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ABSTRACT 

The Nigerian aquaculture industry is growing, but it is being affected by changes in 

the global climate, particularly in the semi-arid Sudano-Sahelian zone. In Sokoto 

Metropolis, where the "Blue Economy" is vital for bridging the animal protein 

supply-demand gap, erratic weather patterns and rising temperatures challenge the 

viability of fish production. This study assessed fish farmers’ knowledge of climate 

change, their opinions of its effects on productivity, and the farm-level adaptation 

tactics they used. An exploratory approach was used to gather data from 24 fish 

farmers recruited via convenience and snowball sampling methods. Structured 

questionnaire was used to collect information on fish farmers’ demography, 

awareness levels, environmental observations, and coping mechanisms and 

descriptive statistics was used to analyze data generated using Microsoft Excel 

(Version 2023). Our results revealed that fish farmers in Sokoto metropolis are 

predominantly male (75%), with 50% of them aged 20–30 years. Findings of this 

study also revealed that most of the farmers (75%) had tertiary educational 

qualifications. Awareness of climate change is high where 95.8% of the farmers had 

observed a significant change in temperature and water levels. Some of the farmers 

reported a decline in production due to increased mortality (25%), stunted growth 

(20.8%), and overall yield reduction (83.3%). Although 45.8% of the farmers utilized 

self-governing adaptation measures such as pond shading and improved water 

management. Institutional support is low; only 12.5% of the farmers had received 

governmental assistance in the form of training with no report of financial aid or 

climate-resilient breeds. Fish farmers in Sokoto are aware of risks associated with 

climate change, but they lack the capital-intensive infrastructure to achieve full 

resilience. The study recommends increased governmental support by subsidizing 

capital-intensive infrastructures, promoting the development of thermo-tolerant fish 

strains, and the integration of digital extension services to bridge the gap between 

scientific climate data and pond-side application. 
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1. INTRODUCTION 

The global aquaculture industry is becoming more widely acknowledged as a crucial part of the "Blue Economy," which is necessary to 

close the gap between supply and demand for premium animal protein. While the estimated current and future fish demands are about 

3.32 and 4.37 million metric tons, respectively (Eti-Ukwu et al., 2024; Esin et al., 2025), the fish sub-sector in the Nigerian agriculture 

suffers a severe challenge and it is worsened by the unpredictable, erratic and often uncontrollable changes in the natural environment. 

Fish production has evolved from subsistence to vital component of food security and economic resilience in the semi-arid region of 

Nigeria (Odozi, 2025; Sulaiman et al., 2025; Ajayi et al., 2026). However, the challenges elicited by global climate change are threat to the 

viability of the fish sub-sector, as reported by Ahmed and Solomon (2017) and Jibrillah et al. (2025). In the semi-arid corridor of Sokoto 

metropolis, the challenge pose by climate change is worsened by both the direct and indirect impacts of climate change, a phenomenon 

characterized by long-term shifts in temperatures and unpredictable weather patterns (IPCC, 2021). The climate of semi-arid city of 

Sokoto in the Northwestern Nigeria is represented by long-term shifts in temperature and erratic weather patterns. 

Climate change exacts its impact in the form of increased heat stress, unpredictable rainfall patterns, and an increase in the 

frequency of natural disasters such as devastating floods and protracted dry seasons (Enwa and Achoja, 2023; Ogunkalu, 2025). These 

changes are not just weather-related for aquaculture practitioners, but they also pose psychological, physiological, and financial 

challenges. According to a previous study, the metabolic rates of poikilothermic organisms like Clarias gariepinus are drastically altered 

by rising water temperatures (Dawood et al., 2022). An increase in water temperatures leads to hypoxia, increased morbidity to 

organisms like Aeromonas hydrophila, and higher mortality in fish (Semwal et al., 2023). More over, the whole of the fish production 

setting is under threat from the rising occurrence of "extreme weathers," which could be in the form of catastrophic flash floods that 

easily destroys pond embankments or severe droughts that deplete key water sources (Enwa and Achoja, 2023; Umechukwu et al., 

2025). 

Scientific data alone, however, provides an incomplete picture of this crisis. In order to develop effective Climate-Smart 

Aquaculture strategies, the farmers’ perceptions must be given top priority. However, there is limited empirical evidence on how fish 

farmers in Sokoto metropolis perceive climate change and how their perceptions influence their adaptation decisions. This is due to the 

fact that farmers’ perceptions and awareness have a major role in how effective any adaptation strategy operates. Farmers respond to 

climate threats based on their subjective assessment of environmental cues rather than on evidence-based scientific data. It has been 

earlier reported that fish farmers in Sokoto are aware of unsteady harmattan cycles with intense but shorter durations (Atedhor, 2015; 

Jibrillah et al., 2018; Dogondaji and Magawata, 2024). The opinions and native knowledge among fish farmers in Sokoto metropolis 

serve as a primary driver of adaptation. The reaction and response of farmers to low productivity is a function of what they perceived 

was the cause. If they perceived the loss was due to climate change and not just a natural occurrence, they are more likely to invest in 

solutions such as using of heat resistant strains of fish, shading their ponds, drilling wells or boreholes, or constructing flood blockades 

(Adeleke and Omoboyeje, 2016; Aroyehun and Henri-Ukoha, 2025). 

Despite the presence of the Sokoto-Rima river basin, the metropolis still faces unique urban microclimates and anthropogenic 

pressures that exacerbate climatic impacts. It is crucial to understand the gap between farmers’ impressions of reality and scientific 

climate trends when developing policies. Therefore, this study seeks to evaluate how fish farmers in the Sokoto metropolis identify, 

interpret, and respond to the climatic shifts threatening their livelihoods. This provides a baseline for localized adaptation frameworks 

that ensure the "blue economy" of Northern Nigeria as it remains resilient in an increasingly warming world with unpredictable 

climatic conditions. 

  

2. MATERIALS AND METHODS 

This study was conducted within Sokoto metropolis, which is situated between latitudes 12˚46'N to 13˚08'N and longitudes 5˚14'E to 

5˚30'E at an average elevation of 272 meters above sea level. It includes Sokoto South, Sokoto North, a portion of Kware, Dange Shuni, 

and Wamakko LGAs (Dankani, 2018). Usually, Sokoto state experiences a distinct climate characterized by a prolonged dry season and 

a relatively short wet season. The dry season extents from October to May, while March, April, and May are the hottest months. The 

wet season is between the months of June and September, having peak rainfalls in August (Dogondaji and Muhammed, 2014). The 

study area is in the Sudan Savannah Agro Ecological zone of Nigeria, with an average annual rainfall of between 500 mm and 1,300 

(Ekoh, 2020). The study area experiences significant diurnal temperature fluctuations, with high daytime temperatures followed by a 

marked cooling at night. The annual temperature ranges from 28.4 to 42℃. A large proportion of the inhabitants of Sokoto are involved 

in various forms of agricultural activity (Sokoto State Government, 2025). Agricultural activity in Sokoto, especially aquaculture is 
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highly influence by climate change, since it depends on water availability and temperature stability. With an estimated 3 million cattle, 

3 million sheep, 5 million goats, and 4,600 camels, the state has the second-highest livestock population in the nation (Bala et al., 2018). 

 

Data collection 

A structured questionnaire was used to collect the needed data. To guarantee clarity and relevance, the questionnaire was pre-tested 

with ten farmers from the study area and contains both closed-ended and open-ended items. Before its administration, the 

questionnaire was modified in response to pre-test comments. 

A total of 24 farmers, including farm owners, managers, and workers, were recruited through a combination of volunteer-based 

convenience sampling and snowball sampling methods. Oral consent was obtained from farmers before administering the 

questionnaire. Where necessary, oral interviews and/ or a brief explanation was provided to farmers, and one questionnaire was 

administered to each farm. Information collected comprised demographic characteristics of farmers, climate change awareness, the 

perceived effect of climate change on fish farming, as well as farmers’ approach to adaptation and coping strategies. 

Collected data were cleaned and analyzed using Microsoft Excel (Microsoft Excel, 2013). Farmers’ socio-demographic traits, 

awareness of climate change, the perceived impact on fish farming, farmers’ coping mechanisms, and adaptation methods were all 

summarised using descriptive statistics, such as frequencies and percentages. 

 

3. RESULTS 

The study comprises 24 fully completed responses. As illustrated in Figure 1, the sector is predominantly male-dominated (75%). Age, 

and involvement in fish farming were shown to be inversely related; half of the farmers (50%) were between the ages of 20 and 30, 

whilst only 4.2% were over 50 and none were younger than 20. Information on educational status shows that 75% of farmers had 

tertiary education, 20.8% of them only had secondary school education, while 4.2% had no form of education. Regarding experience, 

41.7% of farmers had 1–5 years of involvement, indicating a relatively new but educated workforce in the Sokoto metropolis, 20.8% had 

1 year and 6-10 years of experience, and 12.5% had been farming fish for over 10 years. 

 

 

 
Figure 1. Socio-demographic characteristics of fish farmers in Sokoto metropolis 

 

Awareness level was high, where 91.7% of farmers acknowledged that they had previously heard of climate change (Figure 2). Half 

(50%) of the farmers got informed about climate change through multiple channels, such as Radio/TV, the internet, and peer network. 

Out of the farmers, 87.5% had observed the direct impact of climatic shifts on aquaculture operations. 

Perceptual data in Figure 3 shows that 95.8% of farmers observed significant shifts in temperature, rainfall, and water levels. The 

primary challenges identified were synergistic; 79.2% experienced a combination of increased water temperature, disease outbreaks, 

and stunted growth. The observed increased in mortality (25%), retarded growth (20.8%), increased cost of production (8.3%), and 
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overall decline in fish yield (83.3%) are indications that environmental stressors have resulted in huge economic losses, attributable to 

climate change. 

 

 
Figure 2. Fish farmers’ awareness of climate change in Sokoto metropolis 

 

 

 
 

Figure 3. Farmers’ perception of the effect of climate change on fish farming in Sokoto metropolis 

 

Farmers employed various autonomous adaptation measures (Figure 4). It was recorded that 29.2% focused on water management, 

8.3% utilized shading, 4.2% deeper ponds, while 45.8% utilized a combination of techniques. However, the study found that 

institutional support remains low, where only 12.5% received government assistance, which was limited to training. No farmers 
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reported receiving financial aid or improved, climate-resilient fish breeds. It was recorded that 20.8% and 16.7% of the farmers opined 

that the government should support the farmer with finance and awareness campaign, respectively to help the famers cope with 

climate change. 

 

 
 

Figure 4. Adaptation and coping strategies adopted by fish farmers in Sokoto metropolis 

 

4. DISCUSSION 

This study provides a snapshot of the connection between climate change and the emerging aquaculture sector in the semi-arid region 

of Northwestern Nigeria. It is evident from the study that Sokoto fish industry is dominated by a young-educated workforce, however 

the prevailing environmental condition pose a significant threat to productivity. 

The high concentration of males and young farmers suggests that fish farming in Sokoto metropolis is becoming a modern 

entrepreneurial venture rather than a traditional subsistence activity. Also, this study indicates that male gender dominated fish 

farming in the study area, which corroborates previous reports by Olaoye et al. (2024), Badaru et al. (2022), and Ibrahim et al. (2016) who 

reported 88, 90, and 74% involvement of males in fish farming in Ogun, Sokoto, and Borno states, respectively. The higher involvement 

of the male gender in fish farming may be due to the fact that the male gender of household typically possesses superior financial 

autonomy than their female counterparts (National Bureau of Statistics, 2020; Damong and Perez, 2024). Also, increasing household 

financial demands usually make men to find additional source of income which may enable them to venture into farming activity. 

Furthermore, men typically have easier access to the large sums of money needed to start and run a fish farm (Eze et al. 2026). There is 

an indication that younger individuals are more likely to be involved in fish farming as evidenced by a drop in involvement with age. 

These findings is consistent with those of Avery et al. (2007) that job performance and productivity are higher among younger 

workforces when compared with older workers. 

Findings of this study imply that a high percentage of fish farmers in Sokoto holds tertiary education qualifications, which suggests 

that most of the fish farmers are literate and can easily adapt innovation. Ibrahim et al. (2016) and Umar et al. (2019) had earlier reported 

that 71 and 68%, respectively, of their studied farmers had obtained a tertiary educational qualification. Perhaps this is an indication 

that farmers who has achieved a tertiary level of education can easily understand and adopt technical climate adaptation strategies, 

since they are more informed about fish farming compared to those with lower levels of education (Raufu et al., 2009). In line with the 

reports of Petros et al. (2024), Katya Kule et al. (2025), and Oli et al. (2025), individuals with higher educational level are better in terms 
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of accessing information and are more likely to quickly adopt innovation technologies. Likewise, our findings showed that fish farmers 

who have attained a tertiary education displayed a higher level of awareness of fish farming practices than those with lower 

educational levels (Raufu et al., 2009). This assertion is at variance with the findings of Adewuyi et al. (2010), who reported a higher 

(82.9%) percentage of secondary school students engaged in fish farming. 

The higher level of awareness and recognition of climate change consequences indicates that farmers within the Sokoto metropolis 

are well attuned to global environmental shifts. Data from this study suggests that there is an increase in the awareness level of climate 

change when compared to previous findings of Enete and Amusa (2010). This might be because, since climate change awareness is a 

process (Efut et al., 2025) this study indicated that the awareness of climate change has improved over time, and this is in line with the 

observations of Efut et al. (2025), who also reported that awareness of climate change is higher among farmers and fishermen. Getting 

information from different sources such as TV, radio, and the internet explains a shift toward a digitalized agricultural extension 

system. Receiving information from multiple sources, suggests that the traditional extension services within Sokoto metropolis requires 

a change to digital platforms so as to remain relevant to the majority younger farmers. Notwithstanding, since only a few farmers 

obtain information from fellow farmers indicate a poor farmer to farmer extension systems, which is a vital for indigenous adaptation 

approaches in sub-Saharan Africa. The changes in the temperature and water levels observed by farmers in this study corroborate the 

meteorological information for the Sudano-Sahelian zone, depicted by a stable climbing course in temperatures and increasingly 

irregular precipitation patterns over the past four decades (Jidauna et al., 2011; Ati et al., 2022). 

The semi-arid climate of Sokoto, characterized by extreme thermal peaks (Abdullahi et al., 2014; Musa and Ogbe, 2025), poses a 

physiological challenge to fish health. Findings of this study suggested that there could be an association between climate change and 

increase mortality and decline yield in fish farming, and this may be attributed to synergistic stress model. In aquaculture, as water 

temperature rises, the dissolved oxygen concentration decreases while the metabolic demand of the fish increases (Cheng et al., 2019; 

Volkoff and Rønnestad, 2020). This leads to chronic hypoxia and thermal stress, as previously documented by Umar et al. (2019), and 

Volkoff and Rønnestad (2020). Hypoxia is detrimental to fish physiology, metabolism, antioxidant capacity, immune function, and 

growth, as reported by Roman et al. (2019) and Zhao et al. (2020). Hypoxia has been reported as a trigger for the release of 

catecholamines, cortisol, and other hormones in fish (Xiao, 2015), leading to oxidative stress (Zhao et al., 2020). A strong positive 

correlation has been reported between bacterial pathogens, temperature, growth, and virulence, leading to increase disease morbidity 

and susceptibility to opportunistic pathogens like Aeromonas spp., according to Liu et al. (2022), and Jadhav et al. (2026). 

Perhaps the most significant finding is the support gap. Despite adopting some mitigation strategies, for example, pond shading, 

water management, and deeper ponds, the lack of financial support and/ or genetically improved strains has limited the resilience of 

fish and farmers to the effects of climate change. Only a few farmers received governmental support in the form of training alone, calls 

for closer attention. The lack of financial support and/ or provision of improved, heat-resilient fish breeds (e.g., genetically improved 

farmed tilapia or heat-tolerant catfish strains) highlights a policy gap in Nigeria's National Adaptation Provider framework. While the 

majority of fish farmers in Sokoto metropolis are highly aware and educated, they lack the capital-intensive infrastructure needed to to 

protect production from fluctuating ambient temperatures fully. This problem is worsened by the lack of institutional financial support 

and research into climate-resilient species. 

 

5. CONCLUSION 

Fish farmers within Sokoto metropolis are aware of climate change and its impact on production. To address these impacts, the 

industry must move beyond just awareness toward institutionalized climate resilience. Hence, technical assistance in the form of 

selective breeding programs that emphasize thermotolerance is crucial for the Sahelian environment. Government subsidies on deep 

well or boreholes and pond shading materials are needed to mitigate the higher evaporation rates typical of the Sokoto environment. 

Also, extension services must be enriched in order to connect the researchers and farmers with the aim to translating data on climate 

change into actionable pond-side effect. More studies should employ larger sample size and probability sampling methods to enhance 

generalizability. 
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