutional capacity, accessible 

information, and enforcement arrangements 

that are appropriate to the local context. 

Climate resilience adds another dimension. 

Changes in rainfall patterns, flooding, 

temperature, and other environmental 

conditions may affect production sites, fishing 

activities, infrastructure, and household 

income. Fishing-dependent communities may 

also face livelihood disruptions when aquatic 

resources become less predictable. The HLPE 

(2014) emphasizes the importance of 

integrating climate adaptation into fisheries 

and aquaculture policies while recognizing the 

needs of small-scale operators. 

In aquaculture, resilience measures may 

include suitable site selection, efficient water 

use, improved drainage, responsible waste 

management, biosecurity, and production 

systems adapted to local environmental 

conditions. In capture fisheries, measures may 

include participatory resource management, 

monitoring of environmental change, 

protection of aquatic habitats, and livelihood 

diversification where appropriate. 
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Environmental sustainability should not be 

treated as a separate objective that competes 

with economic development. Rather, it is a 

condition for maintaining the productive 

capacity of aquatic food systems. Economic 

interventions that increase output but degrade 

water quality or fish habitats may create long-

term costs that outweigh their immediate 

benefits. 

3.5 Institutional support, extension, and 

digital innovation 

Institutional support connects research, 

technology, finance, market development, and 

environmental management. Agricultural 

extension services can provide guidance on 

feeding, water quality, disease prevention, 

business planning, fish handling, and 

sustainable resource management. Their 

effectiveness depends on the quality of the 

advice, the competence of extension personnel, 

the frequency of engagement, and farmers’ 

ability to implement recommendations. 

Digital platforms and mobile communication 

can complement conventional extension by 

improving access to technical advice, market 

information, and training materials. However, 

digital services are only useful when the 

information is relevant, accurate, timely, and 

accessible to intended users. Connectivity, data 

costs, digital literacy, language, and trust in 

information sources can influence adoption. 

An inclusive extension strategy should 

combine digital tools with demonstrations, 

community meetings, practical training, and 

opportunities for feedback. Research 

institutions can support this process by 

evaluating production technologies and 

generating evidence relevant to local 

conditions. Producer associations and 

cooperatives can help disseminate information 

and identify implementation challenges. 

Institutional coordination is equally important. 

Fisheries management, aquaculture 

development, environmental regulation, 

financial services, infrastructure provision, and 

agricultural extension may involve different 

organizations. Without coordination, 

programmes may duplicate activities, leave 

important needs unaddressed, or apply 

inconsistent requirements. 

A more integrated institutional approach 

should establish clear responsibilities, 

mechanisms for information sharing, 

stakeholder consultation, measurable 

objectives, and periodic evaluation. Such 

coordination would help ensure that production 

support, finance, market development, and 

environmental safeguards reinforce one 

another. 

3.6 Integrated synthesis of the evidence 

Table 1 summarizes the principal development 

dimensions, the issues identified in the 

literature, and the interventions that follow 

from the review. It brings together empirical 

studies from the supplied reference list and 

verified institutional or scholarly publications. 

The synthesis indicates that no single 

intervention can address all the constraints 

affecting Nigerian fisheries and aquaculture. 

Improved production technologies require 

financing and technical support; value-chain 

improvements require infrastructure and 

market access; and environmental management 

requires institutional coordination and 

community participation. These relationships 

provide the foundation for the integrated 

framework presented in Fig. 1. 

3.7 Proposed integrated framework for 

sustainable development 

The evidence supports a framework that links 

five mutually reinforcing components: 

production efficiency, value-chain 

development, financial inclusion, 

environmental resilience, and institutional 

coordination. The framework recognizes that 

interventions in one area can affect outcomes in 

others. 

For example, access to finance may enable a 

farmer to improve feed quality or acquire 

equipment, but the resulting investment will 

only be sustainable if operating costs remain 

manageable and a viable market exists. 
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Improved processing facilities may reduce 

losses, but their economic value depends on 

energy availability, product demand, and 

working capital. Environmental safeguards can 

protect the resource base, while extension 

services help producers adopt practices that 

support both productivity and sustainability. 
 

 

Table 1. Evidence synthesis of the major dimensions of sustainable aquaculture and fisheries 

development in Nigeria 

 

Development 

dimension 

Major issues identified 

in the literature 

Supporting 

literature 

Priority development 

response 

Production 

efficiency 

High input costs, feed 

constraints, limited 

technology adoption, 

energy costs, and 

variable management 

capacity 

Solomon and 

Inyang (2007); El-

Sayed and 

Fitzsimmons 

(2021); Olagunju et 

al. (2024) 

Improve farm 

management, feed 

utilization, input quality, 

technical training, and 

cost monitoring 

Capture 

fisheries 

management 

Fishing pressure, 

resource variability, and 

the need to sustain fish 

stocks and habitats 

Awolumate et al. 

(2018); FAO (2015) 

Strengthen stock 

assessment, responsible 

fishing practices, and 

participatory resource 

management 

Processing and 

value addition 

Perishability, handling 

challenges, limited 

storage, processing 

costs, and food-safety 

concerns 

FAO (2011); 

Awolumate et al. 

(2022) 

Improve handling, 

preservation, processing 

facilities, hygiene, and 

product quality 

Market access 

and value chains 

Input-market 

uncertainty, 

transportation costs, 

market imperfections, 

and fragmented 

coordination 

FAO (2023); 

Liverpool-Tasie et 

al. (2024) 

Improve infrastructure, 

market information, 

coordination, and value-

chain upgrading 

Financial 

inclusion 

Limited working capital, 

credit constraints, and 

repayment risks 

Adinya et al. (2012); 

Kaine and 

Awolumate (2017); 

Ogunremi and 

Olatunji (2020) 

Develop appropriate 

credit products, financial 

literacy, enterprise 

records, and cooperative 

services 

Environmental 

sustainability 

Pollution, habitat 

degradation, water-

quality risks, and 

pressures on aquatic 

resources 

FAO (2010); HLPE 

(2014); Esheya and 

Awolumate (2025) 

Strengthen 

environmental 

monitoring, waste 

management, ecosystem 

protection, and 

regulatory compliance 

Climate 

resilience 

Environmental 

variability and livelihood 

vulnerability among 

HLPE (2014); 

Awolumate and 

Williams (2021) 

Promote adaptation 

planning, early-warning 

information, resilient 
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fishing-dependent 

households 

infrastructure, and 

suitable livelihood 

diversification 

Institutional and 

digital support 

Information gaps, 

uneven extension access, 

digital barriers, and 

fragmented institutional 

responsibilities 

Awolumate and 

Omosola (2017); 

Mundi et al. (2024) 

Strengthen extension, 

digital inclusion, 

research partnerships, 

stakeholder 

coordination, and 

accountability 

 
Fig. 1: Integrated framework linking the 

major dimensions of sustainable 

aquaculture and fisheries development in 

Nigeria 

(Source: Authors’ conceptual synthesis based 

on FAO (2010, 2023, 2024), HLPE (2014), 

and the reviewed Nigerian studies) 

Fig, 1 illustrates that institutional coordination 

provides the enabling conditions for the other 

components, while monitoring and learning 

allow programmes to be adjusted in response to 

changes in production costs, market conditions, 

environmental quality, and community needs. 

The framework is intended as a planning tool 

rather than a validated predictive model. 

3.8 Implementation priorities and 

performance measurement 

The framework requires a practical 

implementation strategy with clear 

responsibilities, realistic timeframes, and 

measurable indicators. Table 2 proposes a set of 

priorities that can guide public programmes, 

producer organizations, research institutions, 

and private-sector initiatives. 

Implementation should begin with a baseline 

assessment to identify the most important 

constraints in each location. Priorities will 

differ between commercial catfish farms, 

small-scale aquaculture enterprises, inland 

artisanal fisheries, coastal fishing communities, 

and fish-processing clusters. A uniform 

intervention package may therefore be less 

effective than a programme tailored to the 

characteristics of each production system. 

The second stage should involve targeted 

investments and capacity development. 

Production support should be linked to input 

quality, technical advice, and appropriate 

finance. Value-chain investments should be 

assessed against local demand, energy 

availability, operating costs, and the capacity of 

intended users. Environmental safeguards 

should be incorporated into project design 

rather than added after production facilities 

have been established. 

The third stage should focus on monitoring, 

evaluation, and adaptation. Indicators should 

be measured consistently and compared with 

baseline conditions. Where feasible, 

programme evaluations should use longitudinal 

observations or appropriate comparison groups 

to assess whether observed changes are 

associated with the intervention. Findings 
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should inform adjustments to financing 

arrangements, technical recommendations, 

infrastructure investments, and institutional 

responsibilities. 

Fig. 2 provides a practical sequence for 

translating the conceptual framework into 

development programmes. It emphasizes that 

implementation should be informed by local 

evidence and that scaling should follow 

evaluation rather than assumptions about the 

effectiveness of particular interventions 

 

Table 2. Proposed implementation priorities and indicators for sustainable aquaculture and 

fisheries development 
 

Priority area Recommended actions Illustrative 

performance indicators 

Responsible 

stakeholders 

Production and 

technology 

Improve technical 

training, feed 

management, farm 

records, water quality, 

and access to suitable 

inputs 

Yield per production 

cycle; feed-use 

efficiency; production 

cost per kilogram; 

mortality rate 

Farmers, extension 

agencies, research 

institutions, input 

suppliers 

Fisheries 

resource 

management 

Improve stock 

monitoring, fishing 

practices, habitat 

protection, and 

community participation 

Trends in catch per unit 

effort; compliance with 

management measures; 

habitat condition 

Fisheries 

authorities, fishing 

communities, 

researchers 

Processing and 

value addition 

Support appropriate 

processing, storage, 

hygiene, packaging, and 

transport facilities 

Post-harvest loss rate; 

processing cost; product 

quality; share of fish sold 

through value-added 

channels 

Processors, traders, 

cooperatives, local 

authorities 

Finance and 

enterprise 

development 

Expand suitable credit, 

savings, business 

training, and 

cooperative financial 

services 

Share of eligible 

enterprises accessing 

finance; repayment 

performance; investment 

returns; enterprise 

survival 

Financial 

institutions, 

government 

programmes, 

cooperatives 

Market 

information 

Strengthen access to 

timely price, demand, 

and buyer information 

Frequency of 

information use; number 

of active users; changes 

in marketing costs and 

sales outcomes 

Digital service 

providers, market 

associations, 

extension agencies 

Environmental 

protection 

Monitor water quality, 

manage waste, protect 

habitats, and strengthen 

compliance 

Water-quality 

measurements; 

environmental incidents; 

compliance rates; habitat 

condition 

Environmental 

regulators, 

producers, local 

communities 

Climate 

resilience 

Incorporate risk 

assessment, adaptation 

measures, and early-

Adoption of adaptation 

measures; continuity of 

Government 

agencies, research 
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warning information 

into planning 

operations after shocks; 

livelihood diversification 

bodies, community 

organizations 

Institutional 

coordination 

Establish joint planning, 

information sharing, 

stakeholder 

consultation, and 

periodic reviews 

Number of coordinated 

initiatives; participation 

rates; implementation 

progress; evidence of 

corrective action 

Ministries, agencies, 

universities, private 

sector, producer 

organizations 

 
Fig.  2. Proposed implementation pathway 

for integrated fisheries and aquaculture 

development (Source: Authors’ proposed 

implementation pathway informed by FAO 

(2010, 2023, 2024) and the reviewed 

literature). 
 

3.9 Research gaps and future directions 
 

The reviewed literature identifies several 

priorities for further investigation. 

First, additional studies should connect 

production efficiency with whole-chain 

profitability. Farm-level studies may not 

capture transport expenditure, processing costs, 

market losses, or the distribution of margins 

among value-chain participants. Research 

combining farm, processor, and market data 

could provide a clearer understanding of the 

conditions under which productivity gains 

translate into improved net income. 

Second, financial inclusion requires further 

evaluation beyond the measurement of credit 

access. Research should examine whether 

different financing arrangements improve 

enterprise survival, productivity, and 

resilience, while accounting for interest costs, 

repayment schedules, market volatility, and 

production risks. Studies should also 

investigate how cooperative governance 

influences the distribution of financial benefits. 

Third, environmental risks should be integrated 

more directly into economic analysis. Research 

linking water-quality measurements, pollution 

exposure, fish-health outcomes, production 

costs, and household income would strengthen 

the evidence base for environmental 

management. Climate-resilience research 

should similarly assess how different 

interventions affect the capacity of producers 

and fishing communities to withstand 

environmental and economic shocks. 

Fourth, digital extension and market 

information services require stronger outcome 

evaluation. Future studies should examine 

whether digital services improve decision-

making, reduce transaction costs, support 

technology adoption, or increase profitability. 

These studies should account for differences in 

connectivity, literacy, gender, age, location, and 

enterprise size. 

Fifth, more research is needed on inclusive 

participation and the distribution of benefits. 

Women, young people, artisanal fishers, small-

scale processors, and resource-constrained 

farmers may face different barriers to finance, 

technology, training, and markets. Evaluations 



 

Communication in Physical Sciences, 2026, 13(11) :1803-1818 1815 

 

 

should assess not only participation but also 

decision-making power, control over income, 

and access to productive assets. 

Finally, future reviews would benefit from a 

more formal evidence-synthesis protocol. A 

systematic search across scholarly databases, 

predefined eligibility criteria, duplicate 

removal, quality assessment, and standardized 

data extraction would help establish the 

completeness and strength of the available 

evidence. Better bibliographic verification 

would also improve the reliability and 

reproducibility of future research. 

4.0 Policy and Practical Recommendations 

The review supports the following priorities for 

sustainable aquaculture and fisheries 

development in Nigeria. 

Improve production efficiency and technical 

management. Programmes should support 

suitable feeding practices, reliable input 

supplies, water-quality monitoring, farm 

records, biosecurity, and efficient use of 

production resources. Capture fisheries 

management should be based on appropriate 

resource assessments and responsible fishing 

practices. 

Strengthen processing, preservation, and 

distribution infrastructure. Investments 

should support hygienic handling, suitable 

preservation technologies, storage, packaging, 

transportation, and access to markets. 

Technology choices should be based on local 

operating costs, energy availability, product 

requirements, and the financial capacity of 

intended users. 

Expand appropriate financial services. 

Credit and savings products should reflect the 

production and marketing cycles of fisheries 

enterprises. Financing should be accompanied 

by financial literacy, business planning, 

transparent loan conditions, and technical 

support. Cooperative financing should be 

encouraged where governance and 

accountability mechanisms are adequate. 

Integrate environmental protection into 

development planning. Aquaculture 

expansion and fisheries infrastructure should 

account for water availability, pollution risks, 

waste management, habitat integrity, and the 

long-term productive capacity of aquatic 

ecosystems. Monitoring and enforcement 

should be supported by suitable scientific 

evidence and effective institutional 

coordination. 

Improve access to market information and 

extension. Digital information services should 

be combined with practical training, 

demonstrations, and direct extension. 

Programmes should provide reliable 

information on prices, technical practices, 

input availability, and market requirements, 

while addressing barriers to digital access. 

Strengthen institutional coordination. 

Relevant government agencies, research 

institutions, financial organizations, producer 

associations, and private enterprises should 

establish clear responsibilities and mechanisms 

for collaboration. Joint planning should be 

accompanied by measurable objectives, 

information sharing, and periodic assessment 

of implementation. 

Promote inclusion and resilience. Training, 

finance, technology, and market development 

should address the circumstances of women, 

young people, small-scale processors, artisanal 

fishers, and vulnerable fishing households. 

Climate adaptation and livelihood 

diversification should be developed in response 

to locally identified risks and available 

economic opportunities. 

Improve monitoring and research quality. 

Development programmes should establish 

baseline indicators and monitor productivity, 

profitability, market access, participation, and 

environmental conditions. Evaluations should 

distinguish between programme activities and 

demonstrated outcomes and should document 

methods and results transparently. 

5. 0 Conclusion 

Sustainable aquaculture and fisheries 

development in Nigeria requires an integrated 

approach that connects production efficiency, 
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value-chain development, financial inclusion, 

environmental resilience, and institutional 

support. The reviewed literature demonstrates 

that these dimensions are closely related and 

that weaknesses in one area can limit progress 

in others. Improved production management 

may raise output, but its benefits can be 

undermined by high operating costs, 

inadequate processing infrastructure, weak 

market access, or limited working capital. 

Similarly, economic expansion cannot be 

sustained if it compromises aquatic ecosystems 

or the resource base on which fisheries depend. 

The proposed framework emphasizes 

coordinated interventions supported by 

appropriate technology, financing, 

environmental safeguards, extension services, 

and accountable institutions. The 

accompanying tables identify development 

priorities and potential performance indicators, 

while the figures present a conceptual model 

and a practical implementation pathway. These 

tools are intended to support planning and 

evaluation rather than to imply that the 

proposed framework has already been 

empirically validated. 

The central policy implication is that fisheries 

and aquaculture development should move 

beyond isolated production-oriented 

programmes toward a coordinated aquatic 

food-system approach. Such an approach 

should strengthen enterprises, improve the 

quality and availability of fish, support 

inclusive livelihoods, and protect aquatic 

resources. Future research should test the 

effectiveness of specific intervention 

combinations across different Nigerian 

production systems and geographical settings. 

Sustained progress will depend on evidence-

based decisions, effective institutions, 

environmental responsibility, and meaningful 

participation by producers and fishing 

communities. 
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