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Original Research Article

Fish Health Management and Biosecurity Compliance in Some Fish Farms in the Southern Part of Lagos State, Nigeria
Abstract:

Disease outbreaks continue to threaten profitable and viable aquaculture operations throughout the world. As a result, aquaculture fish health management and biosecurity programs that address aquatic animal pathogens and diseases have become an important focus for the aquaculture industry. The study was an assessment of fish health management and biosecurity compliance in 62 fish farms in the southern part of Lagos State, Nigeria. Cluster sampling was used in selecting the farmers in the study areas. Data was collected using well-structured questionnaires and interviews. The primary data was sourced from the respondent through the administration of a well-structured questionnaire and an interview. Primary data was collected from the fish farmers, fish pathologists, etc., in the study area. Secondary data consists of literature and past studies on the topics under investigation, including journals, textbooks, and online magazines of other researchers. Descriptive and chi-square statistic was used for data presentation and analysis. The study revealed that although the majority have attained tertiary education (63.5%), with 5 -9 years of experience in fish farming (75.8%) majority of the fish farmers (66.7%) in the study areas neither practice nor have an understanding of biosecurity. Specifically, in Ibeju Lekki, 90% of fish farmers in the study area have no awareness of biosecurity. Moreover, 51.6% of fish farmers in the study area do not practice isolation, while 14.5% of fish farmers in the study area practice the fish isolation method in their farm. The result of the chi-square test shows that there is no significant difference in the practice of isolation in compliance with biosecurity measures at the 0.05 significance level. Hence, lack of awareness and understanding of biosecurity factors influenced the non-compliance of fish farmers in the study areas with biosecurity measures. The findings of this study will serve as baseline information that fish farmers should adhere to strict biosecurity and biosafety measures in their fish farms to avoid the spread of diseases in their fish populations.  The study recommends that fish pathologists and aquatic veterinarians should organise seminars, workshops, conferences and advisory services on the importance and use of biosecurity measures for optimum production.  

 Keywords: Fish Health management, Biosecurity, Fish Farms, Lagos.
Introduction

Aquaculture has been identified as one of the critical sectors contributing to food and nutrition security, income and employment opportunities for millions of people and is now the fastest-growing food-producing sector globally (FAO, 2020). The sector contributed 46% to the total global fish production and 52% to the total food fish used for human consumption worldwide in 2018. Nowadays, it is a significant source of protein because higher protein content is found in aquatic animal foods than terrestrial animal meats (Yasmin et al., 2022). Aquaculture has been associated with some challenges, such as fish diseases and leading to the loss of millions of naira and dollars in revenue annually. Disease outbreaks continue to threaten profitable and viable aquaculture operations throughout the world. As a result, aquaculture Fish health management and biosecurity programs that address aquatic animal pathogens and diseases have become an important focus for the aquaculture industry (FAO, 2020). 

With the decline of harvest from capture fisheries, and recognition that aquaculture is the fastest growing major sector of animal agriculture, the concern for aquatic animal diseases is increasing, and biosecurity is a key requirement for future development and expansion of aquaculture. Management of infectious disease is especially important when populations of conservation concern are potentially impacted (Mordecai et al., 2024; Syanya et al., 2023). Fish health management is a term used in aquaculture to describe management practices which are designed to prevent diseases (Dvorak, 2009). Fish health comprises multiple physiological and behavioural components, each of which operates on different biological and temporal scales. Selected components of fish health are responsible for maintaining homeostasis—the maintenance of molecular, cellular and physiological function within a ‘normal’ range (Mallett et al., 2024). Biosecurity in aquaculture can be defined as a set of practices, procedures, policies, and regulations used to prevent the introduction and spread of pathogenic organisms (bacteria, viruses, fungi, parasites) and many aquatic invasive species (zebra mussels, rusty crayfish) (Dvorak, 2009). Undeniably, one of the most effective and affordable ways to minimise the introduction of pathogens or invasive species on a farm is to implement fish health management and biosecurity programs (FIAC, 2010). 

Some of the general biosecurity components that could be followed in the production units include regular fish health checks, quarantine of new stocks, disease surveillance, visitor restriction, fish vaccination, disinfection, establishment of biosecurity work zones, biosecurity awareness among staff, restriction of wild animals and birds, water quality monitoring, use of personal protection equipment (boots, waders etc.), good quality feed, proper storage of feed, use of foot dips/baths, and the cleaning of vehicles between visits to production facilities (Barde et al., 2024; Doyi et al., 2024).
Diseases are direct hindrances to the sustainability of aquaculture and can lead to reduced growth in the industry or near-total collapse. Ajani et al. (2011) stated that fish diseases in most farms in Nigeria have led to a substantial monetary loss to fish farmers as the production costs will be on increase due to disease outbreak, while the investment loss will occur in dead fish, the cost of treatment and reduction in growth. A sustained and consistent practice of biosecurity is becoming an increasingly critical requirement for successful aquaculture (Eissa et al., 2016).
The development of aquaculture in Africa has not been paralleled by measures that support its growth, namely disease surveillance, control and prevention, quality feed provision and water quality analysis and management practices. To forestall the potential threat and economic losses, it is imperative to initially recognise risks and implement risk limitation measures in an aquaculture production unit. As a result, there should be adequate biosecurity measures to reduce economic losses through fish mortalities and unnecessary treatment costs for a successful aquaculture (Aladetohun et al., 2025). This study, therefore, seeks to evaluate the existing biosecurity measures currently being adopted and implemented on fish farms in three (3) local government areas in Lagos State, Nigeria. The aim of the study was to assess fish farmers' compliance with biosecurity measures on fish farms in Epe, Eti-Osa and Ibeju-Lekki Local Government Areas of Lagos State, Nigeria. The specific objectives were to describe the socioeconomic status analysis of the respondents in the study area. To examine the biosecurity measures adopted by the farmers. To compare the level of compliance and non-compliance with biosecurity measures in the study areas. To identify the constraints affecting their level of compliance. 

Materials and methods

Study Areas

This study was carried out in Epe, Ibeju-Lekki and Eti-Osa local government areas in the Southern axis of Lagos State, Nigeria
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Figure1: Map-of-Lagos-State-indicating-Local-Government-areas-and-extent-of-Matropoltion-Lagos
Epe is located on the North side of the Lekki lagoon and about 90km from Ibadan. Ibeju-Lekki is bordered by Ogun State on the north, Eti-Osa LGA on the west, Epe Lagoon in the East, and the Atlantic Ocean on the south.   

Research Design and Type

Quantitative and qualitative research design was adopted with the use of well-structured questionnaires to survey the population using random sampling methods. Descriptive statistics were used to analyse the data collected from individual farmers examining the profile of the fish farm, the location, how the fish farmers apply biosecurity measures and the measures that are being applied in the study area. This research is investigative in nature, where the survey strategy involved observations, capturing of experiences and recording of perceptions of the participants in their natural farm environment. This technique summarized the data in an understandable way using frequencies and percentages (numerical) to reduce the number of responses to a mean score. From numerical data (mean score), the variables measured demography of the respondents, fish farm history and bio-security measures applied in the fish farms.  
Sample Size and Sampling Procedure.

Purposive and cluster sampling technique was used in finding a solution to the research questions. A purposive sampling technique was used to select three LGAs (Epe, Ibeju Lekki and Eti Osa) in the study area, while cluster sampling was used in selecting the farmers in the study areas. Twenty-seven (27), Twenty (20) and Fifteen (15) questionnaires were administered to farmers in the selected local government (Epe, Ibeju Lekki and Eti Osa) to make a total of Sixty-two (62) respondents. 

Data Collection

The method adopted in this study involved the gathering of information and data through primary and secondary sources. The primary data was sourced from the respondent through the administration of well-structured questionnaire and interview. Primary data was collected from the fish farmers, fish pathologists, etc., in the study area. Secondary data consists of literature and past studies on the topics under investigation, including journals, textbooks, and online magazines of other researchers.

Data Analysis

The data collected from the study area was analysed using descriptive statistics and chi-square analysis. 

Results 

The results obtained from the analysis of the data were presented and distributed in line with the study’s objectives. 
Information on Socio-Economic Characteristics of the Respondent 

Table 1. Distributions of the Respondents according to their age. 

	Age of Respondent 
	Epe
	Ibeju lekki
	Eti Osa
	Percentage %

	< 20
	-
	-
	-
	-

	21 – 26
	5
	1
	2
	13.9%

	27– 32
	-
	1
	3
	24.1%

	33 – 38
	8
	5
	6
	10.1%

	39 – 44
	2
	7
	4
	23.4%

	45 >
	12
	6
	-
	28.5%

	Total 
	27
	20
	15
	100%


The result presented in Table 1 shows the age distribution of fish farmers in the Study area. The result shows that people involved in fish farming in Epe, Ibeju-Lekki and Eti-Osa LGAs of Lagos State are mostly youth within the age range of 21 - 38, which is an encouragement to the development of aquaculture.

Table 2. Marital Statuses of the respondents

	Marital statues 
	Epe
	Ibeju Lekki
	Eti-Osa
	Percentage %

	Single
	5
	3
	6
	22.6%

	Married 
	22
	16
	9
	73.4%

	Widow 
	-
	1
	-
	4.0%

	Divorced 
	-
	-
	-
	0

	Total 
	27
	20
	15
	100%


The data collected shows that most of the fish farmers are married (73.4%), and 22.6% of them are single. while 4.0% of fish farmers in the study area were widows.
Table 3. Gender of the respondent 

	Gender 
	Epe
	Ibeji Lekki
	Eti- Osa
	Percentage %

	Male 
	21
	11
	10
	67.7

	Female 
	6
	9
	5
	33.3

	Total 
	27
	20
	15
	100


The data collected shows that the fish farming business is dominated by the male gender (67.7%), while 33.3% are female. The implication is that fish farming activity seems to be more attractive to men than women in Epe, Ibeju Lekki and Epe Local Government Area of Lagos State. 

Table 4. Level of Education of the respondent  

	Level of education 
	Epe
	Ibeju Lekki
	Eti Osa
	Percentage 

	No formal 
	-
	-
	1
	1.6

	Primary 
	-
	1
	-
	1.6

	Secondary 
	6
	5
	9
	33.3

	Tertiary 
	21
	14
	5
	63.5

	Total 
	27
	20
	15
	100


The data collected shows that the greater people involved in fish farming in the study area, are people who have obtained tertiary education (63.5%). 33.3% of the people involved in fish farming in the study area have obtained secondary education. 1.6% of fish farmers have obtained primary education, while 1.6% of fish farmers in the study area have no formal education.
Information on Aquaculture Practising
Table 5. Distributions of the Respondents According to Fish Farm Experience

	Farm experience 
	Epe
	Ibeju Lekki
	Eti Osa
	Percentage 

	Below 1 year 
	-
	-
	-
	-

	1 – 4 yrs 
	6
	6
	3
	24.2

	5 – 8 yrs
	7
	5
	11
	37.1

	9years above
	14
	9
	1
	38.7

	Total 
	27
	20
	15
	100


The data collected shows that 24.2% of the respondents have fish farming experience of 2 – 4 years, 37.1% of fish farmers in the study area have 5-8 years fish farming experience, 38.7% have 9 years and above fish farming experience. 
BIO-SECURITY COMPLAINCE

Bio-Security Awareness 
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Figure 2: Showing Bio-Security Awareness of the respondent 
The data collected shows that 66.7% of fish farmers in the study area of Epe LGA have no awareness of biosecurity. In Eti Osa LGA, 66.7% of fish farmers in the study area have no awareness of biosecurity. In Ibeju Lekki, 90% of fish farmers in the study area have no awareness of biosecurity.
Table 6. Bio-Security Understanding
	Do you understand Biosecurity 
	Epe
	Ibeju Lekki 
	Eti Osa
	Percentage 

	No
	14
	18
	10
	67.7

	Yes
	13
	2
	5
	32.3

	Total 
	27
	20
	15
	100


The data collected shows that 32.3% of fish farmers in the study area have an understanding of biosecurity. While 67.7% of fish farmers in the study area have no understanding that biosecurity is all about preventing pathogens from attacking the farm.
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Figure 3: Showing Practising Quarantine/Isolation

The data collected shows that 51.6% of fish farmers in the study area do not practice isolation, 33.9% of fish farmers in the study have partially practised fish isolation, while 14.5% of fish farmers in the study area practice the fish isolation method on their farms. 
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Figure 4: Showing Duration of Acclimatization 

Information collected from the survey reveals that 38.7% of fish farmers in the study area do not know the duration they acclimate their fish, and 3.2% of the respondents in the study area are also not sure of the duration they acclimate their fish. 24.5% of the respondents in the study area acclimate their fish for thirty (30) minutes before stocking. 25.8% of fish farmers in the study area acclimatise their fish for < 1hour before stocking, 11.2% of the respondents acclimatise their fish for 1 hour before stocking. While 6.4% of fish farmers in the study area acclimatise their fish for > 1 hour before stocking.
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Figure 5. Qualitative Assessment (including proximate analysis) of fish feed

The result in Figure 5 shows that 14% of the respondents in the study area do not carry out qualitative assessment either on the fish feed or on the local ingredients used for its preparation. 52% of fish farms use fish feed without regular qualitative assessment either on the fish feed or on the local ingredients used for its preparation. 34% of the respondents carry out qualitative assessment either on the fish feed or on the local ingredients used for its preparation. 
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Figure 6: Showing Storage System (Placement)

The data collected on the feed storage system /placement) from respondents in the study area reveals that 34% of the respondents store /place their fish feed in covered drums outside, 61% of fish farmers in the study area store /place their fish feed on plank/other items. 5% of the respondents store /place their fish feed on the floor.   

Figure 7: Showing Farm Effluent Disposal 

The bio-security measures applied as regards farm effluent disposal are illustrated in Fig.7. It is noted that 6.4% of fish farmers in the study area dispose of their farm effluents into the canal. 33.8% of fish farmers in the study area dispose of their farm effluents in their surroundings, and 24.2% of the respondents in the study area dispose of their farm effluents on open drainage/gutters. 9.6% of the respondents in the study area dispose of their farm effluents in sewage. While 12.9% of the respondents dispose of their farm effluents in either a Lagoon/body of water or into an earthen fish pond, respectively.  

Table 7. Disposal of Dead Fish by fish farmers in the study areas. 
	Dead fish disposal 
	Epe
	Ibeju Lekki
	Eti Osa
	Percentage 

	Throw into the dustbin 
	5
	1
	-
	12.9

	Disposal around facility area
	4
	2
	2
	12.9

	Throw into pond facilities
	7
	5
	2
	22.5

	Smoked 
	6
	4
	4
	22.5

	Given as food to domestic animal 
	0
	4
	3
	-

	Given as wild bird 
	-
	-
	-
	-

	Buried 
	3
	4
	-
	12.9

	Into a body water 
	-
	-
	-
	-

	Into a canal 
	2
	-
	4
	8.1

	Others 
	-
	-
	-
	

	Total 
	27
	20
	15
	100



The biosecurity measures applied as regards the disposal of dead fish by the fish farmers in the study areas are illustrated in Table 7 above. It is revealed from the research conducted that 22.5% of fish farmers in the study area dispose of their dead fish(es) into the production facility to be eaten by fish. 12.9% of fish farmers in the study area buried their dead fish(es). 22.5% of the respondents in the study area smoked their dead fish(es). That is, if they are old enough to be eaten. 8.1% of the respondents in the study area dispose of their dead fish(es) into the canal. 8.1% of fish farmers in the study area give their dead fish(es) to domestic animals. Some of the fish farmers dispose of their dead fish(es) around the facility area (12.9%). While 12.9% of the respondents dispose of their dead fish(es) in the waste bin. None of the fish farmers in the study area dispose of their dead fish(es) by other means or to wild birds (0%) respectively.
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Figure 8: Showing Control of Wild Fish/Vector/Pest 

The bio security measures applied as regards control of wild fish/vector/pest by the fish farmers in the study area are illustrated in Fig.8. It is revealed from the research conducted that 79% of the respondents in the study area have measures in place for the control of wild fish/vector/pest. While 21% of fish farmers in the study area do not have measures in place for the control of wild fish/vectors/pests. This is because most of the farms have earthen ponds, thus fish are exposed to predatory attacks from birds, reptiles, etc.
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Figure 9: Showing Water Quality Parameters Monitoring

The bio-security measures applied as regards water quality monitoring by the fish farmers in the study area are illustrated in Fig.9. It is revealed from the research conducted that 60% of the respondents in the study area do not check water parameters while 37% of fish farmers in the study area check water parameters.
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Figure 9a: Showing Dissolved Oxygen Monitoring 

The biosecurity measures applied as dissolved oxygen monitoring by fish farmers in the study area are illustrated in Fig. 11. It is noted that 56.5% of the respondents in the study area do not check dissolved oxygen as a water quality parameter. 29% of the respondents in the study area check dissolved oxygen weekly, and 11.3% of the respondents in the study area check dissolved oxygen daily. While 3.2% of the respondents in the study area check dissolved oxygen monthly. None of the fish farmers in the study area checked dissolved oxygen as a water quality parameter bimonthly (0%), quarterly (0%), or when there was an outbreak of disease.
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Figure 9b: Showing pH Monitoring 

The biosecurity measures applied as pH monitoring by fish farmers in the study area are illustrated in Fig. 9b. It is noted that 85.9% of the respondents in the study area do not check pH as a water quality parameter. 11.7% of the respondents in the study area check pH weekly, and 3.2% of the respondents in the study area check pH monthly. There were no fish farmers in the study area who checked pH as a water quality parameter daily (0%), bimonthly (0%), quarterly (0%), or when there was an outbreak of disease.
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Figure 9c: Showing Temperature Monitoring 
The bio-security measures applied as regards temperature monitoring by fish farmers in the study area are illustrated in Fig. 9c. It is noted that 83.5% of the respondents in the study area do not check temperature as a water quality parameter. 13.3% of fish farmers in the study area check temperature as a water quality parameter weekly. While 3.2% of fish farmers in the study area check temperature as a water quality parameter daily. There were no fish farmers in the study area who checked temperature as a water quality parameter monthly (0%), bimonthly (0%), quarterly (0%) and when there was an outbreak of disease (0%).
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Figure 9d: Showing Salinity Monitoring 
The bio-security measures applied as regards salinity monitoring as a water parameter check by the fish farmers in the study area are illustrated in Fig.9d. The research conducted shows that 83.5% of the respondents in the study area do not check salinity as a water quality parameter. 13.3% of fish farmers in the study area check salinity as a water quality parameter weekly. While 3.2% of fish farmers in the study area check salinity as a water quality parameter monthly.  There were no fish farmers in the study area who checked ammonia as a water quality parameter daily (0%), bimonthly (0%), quarterly (0%), and when there was an outbreak of disease (0%).
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Figure 9e: Showing Other Water Parameter Monitoring

The biosecurity measures applied as regards other water parameter checks by the fish farmers in the study area are illustrated in Fig.9e. The research conducted shows that 86.7% of the respondents in the study area do not check other water quality parameters. 13.3% of fish farmers in the study area check other water quality parameters weekly. Also, none of the fish farmers in the study area check other water quality parameters daily (0%), monthly (0%), bimonthly (0%) and quarterly (0%) and when there is an outbreak of disease.
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Figure 10: Showing Functional Foot Dip

The result presented in Fig.10 shows the response of the respondents in the Study area on the possession of functional foot dip. The result shows that fish farmers in Epe, Ibeju Lekki and Eti Osa Local Government Area of Lagos State do not have functional foot dips on their farms (100%).  None of the respondents in the study area has functional foot dips on their farms.
Table 8. Distributions of the Respondents According to Vaccination of Fish

	Vaccination of Fish
	Epe
	Ibeju Lekki
	Eti Osa
	Percentage (%)

	Yes       
	0
	0
	0
	0

	No 
	27
	20
	15
	100

	Total
	27
	20
	15
	62


The biosecurity measures applied as regards vaccination of fish by the fish farmers in the study area are illustrated in Table 8. It is revealed from the research conducted that 100% of the respondents in the study area do not vaccinate their fish.
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Figure 11: Mortality Rate


Information collected from the survey shows the response of the respondents in the study area to the fish mortality rate. The result shows that 25.8% of fish farmers reported fish mortality rate of 44 fishes per day, above 6.5% of fish farmers reported fish mortality rate of 33 – 43 fishes per day, 17.7% of fish farmers reported fish mortality rate of 22-32 fishes per day, 33.9% reported fish mortality rate of 11 – 21 fishes per day, 16.1% of fish farmers reported fish mortality rate of 1 – 10 fishes per day. It is also noted that none of the farmers reported the absence of fish mortality (0%). 
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Figure 12: Disinfection of Fish and Equipment.
The biosecurity measures applied as regards disinfection of fish by the fish farmers in the study area are illustrated in Figure 12. It is revealed from the research conducted that 56.5% of the respondents in the study area neither disinfect their fish nor their equipment, while 43.5% of the fish farmers in the study area disinfect their fish.
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  Figure 13: Designated Meeting Room for Visitors 

The biosecurity measures applied as regards the designated meeting room for visitors by the fish farmers in the study area are illustrated in Figure 13. From the research conducted, 68% of the respondents in the study area do not have a designated meeting room for visitors on their farm. While 32% of the respondents in the study area have a designated meeting room for visitors on their farm.
Table 9. Distributions of the Respondents Regarding Sanitising Hands Before Touring the Facility.

	Sanitising Hands Before Touring the Facility
	Epe
	Ibeju Lekki
	Eti Osa
	Percentage (%)

	Yes       

	0
	0
	0
	0

	No 
	27
	20
	15
	100

	Total
	27
	20
	15
	100


The biosecurity measures applied as regards hand sanitising before touring the facility by the fish farmers in the study area are illustrated in Table 9. From the research conducted, 100% of the respondents in the study area do not sanitise their hands before touring the facility on the farm. 
Table10. Distributions of the Respondents According to Critical Control Points by setting up zones (Hatchery, Packing, Processing, Storage, and Packaging).

	Critical control points by setting up zones (Hatchery, Production unit, Packing, Processing, Storage, and Packaging).
	Frequency
	Ibeju Lekki 
	Eti Osa 
	Percentage 

	Yes       

	0
	3
	0
	4.8

	No 
	27
	17
	15
	95.2

	Total
	27
	20
	15
	100


The biosecurity measures applied as regards provision for critical control points by setting up zones within APB (hatchery, packing, processing, storage, and packaging) by the fish farmers in the study area are illustrated in Table 10. It is revealed from the research conducted that 4.8% of the respondents in the study area had provision for critical control points by setting up zones within APB (hatchery, fishery lakes, packing, processing, storage, and packaging) on their farms, while 95.2% do not.  
Table11. Distributions of the Respondents According to Provision of Zone-Specific Protective Clothing.

	Provision of Zone-Specific Protective Clothing
	Epe 
	Ibeju Lekki 
	Eti Osa 
	Percentage 

	Yes       

	0
	0
	0
	0

	No 
	27
	20
	15
	100

	Total
	24
	20
	15
	100


The biosecurity measures applied as regards the provision of zone-specific protective clothing by the fish farmers in the study area are illustrated in Table 12. It is revealed from the research conducted that none of the respondents in the study area had provision for zone-specific protective clothing on their farms.

Table 12. Distributions of the Respondents According to Usage of Colour Coded Boots

	Usage Of Colour Coded Boots
	Frequency
	Ibeju Lekki 
	Eti Osa 
	Percentage 

	Yes       

	· 
	· 
	· 
	· 

	No 
	27
	20
	15
	100

	Total
	27
	20
	15
	100


The biosecurity measures applied as regards the usage of colour-coded boots by the fish farmers in the study area are illustrated in Table 12. It is revealed from the research conducted that 100% of the respondents in the study area did not use colour-coded boots on their farms.

Discussion

The result evaluated the compliance of biosecurity measures on fish farms in Epe, Eti-Osa and Ibeju-Lekki Local Government Areas in the Southern part of Lagos State. These farms aimed at providing food security, employment opportunities for youths and adults in the region.

Objective one of this research set out to describe the socioeconomic characteristics of the respondents in the study area. The result reveals that the majority of the respondents are within the ages of 21 – 38 (Table 1). Age is a key factor in the productivity and profitability performance of the farmers; therefore, the fish farmers are still in their productive age (Ngeywo et al., 2015; Aladetohun et al, 2025). Younger people tend to be more energetic, adjust faster, and adopt new technologies; thus, they may be more productive than the elderly, who may be more conservative. Their involvement in the aquaculture industry will also ensure food security in the region and the nation as a whole. The work of Kumar et al. (2015) showed a shifting pattern from old age to young age, which means that aquaculture is drawing the attention of the younger age bracket. The result in Table 3 shows that 67.7% of the respondents were male, while 33.3% were female. This shows that fish farming is more attractive to males than females in the study area. Data collected shows that the majority of the fish farmers in the study area have tertiary education, 63.5% (Table 4). According to Leung and Bates (2013) and Namara et al. (2013) education of the farmer is assumed to have a positive influence on farmers’ decision to adopt new technology Thus education is important as high literacy level will help fish farmers analyze and understand the importance and rationale of adopting biosecurity measures for optimum production. The research conducted also revealed that the majority (73.4%) of the fish farmers in the study area are married (Table 2). This means they have family responsibilities and should be committed to the biosecurity practices of their fish farms so as not to reduce their farm income and profits (Doyi et al., 2024). 

Objective two of this research examined the biosecurity measures adopted by fish farmers in the study areas. The result from the study revealed that (67.7%) of the fish farmers in the study area have no awareness and lack understanding of biosecurity (Figure 2 and Table 6). It is not surprising that fish farmers’ level of compliance with biosecurity measures in the study areas was poor. Biosecurity measures are very important in preventing the entry of pathogens to farms (Assefa and Abunna, 2018). 

Therefore, a lack of awareness and understanding of biosecurity measures poses a very serious problem and challenge. These can be detrimental to the aquaculture sector, not only in the studied areas but also to the nation at large. The findings of this study on biosecurity are strikingly similar to the study in Uganda, which found a low level of disease knowledge and awareness, no basic biosecurity measures are implemented routinely in grow-out farms.  Børge 2018 and Aladetohun et al. (2025), in their research findings, also discovered a lack of awareness and understanding of biosecurity among fish farmers in Delta State, Nigeria.
Biosecurity compliance by fish farmers in the study areas regarding isolation of diseases fish,  acclimitization, qualitative assesment of feed, effluent disposal, disposal of dead fish, water quality monitoring were extremely poor (Figures 3,4,5,6,7,9a-9e, Table 7). the highest isolation period observed by fish farmers in the study areas is one week (Figure 4).  This duration period contradicts the stipulated period of two to four weeks by FAO (2020).

Table 7 revealed that 75% of the fish farmers in the study area dispose of dead fish into the production facility (pond) to be eaten by fish, which is a deviation from biosecurity measures. This explains why a lot of fish were affected by fish diseases, thus leading to a high rate of fish mortality (Figure 11). According to Bores (2002), leaving dead aquatic animals in rearing infrastructure is a risk to public health and contributes to the spread of pathogens in the environment. 

None of the fish farmers in the study area were found to vaccinate their fish (Table 8). This was obvious because the majority of the fish farmers in the study area are unaware of the vaccines they can use on their fish. The use of vaccines does not prevent the introduction of pathogens. Delabbio (2004), however, opines that vaccination of fish against a certain pathogen reduces the infectious load of the pathogen within a population and therefore reduces infection pressure on a population. 

On disinfection of farm equipment and fish, Fig. 14 revealed that 69% of fish farmers in the study area did not disinfect their farm equipment and fish. Disinfection prevents farm equipment from harbouring potential pathogens (Blanco et al., 2001). Post (1987) mentioned that fish pathogens can be transferred from holding unit to holding unit via the fish and rearing waters, and also on shared equipment and by personnel. Therefore, disinfection of farm equipment, hands and footwear to prevent transfer of disease pathogens is a commonly used biosecurity measure in farming enterprises (Torgersen and Hastein, 1995). 

Objective three of this research compared the level of compliance and non-compliance with biosecurity measures in the study area. The result of the chi square shows that there is no significant difference in the practice of isolation in compliance with biosecurity measures = x0.05. Therefore, Fish farmers did not comply with biosecurity measures.

Objective four identified that the constraints affecting fish farmers’ level of compliance with biosecurity measures in the study area are primarily due to their lack of awareness and understanding of biosecurity.  From the research carried out, the challenge to the non-compliance with biosecurity measures in the study area. The findings of Onyebinama (2004) state that previous experience in farm business management enables farmers to set realistic time and cost targets, allocate, combine and utilise resources efficiently and identify production risks. 

When appropriate biosecurity measures are not applied, it exposes fish farmers to the risk of the emergence and spread of health problems. These practices are contrary to the FAO (2012) biosecurity recommendations. Sharing a water source without prior analysis of physical, chemical, and microbiological quality is a risk factor for the spread of pathogens on farms in the study area. This risk is cross-cutting because it concerns biosecurity measures that could be applied to equipment, fish, infrastructure, and workers. Vågsholm et al. (1994) concluded in a study in Norway that the spread of salmon infectious anaemia was associated with proximity to farms that were in contact with the pathogen and at which biosecurity was poorly applied. 

Conclusion and Recommendation
The result obtained from this study indicates that fish farming is an attractive enterprise engaged in mainly by youths in the study area. Therefore, fish farming, if well supported, will have huge potential for the empowerment of the fish farmers in the study area.  Biosecurity measures on aquaculture are poorly implemented in the study areas. Simple practices such as quarantine, water quality management, qualitative analysis of feed, disinfection of equipment after use, use of work clothes for staff, management of access to the farm with a fence, visitor register, foot baths and the management of injured or sick fish are poorly observed by the fish farmers. Therefore, there is a need for proper education for farmers on biosecurity measures compliance. This study provides essential baseline data highlighting the urgent need for increased awareness and adherence to strict biosecurity and biosafety measures in fish farms to mitigate the risk of disease outbreaks and ensure sustainable aquaculture practices. The application of good biosecurity practices in aquaculture promotes animal welfare and high productivity. 
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