
Citation: Ssekyanzi, A.; Nevejan, N.;

Kabbiri, R.; Wesana, J.; Stappen, G.V.

Knowledge, Attitudes, and Practices

of Fish Farmers Regarding Water

Quality and Its Management in the

Rwenzori Region of Uganda. Water

2023, 15, 42. https://doi.org/

10.3390/w15010042

Academic Editors: Zoran Marinović,
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Abstract: As the number of inhabitants in Sub-Saharan Africa (SSA) increases, demand for animal-
source proteins outstrips the current supply. Aquaculture is promoted to sustain livelihood and
for improved food security. However, the production in SSA is still low at less than 1% of the total
global production. Poor water quality is cited to be one of the factors limiting the growth of the
aquaculture sector and is attributed to limited familiarity with standard aquaculture practices. Thus,
a knowledge, attitudes, and practices (KAPs) survey was carried out among fish farmers in five
districts of the Rwenzori region. Our results showed that 81% and 80% of them had poor knowledge
and practices concerning water quality in aquaculture, respectively. Seventy percent did not know
that fish farming caused pollution, while 68% believed that there was no need to treat fish farm
effluents. Only 45% showed good attitudes towards water quality management. Fish farmers that fed
fish with only complete pellets and those that combined them with locally available products (LAP)
were 8 and 5 times more likely to possess more knowledge (p < 0.01) on water quality as compared to
others that used only LAP. Slight improvements in attitudes and practices for every unit increment in
knowledge were observed (p < 0.05). This limited familiarity with water quality management could
severely impede the growth of aquaculture, as well as the sustainable utilization of available water
resources. Therefore, there is a need for more training and improvement of extension services among
fish farming communities.

Keywords: effluents; aquaculture production; rural; land-based; smallholder; sub-Saharan Africa;
locally available products (LAP)

1. Introduction

The development of the African aquaculture sector has been broadly segmented into
3 phases i.e., the introductory phase (1950–1970), the expansion phase (1970–1995), and
the emergence of commercial aquaculture (1995—till today) [1]. The latter phase accounts
for a twenty-fold rise in production from 110,200 tons in 1995 to 2,196,000 in 2018, with
a compound annual growth rate (CAGR) of 16% [1,2]. This rise is attributed to both the
growth of private sector-controlled small and medium-scale enterprises (SMEs), and the
development of big commercial enterprises [1].

Ninety-nine percent of the aquaculture production in Africa is from inland freshwater
systems, which are dominated by the culture of indigenous species such as Nile tilapia
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(Oreochromis niloticus) and African catfish (Clarias gariepinus), while mariculture only con-
tributes 1% [1–4]. The observed rapid growth of aquaculture production in Sub-Saharan
Africa (SSA) is partly attributed to the expansion of cage culture from nine cages in 2006, to
more than 20,000 in 2019 [4]. These are mainly located on lakes Victoria (Uganda, Kenya,
Tanzania), Kariba (Zambia, Zimbabwe), Kivu (Rwanda, Democratic Republic of Congo;
DRC), Muhazi (Rwanda), and Volta (Ghana), which host 91% of the total inland cage
culture [4,5].

Despite this fast growth, SSA still accounts for less than 1% of global aquaculture pro-
duction [4,6]. However, SSA is home to approximately 14% of the total world population [6].
The rapidly growing population compounded by the decline of capture fisheries has led
to higher fish demand than the current supply in this region [4,6]. For example, SSA im-
ported 1.5 times more fish products between 2015 and 2019 than was produced from local
aquaculture [4]. Factors such as the limited markets, transaction costs, unavailability of
quality feed, limited supply of fingerlings, limited availability of suitable land, shortage of
fish diseases management expertise, inadequate regulatory frameworks and policies [1,7],
poor water quality [8,9], as well as the overall lack of knowledge and skills in fish farm
management [10], limit the sector’s growth.

The aquaculture growth rate (34% annually) in Uganda is one of the highest in Africa,
having grown from 820 tonnes in 2000 to 112,344 by 2017 [6,11]. During this same period,
the value of aquaculture production grew from USD 820,000 to 259,121,000, at a rate
(40%) higher than the global (9%) and African (7%) averages [6]. This has been attributed
largely to the expansion of commercial cage culture on lake Victoria [4,5], and less on rural
and/or smallholder fish farming enterprises generally characterized by low and unreliable
yields [8,10,12–15]. Many fish farmers using earthen ponds in the country have abandoned
the activity as it is deemed unviable [12,13]. Poor water quality has been regularly cited as
one of the major problems faced [8,16].

Water quality contributes to the success of any fish farming enterprise [17–20]. Manag-
ing water quality involves a proper understanding and manipulation of complex interac-
tions between the stocked organisms and their ecosystem to enhance survival for increased
productivity [18,20]. On the other hand, fish farm effluents also negatively impact re-
ceiving water systems and the environment [21–24]. This results in the general quality
degradation of receiving water systems, eutrophication, increased water treatment costs,
and other downstream impacts on the environment [18,20,21,25]. The lack of necessary
knowledge and skills in fish farm management is a prevalent challenge among African fish
farmers [5,10,14,16,24]. However, the magnitude of these deficiencies among the fish
farming communities has never been assessed.

This study aimed at (1) assessing the level of knowledge, attitudes, and practices
(KAPs) of fish farmers regarding water quality and its management, and (2) evaluating the
relationship between KAPs with socio-demographics, as well as the production factors.
Although KAPs studies involving aspects of antimicrobial use and resistance [26], as well
as biosecurity [27–29] in aquaculture, have previously been carried out, this study is the
first to focus on water quality and its management in rural fish farming communities. The
study was carried out in the Rwenzori region because it is one of the areas in Uganda where
smallholder fish farming is being practiced but with low recorded yields as reported in
previous findings [30].

2. Materials and Methods
2.1. Study Area

The Rwenzori region is located close to the equator, along the border of Uganda and
the DRC [31]. This region is estimated to cover approximately 3.1% of the surface area of
Uganda [31,32]. The study was conducted in five districts (Kyegegwa, Kyenjojo, Kabarole,
Bundibugyo, and Kasese) of the region. During this study, Bunyangabo was considered to
be part of Kabarole district despite having recently been demarcated as a fully standalone
administrative district by the Ugandan government (Figure 1).
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Figure 1. Map of the Rwenzori region showing the districts (with their location in Uganda, see map
top right) where fish farmers were interviewed (grey) and where no fish farmers were interviewed
(white). Bunyangabo is a former county of Kabarole that was established as an independent district
in 2017. In this study, those two districts were studied together as Kabarole district where complete
fish farmers’ lists were still held.

2.2. Respondent Selection

A KAP questionnaire was used to source respondents that actively participate in fish
farming. Based on the lists of fish farmers obtained from the respective districts’ databases,
the potential respondent population size for all the districts was 436. At a 95% confidence
level and 5% margin error, the minimum sample size of 205 fish farmers was determined
using the single proportion estimation method [33]. Under the guidance of local district
guides, active fish farmers were identified, having inquired whether they were actively
involved in fish farming activities. Thereby, a total of 246 fish farmers (39 from Kabarole,
53 from Kyenjojo, 41 from Kyegegwa, 60 from Kasese, and 53 from Bundibugyo) were
randomly taken to participate in the survey interviews. Visits were made to each farm,
followed by the administering of interviews.
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2.3. Data Collection

Responses from the participants were obtained using questionnaires. The research
team developed the questionnaire in English. These were translated into the respective
local languages (Lutoro, Lwisi, and Lukonjo) for the collection of information from the
respondents. A preliminary test of the questionnaire (n = 13) was conducted in Kabarole
district. The questionnaire was revised and validated with the supervision of senior
researchers. The interviews that lasted for approximately 40 min were conducted among
selected fish farmers. Section 1.0 of the questionnaire covered information about farm and
farmer character-istics. Section 2.0 covered information about fish productivity (species,
culture facilities, type of feeds applied, length of the production cycle, yield). Only data
from the previous complete production cycle (2019) was included in this section. Section 3.0
was used to collect information about water availability and quality management (water
source, water quantity, and source reliability). Section 3.1 was used to collect data about
knowledge, attitudes, and practices on water quality management. This section had four
subsections. The first subsection (3.1.1) was used to obtain information about the knowledge
and awareness of water quality. The second subsection (3.1.2) was used to collect data
about the attitudes/perceptions toward water quality monitoring and management. The
third subsection (3.1.3) was used to collect information about the practices of water quality
monitoring and management. The last (subsection 3.1.4) was used to collect information
about incidences of water quality problems. A copy of the questionnaire is provided in the
Supplementary Materials. The surveys were conducted between February and March 2021.

2.4. Data Management and Analysis

One respondent was omitted due to providing incomplete information. Therefore,
245 respondents were considered for the KAPs analysis. The obtained data were entered
into an MS Excel spreadsheet and thoroughly cross-checked for errors. The data were
then cleaned and further processed. The procedures followed were similar to what was
described by Jia et al. (2017) [29], Pham-duc et al. (2019) [26], and Kambey et al. (2021) [27].
Each validated question was independently analyzed with answers assigned a score, either
1 (correct) or 0 (incorrect). Assessment of whether the responses were correct or wrong
was based on the discussions of Boyd & Tucker (1998) [34] and MAAIF (2020) [35] on
aquaculture water quality management. To analyze how individual participants performed
in each of the knowledge, attitude, and practice categories, the sum of each participant’s
answers for that section was calculated. Those whose responses were deemed ≥75%
correct in a given section of the questionnaire were considered to have good knowledge,
attitudes, or practices, concerning water quality management. Fish farmers that scored
between ≥50 and <74% were classified as possessing fair knowledge, attitudes, or practices,
while those that scored <50% were deemed to have poor levels of the same [27,29]. The
associations between attitude/practice levels with socio-demographics, production factors,
as well as yield, were assessed using ordinal logistic regression. The dependent variables
(attitude and practice level) were measured at three ordinal levels i.e., good, fair, and
poor. The independent variables were district (Bundibugyo, Kabarole, Kasese, Kyegegwa,
and Kyenjojo), gender (male, female), age (34 and below, 35 and above), experience (two
years or less, above two years), level of education (primary or lower, secondary or higher),
culture method (monoculture, polyculture), sources of information (one or none, two
or more), information is obtained from other persons (yes, no), knowledge score, and
attitude score. The validity of the model was assessed using the model fitting information
(p < 0.05), goodness-of-fit tests (Pearson and Deviance) with p > 0.05, and test of parallel
lines (p > 0.05). Due to 344 (66.7%) of the cells of the dependent variable “knowledge levels
by subpopulations” having zero frequencies, this data could not fulfill the assumptions
required to run an ordinal logistic regression. Therefore, counts of respondents with fair
and good knowledge of water quality were combined to form a single category known
as “Fair to good knowledge. Then, assessing the factors related to the knowledge levels
of fish farmers concerning water quality and its management (Section 3.5.1) was carried
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out using binary logistic regression due to having only two categories of the dependent
variable (“Poor” and “Fair to good knowledge levels”). The validity of the latter regression
model was also assessed for the goodness of fit using both Pearson and Deviance chi-square
statistics (p > 0.05), while Pseudo R-Square (Nagelkerke) was used to assess the strength
of the association. The Omnibus Test of Model coefficients (p < 0.05) and Hosmer and
Lemeshow Test (p > 0.05) were also used. All the statistics were carried out using IBM SPSS
statistics 28.0.1 software.

3. Results
3.1. Participant Demographics

Most of the interviewed fish farmers were male (84%) as compared to 16% who were
female (Table 1). The respondents were evenly distributed between age groups ranging
from 15–24, up to >55 years old. Only 2.9% of the interviewed fish farmers had no form of
formal education. The results show that the majority of the fish farming enterprises were
individually owned (84%) compared to 6% being part of a company, and 7% being owned
by community-based organizations. Of the interviewed fish farmers, 25% had less than
two years of fish farming experience, while the rest had farmed fish longer. Among the
224 fish farmers that were part of individually owned enterprises, 74 (33%) were classified
as low-income (poor), while 150 (67%) were middle-income or higher (Table 1).

3.2. Fish Production Characteristics

Most of the fish farms (88%) were into grow-out aquaculture, while others compli-
mented it with fish fry production (10%). Monoculture (78%) was the most practiced
culture method as compared to polyculture (22%), with Nile tilapia (70%) being the most
farmed fish species, followed by African catfish (27%), and then mirror carp Cyprinus carpio
(2%). Some fish farmers (1%) reported farming other species such as Tilapia zillii, and other
unidentified types of catfishes that had either invaded their culture facilities from the wild
or that they had intentionally introduced. Earthen ponds were the most utilized culture
facilities (91%) (Table 2). Less than 25% of the fish farmers fed their fish on commercial
pellets (either floating or sinking), but the majority used locally available products (LAP)
such as vegetables (30%) and homemade feed (22%). Examples of common homemade
feeds included maize bran, cooked plantain (banana), and sweet potato peelings. Fourteen
percent of the fish farmers fed fish on leftover food scraps, while 5% only fertilized water to
grow plankton as natural food. On the other hand, 1% of the fish farms did not administer
any form of feeding, while 4% applied other forms of feed such as industrial waste products
from breweries (Table 2).

Table 1. Socio-demographic characteristics of interviewed active fish farmers in the five districts of
the Rwenzori region of Uganda.

Item No. of Responses (%)

Gender

Male 205 (83.7)

Female 40 (16.3)

Age (years old)

15–24 22 (9.0)

25–34 41 (16.7)

35–44 76 (31.0)

45–54 62 (25.3)

>55 44 (18.0)
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Table 1. Cont.

Item No. of Responses (%)

Highest education

No formal education 9 (3.7)

Primary education 84 (34.3)

Secondary education 81 (33.1)

Tertiary education 70 (28.6)

Other (short course or training from CBOs/NGOs) 1 (0.4)

Category of farm

Individual fish farm 210 (85.7)

Private sector/Company 14 (5.7)

Government agency/parastatal 1 (0.4)

University/training institute/college 2 (0.8)

Civil society/association/group 18 (7.3)

Years of fish farming experience

<2 62 (25.3)

2–3 88 (35.9)

4–5 40 (16.3)

>5 55 (22.4)

Income of farmers (n = 224)

Low income/poverty 74 (33.0)

Middle-income and above 150 (67.0)

Contribution of fish farming to income (n = 224)

<25% 131 (58.5)

25–50% 56 (25.0)

51–75% 35 (15.6)

>75% 2 (0.9)
Note: CBO: Community-based organization; NGO: Non-governmental organization. These usually conduct
training to empower smallholder fish farmers in rural areas. The frequencies of the income level of farmers and
the contribution of fish farming to income were obtained from 224 respondents. The 23 missing respondents
belonged to government agencies/parastatals, universities/institutes/colleges, or civil society/associations
or groups.

3.3. Water Resources Characteristics

Streams/rivers (29%), swamps (35%), and groundwater/wells (26%) were the main
sources of water for fish farming. Municipal piped water and rainfall were also utilized
as water sources by 1% and 4% of the fish farmers, respectively. Eighty percent of the
respondents reported carrying out some form of water exchange at their fish farms. While
87% claimed that the water quantity was reliable for fish farming throughout the year, 9%
disagreed, and 4% were not sure. The majority (66%) noticed changes in water quality
during the production season. Incidences of algal blooms (63%), change in turbidity
(22%), effects of decomposition such as off-odors (7%), and variation of physicochemical
parameters from the optimal (8%), were the main water quality problems outlined. It
was claimed by 34% of the fish farmers that most water quality issues occurred in the
dry seasons, while 28% reported experiencing such incidences during the rainy periods.
Others (31%) reported such incidences occurring unexpectedly at any time, while a few
(7%) were not sure. Most of the respondents (67%) mentioned water exchange as the
remedy to these water quality anomalies. While 13% of the respondents that noticed water
quality deterioration claimed to do nothing when such issues arose, others transferred
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the fish to other facilities (2%), practiced feed management (2%), applied manual removal
of dirt and wastes (6%), as well as consulted with the aquaculture/fisheries officers (1%).
A few (1%) reported that they abandoned production when water quality issues arose.
However, 72% of these farmers reported having never experienced any fish losses due to
problems associated with water quality. Most of the respondents (57%) operated constant
flow-through systems. Approximately 22% had well-designed culture systems with proper
water inlets and outlets, while 20% did not practice any water exchange (Table 3).

Table 2. Fish production characteristics of selected fish farms in districts of the Rwenzori region.

Item No. of Responses (%)

Fish production activities

Grow out 244 (87.8)

Hatchery 29 (10.4)

Recreation 5 (1.8)

Culture method

Monoculture 191 (78.0)

Polyculture 54 (22.0)

* Cultured fish species

Nile tilapia (Oreochromis niloticus) 218 (69.9)

African catfish (Clarias gariepinus) 84 (26.9)

Mirror carp (Cyprinus carpio) 6 (1.9)

Other (Tilapia zillii, and unidentified wild catfishes) 4 (1.3)

* Culture facilities

Earthen ponds 224 (91.1)

Lined ponds 7 (2.8)

Concrete tanks 14 (5.7)

Cages 1 (0.4)

* Feeds applied

Commercial extruded floating pellets 98 (20.3)

Commercial sinking pellets 18 (3.7)

Homemade feed (maize bran, etc.) 105 (21.7)

Vegetables 147 (30.4)

Food-scraps 68 (14.1)

Green water/fertilization 24 (5.0)

No feeding 5 (1.0)

Other (local brewery waste etc.) 18 (3.7)
Note: * Implies that the frequencies are obtained from multiple responses.

3.4. Knowledge, Attitudes, and Practices on Water Quality Management in Fish Farms
3.4.1. Knowledge of Water Quality Management

Ten percent of the respondents had never heard about water quality issues. Friends
and family members (31.3%) were the commonest sources of information about water
quality for the respondents who reported having ever heard about the subject of “water
quality”. This was followed by fisheries or extension officers (26.5%). Other sources of
information were also used as shown in Table 4.
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Table 3. Water resources and water quality dynamics of the fish farms in the Rwenzori region.

Item No. of Responses (%)

* Water sources

Rainfall 18 (6.5)

Groundwater/well 72 (25.9)

Stream/river 82 (29.1)

Lake 7(2.5)

Swamp 98 (35.3)

Municipal/piped water 2 (0.7)

Water source reliability

Yes 212 (86.5)

Not sure 10 (4.1)

No 23 (9.1)

Water quality changes observed

Yes 162 (66.1)

No 83 (33.9)

Types of water quality changes observed (n = 162)

Turbidity 36 (22.2)

Algal blooms 102 (63.0)

Physicochemical parameters 13 (8.0)

Off-odors 11 (6.8)

The season when water quality problems are observed (n = 162)

Dry season 55 (34.0)

Rainy season 46 (28.4)

Anytime 50 (30.9)

Not sure 11 (6.8)

Remedies to poor water quality (n = 162)

Administering fertilizers 15 (9.3)

Water exchange 109 (67.3)

Transfer fish to another culture facility 3 (1.9)

Feed management 3 (1.9)

Manual removal of dirt and wastes 9 (5.6)

Abandon production 1 (0.6)

Consult with the fisheries officer 1 (0.6)

No action 21 (13.0)

Fish losses due to water quality problems (n = 162)

Yes 47 (27.8)

No 117 (72.2)

Water exchange routine

No water exchange 50 (20.4)

Constant flow-through 140 (57.1)

Controlled inlet and outlet 55 (22.4)
Note: * Implies that the frequencies are obtained from multiple responses.
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Table 4. Frequencies of sources of information on water quality management among fish farmers of
the Rwenzori region, Uganda. These frequencies were obtained for multiple responses. CBO stands
for community-based organizations.

Source of Information on Water Quality No. of Responses (%)

TV 11 (3.0)
Radio 28 (7.7)
Internet 9 (2.5)
Academic journal 6 (1.7)
School/college/university 8 (2.2)
Government agencies 39 (10.7)
Friends/family members 115 (31.7)
CBO training 13 (3.6)
Fisheries/extension officer 94 (26.4)
Never heard of it 38 (10.5)

Above 80% of the fish farmers that were interviewed did not know what good or poor
water quality for fish farming was (Figure 2). Only seven percent identified that good water
quality for fish farming should possess favorable levels of parameters such as pH, dissolved
oxygen (DO), temperature, ammonia, and turbidity for fish. The others considered good
quality water for fish farming to be green in color, visibly clean, or transparent. Six percent
of the respondents either did not know and/or either linked quality to the smell of water or
the absence of physical particles. Only fourteen percent of respondents knew that bad water
quality for fish farming meant water with unfavorable abiotic parameters for cultured fish.
The majority of fish farmers responded that poor quality water is one “that is unclear”
(18%), “visibly dirty” (30%), “badly colored” (17%), or “muddy” (7%). Others differed from
all these responses by saying that poor water quality meant stagnant water or water with
physical foreign bodies such as plastic and rubbish (Figure 2).

Most of the respondents (75%) did not know the importance of regularly testing
water quality in their fish farming facilities. They either assumed that the quality of water
should never be tested, it should be tested only when fish are sick, exhibit poor response
to feeding, or whenever the technical person (extension officer) visits. Specifically, 29% of
the respondents were unaware of the necessity to test water quality. Only 62 (26%) of the
respondents knew that water quality testing should be a regular activity at the fish farm
(Figure 2).

Although only 4 (2%) of the fish farmers perceived all fish farming systems to be prone
to water quality deterioration, a large majority (98%) believed their fish culture facilities
were less likely to experience poor water quality at any stage of the production cycle.
Furthermore, 70% of the respondents also did not know that fish farming activities led to
the addition of pollutants into the natural water systems and environment. Furthermore,
173 (68%) did not see the need of treating fish farm effluents before releasing them back
into the environment (Figure 2).

However, 82% of the respondents knew that the quality of water influenced the yields.
Furthermore, 60% of the respondents acknowledged that water quality influenced the fish
species one could rear, preferring African catfish that can withstand turbid water over Nile
tilapia. Approximately 65% of the respondents also knew that the quality of feed could
influence water quality. It was also established that 97% of the respondents knew at least
one technique for maintaining good water quality at a fish farm, while 80% were aware of
a method to improve water quality once deterioration occurs. However, water exchange
was the most reported remedy in both scenarios. Most respondents (70%) acknowledged
the importance of keeping water quality records at a fish farm (Figure 2).
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3.4.2. Attitudes of Fish Farmers toward Water Quality Monitoring and Management

Most of the fish farmers exhibited positive attitudes toward water quality and its
management (Figure 3). However, respondents were unwilling to invest in water quality
management perceiving it to be costly (70%), considered treating effluents as unimportant
(56%), and did not perceive any negative effect of effluent on the environment (59%)
(Figure 3).

3.4.3. Water Quality Management and Monitoring Practices among Fish Farmers

The water quality management and monitoring practices among the fish farmers
were generally poor. More than three-quarters (76%) of the respondents never tested the
water quality of the source before setting up their fish farm. Most respondents (69%) never
considered the quality of water when selecting fish species to culture. While more than
half of the respondents (54%) claimed to be monitoring water quality at their fish farms,
81% of them neither monitored a single water quality parameter nor knew what to monitor.
Most of the fish farmers (79%) had no access to water quality testing kits. However, 16.3%
of them reported observing fish behaviour using their eyes or feeling senses (hands) to
determine good or poor water quality. Of the 245 respondents, 212 (87%) never tested any
water quality parameter during the production cycle, while 90% did not keep any water
quality records. Most fish farmers (77%) did not carry out any form of fish farm effluent
treatment before releasing it back into the environment. Those who did treat the effluent
used it for irrigation (7%), had treatment ponds (1%), or directed it back to a wetland (2%)
(Figure 4).
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Figure 3. Assessment of the attitudes of fish farmers towards water quality and its management in five districts of the Rwenzori region.
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Figure 4. Percentage frequencies of correct (good practices) and incorrect (bad practices) responses to
questions about practices regarding water quality and its management among fish farmers of the
Rwenzori region.

With regards to water quality management techniques employed in aquaculture
production, water exchange (29%) was most used, followed by fertilization (28%). Fifty-
three (17%) of the 245 respondents claimed not to employ any form of water quality
management. Other water quality management techniques such as biofiltration (1%),
mechanical filtration (7%), liming (4%), and aeration (9%) were also utilized (Table 5).

Table 5. Water quality methods employed by fish farmers in the studied districts of the Rwenzori region.

Water Quality Management Method No. of Responses (%)

None 53 (16.7)
Biofilters 3 (0.9)
Mechanical filters 22 (6.9)
Fertilization 89 (28.0)
Water exchange 93 (29.2)
Liming 14 (4.4)
Heating 2 (0.6)
Aeration 29 (9.1)
Other (adding ash, picking rubbish, etc.) 12 (4.1)

Note: These results were obtained from multiple responses.

3.5. Factors Related to Knowledge, Attitudes, and Practices Regarding Water Quality Management
in Fish Farms
3.5.1. Factors Related to Fish Farmers’ Knowledge of Water Quality Management

According to the computed knowledge level scores, 81%, 17%, and 2% of the fish
farmers had poor, fair, and good knowledge about water quality and its management,
respectively. Binary logistic regression was performed to establish the effects of socio-
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demographic factors (gender, age, education), production factors (experience, fish culture
methods, applied feed types), information sources, and yields on the level of knowledge
about water quality. Most of the assessed factors showed no significant association with
knowledge. However, fish farmers that applied only complete pellets and those that
combined them with LAP were 8 and 5 times more likely to possess more knowledge
(p < 0.01) on water quality as compared to those that used only LAP. Though there was
a positive relationship between fish yield and the level of knowledge on water quality
management, this was not significant (Table 6).

Table 6. Binary logistic regression analysis of factors associated with knowledge with regards to
water quality management among fish farmers of the Rwenzori region.

OR (95% CI) p Value

Farm ownership

Private/CBO/Government owned . .

Individually owned 1.838 (0.436–7.757) 0.407

Gender

Male . .

Female 0.353 (0.081–1.538) 0.166

Age range

34 and below . .

35 and above 0.815 (0.287–2.315) 0.702

Completed education level

Primary school or lower . .

Secondary school or higher 0.941 (0.359–2.469) 0.902

Experience in fish farming

2 years or less . .

3 years or more 1.185 (0.477–2.943) 0.715

Culture methods

Monoculture . .

Polyculture 0.632 (0.208–1.916) 0.418

Feeds applied 0.003

Locally available products (LAP) . .

Commercial pellets 8.319 (2.036–33.998) 0.003

Commercial pellets + LAP 4.940 (1.733–14.082) 0.003

Sources of information on water quality 0.118

None . .

One or less 0.311 (0.024–4.037) 0.372

Two or more 0.113 (0.007–1.713) 0.116

Information from other persons

No . .

Yes 2.812 (0.230–34.393) 0.418

Yield per m2 1.140 (0.987–1.316) 0.074
Note: Values in boldface indicate are significant (p < 0.1). The dependent variable (knowledge level) was
transformed into a binary where “fair to good knowledge” was coded as 1 and “poor knowledge” was coded as 0.
Fair to good knowledge is the reference category.
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3.5.2. Factors Related to Fish Farmers’ Attitudes towards Water Quality Management

According to the computed attitude scores, 15%, 40%, and 45% of the respondents
had poor, fair, and good attitudes toward water quality management, respectively. Ordinal
logistic regression was performed to establish the effects of socio-demographic factors
(gender, age, education), production factors (experience, fish culture methods, applied
feed types), information sources, knowledge score, and yields on the attitudes towards
water quality among fish farmers. Male fish farmers were 2.6 times more likely to possess
good attitudes toward water quality and its management as compared to the females
(p < 0.05). However, yield (kg) per square meter dropped by 27% for every unit increase in
attitude towards water quality and its management (p < 0.01). On the other hand, a positive
association was observed between the percentage knowledge score and the attitude levels.
That is, for every unit increase in percentage knowledge level score, the attitude levels
slightly improved by 1.1 times (p < 0.01) (Table 7).

Table 7. Ordinal logistic regression analysis of factors associated with attitudes towards water quality
management among fish farmers of the Rwenzori region.

OR (95% CI) p Value

Threshold Poor attitudes 3.886 (0.768–19.664) 0.101

Fair attitudes 62.468
(11.120–350.942) 0.000

District where the farm is located

Bundibugyo 1.078 (0.396–2.939) 0.883

Kabarole 1.058 (0.333–3.359) 0.924

Kasese 2.758 (0.926–8.220) 0.069

Kyegegwa 2.133 (0.724–6.287) 0.170

Kyenjojo 1 .

Farm ownership

Private/CBO/Government-owned 1.534 (0.587–4.011) 0.383

Individually owned 1 .

Gender

Male 2.596 (1.063–6.342) 0.036

Female 1 .

Age range

34 and below 0.601 (0.264–1.368) 0.225

Above 34 1 .

Completed education level

Primary school or lower 0.589 (0.296–1.173) 0.132

Secondary school or higher 1 .

Experience in fish farming

2 years or less 1.395 (0.702–2.773) 0.342

Above 2 years 1 .

Culture methods

Monoculture 0.943 (0.415–2.141) 0.888

Polyculture 1 .

Sources of information on water quality
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Table 7. Cont.

OR (95% CI) p Value

One or none 0.689 (0.324–1.467) 0.334

More than one 1 .

Information from other persons

No 1.020 (0.401–2.597) 0.966

Yes 1 .

Yield per m2 0.732 (0.600–0.894) 0.002

% Knowledge score 1.097 (1.066–1.129) 0.000
Note: Values in boldface indicate are significant (p < 0.05).

3.5.3. Factors Related to Fish Farmers’ Practice of Water Quality Management

The computed practice level scores showed that 80%, 13%, and 7% had poor, fair, and
good water quality management practices, respectively. Ordinal logistic regression was
performed to establish the effects of socio-demographic factors (gender, age, education),
production factors (experience, fish culture methods, applied feed types), information
sources, knowledge score, attitude score, and yields on the practice levels of water quality
management among fish farmers. Respondents from Bundibugyo were found to be six
times more likely to practice good water quality management as compared to the reference
(Kyenjojo) when all other variables in the model are kept constant (p < 0.05). On the
other hand, respondents from company/government/civil society-owned fish farms were
3 times more likely to practice good water quality management as compared to those from
individually owned ones (p < 0.05). It was also observed that the level of good practice
concerning water quality management minimally improved by 1.04 times for every unit
increment in percentage knowledge level about the same subject (p < 0.05) (Table 8).

Table 8. Ordinal logistic regression analysis of factors associated with practices of water quality
management among fish farmers of the Rwenzori region.

OR (95% CI) p Value

Threshold Poor practices 484.758
(20.784–11306.098) 0.000

Fair practices 2105.520
(81.993–54067.960) 0.000

District where the farm is located

Bundibugyo 5.609 (1.311–23.996) 0.020

Kabarole 2.431 (0.440–13.423) 0.308

Kasese 2.981 (0.741–11.988) 0.124

Kyegegwa 1.226 (0.266–5.644) 0.793

Kyenjojo 1 .

Farm ownership

Private/CBO/Government-owned 3.274 (1.112–9.637) 0.031

Individually owned 1 .

Gender

Male 1.008 (0.301–3.374) 0.990

Female 1 .

Age range
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Table 8. Cont.

OR (95% CI) p Value

34 and below 0.759 (0.256–2.243) 0.617

Above 34 1 .

Completed education level

Primary school or lower 1.565 (0.652–3.760) 0.316

Secondary school or higher 1 .

Experience in fish farming

2 years or less 0.812 (0.343–1.922) 0.635

Above 2 years 1 .

Culture methods

Monoculture 0.423 (0.169–1.059) 0.066

Polyculture 1 .

Sources of information on water quality

One or none 1.711 (0.649–4.513) 0.278

More than one 1 .

Information from other persons

No 0.936 (0.273–3.210) 0.917

Yes 1 .

Yield per m2 1.049 (0.879–1.250) 0.598

% Knowledge score 1.043 (1.007–1.080) 0.019

% Attitude 1.033 (0.991–1.076) 0.122

4. Discussion

Water quality is the most important aspect of any aquaculture operation [17,18,36,37].
It involves skillful manipulation and management of the water ecosystem to ensure survival
and increased yields [18,37]. Therefore, it is imperative to have an understanding of
the dynamic complex interactions that occur between the stocked organisms and their
ecosystem [18]. As pure water quality is rarely found in nature [17], it is imperative to
ensure proper monitoring and management in aquaculture facilities.

This study showed that the majority of fish farmers in the Rwenzori region lack
sufficient knowledge and hardly practice any water quality management. Less than a
quarter of fish farmers showed fair to good knowledge and practice levels while 10%
had never heard about water quality and its management in fish farming. More than
three-quarters of the respondents neither knew which water quality parameters to test
nor had any access to water quality testing kits. A few of them claimed to solely rely on
their senses such as sight, smell, and touch to check water quality. However, the quality
of water in fish farming facilities is not constant but rather dynamic. Physico-chemical
parameters such as dissolved oxygen (DO), pH, carbon dioxide, total ammonia nitrogen
(TAN), temperature, turbidity, hardness, and salinity, constantly change depending on
various culture conditions and the environment [17,37]. These are influenced by weather,
stocking density, time of the day (sunlight), primary production (phytoplankton density
and species composition), quality of the feed, cultured fish species, the concentration of
organic matter, upstream activities, as well as the source of culture water itself [37,38].
Effective knowledge and skills of how to ensure that these do not deviate from optimum
are necessary for the success of any fish farming venture.

Earthen ponds are the most utilized fish culture facilities in the Rwenzori region. In
these systems, DO significantly varies during the 24-h duration, being at the lowest level
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just before dawn and highest in the late afternoon [17,37]. Maintaining DO above 3.0 mg/L
is recommended for warm-water fish species (O. niloticus and C. gariepinus) to prevent
chronic stress and poor response to feeding, high feed conversion ratios (FCR), as well as
high susceptibility to diseases [37]. The high variations in environmental temperatures and
altitude in the Rwenzori region [31,32] influence the abiotic water quality parameters such
as DO and water temperature [38,39], hence justifying the need for routine monitoring and
management for higher yields. Also, every fish species has a different upper and lower
limit, as well as an optimum range for the respective water quality parameters [35,40].
These ranges also vary with the developmental stage of the fish [40]. However, 69% of the
fish farmers confirmed to have not considered water quality when selecting which fish
species to culture.

More than three-quarters of the respondents never carried out quality tests on the
water source before setting up their fish farms. Some of the commonly reported water
sources for aquaculture were swamps (35%) and groundwater/wells (29%), which are
usually characterized by low DO levels [35]. Groundwater is also known to usually contain
a high concentration of CO2 which is known to negatively affect cultured fish, and at
times lead to mortalities [37,41]. Several fish farmers that constructed their earthen ponds
in wetlands had no control over water quality since these were filled by seepage. They
reported facing problems such as low water levels during dry seasons as well as water
quality problems such as the overgrowth of algal blooms and the development of off-odors.
On the other hand, the water quality of streams is influenced by the activities upstream such
as domestic use, crop and animal husbandry, as well as other economic activities [42,43]. In
the Rwenzori region, common artisanal economic activities such as alcohol brewing and
palm oil processing are important causes of water pollution in streams (Figures S1 and S2).
In districts like Bundibugyo, the streams usually flow through dense forests of cocoa
plantations. The decomposing leaves in the water source impact its physicochemical
parameters such as pH, DO, dissolved organic matter (DOM), and BOD [44–46] which
could negatively impact the fish culture conditions.

More than half of the respondents operated constant flow-through systems (Table 3).
Although these systems are efficient at maintaining good water quality [47], they have a
downfall of leading to variations in temperatures within the culture facilities. This could
be the case in the Rwenzori region where many streams are fed by melting glaciers from
the mountains and also have densely forested banks [32,48]. Thus, their water is relatively
cold. Therefore, it is good practice to hold water still in an earthen pond especially during
the daytime hours to ensure maximum temperatures and primary production due to
solar radiation [49]. Water temperatures influence all biological and chemical processes in
an aquaculture operation [35,37]. Since fish are poikilotherms, the temperature of water
directly influences metabolic rates, thus their appetite as well as response to feeding,
stress levels, and growth rates [35,37]. Temperature also influences the minimum DO
levels that are safe for fish survival as well as the solubility of oxygen in water, which
increases as temperature decreases and vice versa [17,37,50]. Unlike what we observed,
it is good practice to monitor daily temperatures in fish farming facilities. For example,
it is not advisable to feed fish during cold periods when fish exhibit low appetites and
poor responses to feeding [35,50]. The lack of this knowledge as well as the recommended
necessary practice towards such a parameter contributes to the wastage of uneaten feed
and high FCR [35]. In addition to the deterioration of water quality, this will also lead to
economic losses if the farmer uses commercial pellets as feed, which are already known to
constitute over 60% of the production costs if used as the sole feed [51].

Although most fish farmers never monitored water quality, a small minority of them
reported using organic fertilizers such as cow dung, goat, and chicken droppings as a way to
enhance primary production (Table 2) or as a remedy to water quality deterioration (Table 3).
On top of that, locally available low-quality products such as vegetables and household
leftovers (Table 2) were some of the most administered feed types. The decomposition
of the applied low-quality feeds and organic fertilizers consumes oxygen from the water
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column [17,52]. Although fertilization is a recommended practice for improved primary
production in earthen ponds [53–55], it is important to consider the amount of oxygen
consumed over 12 and 24 h (BOD0.5 and BOD1) by each specific organic fertilizer to be
applied [56]. This is important in determining the perfect timing for applying fertilizers
to avoid oxygen consumption by decomposing microbes [17], especially at night when
oxygen is at its lowest [37].

Furthermore, the application of poor quality food products (Table 2) such as home-
made feed (maize bran, cooked plantain, and potato peels), vegetables (yam leaves, jack
fruit, and avocadoes), as well as leftover food scraps leads to low appetite and poor re-
sponse to feeding [57]. This is because fish possess a quality dietary insight and thus do
not consume anything that is provided to them [58]. On top of that, low-quality feeds tend
to have a low digestibility [59] which in turn increases the excretion/defecation rates of
cultured fish. Such conditions contribute to the loading of the culture water column with
nitrogenous and other wastes that result from the decomposition of uneaten feed, as well
as excretion [37,38,60,61]. Nitrogenous wastes lead to high stress levels, low growth rates,
high FCR, and in the worst scenario, fish mortalities, as well as increased susceptibility
to diseases [17,37,51]. In aquaculture, the build-up of nitrogenous wastes in fish farming
systems is unavoidable. However, skillful manipulation of the culture environment such
as the appropriate proliferation of bacteria (pH between 7–9; temperature approximately
24–29 ◦C), water exchange, feeding, and stocking density management are known to keep
the concentration of toxic ammonia in check [37,60,62].

Our findings further show that 7% of the 162 fish farmers report occurrences of off-
odors in their fish ponds. Off-odors can only be corrected by draining the pond and
exposing the bottom to fresh air [37]. This is a common phenomenon in both earthen
and lined ponds, where the decomposition of organic matter at the bottom leads to the
production of hydrogen sulfide (H2S), especially under anoxic conditions [37]. H2S gas is
characterized by the presence of rotten egg odor and is extremely toxic to fish when seined
or disturbed [37]. Therefore, it is important to avoid any detectable odors [37] by practicing
good water quality management.

Changes in water turbidity were also one of the commonly experienced water quality
anomalies (22%) observed by fish farmers. Turbidity is another water quality aspect that
influences the welfare of fish in aquaculture facilities whose tolerance levels vary among
species [18,37]. High levels of turbidity are usually caused by phytoplankton, suspended,
and dissolved solids [37]. The occurrence of algal blooms (63%) was also the most reported
water quality anomaly (Table 3). Though a high density of phytoplankton signifies good
levels of primary productivity in a culture system, very high densities could lead to anoxia
at night due to the respiration and decomposition of dead algae [17]. Some of these
suspended and dissolved materials are also known to cause off-flavors in fish [37].

More than a third (34%) of the respondents reported having never noticed any water
quality changes. This could be due to the majority of them lacking sufficient knowledge
about water quality. These observed low knowledge and practice levels exhibited could be
the reason for the reported low yields that characterize Ugandan smallholder fish farming
enterprises [8,13]. It could also be one of the major reasons contributing to the reported
phenomenon where many smallholder pond fish farmers in Uganda are abandoning the
activity due to deeming it unviable [13].

The results from this KAPs study also showed that the majority of the respondents
lacked the knowledge that fish farming activities led to the addition of pollutants into the
natural water systems and environment (Figure 2). They also saw no need to treat fish farm
effluents before releasing them back into the environment (Figure 3). On top of that, over
three-quarters of the fish farmers (77%) reported not to be treating fish farm effluents in
any way before releasing them back into the environment (Figure 4). However, culture
water is enriched with nitrogen, phosphorus, organic matter, and suspended solids during
feeding, excretion, and fertilization [18,20,21,25]. For example, it has been proved that
only 20 to 40% of nitrogen and phosphorus that is applied to ponds through feeding is
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recovered during harvest with much of the rest being lost into the system or effluent [25].
Though they may be added in low amounts, these pollutants gradually accumulate, thus
negatively impacting the receiving environments [18,20,21,25,51]. In rural sub-Saharan
Africa, freshwater is a highly coveted resource that is usually utilized communally for all
production and domestic purposes [63,64]. It is a hinge for survival and food security [64].
Therefore, it is necessary to implement some form of effluent treatment in rural smallholder
fish farms to ensure communal harmony and sustainability of the freshwater resources.

The observation of males being more likely to possess good attitudes towards water
quality and its management as compared to females (Table 7) can be explained by the fact
that rural and smallholder fish farming enterprises in Rwenzori and other areas of SSA are
characterized by being male dominated [30,65,66]. Therefore, the males likely possess more
knowledge of aquaculture in general which they obtain from their friends/family members,
identified in our results as the main source of information on water quality. Yields were
also observed to drop as attitudes toward water quality management improved. This could
be a result of fish farmers that experience lower yields being more aware of the importance
of water quality in fish rearing, thus having more positive attitudes towards the subject.
On the other hand, respondents from private company/CBO/government-owned fish
farming settings were three times more likely to practice good water quality management
as compared to those from individually owned ones. This could be due to the availability
of resources for the former group to access skilled labour, train their staff/members, and
purchase water quality testing equipment as compared to the latter group.

Unlike Asia which has had a long tradition of technical experiences in aquaculture
that dates back several millennia [67], fish farming is less than a century old in most parts
of SSA. On top of that, it is still facing challenges of poor extension, inadequately trained
middle-level labor force, poor logistics, and most especially little scientific application [68]
as proved in our study. Also, the subsistence nature of most of the fish farming operations
plus the prevalent absence of routine management [68] could be one of the major causes
of the observed poor yields. Therefore, training fish farmers in the field of water quality
and its management is necessary just as it was observed that knowledge was positively
associated with attitudes and practices.

5. Conclusions

The findings of this study show low levels of knowledge and practices of water quality
management among smallholder fish farmers in the Rwenzori region. These deficiencies
in knowledge and practice are a major impediment to achieving the targets of increasing
aquaculture production, poverty alleviation, and food security through the promotion of
fish farming in the region. On top of that, the fish farmers’ poor attitudes towards effluent
management are a threat to sustainable water resource use. Yet, fresh water is a highly
coveted natural resource that is important for survival and socio-economic development.
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flowing stream. The questionnaire used during this study is also provided.

Author Contributions: Conceptualization, A.S., R.K., J.W., N.N. and G.V.S.; methodology, A.S., R.K.
and J.W.; validation, A.S.; formal analysis, A.S. and J.W.; investigation, A.S.; data curation, A.S.
and R.K.; writing—original draft preparation, A.S.; writing—review and editing, A.S., R.K., J.W.,
N.N. and G.V.S.; visualization, A.S.; supervision, N.N. and G.V.S.; project administration, G.V.S.;
funding acquisition, N.N. and G.V.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by VLIR-UOS (funding agency) for DGD (Belgian Government),
grant number UG2019IUC027A103.

Institutional Review Board Statement: Not applicable.

https://www.mdpi.com/article/10.3390/w15010042/s1
https://www.mdpi.com/article/10.3390/w15010042/s1


Water 2023, 15, 42 20 of 22

Informed Consent Statement: Verbal informed consent to participate in the study was sought from
each participant before being interviewed.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, [SA], upon reasonable request.

Acknowledgments: We acknowledge the fisheries officers of the respective districts for their active
participation and guidance during this study. The authors also thank the research assistants for their
service during the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Adeleke, B.; Robertson-Andersson, D.; Moodley, G.; Taylor, S. Aquaculture in Africa: A Comparative Review of Egypt, Nigeria,

and Uganda Vis-À-Vis South Africa. Rev. Fish. Sci. Aquac. 2020, 29, 167–197. [CrossRef]
2. FAO. The State of World Fisheries and Aquaculture 2016. Contributing to Food Security and Nutrition for All; FAO: Rome, Italy, 2016;

200p. Available online: https://www.fao.org/3/I5555E/i5555e.pdf (accessed on 13 June 2021).
3. FAO. The State of World Fisheries and Aquaculture 2018—Meeting the Sustainable Development Goals; FAO: Rome, Italy, 2018. Available

online: https://www.fao.org/3/i9540en/i9540en.pdf (accessed on 13 June 2021).
4. Ragasa, C.; Charo-Karisa, H.; Rurangwa, E.; Tran, N.; Shikuku, K.M. Sustainable aquaculture development in sub-Saharan Africa.

Nat Food. 2022, 3, 92–94. [CrossRef]
5. Musinguzi, L.; Lugya, J.; Rwezawula, P.; Kamya, A.; Nuwahereza, C.; Halafo, J.; Kamondo, S.; Njaya, F.; Aura, C.; Shoko,

A.P.; et al. The extent of cage aquaculture, adherence to best practices and reflections for sustainable aquaculture on African
inland waters. J. Great Lakes Res. 2019, 45, 1340–1347. [CrossRef]

6. FAO. Aquaculture Growth Potential in Africa: WAPI Factsheet to Facilitate Evidence-Based Policy-Making and Sector Management in
Aquaculture; FAO: Rome, Italy, 2020. Available online: http://www.fao.org/3/ca8179en/ca8179en.pdf (accessed on 13 June 2021).

7. Cai, J.; Quagrainie, K.; Hishamunda, N. Social and Economic Performance of Tilapia Farming in Africa; FAO Fisheries and Aquaculture
Circular: Rome, Italy, 2017.

8. Safina, N.; Gertrude, A.; Lawrance, O.; Ronald, W.; Alphonse, C.; Samuel, O.; Mbilingi, B.; Izaara, A. Profitability and Viability
Analysis of Aquaculture Production in Central Uganda: A Case of Urban and Peri-Urban Areas. Asian J. Agric. Ext. Econ. Sociol.
2018, 22, 1–11. [CrossRef]

9. Tumwesigye, Z.; Tumwesigye, W.; Opio, F.; Kemigabo, C.; Mujuni, B. The Effect of Water Quality on Aquaculture Productivity in
Ibanda District, Uganda. Aquac. J. 2022, 2, 23–36. [CrossRef]

10. Bolman, B.; Pieter Van Dujin, A.; Rutaisire, J. Review and Analysis of Small-Scale Aquaculture Production in East Africa: Part 4. Uganda;
Report WCDI; No. 18-021; Wageningen Centre for Development Innovation: Wageningen, The Netherlands, 2018. Available
online: https://edepot.wur.nl/467339 (accessed on 16 June 2021).

11. MAAIF. Situational Analysis of the Agriculture Sector in Uganda: Final Report; MAAIF: Kampala, Uganda, 2020. Available
online: https://agnes-africa.org/wp-content/uploads/2020/09/Situational-Analysis-of-the-Agriculture-Sector-in-Uganda-
July-2020-Final.pdf (accessed on 22 June 2021).

12. Isyagi, A.N. The Aquaculture Potential of Indigenous Catfish (Clarias gariepinus) in the Lake Victoria Basin, Uganda. Ph.D. Thesis,
University of Stirling, Stirling, UK, 2007. Available online: https://dspace.stir.ac.uk/bitstream/1893/516/1/N-Isyagi-PhD-
thesis.pdf (accessed on 22 June 2021).

13. Isyagi, N.; Atukunda, G.; Aliguma, L.; Ssebisubi, M.; Walakira, J.; Kubiriza, G.; Mbulameri, E. Assessment of National Aquaculture
Policies and Programmes in Uganda. SARNISSA EC FP7 Proj. 2009. Available online: https://www.cabdirect.org/cabdirect/
abstract/20006802063 (accessed on 22 June 2021).

14. Rutaisire, J.; Char-Karisa, C.; Shoko, A.; Nyandat, B. Aquaculture for increased fish production in East Africa. Afr. J. Trop.
Hydrobiol. Fish. 2009, 12, 74–77. [CrossRef]

15. Kasozi, N.; Rutaisire, J.; Nandi, S.; Sundaray, J.K. A review of Uganda and India freshwater aquaculture: Key practices and
experience from each country. J. Ecol. Nat. Environ. 2017, 9, 15–29. [CrossRef]

16. Makori, A.J.; Abuom, P.O.; Kapiyo, R.; Anyona, D.N.; Dida, G.O. Effects of water physico-chemical parameters on tilapia
(Oreochromis niloticus) growth in earthen ponds in Teso North Sub-County, Busia County. Fish. Aquat. Sci. 2017, 20, 1–10.
[CrossRef]

17. Boyd, C.E. Water Quality: An Introduction, 3rd ed.; Springer Nature Switzerland AG: Cham, Switzerland, 2020. [CrossRef]
18. Boyd, C.E.; Pillai, V.K. Water Quality Management in Aquaculture. CMFRI Spec. Publ. 1985, 22, 119–134. [CrossRef]
19. Phillips, M.J.; Beveridge, M.; Weirowski, F.; Rogers, W.; Padiyar, A. Financing Smallholder Aquaculture Enterprises; Policy Brief no.

2011-07; The WorldFish Center: Penang, Malaysia, 2011; pp. 1–8. Available online: http://pubs.iclarm.net/resource_centre/
WF_2798.pdf%0Ahttps://www.worldfishcenter.org/content/financing-smallholder-aquaculture-enterprises (accessed on
13 July 2021).

20. Fiordelmondo, E.; Magi, G.E.; Mariotti, F.; Bakiu, R.; Roncarati, A. Improvement of the water quality in rainbow trout farming by
means of the feeding type and management over 10 years (2009–2019). Animals 2020, 10, 1541. [CrossRef]

http://doi.org/10.1080/23308249.2020.1795615
https://www.fao.org/3/I5555E/i5555e.pdf
https://www.fao.org/3/i9540en/i9540en.pdf
http://doi.org/10.1038/s43016-022-00467-1
http://doi.org/10.1016/j.jglr.2019.09.011
http://www.fao.org/3/ca8179en/ca8179en.pdf
http://doi.org/10.9734/AJAEES/2018/37721
http://doi.org/10.3390/aquacj2010003
https://edepot.wur.nl/467339
https://agnes-africa.org/wp-content/uploads/2020/09/Situational-Analysis-of-the-Agriculture-Sector-in-Uganda-July-2020-Final.pdf
https://agnes-africa.org/wp-content/uploads/2020/09/Situational-Analysis-of-the-Agriculture-Sector-in-Uganda-July-2020-Final.pdf
https://dspace.stir.ac.uk/bitstream/1893/516/1/N-Isyagi-PhD-thesis.pdf
https://dspace.stir.ac.uk/bitstream/1893/516/1/N-Isyagi-PhD-thesis.pdf
https://www.cabdirect.org/cabdirect/abstract/20006802063
https://www.cabdirect.org/cabdirect/abstract/20006802063
http://doi.org/10.4314/ajthf.v12i1.57379
http://doi.org/10.5897/jene2016.0615
http://doi.org/10.1186/s41240-017-0075-7
http://doi.org/10.1007/978-3-030-23335-8
http://doi.org/10.1201/9781003111689-13
http://pubs.iclarm.net/resource_centre/WF_2798.pdf%0Ahttps://www.worldfishcenter.org/content/financing-smallholder-aquaculture-enterprises
http://pubs.iclarm.net/resource_centre/WF_2798.pdf%0Ahttps://www.worldfishcenter.org/content/financing-smallholder-aquaculture-enterprises
http://doi.org/10.3390/ani10091541


Water 2023, 15, 42 21 of 22

21. Boyd, C.E.; Tucker, C.; McNevin, A.; Bostick, K.; Clay, J. Indicators of resource use efficiency and environmental performance in
fish and crustacean aquaculture. Rev. Fish. Sci. 2007, 15, 327–360. [CrossRef]

22. Avnimelech, Y.; Verdegem, M.C.J.; Kurup, M.; Keshavanath, P. Sustainable Land-based Aquaculture. Mediterr. Aquac. J. 2008, 1,
45–54. [CrossRef]

23. Frankic, A.; Hershner, C. Sustainable aquaculture: Developing the promise of aquaculture. Aquac. Int. 2003, 11, 517–530.
[CrossRef]

24. Hinrichsen, E.; Walakira, J.K.; Langi, S.; Ibrahim, N.A.; Tarus, V.; Badmus, O.; Baumüller, H. Prospects for Aquaculture Development
in Africa: A Review of Past Performance to Assess Future Potential; Report No.: Working Paper 211; Center for Development Research
(ZEF): Bonn, Germany, 2022. [CrossRef]

25. Boyd, C.E. Aquaculture and Water pollution. Decision Support Systems for Water Resources Management. In Proceedings of the
AWRA/UCOWR Summer Speciality Conference, Snowbird, UT, USA, 27–30 June 2001; pp. 153–157.

26. Pham-duc, P.; Meghan, C.A.; Cong-hong, H.; Nguyen-thuy, H.; Padungtod, P.; Nguyen-Thi, H.; Dang-Xuan, S. Knowledge,
attitudes and practices of livestock and aquaculture producers regarding antimicrobial use and resistance in Vietnam. PLoS ONE
2019, 10, e0223115. [CrossRef] [PubMed]

27. Kambey, C.S.B.; Campbell, I.; Cottier-Cook, E.J.; Nor, A.R.M.; Kassim, A.; Sade, A.; Lim, P.E. Evaluating biosecurity policy
implementation in the seaweed aquaculture industry of Malaysia, using the quantitative knowledge, attitude, and practices
(KAP) survey technique. Mar. Policy 2021, 134, 104800. [CrossRef]

28. Campbell, I.; Mateo, J.; Rusekwa, S.B.; Kambey, C.S.B.; Hurtado, A.; Msuya, F.E.; Cottier-Cook, J. An international evaluation of
biosecurity management capacity in the seaweed aquaculture industry. J. Environ. Manag. 2021, 304, 114112. [CrossRef]

29. Jia, B.; St-Hilaire, S.; Singh, K.; Gardner, I.A. Biosecurity knowledge, attitudes, and practices of farmers culturing yellow catfish
(Pelteobagrus fulvidraco) in Guangdong and Zhejiang provinces, China. Aquaculture 2017, 471, 146–156. [CrossRef]

30. Lulijwa, R.; Mununuzi, D.; Mwesigwa, R.; Kajobe, R. Aquaculture production and its contribution to development in the
Rwenzori region Uganda. Afr. J. Trop. Hydrobiol. Fish. 2018, 16, 56–62.

31. Lara, M.S.; Cruz, E.; Anderson, A. Baseline Report Rwenzori Region Case Study; AFROMAISON Proj Rep. 2013. Available online:
https://www.researchgate.net/publication/325158241 (accessed on 2 May 2021).

32. Ssekyanzi, A.; Nevejan, N.; Van der Zande, D.; Brown, M.E.; Van Stappen, G. Identification of Potential Surface Water Resources
for Inland Aquaculture from Sentinel-2 Images of the Rwenzori Region of Uganda. Water 2021, 13, 2657. [CrossRef]

33. Israel, G.D. Determining Sample Size; University of Florida Cooperative Extension Service, Institute of Food and Agriculture
Sciences, EDIS, Florida: Gainesville, FL, USA, 1992.

34. Boyd, C.E.; Tucker, C.S. Pond Aquaculture Water Quality Management, 1st ed.; Springer Science+Business Media: New York, NY,
USA, 1998. [CrossRef]

35. MAAIF. Aquaculture Training Manual for Extension Agents in Uganda: Improved Livelihoods through Profitable, Competitive and
Sustainable Aquaculture; MAAIF: Entebbe, Uganda, 2020.

36. Zhang, X.; Zhang, Y.; Zhang, Q.; Liu, P.; Guo, R.; Jin, S.; Liu, J.; Chen, L.; Ma, Z.; Ying, L. Evaluation and analysis of water quality
of marine aquaculture area. Int. J. Environ. Res. Public Health 2020, 17, 1446. [CrossRef]

37. Buttner, J.K.; Soderberg, R.W.; Terlizzi, D.E. An Introduction to Water Chemistry in Freshwater Aquaculture; NRAC Fact Sheet; Report
No.: 170; Northeastern Regional Aquaculture Center: Dartmouth, MA, USA, 1993.

38. Lazur, A. Growout Pond and Water Quality Management; JIFSAN Good Aquac Pract Progr; Report No.: Section 6; University of
Maryland: College Park, MD, USA, 2007.

39. Jacobsen, D.; Rostgaard, S.; Vásconez, J.J. Are macroinvertebrates in high-altitude streams affected by oxygen deficiency? Freshw.
Biol. 2003, 48, 2025–2032. [CrossRef]

40. Summerfelt, R.C. Water Quality Considerations for Aquaculture. Dep. Anim. Ecol. 1990, 50, 11–21.
41. Hargreaves, J.; Brunson, M. Carbon Dioxide in Fish Ponds; SRAC: Starkville, MA, USA, 1996.
42. Ruiz-Zarzuela, I.; Halaihel, N.; Balcázar, J.L.; Ortega, C.; Vendrell, D.; Pérez, T.; Alonso, J.L.; De Blas, I. Effect of fish farming on

the water quality of rivers in northeast Spain. Water Sci. Technol. 2009, 60, 663–671. [CrossRef] [PubMed]
43. Minh, H.V.T.; Tri, V.P.D.; Ut, V.N.; Avtar, R.; Kumar, P.; Dang, T.T.T.; Van Hoa, A.; Van Ty, T.; Downes, N.K. A Model-Based

Approach for Improving Surface Water Quality Management in Aquaculture using MIKE 11: A Case of the Long Xuyen
Quadangle, Mekong Delta, Vietnam. Water 2022, 14, 412. [CrossRef]

44. Bosma, R.H.; Nguyen, T.H.; Siahainenia, A.J.; Tran, H.T.P.; Tran, H.N. Shrimp-based livelihoods in mangrove silvo-aquaculture
farming systems. Rev. Aquac. 2016, 8, 43–60. [CrossRef]

45. Piggott, J.J.; Niyogi, D.K.; Townsend, C.R.; Matthaei, C.D. Multiple stressors and stream ecosystem functioning: Climate warming
and agricultural stressors interact to affect processing of organic matter. J. Appl. Ecol. 2015, 52, 1126–1134. [CrossRef]

46. Jerves-Cobo, R.; Forio, M.A.E.; Lock, K.; Van Butsel, J.; Pauta, G.; Cisneros, F.; Nopens, I.; Goethals, P.L.M. Biological water quality
in tropical rivers during dry and rainy seasons: A model-based analysis. Ecol. Indic. 2020, 108, 105769. [CrossRef]

47. Fornshell, G.; Hinshaw, J.M. Better Management Practices for Flow-Through Aquaculture Systems. In Environmental Best
Management Practices for Aquaculture; Tucker, C.S., Hargreaves, J.A., Eds.; Wiley-Blackwell: Hoboken, NJ, USA, 2009. [CrossRef]

48. WWF. Hydrological and Agronomic Study for Payment for Watershed Services Scheme in Rwenzori Mountains National Park, Uganda;
WWF Rep UG; WWF: Kampala, Uganda, 2018. Available online: https://wwfafrica.awsassets.panda.org/downloads/rwenzori_
hydrological_and_agronomic_study_report.pdf (accessed on 13 June 2021).

http://doi.org/10.1080/10641260701624177
http://doi.org/10.21608/maj.2008.2663
http://doi.org/10.1023/B:AQUI.0000013264.38692.91
http://doi.org/10.48565/bonndoc-17
http://doi.org/10.1371/journal.pone.0223115
http://www.ncbi.nlm.nih.gov/pubmed/31553776
http://doi.org/10.1016/j.marpol.2021.104800
http://doi.org/10.1016/j.jenvman.2021.114112
http://doi.org/10.1016/j.aquaculture.2017.01.016
https://www.researchgate.net/publication/325158241
http://doi.org/10.3390/w13192657
http://doi.org/10.1007/978-1-4615-5407-3
http://doi.org/10.3390/ijerph17041446
http://doi.org/10.1046/j.1365-2427.2003.01140.x
http://doi.org/10.2166/wst.2009.435
http://www.ncbi.nlm.nih.gov/pubmed/19657161
http://doi.org/10.3390/w14030412
http://doi.org/10.1111/raq.12072
http://doi.org/10.1111/1365-2664.12480
http://doi.org/10.1016/j.ecolind.2019.105769
http://doi.org/10.1002/9780813818672.ch9
https://wwfafrica.awsassets.panda.org/downloads/rwenzori_hydrological_and_agronomic_study_report.pdf
https://wwfafrica.awsassets.panda.org/downloads/rwenzori_hydrological_and_agronomic_study_report.pdf


Water 2023, 15, 42 22 of 22

49. Lamoureux, J. Heat Transfer in Outdoor Aquaculture Ponds. Ph.D. Thesis, Louisiana State University and Agricultural and
Mechanical College, Baton Rouge, LA, USA, 2003.

50. Lazur, A. Management Considerations of Fish Production in Cages Characteristics of Cage Culture; University of Florida Cooperative
Extension Service, Institute of Food and Agriculture Sciences, EDIS: Gainesville, FL, USA, 2000; pp. 1–8. Available online:
https://ufdc.ufl.edu/IR00001787/00001 (accessed on 10 January 2022).

51. White, P.G. Environmental consequences of poor feed quality and feed management. In On-Farm Feeding and Feed Management in
Aquaculture; Hasan, M.R., New, M.B., Eds.; FAO: Rome, Italy, 2013; pp. 553–564. Available online: http://www.aquaculture.asia/
files/online_03/Environmentalconsequencesofpoorfeedqualityandfeedingmanagement.pdf (accessed on 10 January 2022).

52. Boyd, C.E. Practical Aspects of Chemistry in Pond Aquaculture. Progress. Fish-Culturist 1997, 59, 85–93. [CrossRef]
53. Maclean, M.H.; Brown, J.H.; Ang, K.J.; Jauncey, K. Effects of manure fertilization frequency on pond culture of the freshwater

prawn, Macrobrachium rosenbergii (de Man). Aquac. Res. 1994, 25, 601–611. [CrossRef]
54. Hansen, C.F. Pond fertilization: Ecological approach and practical application. Manag. Algal Prod. 1998. Available online:

https://pdf.usaid.gov/pdf_docs/PNACH582.pdf (accessed on 24 January 2022).
55. Boyd, C.E. Aquaculture pond fertilization. CAB Rev. Perspect. Agric. Vet. Sci. Nutr. Nat. Resour. 2018, 13, 1–12. [CrossRef]
56. Edwards, P. Report of Consultancy at the Regional Lead Centre in China for Integrated Fish Farming. Network of Aquaculture

Centres in Asia. October 1982. Available online: https://www.fao.org/3/ac257e/AC257E00.htm#TOC (accessed on 26 June 2022).
57. Lall, S.P.; Tibbetts, S.M. Nutrition, Feeding, and Behavior of Fish. Vet. Clin. N. Am.-Exot. Anim. Pract. 2009, 12, 361–372. [CrossRef]

[PubMed]
58. Assan, D.; Huang, Y.; Mustapha, U.F.; Addah, M.N.; Li, G.; Chen, H. Fish Feed Intake, Feeding Behavior, and the Physiological

Response of Apelin to Fasting and Refeeding. Front. Endocrinol. 2021, 12, 798903. [CrossRef] [PubMed]
59. Mundheim, H.; Aksnes, A.; Hope, B. Growth, feed efficiency and digestibility in salmon (Salmo salar L.) fed different dietary

proportions of vegetable protein sources in combination with two fish meal qualities. Aquaculture 2004, 237, 315–331. [CrossRef]
60. Francis-floyd, R.; Watson, C.; Petty, D.; Pouder, D.B. Ammonia in Aquatic Systems 1. FA16. 1990. Available online: http:

//edis.ifas.ufl.edu (accessed on 15 January 2022).
61. Kong, W.; Huang, S.; Yang, Z.; Shi, F.; Feng, Y.; Khatoon, Z. Fish Feed Quality Is a Key Factor in Impacting Aquaculture Water

Environment: Evidence from Incubator Experiments. Sci. Rep. 2020, 10, 187. [CrossRef] [PubMed]
62. Durborow, R.M.; Crosby, D.M.; Brunson, M.W. Ammonia in Fish Ponds Robert. Srac 1997, 1–28. Available online: http:

//aquaculture.ca.uky.edu/publication/ammonia-fish-ponds (accessed on 15 January 2022).
63. Eberhard, R. Access to Water and Sanitation in Sub-Saharan Africa: Review of Sector Reforms and Investments, Key Findings

to Inform Future Support to Sector Development. Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH. Jan-
uary 2019. Available online: https://www.oecd.org/water/GIZ_2018_Access_Study_PartI_Synthesis_Report.pdf (accessed on
10 May 2022).

64. Edmond, J.; Sorto, C.; Davidson, S.; Sauer, J.; Warner, D.; Dettman, M.; Platt, J. Freshwater Conservation and WASH Integration Guide-
lines: A Framework for Implementation in Sub-Saharan Africa; Africa Biodiversity Collaborative Group, Conservation International,
and The Nature Conservancy: Washington, DC, USA, 2013.

65. Iruo, F.A.; Onyeneke, R.U.; Eze, C.C.; Uwadoka, C.; Igberi, C.O. Economics of smallholder fish farming to poverty alleviation in
the niger delta region of Nigeria. Turk. J. Fish. Aquat. Sci. 2019, 19, 313–329. [CrossRef]

66. Aphunu, A.; Nwabeze, G. Fish Farmers’ Perception of Climate change impact on fish production in Delta State, Nigeria. J. Agric.
Ext. 2013, 16, 1–13. [CrossRef]

67. Efole Ewoukem, T.; Mikolasek, O.; Aubin, J.; Tomedi Eyango, M.; Pouomogne, V.; Ombredane, D. Sustainability of fish pond
culture in rural farming systems of Central and Western Cameroon. Int. J. Agric. Sustain. 2017, 15, 208–222. [CrossRef]

68. Moehl, J.; Halwart, M.; Brummett, R. Report of the FAO-WorldFish Center Workshop on Small-scale Aquaculture in Sub- Saharan Africa:
Revisiting the Aquaculture Target Group Paradigm. Limbé, Cameroon, 23–26 March 2004; CIFA Occasional Paper. No. 25; FAO: Rome,
Italy, 2005; 54p.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://ufdc.ufl.edu/IR00001787/00001
http://www.aquaculture.asia/files/online_03/Environmentalconsequencesofpoorfeedqualityandfeedingmanagement.pdf
http://www.aquaculture.asia/files/online_03/Environmentalconsequencesofpoorfeedqualityandfeedingmanagement.pdf
http://doi.org/10.1577/1548-8640(1997)059&lt;0085:PAOCIP&gt;2.3.CO;2
http://doi.org/10.1111/j.1365-2109.1994.tb00724.x
https://pdf.usaid.gov/pdf_docs/PNACH582.pdf
http://doi.org/10.1079/PAVSNNR201813002
https://www.fao.org/3/ac257e/AC257E00.htm#TOC
http://doi.org/10.1016/j.cvex.2009.01.005
http://www.ncbi.nlm.nih.gov/pubmed/19341962
http://doi.org/10.3389/fendo.2021.798903
http://www.ncbi.nlm.nih.gov/pubmed/34975769
http://doi.org/10.1016/j.aquaculture.2004.03.011
http://edis.ifas.ufl.edu
http://edis.ifas.ufl.edu
http://doi.org/10.1038/s41598-019-57063-w
http://www.ncbi.nlm.nih.gov/pubmed/31932648
http://aquaculture.ca.uky.edu/publication/ammonia-fish-ponds
http://aquaculture.ca.uky.edu/publication/ammonia-fish-ponds
https://www.oecd.org/water/GIZ_2018_Access_Study_PartI_Synthesis_Report.pdf
http://doi.org/10.4194/1303-2712-v19_4_06
http://doi.org/10.4314/jae.v16i2.1
http://doi.org/10.1080/14735903.2016.1211243

	Introduction 
	Materials and Methods 
	Study Area 
	Respondent Selection 
	Data Collection 
	Data Management and Analysis 

	Results 
	Participant Demographics 
	Fish Production Characteristics 
	Water Resources Characteristics 
	Knowledge, Attitudes, and Practices on Water Quality Management in Fish Farms 
	Knowledge of Water Quality Management 
	Attitudes of Fish Farmers toward Water Quality Monitoring and Management 
	Water Quality Management and Monitoring Practices among Fish Farmers 

	Factors Related to Knowledge, Attitudes, and Practices Regarding Water Quality Management in Fish Farms 
	Factors Related to Fish Farmers’ Knowledge of Water Quality Management 
	Factors Related to Fish Farmers’ Attitudes towards Water Quality Management 
	Factors Related to Fish Farmers’ Practice of Water Quality Management 


	Discussion 
	Conclusions 
	References

