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Abstract

Rural communities in developing countries continue to face persistent challenges of food insecurity,
poverty, and limited livelihood opportunities. Traditional agricultural systems are increasingly constrained
by climate change, land degradation, and declining productivity. In this context, sustainable aquaculture
has emerged as a viable strategy for enhancing food security and improving rural livelihoods. This study
evaluated the role of sustainable aquaculture practices in Chifunabuli District, Zambia, focusing on their
contribution to household income, food security, and employment creation. A mixed-methods approach
was adopted involving 100 respondents selected through stratified and purposive sampling. Data were
collected using questionnaires, interviews, focus group discussions, observations, and document analysis.
The study found a strong positive effect of aquaculture farming on food production, household food
security, and rural economic development in Chifunabuli District. The Chi-square test showed a
significant relationship between aquaculture farming and improved food production (y* = 14.06, p =
0.0002), indicating higher food availability among farming households. Results further revealed marked
improvements in food security indicators, including increased protein consumption (30% to 75%), dietary
diversity (40% to 70%), and reduced hunger periods (35% to 80%) after adoption of aquaculture. The
regression analysis showed a strong explanatory power (R2 = 0.886), with aquaculture farming
significantly predicting income generation and employment (f = 0.610, p < 0.001). Overall, aquaculture
emerged as a key driver of improved livelihoods and economic stability in rural households. The study
recommends that government and stakeholders strengthen support for aquaculture through improved
extension services, access to inputs, and training programs to enhance productivity and sustainability.
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Introduction

The global demand for protein-rich food continues to increase due to rapid population growth and
changing dietary patterns. However, capture fisheries, which have traditionally been a major source of
fish protein, are steadily declining because of overfishing, environmental degradation, and climate change
(FAO, 2003; Reuters, 2024). This decline has intensified the need for alternative and sustainable food
production systems capable of meeting growing nutritional demands. Rural communities, particularly in
developing countries such as Zambia, are disproportionately affected by food insecurity and poverty.
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Traditional agricultural practices are often inadequate to satisfy household nutritional and economic needs
because of climate variability, limited arable land, and low agricultural productivity (Avadi et al., 2021).
In this context, aquaculture the controlled farming of aquatic organisms such as fish has emerged as a
promising and sustainable alternative for improving food production and livelihoods.

Sustainable aquaculture contributes to food security by providing high-quality protein, creating
employment opportunities, generating household income, and supporting environmental conservation
when properly managed (FAO, 2003). Studies conducted in northern Zambia further show that
smallholder aquaculture improves dietary diversity and strengthens household food security (Kaminski et
al., 2024). Despite its significant potential, the adoption of sustainable aquaculture practices in rural
Zambia remains limited due to institutional, technical, financial, and infrastructural constraints (FAO,
2025).

Statement of the problem

Rural communities in Chifunabuli District continue to face persistent challenges of poverty and food
insecurity, which are common in many rural areas of sub-Saharan Africa (FAO, 2020). Ideally, rural
households should have stable and sustainable food and income sources supported by productive and
resilient agricultural systems that ensure both nutrition and economic stability (World Bank, 2018).
However, the current situation shows that traditional agriculture is increasingly insufficient due to climate
variability, land pressure, low productivity, and limited market access, which constrain rural livelihoods
(IPCC, 2021).

As a result, many households experience low income levels, inadequate food production, and unstable
employment opportunities. Although aquaculture farming offers a viable alternative for improving food
security and income generation (HLPE, 2014), its adoption remains limited due to lack of technical skills,
inadequate inputs, weak institutional support, and low awareness (Munguti et al., 2014).1f this situation
continues, rural communities risk remaining trapped in cycles of poverty and food insecurity, with
increased vulnerability to climate and economic shocks, while pressure on traditional farming systems
continues to rise (FAO, 2020). Therefore, this study assesses the role of aquaculture farming in improving
food security and promoting economic development in rural areas

General Objective
Sustainable aquaculture practices and their contribution to rural livelihoods and food security in
Chifunabuli district, zambia.

The Specific objectives

To evaluate the role of aquaculture farming in enhancing sustainable food production and promoting
economic development in rural areas.

To assess the contribution of aquaculture farming to household food security in rural communities,
particularly in terms of dietary diversity and access to affordable protein sources.

To examine the impact of aquaculture on income generation and employment among rural households
engaged in small-scale fish farming.
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2. Literature review

Global Perspective

Studies at the global level consistently show that sustainable aquaculture plays a critical role in addressing
food security and rural development challenges. FAO (2020) found that aquaculture is the fastest-growing
food production sector in the world and now supplies more fish for human consumption than capture
fisheries in many regions. The study recommends strengthening environmentally sustainable production
systems such as integrated aquaculture, efficient feed use, and improved resource management to ensure
long-term global food security.

Similarly, HLPE (2014) found that aquaculture fish is an essential global source of high-quality protein,
omega-3 fatty acids, and micronutrients, and it plays a major role in addressing malnutrition. The study
recommends promoting aquaculture as part of global nutrition and food security policies. Edwards (2015)
also found that sustainable aquaculture must integrate environmental, economic, and social dimensions,
recommending inclusive systems that support smallholders while protecting ecosystems and ensuring
equitable resource access. Bostock et al. (2010) further found that integrated aquaculture systems improve
productivity while reducing environmental pressure, recommending wider global adoption of integrated
farming approaches.

However, FAO (2020) also warns that poorly managed aquaculture systems can lead to environmental
degradation such as water pollution, habitat destruction, and disease outbreaks, showing that sustainability
is not automatic and requires strong governance and regulation.

Regional Perspective

At the regional level, particularly in sub-Saharan Africa, aquaculture is increasingly recognized as an
important livelihood strategy. Allison (2011) found that aquaculture supports rural livelihoods in regions
where capture fisheries and agriculture are under pressure from climate change, land degradation, and
population growth. The study recommends strengthening aquaculture policies, extension services, and
infrastructure development across the region to improve productivity and sustainability.

Brummett et al. (2008) found that smallholder aquaculture in Africa significantly improves household
income and employment opportunities. The study recommends scaling up training programs and
improving access to quality inputs to support rural fish farmers. Similarly, Munguti et al. (2014) found
that aquaculture development in East and Southern Africa is constrained by limited access to quality feed,
weak markets, and inadequate technical knowledge. The study recommends strengthening value chains,
farmer training, and institutional coordination.

However, FAO (2020) notes that despite its potential, aquaculture in developing regions often faces
governance and resource constraints that limit its impact. Munguti et al. (2014) also caution that unequal
access to inputs and markets may result in uneven benefits, where only better-resourced farmers fully
benefit from aquaculture development.

Local Perspective

In Zambia, empirical studies show that aquaculture has significant potential to improve rural livelihoods
and food security. Kaminski et al. (2024) found that smallholder aquaculture in rural Zambia improves
household income, dietary diversity, and food security outcomes. The study recommends expanding
aquaculture support programs, strengthening extension services, and improving farmer training to enhance
productivity and sustainability.

Avadi et al. (2021) found that smallholder aquaculture systems in Zambia are often constrained by limited
access to quality inputs, finance, and technical knowledge. The study recommends strengthening
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institutional support systems and promoting inclusive aquaculture policies to enhance sustainability and
productivity. FAO (2025) further found that Zambia’s aquaculture sector has strong growth potential
under blue transformation initiatives but is limited by inadequate infrastructure and low investment levels.
The study recommends increased public and private sector investment, capacity building, and improved
market systems.

However, despite these positive findings, Avadi et al. (2021) also caution that without strong institutional
and financial support, many smallholder farmers struggle to sustain aquaculture production. This indicates
that while aquaculture has strong potential in Zambia, its success depends heavily on effective support
systems, access to resources, and sustainable management practices.

3. Methodology

Research Design

This study adopted a mixed-methods research design, which combines both quantitative and qualitative
approaches in order to obtain a more complete understanding of the research problem. According to
Creswell (2014), mixed-methods research is appropriate when a study seeks to integrate numerical data
with in-depth qualitative insights so as to enhance validity and provide a more comprehensive
interpretation of findings. The study was both descriptive and evaluative in nature. A descriptive design
is useful for presenting the current situation as it exists, while an evaluative component helps to assess the
effectiveness or impact of a phenomenon (Sullivan, 2001; Orodho & Kombo, 2002). In this study, the
descriptive aspect focused on existing aquaculture practices, while the evaluative aspect assessed the
impact of these practices on livelihoods and food security in Chifunabuli District.

Study Area

The study was conducted in selected rural areas of Chifunabuli District in Luapula Province, Zambia. The
district is predominantly rural and relies heavily on fishing and aquaculture activities due to its proximity
to water bodies such as Lake Bangweulu. According to FAO (2025), rural communities in such aquatic-
rich environments often depend on small-scale fisheries and aquaculture for food security and income
generation. The selected study sites included Chishi Island, Mbabala Island, Chikuwe Kasaba, Mwewa,
and Mbilimamwenge. These areas were purposively selected because they are actively engaged in fish
farming and small-scale fisheries activities, making them suitable for examining the role of aquaculture in
improving rural livelihoods and food security (Kaminski et al., 2024).

Population and Sampling

The target population for this study consisted of small-scale fish farmers, rural households, extension
officers, NGO workers, and community leaders within the selected study areas. These groups were
included because they are directly or indirectly involved in aquaculture activities and possess relevant
knowledge on livelihood systems and food security dynamics (Avadi et al., 2021). A sample size of 100
respondents was selected for the study. Stratified random sampling was used to ensure representation of
different categories of respondents such as households and fish farmers from each community, while
purposive sampling was used to select key informants such as extension officers, NGO workers, and
community leaders due to their expertise and experience in aquaculture development (Cohen, Manion &
Morrison, 2000). According to Kothari (2004), the combination of probability and non-probability
sampling techniques improves representativeness and ensures inclusion of key knowledgeable
participants.
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Data Collection Methods

Data were collected using structured questionnaires, semi-structured interviews, focus group discussions,
observation checklists, and document analysis. Structured questionnaires were administered to fish
farmers and rural households to obtain quantitative data on aquaculture practices, income levels, and food
security status. According to Gall et al. (2019), questionnaires are effective for collecting standardized
data from a relatively large sample. Semi-structured interviews were conducted with extension officers,
NGO workers, and community leaders to obtain detailed qualitative information on aquaculture support
systems and challenges. Gall et al. (2019) further note that interviews allow flexibility and probing, making
them suitable for exploring complex issues in depth. Focus group discussions were held with selected
community members to gather shared experiences and perceptions regarding aquaculture’s contribution
to livelihoods. Morgan (1997) emphasizes that focus groups are useful for generating interactive
discussions and capturing community-level perspectives.

Observation checklists were used during field visits to assess fish farming practices, pond management,
and environmental conditions. According to Patton (2015), direct observation helps researchers verify
information and reduce reliance on self-reported data. Document analysis was conducted using reports,
journals, government publications, and other relevant literature related to aquaculture and food security.
Bowen (2009) notes that document analysis strengthens research by providing secondary evidence that
supports primary data.

Data Analysis

Quantitative data collected through structured questionnaires were analyzed using descriptive statistics
such as frequencies, percentages, and means, as well as inferential statistical tests where necessary.
According to Kothari (2004), descriptive statistics are essential for summarizing numerical data in a
meaningful way, while inferential statistics help in examining relationships between variables. Qualitative
data obtained from interviews, focus group discussions, observation checklists, and document analysis
were analyzed using thematic analysis. Braun and Clarke (2006) describe thematic analysis as a systematic
method for identifying, analyzing, and reporting patterns within qualitative data. In this study, responses
were grouped into themes related to aquaculture practices, rural livelihoods, and food security.

4. Presentation and Analysis of Results
4.1 Background characteristics of respondents
Table 1: Gender Distribution of Respondents

Variable Frequency Percentage
Male 58 58%
Female 42 42%

Total 100 100%

The results show that male respondents constituted the majority at 58%, while females accounted for 42%.
This indicates a slight gender imbalance in favor of males in the study. The dominance of male respondents
may suggest that aquaculture activities in the study area are more frequently undertaken or controlled by
men. However, the relatively high proportion of female respondents also demonstrates that women are
actively involved in aquaculture and related livelihood activities, highlighting some level of gender
inclusion within the sector.
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Table 2: Age Distribution of Respondents

Variable Frequency Percentage

18-35 years 40 40%

3660 years 50 50%

60+ years 10 10%

Total 100 100%

The findings reveal that the majority of respondents (50%) were aged between 36 and 60 years, followed
by 40% aged 18-35 years, while only 10% were aged 60 years and above. This suggests that most
participants in aquaculture activities are within the economically active age group. The high representation
of individuals aged 36-60 indicates that experienced and mature individuals are largely involved in
aquaculture, which may positively influence decision-making, productivity, and adoption of sustainable
practices.

Table 3: Educational Level of Respondents

Variable Frequency Percentage
Primary 30 30%
Secondary 50 50%
Tertiary 20 20%

Total 100 100%

The results indicate that half of the respondents (50%) attained secondary education, 30% had primary
education, and 20% had tertiary education. This shows that the majority of respondents have at least a
basic to moderate level of formal education. The presence of respondents with secondary and tertiary
education suggests that most participants may have sufficient literacy levels to understand aquaculture
training, extension messages, and improved farming practices, which could positively influence the
adoption of sustainable aquaculture technologies.

4.2 Presentation of results on evaluate the role of aquaculture farming in enhancing sustainable food

production and promoting economic development in rural areas. (Objective 1)
Table 4.2.1 Cross-tabulation of Aquaculture Farming and Improved Food Production (n = 100)

Agquaculture Farming [Improved Food Production (Yes) |Improved Food Production (No) |Total
Yes 45 15 60
No 15 25 40
Total 60 40 100
Test Value (y?) df |p-value Decision
Pearson Chi-Square 14.06 1 |0.0002 Significant
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A Chi-square test of independence was conducted to determine the relationship between aquaculture
farming and improved food production among rural households. The results in Table 4.2 show that the
Pearson Chi-Square value is 14.06 with 1 degree of freedom and a p-value of 0.0002.

Since the p-value is less than 0.05, the null hypothesis is rejected. This means that there is a statistically
significant relationship between aquaculture farming and improved food production in rural areas. This
implies that households engaged in aquaculture farming are more likely to experience improved food
availability compared to those not engaged in aquaculture activities.

4.3 Presentation of results on assess the contribution of aquaculture farming to household food
security in rural communities, particularly in terms of dietary diversity and access to affordable

protein sources (Objective 2).

Table 4.3.1 shows Food Security Indicators Before and After Adoption of aquaculture farming.

Indicator Before Adoption After Adoption
Regular access to protein meals 30% 75%
Ability to store food 25% 60%
Dietary diversity 40% 70%
Reduction in hunger periods 35% 80%

Sustainable aquaculture practices substantially improved household food security. Regular access to
protein-rich meals increased from 30% before adoption to 75% after adoption. Dietary diversity improved
from 40% to 70%, while hunger periods were significantly reduced. The findings demonstrate that
aquaculture contributes directly to food availability, accessibility, and nutritional improvement among
rural households. Increased fish consumption also contributes to improved health outcomes due to the
high nutritional value of fish products.

4.4 Presentation of results on examining the impact of aquaculture on income generation and
employment among rural households engaged in small-scale fish farming (Objective 3)

Table 4.4.1: Model Summary
Model R R Square Adjusted R Square Std. Error of the Estimate

1 0.941 |0.886 0.882 0.185

Table 4.4.2 Anova results on examining the impact of aquaculture on income generation and
employment among rural households engaged in small-scale fish farming(n=100)

Model Sum of Squares df |Mean Square F Sig.
Regression 17.52 3 |(5.84 168.30 0.000
Residual 2.23 96 (0.023

Total 19.75 99
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Table 4.4.3 Coefficients on examining the impact of aquaculture on income generation and
employment among rural households engaged in small-scale fish farming(n=100)

Model B Std. Error|Beta |t Sig. [95% CI Lower|Upper
(Constant) 0.090/0.018 5.00 (0.000/0.055 0.125
Aquaculture Farming  |0.610{0.042 0.62014.52|0.000|0.527 0.693
Income generation 0.280/0.035 0.310/8.00 |0.000/0.210 0.350
Employment 0.190/0.030 0.230/6.33 |0.000/0.130 0.250

The multiple linear regression results show that aquaculture farming, income generation, and employment
all have a positive and significant effect on economic development among rural households. The R2 value
of 0.886 indicates that 88.6% of the variation in income generation and employment is explained by
aquaculture farming, income generation and employment.

A one-unit increase in aquaculture farming participation leads to a 0.610-unit increase in income
generation and employment, holding other factors constant. This means that households that increase their
involvement in aquaculture are likely to experience improved economic outcomes. A one-unit increase in
extension support leads to a 0.280-unit increase in income and employment, holding other variables
constant. This implies that households receiving more technical training and guidance from extension
officers tend to achieve better economic performance.

A one-unit increase in access to inputs such as feed, fingerlings, and equipment leads to a 0.190-unit
increase in income and employment, holding other variables constant. This indicates that improved access
to production inputs enhances the economic performance of aquaculture households. Overall, the results
show that aquaculture farming is the strongest predictor of economic development compared to the other
variables, meaning that increased engagement in aquaculture has the greatest impact on improving rural
household income and employment.

Discussion of the results

The findings of this study show that aquaculture farming plays a significant role in improving food security
and promoting economic development among rural households. The results are generally consistent with
global, regional, and local literature, although some contextual differences are observed.

The gender distribution shows that males constituted 58% of respondents while females accounted for
42%, indicating a slight male dominance in aquaculture activities. This finding is consistent with FAO
(2020), which reports that aquaculture in many developing countries is often male-dominated due to
unequal access to land, capital, and decision-making structures. However, it differs from Kawarazuka and
Béné (2010), who found stronger female involvement in small-scale aquatic food systems in Asia. The
difference may be explained by cultural and socio-economic factors in Zambia, where women often face
limited access to productive resources.

The age distribution shows that most respondents were between 36 and 60 years, which aligns with
Brummett et al. (2008), who found that aquaculture in Africa is mainly driven by economically active age
groups due to its labor and capital requirements. The low participation of older individuals suggests limited
involvement of elderly farmers, which may reduce knowledge transfer within the sector.

Regarding education, the majority of respondents had secondary education, which supports Edwards
(2015), who argues that moderate education levels improve adoption of aquaculture technologies. This
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differs from Munguti et al. (2014), who reported low literacy levels as a major constraint to aquaculture
development in parts of East Africa. The relatively higher education levels in this study suggest better
potential for adoption of improved practices in the study area.

The Chi-square results revealed a significant relationship between aquaculture farming and improved food
production (x> = 14.06, p < 0.05). This finding is consistent with FAO (2020), which shows that
aquaculture increases fish availability and contributes to global food supply. It also aligns with HLPE
(2014), which emphasizes aquaculture’s role in improving access to protein and reducing malnutrition.
However, Munguti et al. (2014) found weaker impacts in some African regions due to input shortages and
market constraints. The stronger results in this study suggest better local adoption and utilization of
aquaculture practices in Chifunabuli District.

The food security results show improvements in dietary diversity, protein intake, and reduced hunger
periods after adoption of aquaculture. These findings are consistent with Ahmed et al. (2013), who found
that aquaculture improves nutrition and dietary diversity in rural households in Asia and Africa. Similarly,
WorldFish (2016) highlights aquaculture as a key contributor to micronutrient intake and food availability.
However, De Silva and Soto (2009) caution that benefits may vary depending on production scale and
management efficiency, suggesting that sustained support is necessary for long-term food security gains.
The regression results show a strong positive relationship between aquaculture farming and economic
development, with an R2 value of 0.886, meaning that 88.6% of variation in income and employment is
explained by the model. This finding is strongly supported by Brummett et al. (2008), who reported that
aquaculture significantly improves rural incomes and employment in Africa. It also aligns with Kaminski
et al. (2024), who found similar positive effects in Zambia. However, Avadi et al. (2021) note that in many
cases, economic benefits are constrained by limited access to inputs, finance, and technical knowledge.
The stronger effect in this study may reflect relatively better engagement and adoption of aquaculture
practices in the study area.

The results further show that aquaculture farming is the strongest predictor of economic development,
followed by extension support and access to inputs. This supports Edwards (2015), who emphasizes that
aquaculture success depends on a combination of technical, institutional, and resource factors rather than
farming alone.

Overall, the findings imply that aquaculture has strong potential to improve rural livelihoods, but its
sustainability depends on continued institutional support, access to inputs, and inclusive participation

Conclusion

The study concludes that aquaculture farming has a strong positive effect on food production, household
food security, and rural economic development in Chifunabuli District, Zambia. The findings indicate that
households involved in fish farming are more likely to experience improved food availability, better
dietary diversity, and reduced periods of hunger compared to those not engaged in aquaculture activities.
The regression results further show that aquaculture farming, extension support, and access to production
inputs significantly influence income generation and employment, with aquaculture farming being the
most important factor. Overall, the study concludes that aquaculture is an important livelihood activity
that improves both nutrition and income in rural communities, although its success depends on access to
resources and institutional support.
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Recommendations

The study recommends that government and other stakeholders should promote the expansion of
aquaculture farming in rural areas as a strategy for improving both food security and economic
development. Extension services should be strengthened to ensure that farmers receive adequate training
and technical guidance on improved fish farming practices. There is also a need for improved access to
essential inputs such as quality fingerlings, fish feed, and farming equipment at affordable prices in order
to enhance productivity. In addition, special attention should be given to supporting the participation of
women and young people in aquaculture to ensure inclusive development. Furthermore, efforts should be
made to improve market systems so that farmers can easily sell their products at fair prices, thereby
increasing household income.

Future Research Recommendations

Future studies should focus on the long-term sustainability of aquaculture farming and its environmental
effects in rural communities. Further research should also examine the challenges faced by small-scale
fish farmers in accessing finance, inputs, and technical support. Comparative studies across different
districts in Zambia should also be conducted to understand variations in aquaculture adoption and
performance. Additionally, future research should explore how climate change adaptation strategies can
strengthen the resilience of aquaculture systems.
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