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Abstract

Fish farming in earthen ponds plays a vital role in ensuring food security and income generation for communities in Bo District, Southern Sierra Leone. The study 
assesses the effects of aberrant weather conditions on fi sh farmers in selected parts of Bo District, Sierra Leone. The study employed the descriptive research design. 
Both primary and secondary sources of data were used in the study. Kobo Collect was used to collect data for the study. The collected data were exported into the 
Statistical Package for Social Sciences (SPSS) version 22 for analysis. A sample size of one hundred (100) fi sh farmers was randomly selected from a target population 
of one thousand (1000) fi sh farmers in the study area. About 61% of the respondents were men, while 39% were female. About 40% of the respondents strongly attest that 
effective water quality management should be done on a weekly basis to increase fi sh productivity in earthen ponds. The study further discovered that irregular rainfall, 
intense heat, fl ooding, and prolonged dry spells are increasingly affecting fi shing production in the aquaculture sector. The results also indicate that fi sh farmers in the 
study area had adopted multiple adaptation strategies to combat the effects of one thousand aberrant weather conditions. These strategies include improving pond 
management, quality feed formation, enhancing early harvesting, species diversifi cation, and integrated fi sh farming, etc. The fi ndings provide insight into how aberrant 
weather variability disrupts pond ecosystems, alters water quality, and threatens the livelihoods of one thousand rural farmers. The study confi rmed that fi sh farmers will 
perform better if the above productivity indicators are tackled and improved on by the Ministry of Fisheries and Marine Resources of Sierra Leone. For improved fi shpond 
productivity outcomes, it is recommended that fi sh farmers endeavor to provide a conducive fi sh species ecosystem that will enhance quality water management and 
increase fi sh productivity in the future.
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Introduction

Aquaculture has emerged as a vital strategy for enhancing 
food security and livelihoods in Sierra Leone, particularly in 
rural districts like Bo, where earthen pond fi sh farming is a 
common practice. According to research done by Maulu, et al. 
[1], the sustainability of this sector is increasingly threatened 
by aberrant weather conditions that disrupt pond ecosystems 
and fi sh productivity. Economic evaluations indicate that fi sh 
agriculture plays a double role in local economies. It provides 
a sustainable source of protein that is critical to relieve 
malnutrition, particularly in a region where traditional fi shing 
activities contribute to the food intake of the population [2].

Boyd [3] emphasized that seasonal variability affects water 

temperature, dissolved oxygen levels, and nutrient cycling, 

all critical factors for fi sh growth and survival. In addition, 

Gbigbi & Eghagha [4] noted that extreme weather events 

such as fl oods can damage pond structures, increase disease 

outbreaks, and elevate operational costs, thereby reducing 

overall yield and profi tability. The topography of earthen ponds 

greatly infl uences water quality in pond management and fi sh 

production. In Bo District, Southern Sierra Leone, fi sh farming 

in earthen ponds is particularly vulnerable due to limited 

infrastructure and adaptive capacity. Olapade [5] pointed out 

that increased precipitation may lead to high-nutrient fl ow 

and sedimentation, resulting in eutrophication and decreased 

oxygen levels in pond waters, which severely deteriorate the 

well-being of fi sh populations. 
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Species such as the Tilapia (Oreochromis niloticus) and 
the catfi sh (Clarias gariepinus), commonly cultivated in the 
region, are generally resistant; however, prolonged exposure 
to high temperatures can compromise their growth rates and 
reproduction. The heavy rainfall can lead to sedimentation 
and increased fl ow, introducing pollutants and pathogens 
into mud ponds. This deterioration of water quality not only 
compromises the health of cultivated species but can also 
facilitate the dissemination of diseases, further threatening 
their survival [6].

In addition, the economic implications of climate-
related challenges extend to market dynamics. The increase 
in production cost, stimulated by the need for additional 
investments in water management systems to address pond 
conditions, may force the fi nancial resources already limited 
for fi sh farmers. Although these challenges are signifi cant, 
adaptive strategies are emerging among local communities. 
Farmers are increasingly adopting integrative practices, such 
as polyculture systems that can improve biodiversity and 
mitigate the loss of certain species [2]. The least capable of 
adapting can be locked in a cycle of decreasing returns, which 
may precipitate migration or diversifi cation to less sustainable 
subsistence strategies such as overfi shing, further threatening 
local ecosystems [7]. The result of this study will serve as 
baseline information for future research on the assessment of 
water retention effects on fi sh farming productivity.

This study is an attempt to investigate the effects of 
aberrant weather conditions on fi sh farming production in 
earthen ponds in Bo District, Southern Sierra Leone. Thus, 
this research is carried out to investigate the effects of 
aberrant weather conditions on fi shpond productivity within 
Bo District, Sierra Leone. By undertaking this study, the 
prerequisite knowledge gap on the effect of aberrant weather 
conditions on fi sh farming in Bo District, Sierra Leone, will be 
addressed. The study provides valuable insights into the effects 
of weather conditions on fi sh farming in southern Sierra 
Leone, hence helping in advancing the fi sh farming strategies 
amidst aberrant weather conditions for the present and next 
generation.

Methodology

Study area

Bo is the capital of the Southern Province and the second-
biggest city in Sierra Leone. According to Statistics Sierra 
Leone, the 2021 Mid-Term Population and Housing Census 
conducted, there are 223,075 people living in Sierra Leone’s 
commercial center. The land area of Bo city is approximately 
25 Sq. km. Bo is a major urban center situated about 160 miles 
(250 km) east-southeast of Freetown. The city is distinguished 
by its wide ethnic composition, which is mostly home to the 
Mende people. The climate of the Bo district is like any other 
place in the south: it comprises two main seasons, dry and rainy 
seasons. The dry season is characterized by the harmattan, 
a hot, dry wind that blows from the Sahara, and relative 
humidity may be as high as 90% for considerable periods. It 
also experiences an upper temperature of 70 °F (mid-20 °C) 

and a low temperature of about 27 °C in low-lying coastal 
areas. The study was carried out at the Fisheries outstation in 
Kotogbuma, Agro Fish Farm in New Town Torwama, Gelehun, 
Main Sewa Road, and Torwama Bo Campus fi sheries pond, all 
in Bo District, Southern Sierra Leone. The study targeted fi sh 
farmers who are actively involved in fi sh farming. The study 
area is illustrated in Figure 1 below.

Study design

The study employed the descriptive research design to 
assess aberrant weather conditions on fi sh farming in earthen 
ponds in Bo District, Sierra Leone.

Sample technique and size

The target population of the study was fi sh farmers. The 
random sampling technique was adopted in collecting data 
for this study. This technique is used to select particular 
fi sh farmer respondents who are representative of the larger 
population of fi sh farmers. The sample size for this study was 
100 fi sh farmers from fi ve communities stationed within Bo 
District, Southern Sierra Leone.

Data collection

The data was collected using the Kobo Collect tool and later 
exported into SPSS version 28.

Data analysis

The data for this study were analyzed by the Statistical 
Package for Social Sciences (SPSS) version 28 and MS Excel. 
The SPSS software was used for descriptive analysis, while the 
Microsoft Excel software was used to analyze data using bar 
and pie charts.

Results and interpretation

The results revealed that 54% of respondents in the table 
below are in the 21-30 age range, the largest group (Table 1). 
Also, the same percentage (45%) of respondents fall in the 31-40 
age range, the second most represented group. According to the 
data gathered, there was a strong concentration of respondents 
in the 21-40 age range, accounting for 99% combined, while 
those 40 years and older accounted for 1%. This indicated that 

Figure 1: Map showing a study area.
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the survey was deeply biased toward younger adults. Among 
the targeted respondents, 61% are male, which is the majority, 
while 39% are female, representing the minority. This shows 
that there is an imbalance, with males outnumbering females 
by 22 percentage points. The results further revealed that 
25% of respondents are married, compared to 2% divorced. 
However, 56% of the respondents are single, representing the 
majority who responded in the survey. In addition, 17% of the 
respondents are separated.

Based on the results provided above, 40% of respondents 
indicated that the pond water tests are conducted weekly 
(Figure 2). On one hand, 23% of the respondents stated that 
the pond water tests are conducted monthly, while 7% of 
the respondents test water frequently. However, 30% of the 
respondents indicated that the pond water tests are conducted 
quarterly. This refl ects the different monitoring schedules for 
how the tests are done. This implies that pond water needs 
regular testing for better pond productivity.

The results above represent the primary source of 
conduction in the pond, with 48% of the respondents indicating 
the pH level (Figure 3). In addition, 15% of the respondents 
stated that temperature fl uctuation impacts pond condition. 
Furthermore, 20% of the respondents indicated that dissolved 
oxygen is another major condition in the fi sh ponds. However, 

17% of respondents noted that nutrient concentration in the 
pond contributed immensely to the growth of the fi sh in the 
ponds. These results show that pH and dissolved oxygen are 
critical for conduction in any fi sh pond management.

According to the result above, 43% of the respondents 
agree and strongly agree, respectively, that regular monitoring 
of water quality is crucial for maintaining productivity in the 
fi shpond (Figure 4). However, 5% of the respondents disagree 
with regular water quality monitoring. This shows that 86% of 
respondents strongly agree and consider regular water quality 
monitoring as vital for maintaining fi sh pond productivity. 
The results imply that regular monitoring is crucial for two 
reasons: water quality improvement and pond productivity.

The data above revealed that 43% of the respondents 
pointed out that changes in rainfall patterns signifi cantly 
affect water availability in the fi sh farm (Figure 5). The (5%) 
of the respondents strongly agree that rainfall variability 
signifi cantly impacts water availability in fi sh ponds. The 
result. Results demonstrate that changes in precipitation 
patterns affect both the quality and productivity of pond water, 
including availability.

Table 1: Demographic Characteristics of respondents.

Demography of Respondents Descriptive statistics

Name of communities # of submission

Name of Communities

Gelehun Section Bo 20
Kotogbuma Section Bo 32

Main Sewa Road Bo 5
New Town Torwama Bo 37

Torwama Bo Campus 6
Total 100

Age range

21- 30 years 54%
31-40 years 45%
41-50 years 1%

Above 50 years 0%
Total 100%

Gender 
Male 61%

Female 39%
Total 100%

Education

No former education 2%
Secondary education 23%

Tertiary education 75%
Total 100%

Marital status

Married 25%
Divorced 2%

Single 56%
Separated 17%

Total 100%

Occupation

Traders 25%
Farmers 10%

Academics 15%
Fish farmers 50%

Total 100%

Fish farming time frame

1 – 5 years 58%
6 – 10 years 38%

More than 10 years 4%
Total 100%

Figure 2: Frequency of pond water test in the study area.

5%

43%

3%

6%

43%

Strongly disagree

Strongly agree

Neutral

Disagree

Agree

Perception on regular monitoring of water quality for 
improve productivity of fish ponds 

Figure 4: Respondents’ perception of regular monitoring of water quality for 
improved productivity in the fi shpond.
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Primary source of conduction in fish ponds at the study 
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Figure 3: Primary source of conduction in the pond.
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According to the results above, 45% of respondents 
considered the pond outlet the most appropriate method for 
managing excess pond water (Figure 6). In addition, 10% of 
the respondents noted that allowing water to drain naturally 
through the channels is the best common approach to use. 
However, 43% of the respondents indicated they constructed 
a drainage channel for the pond water so that the excess 
water drains through the pond outlet. The fi ndings imply that 
the discharge of toxic water through the drainage system is 
fundamental for the effective performance of any fi sh pond.

The table above shows that 35% of the respondents believed 
that the decrease in dissolved oxygen negatively impacts water 
quality in fi sh farming, while 10% of the respondents stated that 
nutrient concentration is the bedrock in fi sh pond productivity 
(Table 2). However, 20% of the respondents pointed out that 
water temperature elevation adversely affects water quality; on 
the other hand, 20% of the respondents agree with the idea 
that pH fl uctuations harm water quality. The fi ndings mean 
that the dry period affects fi sh survival and productivity.

According to the results, 42% of the respondents indicated 
that low water availability is the most signifi cant challenge 
caused by prolonged dry spells for fi sh production in the study 
area (Figure 7). In addition, 18% of the respondents stated 
that poor water quality is another primary challenge affected 
by prolonged dry spells, whereas 15% of the respondents 
pointed out that prolonged dry spells lead to an increase in fi sh 
mortality. Note that 15% of the respondents indicated quality 
degradation as one of the primary challenges. The fi ndings 
imply that as the dry season prolongs, water in the pond 
becomes toxic and leads to the death of fi sh.

The above table shows that 54% of the respondents believed 
that diversifi cation is benefi cial in fi sh farming practices, 
while 27% of respondents expressed strong conviction in its 
effectiveness (Table 3). However, according to the table, 11% of 
the respondents did not see it as helpful. This shows that 81% 
of the respondents believe in diversifi cation as a strategy to 
cope with unusual weather conditions.

Based on the study results provided above, (47%) of the 
respondents indicated that climate indices are the primary 
indicator (Table 4). However, (30%) of respondents stated that 
climate risk management is another indicator in measuring 
adaptation effectiveness; therefore, climate index trends are 
the most widely recognized indicator.

5%

43%

3%
6%

43%

Strongly disagree Strongly agree Neutral Disagree Agree

Changes in rainfall patterns affect water availability in fish 
farms

Figure 5: Changes in rainfall patterns affect water availability in fi sh farms.

42%

10%

3%

45%

Construc on of drainage
channel

Allow to drain naturally Rain water harv ng Pond outlet

Most common methods use to manage excess water from 
rainfall

Figure 6: The most common methods used to manage excess water from rainfall.

18%

42%

15%
10%

15%

Poor water quality Low water availability Inc mortality Quality degrada on

Primary challenge caused by prolonged dry spell for fish 
production.

Figure 7: Primary challenge caused by prolonged dry spell for fi sh production.

Table 2: Effects of extended dry period on fi sh ponds productivity.

Variable Frequency Percent
Decrease in dissolved oxygen 35 35%
Water temperature elevation 20 20%

pH fl uctuations 20 20%
Fish disease risk increases 15 15%

Nutrient concentration 10 10%
Total 100 100%

Table 3: Fish farming practices can mitigate aberrant weather conditions.

Fish farming practices help to mitigate the impacts of aberrant 
weather conditions Percentage

Agree 54%
Disagree 11%
Neutral 8%

Strongly agree 27%
Total 100%

Table 4: Key indicators for measuring the effectiveness of adaptation measures.

Variables Frequency Percent
Climate Risk Management Indicators 30 30%

Climate Indices 47 47%
Human Wellbeing Indicators 18 18%

Resilience and Related Indicators 5 5%
Total 100 100%

Table 5: Major challenges in implementing adaptation measures in fi sh farming.

Variables Frequency Percent
Lack of fi nancial funding 28 28%

Access to market 17 17%
Limited access to fi ngerlings 20 20%

Insuffi  cient knowledge and training 15 15%
Feed formation 20 20%
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According to the results, (28%) of the respondents stated 
that lack of fi nancial funding is the major challenge that they 
have been encountering in the implementation of various 
climate change adaptation measures/strategies (Table 5). 
In addition, access to markets (17%) was noted as another 
challenge militating against climate change adaptation 
measures in the study area, while 20% of the respondents 
believed that limited access to fi ngerlings is another challenge 
worth noting. Furthermore, (15%) of the respondents pointed 
out insuffi cient knowledge and training as a key challenge in 
implementing adaptation measures. In conclusion, (20%) of 
the respondents noted that the feed formulation is a signifi cant 
challenge in adaptation measures in fi sh farming.

Discussions

Effective water quality management is a critical component 
of sustainable aquaculture practices in Sierra Leon and beyond. 
This approach is appropriate to test water quality & monitoring 
among fi sh farmers. These differences refl ect not only the 
diversity in farming practices but also differing levels of 
awareness, resource availability, and technical capacity among 
aquaculture practitioners. The fact that a signifi cant proportion 
of respondents conduct weekly water testing is encouraging. 
The results align with fi ndings by Boyd and Tucker [8], who 
noted that weekly testing is ideal for intensive systems where 
changes in water quality can occur rapidly and signifi cantly, 
hence affecting fi sh health. Frequent testing ensures that 
farmers can implement corrective measures before fi sh stress 
or mortality occurs. Monthly or quarterly testing may fail to 
capture short-term fl uctuations that could have signifi cant 
effects on pond ecology and fi sh well-being. El-Sayed [9] 
notes that in less intensive systems or where resources are 
limited, monthly testing might be a common practice, but he 
emphasizes that this approach may miss critical events, such 
as sudden drops in dissolved oxygen or pH spikes. In addition, 
the study results revealed that these varying frequencies also 
refl ect disparities in farmer knowledge, training, and access 
to testing kits or laboratories. A study by Sani, et al. [10] in 
Nigeria found that most small-scale fi sh farmers only conduct 
water quality tests when problems arise, citing cost and lack 
of equipment as barriers. Furthermore, climatic variability 
can intensify the need for regular water quality testing. In Bo 
District, where changing weather patterns infl uence rainfall, 
temperature, and evaporation rates, pond conditions may shift 
rapidly [11]. Without frequent testing, these changes may go 
unnoticed until they result in fi sh stress or disease outbreaks. 
The World Bank [12] emphasizes that in the face of climate 
variability, adaptive management strategies such as increased 
frequency of monitoring are essential for resilient aquaculture 
systems.

An imbalanced pH can cause stress or even mortality in fi sh. 
Boyd and Tucker’s [13] fi ndings align well with this revelation 
by noting that optimal pond pH should range between 6.5 and 
9.0; the slightest deviations from this range can alter ammonia 
toxicity and disrupt aquatic life. Furthermore, Dissolved 
Oxygen (DO) is essential for fi sh respiration, and its depletion 
is one of the leading causes of fi sh mortality in aquaculture. 
Low oxygen levels can result from overfeeding, excessive 

algae, or poor pond management. Maulu, et al. [1] affi rm 
that fl uctuations in dissolved oxygen, especially during early 
morning or in overstocked ponds, can signifi cantly reduce 
growth and survival rates. This concern becomes even more 
critical in warmer climates where oxygen solubility decreases 
as temperature rises. According to FAO [11], even small changes 
in water temperature can disrupt fi sh health, especially in 
tropical areas where the weather is increasingly erratic. The 
relatively low response rate here might indicate that farmers 
are either unaware of the direct impact of temperature or are 
accustomed to local seasonal patterns. Nutrients like nitrogen 
and phosphorus are crucial for plankton growth, which forms 
the base of the pond food web. However, excessive nutrients 
can lead to eutrophication, dense algal blooms that deplete 
oxygen and cause fi sh mortality. El-Sayed [9] emphasizes that 
balanced nutrient levels promote a healthy pond ecosystem. 
These fi ndings collectively demonstrate that the fi sh farmers 
are aware of key water quality parameters.

Water availability is one of the most critical resources in 
aquaculture, and its fl uctuation due to changes in rainfall 
patterns poses serious risks to the sustainability of fi sh farming, 
particularly in earthen pond systems. Rainfall provides a 
primary source of water for many smallholder fi sh farms, 
especially in regions where infrastructure for controlled water 
supply is limited. Barange, et al. [14] noted that unpredictable 
rainfall patterns and prolonged dry periods can lead to lower 
water levels and increased evaporation rates, thereby reducing 
fi sh survival and productivity. Ahmed, et al. [15] observed that 
reduced rainfall and drought conditions in West Africa have 
resulted in seasonal water shortages in fi sh farms, leading to 
increased fi sh stress, poor growth, and higher mortality rates. 
Moreover, rainfall variability affects not only the quantity but 
also the quality of pond water. Heavy rains following dry spells 
can introduce large volumes of runoff containing sediments, 
pollutants, and organic matter into ponds, thus deteriorating 
water quality. As noted by Ogundeji, et al. [16], many farmers 
in sub-Saharan Africa are aware of the effects of changing 
weather patterns but often lack the technical capacity and 
resources to adapt their farming practices accordingly. To 
mitigate the impact of rainfall variability, adaptive measures 
such as rainwater harvesting, construction of water reservoirs, 
and use of lined ponds or Recirculating Aquaculture Systems 
(RAS) are recommended strategies. Moreover, the results 
indicated a growing awareness among fi sh farmers regarding 
the impacts of changing rainfall patterns on water availability. 
However, to translate this awareness into resilience, targeted 
interventions are needed to support farmers in adopting 
adaptive water management practices in the face of increasing 
climate variability.

Managing excess water from rainfall is a critical component 
of fi shpond management, particularly in regions with 
unpredictable or intense rainfall patterns. Poor management 
of excess water can result in pond overfl ow, erosion of 
pond embankments, loss of fi sh stock, and deterioration of 
water quality. The results presented revealed that the use 
of pond outlets is the most appropriate method to manage 
excess water. The use of a pond outlet, as mentioned by the 
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largest proportion of respondents, is a standard practice in 
aquaculture design. Pond outlets are engineered structures 
used to control water levels and facilitate the removal of excess 
water in a regulated manner. According to Boyd and Tucker 
[13], a properly constructed outlet that allows for both partial 
and complete draining of a pond helps prevent overtopping 
during heavy rains. When water levels rise beyond the optimal 
point, outlets maintain water balance, protect dikes from 
breaching, and help maintain ideal conditions for fi sh growth 
and health. Drainage channels are crucial for diverting excess 
runoff away from the pond area and safely channeling it into 
designated outlets. Constructed drainage systems offer better 
control compared to natural fl ow patterns, particularly in 
sloped terrains or areas prone to fl ooding. Natural drainage 
is less predictable and harder to control, especially during 
extreme weather events. The preference for structured outlets 
and constructed drainage channels among the majority of 
respondents demonstrates a growing awareness of the risks 
posed by climate-related water surges and the need for 
adaptive pond engineering. It also refl ects a trend toward 
more technical approaches to aquaculture management, which 
are necessary to enhance resilience and minimize losses. The 
fi ndings further revealed that fi sh farmers in the surveyed 
area understand the importance of proper drainage and water 
control. The combined use of pond outlets and constructed 
drainage systems offers a practical and effective approach 
for managing excess rainfall, preventing damage to ponds, 
and maintaining optimal growing conditions for fi sh. Climate 
change and its associated impacts—prolonged dry spells, 
erratic rainfall, and temperature fl uctuations—pose signifi cant 
challenges to fi sh farming, particularly in vulnerable regions 
like sub-Saharan Africa. Notably, respondents cited improved 
water management as the most effective adaptation measure. 
This was followed by enhancing water quality monitoring 
systems.

The highest percentage of respondents acknowledged 
that effective water management is critical for sustaining 
fi sh production under changing climatic conditions. Effi cient 
water use, pond design modifi cations (e.g., deepening or 
lining), rainwater harvesting, and the use of water-saving 
technologies like drip or pipe infl ows are among the key 
strategies employed. El-Sayed [9] stated that sustainable water 
management in aquaculture plays a pivotal role in maintaining 
stable water parameters and reducing the risk of fi sh mortality 
due to drought or overheating. Furthermore, water scarcity, 
particularly during prolonged dry spells, leads to elevated water 
temperatures and reduced dissolved oxygen levels, creating 
stressful conditions for aquatic species. Barange, et al. [14] 
noted that water scarcity will become increasingly prevalent 
as a result of climate change, and proactive water management 
practices are essential to ensure continued fi sh survival and 
optimal growth. Regular and precise monitoring of water 
quality parameters such as pH, dissolved oxygen, ammonia 
levels, and temperature is crucial for early detection of stressors 
and timely interventions. The increasing unpredictability of 
weather events necessitates real-time and continuous water 
quality monitoring tools that can help farmers make informed 
management decisions. Boyd & Tucker [13] indicated similar 

fi ndings; poor water quality is one of the leading causes of fi sh 
disease and low productivity in aquaculture. Implementing 
affordable, user-friendly monitoring systems can equip 
farmers with the knowledge and tools to maintain stable pond 
conditions, even during periods of environmental stress. The 
results revealed that 22% of respondents viewed the selection 
of climate-resilient fi sh species as a practical adaptation 
approach. This involves cultivating species that are more 
tolerant to temperature fl uctuations, low dissolved oxygen 
levels, and changing water chemistry. Tilapia (Oreochromis 
niloticus), for instance, is widely recognized for its hardiness 
and ability to withstand challenging environmental conditions.

However, the availability and affordability of such 
species remain a challenge for smallholder farmers in many 
developing regions. A smaller, but still signifi cant, proportion 
of respondents indicated the diversifi cation of livelihoods 
as an important climate adaptation strategy. Livelihood 
diversifi cation refers to the process of engaging in multiple 
income-generating activities outside traditional fi sh farming 
to reduce dependence on a single vulnerable sector. However, 
implementing such strategies often requires access to training, 
fi nance, and market information.

Conclusion

This study has brought to light the multifaceted challenges 
and adaptive responses of fi sh farmers in Bo District, Southern 
Sierra Leone. The study concludes that the condition of fi sh 
ponds, particularly water quality parameters such as pH, 
dissolved oxygen, temperature, and nutrient concentrations, 
signifi cantly infl uences fi sh health and the overall productivity 
of fi sh farms in Bo District. Weekly testing, practiced by 
most respondents, refl ects commendable awareness, yet the 
prevalence of less frequent testing suggests the need for wider 
outreach and capacity building. The study further concludes 
that rainfall patterns had direct consequences on water 
availability and quality, with erratic rains and extended dry 
periods leading to pond drying, water quality degradation, and 
reduced fi sh survival and growth. The study further concludes 
that climate-induced variability does not only impact pond 
ecology but also undermines the broader socioeconomic 
stability of aquaculture-dependent households. A lack of 
fi nancial support, poor market access, and insuffi cient training 
emerged as dominant barriers that restrict farmers from 
implementing adaptive solutions. Nevertheless, farmers are 
responding in diverse ways, ranging from improving water 
management and monitoring systems to adopting climate-
resilient fi sh species and diversifying livelihoods. The fi ndings 
indicate a growing awareness and willingness among farmers 
to adapt, but this must be matched with sustained institutional 
support, technical training, and fi nancial investment. Without 
addressing these core issues, the resilience and sustainability 
of small-scale aquaculture in Bo District will remain fragile in 
the face of escalating climate threats.
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