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Abstract 
 

Fish mortality has a significant impact on fish production by lowering fish productivity, 
causing an economic loss to the farmers, and also has a cost in terms of reduced fish 
health, thereby limiting the growth of the enterprise. A cross-sectional study was 
carried out to determine the impact of biosecurity measures and risk factors on the 
mortality of fish from fish farms. A structured questionnaire that focused on 
socioeconomic information, management practice, health, disease, and biosecurity 
measures was administered to fish farmers. A total of eighty fish farmers were 
involved in this study. Most of the fish farmers were male (70.00%), had tertiary 
education qualifications (60.00%), and were between the ages of 41 and 50 (37.50%). 
They had been engaged in fish farming for about 1-3 years (48.75%) and they 
combined it with poultry production. Varying mortality rates were recorded on the 
farm and the recorded mortality was associated with management practices, disease, 
health, and biosecurity measures and they differed significantly at P≤0.05. Fish 
farmers' practices were generally not in accordance with biosecurity principles. 
Therefore, it is crucial to create and implement biosecurity measures to prevent, 
manage, and eliminate the mortality of fish in fish farms. 
 

Introduction 
 

In many countries around the world, aquaculture is 
critical for food security, livelihood, nutrition, and 
socioeconomic well-being. Fish production through 
aquaculture provides a safe and reliable source of fish 
for human consumption (Adah et al., 2022; Kaleem & 
Abudou-Fadel, 2021; Muringai et al., 2022). As a result, 
fish production has increased to match the surging 
population's protein demand and is linked to the 
intensification of fish farming operations, such as 
increased stocking density and a rise in water quality 
concerns, which make disease outbreaks more likely 
(Henriksson et al., 2018). 

Outbreaks of diseases are one of the most 
important limitations in fish production systems, 
causing a decline in productivity and lowering feed 
conversion efficiency, resulting in decreased growth and 
overall increasing morbidities and mortalities in farms, 
as well as increased cost of production, reduced 
incomes, and food insecurity (Adeleke et al., 2021; 
Maulu et al., 2021). 

Fish mortality has caused massive production 
losses of up to 50% in developing nations, prompting 
many farmers to abandon fish farming (Tavares-Dias & 
Martins, 2017; Assefa & Abunna, 2018; Ali et al., 2020). 
Mortality is the outcome of a bad health condition 
brought on by a combination of pathogens, host and 

How to cite 
 

Adah, D.A., Saidu, L. Oniye, S.J., Adah, A.S. (2023). An Assessment of the Impacts of Biosecurity Measures on Mortality of Fish from Fish Farms. 

Aquaculture Studies, 23(5), AQUAST1060. http://doi.org/10.4194/AQUAST1060 

https://orcid.org/0000-0002-4872-963X
https://orcid.org/0000-0003-0127-4305
https://orcid.org/0000-0002-7302-0438


 
Aquaculture Studies AQUAST1060 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

environmental factors, and a lack of biosecurity 
measures. Consequently, this has led to the use of 
antibiotics as a growth promoter for prophylactic and 
therapeutic purposes which has led to the spread of 
antibiotics resistance in aquaculture ultimately 
decreasing the choice and efficacy of antimicrobial 
agents used for treatment of fish diseases (Manyi-Loh et 
al., 2018; Zhao et al., 2021).   

One of the most essential components of 
aquaculture development and management is the 
maintenance of health through biosecurity measures to 
prevent and reduce the spread of disease-causing 
agents, thereby controlling disease outbreaks and 
mortality (George & Akinrotimi, 2021; Ngueguim et al., 
2020). Biosecurity refers to the systematic measures, 
procedures, policies, and regulations taken to keep 
disease away from a farm and to prevent disease 
transfer from one farm to another (Ali et al., 2020; 
Scarfe & Palić, 2020). It is also regarded as one of the 
most critical factors of long-term output in the 
aquaculture business. This application protects 
aquaculture from high mortality and low growth rates 
caused by pathogenic microorganisms and reduces the 
spread of the pathogenic agent within and between 
different holding facilities in a location (Ali et al., 2020; 
Omitoyin & Osakuade, 2021). 

Implementing a biosecurity plan is undeniably one 
of the most efficient and cost-effective approaches to 
reduce the entry of etiological agents of disease, and 
minimizing stress on the fish that will predispose them 
to high mortality on a farm (Admasu & Wakjira, 2021; 
Mzula et al., 2021; Scarfe & Palić, 2020). To prevent 
morbidity and mortalities of fish and decrease the 
impact of disease and economic losses in fish farms, 
appropriate biosecurity measures are required.  As part 
of the farm's fish health management, the etiology and 
risk factors associated with mortality must be 
investigated. Therefore, the aim of this study was to 
assess the impact of biosecurity measures and risk 
factors of mortality on fish farms.  
 

Materials and Methods  
 

Study Location  
 

The study was conducted in Kaduna State, where 
four Local Government Areas (LGAs), including Sabo-
Gari, Kaduna-South, Kaduna North, and Zaria LGAs, 
were chosen by random sampling. Kaduna State is 
situated in the North-Central region of Nigeria (with 
Kaduna town as its capital) and shares common borders 
with Zamfara, Katsina, Niger, Kano, Bauchi, and the 
Plateau States, to the South-West, the Federal Capital 
Territory, and Abuja. The state's coordinates are 
10°20′N, 7°45′E, 10.333°N. The State occupies an area of 
approximately 48,473.2 square kilometers and has a 
population of more than 6 million people (Adah et al., 
2020). 
 

Study Design and Selection of the Fish Farms 
 
A questionnaire-based survey was carried out, with 

samples for the study drawn using a multi-stage random 
sampling technique. In the first stage, two LGAs each out 
of the seven LGAs from Kaduna North and Kaduna 
Central districts of Kaduna state respectively were 
purposively selected based on the presence of fish 
farming activities in the area. A simple random sample 
technique was employed in the second stage to select 
twenty fish farms each from four LGAs, totaling eighty 
catfish farmers. The twenty fish farmers were selected 
purposively from the different communities in the LGAs 
based on the presence and accessibility of the fish farms 
in the areas, the farmer’s willingness to participate in 
the interview and fill out the questionnaire, and the 
mortality observed on the farm at the time of sampling. 
 
Questionnaire Design and Data Collection 
 

To facilitate data processing, reduce variation, and 
enhance response, a well-structured questionnaire was 
created with the questions being closed-ended. The 
questionnaire was divided into three sections. The first 
section consisted of the socio-economic characteristics 
of the farmers (age, sex, education, farming, and 
experience, Local Government Area). The second part 
was about the general management of the fish farms 
(such as holding systems, number of ponds, water 
source, management system, production system, 
species of fish, farm record, and pond preparation). The 
third section was on the biosecurity measures (which 
included isolation, traffic control, and sanitation) and 
mortality on the farms (Scarfe and Palić, 2020). Face-to-
face interviews and on-farm inspections were used to 
complete a total of 40 questions on the questionnaire. 
Prior to the commencement of the study, the 
questionnaire was pretested, and the questions were 
modified accordingly.  
 
Data Management and Statistical Analysis 
 

Before analyzing the data, it was checked for 
quality and where ever possible, it was regrouped to 
create biologically significant groupings and eliminate 
small groups in categorical data (less than ten entries). 
The mortality rate from the fish farms was calculated 
based on the counted deaths and less than 20% was 
categorized as low, while a mortality rate greater than 
21% was categorized as high (Ellis, et al., 2012). To 
determine knowledge of biosecurity measures on the 
fish farms, a scoring system was used by the addition of 
scores from the variables relating to the biosecurity 
practices. A reliability test of 0.783 was obtained for the 
questionnaire and on an item scale, knowledge 
regarding biosecurity measures on fish farms was scored 
and rated. A right response received a score of 1, while 
a wrong response received a score of 0 (Kone et al., 
2012). The mean knowledge of biosecurity score was 
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computed, in which adequate knowledge or good 
biosecurity practices were then categorized using mean 
as the cutoff. Respondents who had scores above the 
mean were categorized as high, while those having little 
or no knowledge of biosecurity practice scores were 
those with scores below mean were categorized as low. 

Current study's data were first summarized in 
Microsoft Excel 2016 before being analyzed with Open-
Source Epidemiologic Statistics for Public Health 
(OpenEpi), version 3.03a (Dean et al., 2013). For each 
variable, descriptive statistics were computed and 
presented as frequencies and proportions. The Chi-
square test was used to determine bivariate 
associations between variables and mortality of the fish 
in the fish farms. The variables were later subjected to 
univariate analysis using Chi-square tests. Values of 
P≤0.05 were considered significant. 
 

Results  
 

Socio-economic Characteristics of the Fish Farmers 
 

A total of eighty fish farmers were involved in this 
study. Most of the fish farmers were male (70.00%), had 
tertiary education qualifications (60.00%), and were 
between the ages of 41 and 50 (37.50 %). They had been 

engaged in fish farming for about 1-3 years (48.75%). 
However, fifty percent of the fish farms were between 
four and six years. The majority of the fish farmers were 
civil servants (42.5%), and they combined both fish 
farming and poultry farming (52.5%) (Table 1). 
 
Management Factors 
 

The majority of the farms sampled (77.50%) 
practiced multi-age production. Earthen ponds were the 
most prevalent holding facilities (43.75%), with the 
farms having between 4-6 ponds (42.50%). The majority 
of the farms (58.75%) were intensively managed, 
involved in grow-out production (88.75%), and obtained 
their water from boreholes (56.25%). The bulk of the fish 
farmers were engaged in monoculture, and 68.75% of 
the fish stocked by the farmers was Clarias gariepinus. 
But for 60% of the fish farms that were sampled, there 
were no records of mortality kept (Table 2). 
 
Mortality Records 
 

All of the fish farms studied from various Local 
Government Areas had varying levels of mortality, with 
approximately 65 percent of the fish farms having 
significantly high mortality on their farms (Table 2).  

Table 1. Socio-economic characteristics of the fish farmers sampled. 

Variable N ( %) 

Age  
21-30 10 (12.50) 
31-40 15 (18.75) 
41-50 30 (37.50) 
51-60 19 (23.75) 
> 60 6 (7.50) 

Gender  
Male 56 (70.00) 
Female 24 (30.00) 

Level of Education   
No formal Education 2 (2.50) 
Primary  8 (10.00) 
Secondary 22 (27.50) 
Tertiary 48 (60.00) 

Experience (years)  
1-3 39 (48.75) 
4-6 38 (47.50) 
>6 3 (7.75) 

Occupation   
Civil servant 34 (42.50) 
Business  32 (40.00) 
Teacher 14 (17.50) 

Local Government Area  
Sabon Gari 20 (25.00) 
Kaduna North 20 (25.00) 
Kaduna South 20 (25.00) 
Zaria 20 (25.00) 

Age of the farm  
1-3 36 (45.00) 
4-6 40 (50.00) 
>6 4 (5.00) 

Farm type   
Fish farming only 20 (25.00) 
Fish / poultry farming 42 (52.50) 
Fish with other animal 18 (22.50) 
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The univariate association between management 
practices and mortality of fish from fish farms is 
presented in Table 3. There was a higher likelihood of 
mortality occurring in solely fish-raising farms compared 
with the multispecies farms. Fish reared in earthen 
ponds were 1.88 times more prone to mortality 
compared with the other holding facilities.  Farms with 
1-3 ponds and sourced their water from the dam/ 
stream were 1.67 and 2 times more prone to mortality 
respectively.   Clarias gariepinus raised and stocked on 
the farms were 1.78 times more likely to experience 
mortality when compared with Heteroclarias species. 
When compared to intensively managed farms, semi-
intensively managed farms were prone to mortality, and 
this difference was significant (P≤0.05). Farms that 
practiced multi-age production were 5.75 times more 
likely to experience mortality when compared with 
farms that practiced all-in and all-out, and this 
difference was significant (P≤0.05). 
 
Component-specific Biosecurity Measures 
 

Univariate associations between biosecurity 
measures (isolation and traffic control) and mortality 
rate of fish on fish farms were significantly different at 
P≤0.05 for fencing of farms, presence of other farms, 
vehicular entry, allowing visitors, frequency of visits, and 
contact of visitors with the holding facilities (Table 4). 

Nothing about vehicle decontamination upon entry was 
reported by any of the farms sampled. Farms without 
fences were more likely to experience mortality 
compared with those with fences. More so, the 
presence of other farms around the fish farms made 
them 2.89 times more prone to mortality. Mortality of 
fish increased with the frequency of visits and contact of 
visitors with the holding facilities (Table 4). 
 
Health Management of the Fish 
 

Compared to farms where fish disease diagnosis is 
performed, farms without such diagnostics had a higher 
risk of mortality. In the majority of the fish farms that 
were sampled, the services of veterinarians were not 
relied upon in making diagnoses. The mortality of the 
fish decreased with the frequency of treatment and 
increased in fish farms with the consumption of dead 
fish by fish. Farms without a water quality analysis were 
5.15 times more likely to experience mortality than 
farms with a water quality analysis. In farms without 
foot baths, specific footwear, or specific clothes for farm 
employees, there was an observably higher mortality. 
Fish diagnosis, who does the diagnosis, dead fish 
management, treatment frequency, foot baths, specific 
footwear, and clothes for an employee all showed a 
significant difference (P≤0.05) (Table 5). 
 

Table 2. Management practice of the fish farms sampled. 

Variable N (%) 

Holding System   
Concrete tank 30 (37.50) 
Earthen Ponds  35 (43.75) 
Plastic Tank 15(18.75) 

No of ponds   
1-3 27 (33.75) 
4-6 34 (42.50) 
>6 19 (23.75) 

Water source   
Borehole  45 (56.25) 
Dam /stream  35 (43.75) 

Management System   
Intensive System 47 (58.75) 
Semi-intensive system 33 (41.25) 

Production  type System   
Grow –out 71 (88.75) 
Brood stocks 6 (7.50) 
Fish seed 3 (3.75) 

Species of fish cultured   
Clarias gariepinus 55 (68.75) 
Heteroclarias 25 (31.25) 

Farm practice   
All in all out  18 (22.50) 
Multi-age  farm  62 (77.50) 

Farm record   
No 48 (60.00) 
Yes  32 (40.00) 

Pond preparation   
Yes  53 (66.25) 
No 27 (33.75) 

Mortality of fish   
Low  28 (35.00) 
High  52(65.00) 
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Sanitation and Knowledge of Biosecurity 
 

Mortality was higher in farms where hand washing 
was not practiced (75%), farm tools and equipment 
were exchanged often (80.8%), and where there was no 
disinfection on the farm or its equipment (86.5%). 
However, none of the farms reported disinfecting the 
vehicles at the entrance in any way. The overall 
knowledge of biosecurity was low, and farms with low 
knowledge of biosecurity experienced higher mortality. 
The sanitation component of the biosecurity measures 
all differed significantly at P≤0.05 (Table 6). 
 

Discussion 
 

In this study, key contributors to the mortality of 
fish from fish farms were identified and measured. The 
socio-economic characteristics of the farmers revealed 
that they were dominated by males, and this could be 
associated with the growing demands of families on 
men, forcing their search for additional sources of 
income to meet domestic demands. These findings are 
like the reports of Omitoyin and Osakuade (2021) and 
Ngueguim et al. (2020). Nwabueze and Ofuoku (2020) 
and Ali et al. (2020) stated that males are predominantly 
involved in fish farming. The fish farmers from this study 
were educated, and education is required to make 
farmers aware of their duties on the farm and regard 

mortality as a hindrance to productivity and profitability 
(Omitoyin & Osakuade, 2021). The result also showed 
that the farmers were in their prime economic years, 
and they combined fish farming and other businesses. 
Our findings also revealed that fish farming is relatively 
young compared to other animal production in this part 
of the world (George & Akinrotimi, 2021; Ngueguim et 
al., 2020; Nwabueze & Ofuoku, 2020). 

The earthen pond is the most common holding 
facility in this study, and the farms had between 4–6 
different holding facilities. Most fish farms produce fish 
of different ages. The earthen ponds had the highest risk 
of high mortality as observed in this study, and this is like 
the reports of Mulei et al. (2021), where one hundred 
percent mortality was observed in some earthen ponds. 
The necessity for multiple-age production is to satisfy 
the rising demand for fish and ensure all-year-round 
availability of fish caused by the fact that fish farming is 
often practiced at the smallholder level in many African 
countries, with ponds of limited size and number 
(Ngueguim et al., 2020; Adeosun et al., 2019). This 
finding is different from the reports of Ali et al. (2020), 
who only recorded all-in and all-out production; this 
difference may be due to the farm's exclusive 
commercial status. However, multiple age production 
systems represent a potential risk factor for high 
mortality as seen in this study. 

Table 3. Univariate association of management practices and mortality rate of fish from fish farms. 

Variable Mortality (%) OR (95% CI) X2 P-value 

 High Low    
Farm type       

Fish farming only 15(28.8) 5(17.9) 1.88 (0.46;8.12) 1.18 0.36 
Fish and Poultry farming 26(50.0) 16(57.1) 1.03 (0.32; 3.27)  0.94 
Fish with other animal¥  11(21.2) 7(25.0) 1.00   

Holding System       
Concrete tank 20(38.5) 10(35.7) 1.73(0.47; 6.38) 0.57 0.39 
Earthen Ponds  24(46.2) 11(39.3) 1.88 (0.53; 6.76)  0.31 
Plastic Tank¥ 8(10) 7(8.8) 1.00   

No of ponds       
1-3 20(38.5) 7(25.0) 1.67(0.47; 5.93) 0.46 0.45 
4-6 20(38.5) 14(50) 0.83(0.26; 2.65)  0.76 
>6¥ 12(23.1) 7(25.0) 1.00   

Water source       
Dam /Stream  25 (48.1) 10 (35.7) 1.67(0.65; 4.29) 1.13 0.30 
Borehole  27 (51.9) 18 (64.3) 1.00   

Management System       
Intensive System 26(50.0) 21 (75.0) 0.33 (0.12; 0.92) 4.7 0.01* 
Semi-intensive system¥ 26(50.0) 7 (25.0) 1.00   

Production System       
Grow –out 46 (88.5) 25 (89.3) 0.92 (0.08;10.65) 0.01 0.98 
Brood stocks 4 (7.7) 2 (7.1) 1.00 (0.05; 18.91)  0.99 
Fish seed¥ 2 (3.8) 1 (3.6) 1.00   

Species of fish cultured      
Clarias gariepinus 38(73.1) 17 (60.7) 1.76 (0.66; 4.66) 1.3 0.27 
Heteroclarias¥ 14(26.9) 11 (29.3) 1.00   

Farm practice       
Multi-age  farm 46(88.5) 16(57.1) 5.75(1.85;17.85) 10.24 < 0.01* 
All in all out   6(11.5) 12(42.9) 1   

Farm record       
No 33 (63.5) 15(53.6) 1.51(0.59; 3.83) 0.74 0.40 
Yes ¥ 19 (36.5) 13(46.4) 1   

Pond preparation       
Yes  36 (69.2) 17 (60.7) 1.46 (0.56;3.80) 0.59 0.45 
No¥  16 (30.8) 11 (39.3) 1   

¥ Reference category, OR = odds ratio, CI = confidence interval, X2 = chi square, * significant at P<0.05 

 



 
Aquaculture Studies AQUAST1060 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fish mortality is a common occurrence in all fish 
farms and is associated with the varying management 
practices used by fish farmers from the various locations 
sampled and is a significant factor in mortality (Nilsen et 
al., 2020; Mulei et al., 2021). Even though most farmers 
were concerned about mortality, none of them kept any 
kind of record relating to mortality; instead, they relied 
on memory recall (Ali et al., 2020). One of the most 
crucial sources of information on a farm is mortality 
records, and maintaining records is essential to the 
effectiveness of any biosecurity program. 

According to our findings, the absence of fencing, 
the existence of neighboring farms, vehicular access, 
allowing visitors, frequency of visits, and visitor contact 
with holding facilities are significant contributing factors 
that result in farm mortality. These findings are in 
collaboration with Faye et al. (2020). These interactions 
expose the fish farms to the risk of the introduction, 
emergence, and spread of disease-causing agents, and 
these exchanges lead to biosecurity gaps. 

The majority of the fish farms do not carry out fish 
diagnosis and rely more on extension workers and 

Table 4. Univariate association of Biosecurity measures (Isolation and traffic control) on farm and mortality rate of fish from fish farms. 

Variable Mortality (%) OR (95% CI) X2 P-value 

 High Low    
Is farm fenced       

Yes 30 (57.7) 23 (82.1) 0.30 (0.10; 0.90) 4.9 0.03* 
No¥ 22 (42.3) 5 (17.2) 1.00   

Presence of other farms       
Yes 40 (76.9) 15 (53.6) 2.89 (1.08; 7.73) 4.6 0.04* 
No¥ 12 (23.1) 13 (46.4) 1.00   

Are visitors allowed in      
Yes  50 (96.2) 18 (64.3) 13.89 (2.77; 69.54) 14.5 < 0.01* 
No¥ 2 (3.8) 10 (35.7) 1.00   

Frequency of visit       
Always  37(71.2) 10 (35.7) 18.5 (3.48; 98.4) 2.7 < 0.01* 
Sometimes  13 (25.0) 7 (25.0) 9.29 (1.56; 54.76)  0.01* 
Not at all¥ 2 (3.8) 11 (39.3) 1.00   

Visitor contact with holding facility 
Yes  50 (96.2) 18 (64.3) 13.8(2.77; 69.54) 14.5 < 0.01* 

No¥  2 (3.8) 10 (35.7) 1.00   
Vehicle entry      

Yes  38 (73.1) 14 (50.0) 2.71(1.04;7.1) 4.26 0.04* 
No¥  14 (26.9) 14 (50.0) 1   

¥ Reference category, OR = odds ratio, CI = confidence interval, X2 = chi square, * significant at P<0.05 
 
 
 

Table 5. Univariate association of Biosecurity measures (fish health management and isolation) on farm and mortality rate of fish 
from fish farms. 

Variable Mortality (%) OR (95% CI) X2 P-value 

 High Low    
Fish diagnosis       

Yes  15 (28.8) 18 (64.3) 0.23(0.8; 0.60) 9.43 < 0.01* 
No¥  37 (71.2) 10 (35.7) 1   

Dead fish management       
Feeding of fish 48 (92.3) 13 (46.4) 13.85 (3.92; 48.89) 21.15 < 0.01* 
Disposed off¥ 4 (7.7) 15(53.6) 1   

Who diagnose disease       
Extension worker  31 (59.6) 12 (42.9) 5.16 (1.30; 20.39) 6.09 0.02 * 
Fellow fish farmers 17 (32.7) 8 (28.6) 4.25(0.98; 18.93) 3.97 0.06 
Veterinarian¥  4 (7.7) 8 (28.6) 1   

Frequency of treatment       
Weekly 17 (32.7) 16 (57.1) 0.21 (0.52; 0.87) 5.50 0.03* 
Fortnight 20 (38.5) 9 (32.1) 0.44 (0.10;1.92)  0.30 
Monthly¥  15 (28.8) 3 (10.7) 1   

Water quality analysis      
No  40 (76.9) 11 (39.3) 5.15 (1.90;13.94) 11.16 < 0.01* 
Yes ¥ 12 (23.1) 17 (60.7) 1   

Specific farm clothing      
No  45(86.5) 17(60.7) 4.16 (1.39;12.49) 6.96 0.01* 
Yes¥    7(13.5) 11(39.3) 1   

Specific foot boot       
No 46 (88.5) 18 (64.3) 4.26 (1.35; 13.44) 6.65 0.01* 
Yes ¥ 6 (11.5) 10 (35.7) 1   

Provision of footbath       
No  46 (88.5) 10 (35.7) 13.8(4.37; 43.56) 24.11 < 0.01* 
Yes ¥ 6 (11.5) 18 (64.3) 1   

¥ Reference category, OR = odds ratio, CI = confidence interval, X2 = chi square, * significant at P<0.05 
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fellow fish farms for diagnosis than veterinarians. This 
was also reported by Ali et al. (2020). Fish disease 
diagnosis is one of the most important components of 
biosecurity as disease identification and control of 
actual disease is key to reducing mortality in fish. For 
effective fish production, it is necessary to have a good 
knowledge of health issues and the factors that 
contribute to mortality (Persson et al., 2022). In this 
study, only a few veterinarians have been trained to be 
involved in aquaculture. 

Furthermore, farmers in this study typically don't 
employ the best practices for disposing of their dead 
fish. Such practice clearly has the potential to spread 
diseases again, as the dead fish being fed to the fish 
serves as a reservoir of disease pathogens, which 
contributed considerably to an increase in mortality on 
the farm (Muniesa et al., 2022). 

Interestingly, the risk factor for increased mortality 
in farms from this study was water for fish production 
without water quality analysis. This was the leading 
cause of mortality as this risk affects all of the 
components of aquaculture and exposes all aspects of 
the production to the introduction and spread of disease 
within the farm. As the most significant limiting factor in 
fish farming is water quality, which has a direct impact 
on feed efficiency, growth rate, the health of the fish, 
and survival, its analysis is key (Ngueguim et al., 2020; 
Wanja et al., 2020). 

Our study also revealed a low level of mortality in 
fish farms where there is an increase in the frequency of 
medication. This result agrees with other studies 
showing that medication reduces mortality on farms 
(Okocha et al., 2018). Low effective use of farm clothing, 
boots, and provision of functional foot baths was 
observed in this study and was significantly associated 
with fish mortality as it poses a higher risk of 
transmission of possible disease-causing agents. This is 
like the reports of Ngueguim et al. (2020). 

Given that hand washing practices, equipment 
exchange, and a lack of disinfection on farms can 
introduce and transmit a number of infectious agents 

that cause mortality, it is reasonable to assume that the 
higher mortality level was observed on farms without 
any sanitation or disinfection plan as documented in this 
study. 

The poor knowledge and compliance with 
biosecurity measures occasioned by the general practice 
on the farm have led to the high mortality observed on 
the farm (Jia et al., 2017). Fish welfare and health are 
compromised because of mortality during the 
production cycle, which results in economic loss for the 
farmers. Given that mortality is a crucial factor in 
determining the profitability of any farming enterprise 
(Oliveira et al., 2021; Persson et al., 2022).  By 
implementing biosecurity measures, it is possible to 
avoid, limit, or erase dangers to health and life, as well 
as lessen the financial burden of the disease. Nigeria is 
one of Africa's top producers of aquaculture. However, 
due to the country's poor policy on aquatic animal 
health, significant production losses due to disease have 
occurred (World Fish, 2021). 

 

Conclusion 
 

This study revealed the contributing factors to 
mortalities in fish farms, with most of the fish farmers 
not complying with biosecurity measures. Overall, we 
found that management practices, health, and 
biosecurity measures were factors associated with 
mortality and that, rather than having just one cause, 
the occurrence of mortality is influenced by a number of 
interrelated factors. 
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Table 6. Univariate association of Biosecurity measures (Sanitation) on farm and mortality rate of fish from fish farms. 

Variable Mortality (%) OR (95% CI) X2 P-value 

 High Low    
Farm disinfection       
Yes  29 (55.8) 22 (78.6) 0.34(0.12; 0.10) 4.10 0.04* 
No ¥  23(44.2) 6(21.4) 1   
Exchange of farm tools      
Yes  42 (80.8) 10 (35.7) 7.56 (2.68; 21.3) 16.24 <0.01* 
No¥ 10 (19.2) 18 (64.3) 1   
Disinfection of farms equipment  
No 45 (86.5) 8 (28.6) 16.07 (5.13;50.4) 27.35 <0.01* 
Yes¥ 7 (13.5) 20 (71.4) 1   
Hand wash practice      
No  39 (75.0) 12 (28.6) 4 (1.51;10.62) 8.14 0.01* 
Yes¥ 13 (25.0) 16 (71.4) 1   
Knowledge about biosecurity      
Low 40 (76.9) 15 (53.6) 2.89 (1.08; 7.73) 4.62 0.03* 
High ¥ 12 (23.1) 13 (46.4) 1.00   

¥ Reference category, OR = odds ratio, CI = confidence interval, X2 = chi square, * significant at P<0.05 



 
Aquaculture Studies AQUAST1060 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Author Contribution 
 

Conceptualization: AAD. Investigation: AAD and 
AAS. Methodology: AAD. Formal analysis: AAD and AAS 
Supervision: LS and SJO, Writing - original draft: AAD. 
Writing - review and editing: LS, SJO and AAS. 
 

Conflict of Interest 
 

The authors declare that they have no known 
competing financial or non-financial, professional, or 
personal conflicts that could have appeared to influence 
the work reported in this paper. 
 

Acknowledgements 
 

We are grateful to the fish farmers and handlers for 
allowing us access to their farms.  
 

References 
 
Adah, A.D., Saidu, L., Oniye, S.J., Adah, S.A., Daodu, O.B., David, 

S.M. & Olatunde, A.O. (2020). Microbiota of gills and 
antibiotic susceptibility patterns of bacteria isolates 
from Clarias gariepinus in different holding facilities. 
Sokoto Veterinary Journal, 18(3), 119-128  
https://doi.org/10.4314/sokjvs.v18i3.1 

Adah, A.D., Lawal, S., Oniye, S., Adah, A.S., David, S.M., & 
Obisesan, O.O. (2022). Antibiotic resistance patterns of 
bacteria isolated from Clarias gariepinus farms in Kaduna 
state, Nigeria. The Iranian Journal of Veterinary Science 
and Technology, 14(1), 29–38. 
https://doi.org/10.22067/ijvst.2022.72394.1080 

Adeleke, B., Robertson-Andersson, D., Moodley, G., & Taylor, 
S. (2021). Aquaculture in Africa: A comparative review of 
Egypt, Nigeria, and Uganda Vis-À-Vis South 
Africa. Reviews in Fisheries Science & Aquaculture, 29(2), 
167–197. 
https://doi.org/10.1080/23308249.2020.1795615 

Adeosun, K.P., Ume, C.O., & Ezugwu, R.U. (2019). Analysis of 
socio-economic factors of fish pond production in Enugu 
State, Nigeria. Journal of Tropical Agriculture, 57(1), 27–
34. 

Admasu, F. & Wakjira, M. (2021). Non-Infectious diseases and 
biosecurity management practices of fishes health in 
aquaculture. Journal of FisheriesSciences.com, 15(6),1-
6. 

Ali, S.E., Jansen, M.D., Mohan, C.V., Delamare-Deboutteville, 
J., & Charo-Karisa, H. (2020). Key risk factors, farming 
practices and economic losses associated with tilapia 
mortality in Egypt. Aquaculture (Amsterdam, 
Netherlands), 527, 735438. 
https://doi.org/10.1016/j.aquaculture.2020.735438 

Assefa, A., & Abunna, F. (2018). Maintenance of Fish Health in 
Aquaculture: Review of Epidemiological Approaches for 
Prevention and Control of Infectious Disease of 
Fish", Veterinary Medicine International, 2018, Article 
ID 5432497, https://doi.org/10.1155/2018/5432497 

Dean, A.G., Sullivan, K.M., & Soe, M.M. OpenEpi: Open Source 
Epidemiologic Statistics for Public Health, Version. 
(2013). (accessed on 12 December 2021) Available 
online: https://www.OpenEpi.com  

Ellis, T., Berrill, I., Lines, J., Turnbull, J.F., & Knowles, T.G. 

(2012). Mortality and fish welfare. Fish Physiology and 
Biochemistry, 38(1), 189–199. 
https://doi.org/10.1007/s10695-011-9547-3 
PMID:21922247 

Faye, R. & Diouf, N.D., Mouhamadou Amadou, L.Y., Ayayi, J., & 
Ayih-Akakpo (2020) Biosecurity Practices Applied in 
Aquacultural Farms in Northern Senegal, West Africa. 
European Scientific Journal, (16)6, 287-300. 
https://doi.org/10.19044/esj.2020.v16n6p287. 

George, A.D.I., & Akinrotimi, O.A. (2021) Socio-Economic 
Characteristics and Bio-Security Measures among Fish 
Farmers in Some Coastal Communities of Rivers State, 
Nigeria, International Journal of Research and Scientific 
Innovation (IJRSI),7(1), 190-193. 

Henriksson, P.J.G., Rico, A., Troell, M., Klinger, D.H., 
Buschmann, A.H., Saksida, S., Chadag, M.V., & Zhang, W. 
(2018). Unpacking factors influencing antimicrobial use 
in global aquaculture and their implication for 
management: A review from a systems perspective. 
Sustainability Science, 13, 1105–1120. 
https://doi.org/10.1007/s11625-017-0511-8 
PMID:30147798 

Jia, B., St-Hilaire, S., Singh, K., & Gardner, I.A. (2017). 
Biosecurity knowledge, attitudes, and practices of 
farmers culturing yellow catfish (Pelteobagrus 
fulvidraco) in Guangdong and Zhejiang provinces, China. 
Aquaculture (Amsterdam, Netherlands), 471, 146–156. 
https://doi.org/10.1016/j.aquaculture.2017.01.016 

Kaleem, O., & Abudou-Fadel, B.S.S. (2021). Overview of 
aquaculture systems in Egypt and Nigeria, prospects, 
potentials, and constraints. Aquaculture and Fisheries, 
6(6), 535–547. 
https://doi.org/10.1016/j.aaf.2020.07.017 

Kone, M., Cisse, M., Ouattara, M., & Fantodji, A. (2012). 
Compliance state of biosecurity measures in fish farming 
of three regions of Ivory Coast (Sub-Saharan 
zones). Journal of Animal and Plant Sciences., 16(1), 
2288–2296. 
https://www.m.elewa.org/JAPS/2012/16.1/1.pdf 

Manyi-Loh, C., Mamphweli, S., Meyer, E., & Okoh, A. (2018). 
Antibiotic Use in Agriculture and Its Consequential 
Resistance in Environmental Sources: Potential Public 
Health Implications. Molecules (Basel, Switzerland), 
23(4), 795. 
https://doi.org/10.3390/molecules23040795 PMID:296
01469 

Maulu, S., Hasimuna, O.J., Haambiya, L.H., Monde, C., Musuka, 
C.G., Makorwa, T.H., Munganga, B.P., Phiri, K.J., & 
Nsekanabo, J.D. (2021). Climate Change Effects on 
Aquaculture Production: Sustainability Implications, 
Mitigation, and Adaptations. Frontiers in Sustainable 
Food Systems, 5, 609097. 
https://doi.org/10.3389/fsufs.2021.609097 

Mulei, I.R., Mbuthia, P.G., Waruiru, R.M., Nyaga, P.N., 
Mutoloki, S., & Evensen, Ø. (2021). Management 
Practices, Farmers’ Knowledge of Diseased Fish, and 
Their Occurrence in Fish Farms in Nyeri County, Kenya. 
Veterinary Medicine International, 2021, 8896604. 
https://doi.org/10.1155/2021/8896604 PMID:33680422 

Muniesa, A., Furones, D., Rodgers, C., & Basurco, B. (2022). An 
assessment of health management and biosecurity 
procedures in marine fish farming in Spain. Aquaculture 
Reports, 25, 101199. 
https://doi.org/10.1016/j.aqrep.2022.101199 

Muringai, R.T., Mafongoya, P., Lottering, R.T., Mugandani, R., 



 
Aquaculture Studies AQUAST1060 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

& Naidoo, D. (2022). Unlocking the Potential of Fish to 
Improve Food and Nutrition Security in Sub-Saharan 
Africa. Sustainability (Basel), 14(1): 318(1-15). 
https://doi.org/10.3390/su14010318. 

Mzula, A., Wambura, P.N., Mdegela, R.H., & Shirima, G.M. 
(2021). Present status of aquaculture and the challenge 
of bacterial diseases in freshwater farmed fish in 
Tanzania; A call for sustainable strategies. Aquaculture 
and Fisheries, 6(3), 247–253. 
https://doi.org/10.1016/j.aaf.2020.05.003 

Ngueguim, D.F., Kouam, M.K., Miegoue, E., Tiogue, C.T., 
Feumba, A.K., Zebaze, L.B.F. & Awah-Ndukum, J. (2020). 
Socioeconomic Characteristics and Biosecurity Measures 
of Fish Farms in the West Region of Cameroon. Asian 
Journal of Research in Animal and Veterinary Sciences, 
6(2),4-19. 

Nilsen, A., Nielsen, K.V., & Bergheim, A. (2020). A closer look 
at closed cages: Growth and mortality rates during 
production of post- smolt Atlantic salmon in marine 
closed confinement systems. Aquacultural Engineering, 
91, 102124. 
https://doi.org/10.1016/j.aquaeng.2020.102124. 

Nwabueze, A.A. & Ofuoku, A.U. (2020). Socio-economic status 
and level of biosecurity practice of catfish farmers in 
delta north of Delta State, Nigeria. Asian Journal of 
Agriculture and Rural Development, 10(2),587-59. 
https://doi.org/10.9790/2380-0230106 

Okocha, R.C., Olatoye, I.O., & Adedeji, O.B. (2018). Food safety 
impacts of antimicrobial use and their residues in 
aquaculture. Public Health Reviews, 39, 21. 
https://doi.org/10.1186/s40985-018-0099-2 
PMID:30094087 

Oliveira, V.H.S., Dean, K.R., Qviller, L., Kirkeby, C., & Bang 
Jensen, B. (2021).  Factors associated with baseline 
mortality in Norwegian Atlantic salmon farming. 
Scientific Reports, 11(1), 14702.  
https://doi.org/10.1038/s41598-021-93874-6 
PMID:34282173 

Omitoyin, S.A., & Osakuade, K.D. (2021). Awareness and 

Constraints of Aquaculture Biosecurity Among Fish 
Farmers in Ekiti State, Nigeria. Aquaculture Studies, 21, 
83–92. https://doi.org/10.4194/2618-6381-v21_2_05 

Persson, D., Nødtvedt, A., Aunsmo, A., & Stormoen, M. (2022). 
Analysing mortality patterns in salmon farming using 
daily cage registrations. Journal of Fish Diseases, 45, 
335–347. 
https://doi.org/10.1111/jfd.13560 PMID:34882819 

Scarfe, D., & Palić, D. (2020). Aquaculture biosecurity: Practical 
approach to prevent, control, and eradicate diseases, 
Editor(s): Frederick S.B. Kibenge, Mark D. Powell, 
Aquaculture Health Management, Academic Press, 
Pages 75-116,  
https://doi.org/10.1016/B978-0-12-813359-0.00003-8 

Tavares-Dias, M., & Martins, M.L. (2017). An overall estimation 
of losses caused by diseases in the Brazilian fish 
farms. Journal of Parasitic Diseases: Official Organ of the 
Indian Society for Parasitology, 41(4), 913–918. 
https://doi.org/10.1007/s12639-017-0938-y 
PMID:29114119 

Wanja, D.W., Mbuthia, P.G., Waruiru, R.M., Mwadime, J.M., 
Bebora, L.C., Nyaga, P.N., & Ngowi, H.A. (2020). Fish 
Husbandry Practices and Water Quality in Central Kenya: 
Potential Risk Factors for Fish Mortality and Infectious 
Diseases. Veterinary Medicine International, 2020, 
6839354. Advance online publication.  
https://doi.org/10.1155/2020/6839354 PMID:32257096 

World Fish. (2021). Improving Biosecurity: A Science-Based 
Approach to Manage Fish Disease Risks and Increase the 
Socioeconomic Contribution of the Nigerian Catfish and 
Tilapia Industries. Penang, Malaysia: World Fish. Fact 
Sheet: 2021-11 

Zhao, Y., Yang, Q.E., Zhou, X., Wang, F.H., Muurinen, J., Virta, 
M.P., Brandt, K.F., & Zhu, Y.G. (2021). Antibiotic 
resistome in the livestock and aquaculture industries: 
Status and solutions. Critical Reviews in Environmental 
Science and Technology, 51(19), 2159–2196.  
https://doi.org/10.1080/10643389.2020.1777815 

  


