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ABSTRACT. Aquaculture, or aquafarming, is increasingly becoming a vital farming activity globally
to meet exponentially high demand for fish and reduce pressure on global capture fisheries. In Kenya,
aquaculture growth has led to concerns over the supply of quality fish seed, with farmers often report-
ing involving fingerling adulteration and mislabelling where frog tadpoles are packed and supplied
as Clarias gariepinus fingerlings and mixed-sex Oreochromis niloticus fingerlings are falsely sold to
fish farmers as sex-reversed monosex Nile tilapia. This study aims to identify strategies to enhance
the quality of fish seed production in the country. Primary data were collected via questionnaires and
interviews using the Kobo toolbox. Respondents were selected through purposive and random sampling.
The SPSS software was used for the analysis. Findings showed moderate reliance on specific reporting
offices for fish disease cases and significant variation in disease types and bio security measures. Fish
disease treatment and management practices were more engaged by hatchery operators than disease
reporting. No significant differences were found between disease treatment and management, type of
fish diseases encountered at the hatchery, and the nature of fingerlings produced (p > 0.05). However,
there was a significant difference between the source of broodstock, biosecurity measures, type of fish
diseases encountered, and the Disease Case Reporting Office (p < 0.05). No significant difference was
found between biosecurity measures and the period when the hatchery was established (p > 0.05). Lack
of financial support, inexperienced workforce, and a lack of knowledge in fish disease identification and
treatment were the major problems affecting the sustainability of hatchery operations in the country.
Aquaculture policymakers should establish financial support for hatcheries, implement disease man-
agement training, promote research collaborations for disease surveillance, and incentivize biosecurity
measures among hatchery managers and farmers to improve aquaculture sustainability in Kenya. Fur-
ther research should explore treatment methods and long-term sustainability to mitigate disease risks.

Key words: Fish health, biosecurity measures, fish hatchery operations, fish disease management,
aquaculture health practices.
Protocolos de bioseguridad y gestion de la salud de los peces en los criaderos de Kenia: una

clave para la produccion sostenible de semillas de peces de calidad

RESUMEN. La acuicultura se esta convirtiendo cada vez mas en una actividad agricola vital a
nivel mundial para satisfacer la demanda exponencialmente alta de pescado y reducir la presion


https://doi.org/10.47193/mafis.3812025010102
https://orcid.org/0000-0001-8728-8614
https://orcid.org/0000-0003-1766-8560
https://orcid.org/0009-0006-9433-4643
https://orcid.org/0000-0002-3986-6384
https://orcid.org/0009-0002-7024-7191
https://orcid.org/0009-0007-5633-0577
https://orcid.org/0009-0008-4226-1723
https://ojs.inidep.edu.ar

6 MARINE AND FISHERY SCIENCES 38 (1): 5-19 (2025)

sobre la pesca de captura mundial. En Kenia, el crecimiento de la acuicultura ha generado preocupaciones por el suministro de semi-
llas de peces de calidad, y los agricultores a menudo informan de casos relacionados con la adulteracion de alevines y el etiquetado
incorrecto en los que renacuajos de rana se empaquetan y suministran como alevines de Clarias gariepinus, y alevines de Oreochromis
niloticus de sexos mezclados se venden falsamente a los piscicultores como tilapia del Nilo monosexo de sexo invertido. Este estudio
tiene como objetivo identificar estrategias para mejorar la produccion de semilla de peces de calidad en el pais. Los datos primarios se
recopilaron mediante cuestionarios y entrevistas utilizando la caja de herramientas de Kobo. Los encuestados se seleccionaron mediante
muestreo intencional y aleatorio. El analisis utilizo el software SPSS. Los hallazgos mostraron una dependencia moderada de oficinas
de notificacion especificas para casos de enfermedades de peces y una variacion significativa en los tipos de enfermedades y medidas de
bioseguridad. Los operadores de los criaderos participaron mas en las practicas de tratamiento y gestion de enfermedades de los peces
que en la notificacion de enfermedades. No se encontraron diferencias significativas entre el tratamiento y el manejo de enfermedades,
el tipo de enfermedades encontradas en los peces de criadero y la naturaleza de los alevines producidos (p > 0,05). Sin embargo, hubo
una diferencia significativa entre la fuente de reproductores, las medidas de bioseguridad, el tipo de enfermedades encontradas en los
peces y la Oficina de Notificacion de Casos de Enfermedades (p < 0,05). No se encontraron diferencias significativas entre las medidas
de bioseguridad y el periodo en que se establecio el criadero (p > 0,05). La falta de apoyo financiero, una fuerza laboral sin experiencia
y la falta de conocimiento en la identificacion y tratamiento de enfermedades de peces fueron los principales problemas que afectaron
la sostenibilidad de las operaciones de los criaderos en el pais. Los formuladores de politicas de acuicultura deben establecer apoyo
financiero para los criaderos, implementar capacitacion sobre manejo de enfermedades, promover colaboraciones de investigacion para
la vigilancia de enfermedades e incentivar medidas de bioseguridad entre los administradores de los criaderos y los piscicultores para
mejorar la sostenibilidad de la acuicultura en Kenia. Se deberian realizar mas investigaciones para explorar métodos de tratamiento y
sostenibilidad a largo plazo para mitigar los riesgos de enfermedades.

Palabras clave: Salud piscicola, medidas de bioseguridad, operaciones de criaderos de peces, manejo de enfermedades de peces, prac-
ticas de salud en acuicultura.

fishes and aquaculture has equally increased ex-
ponentially with the rise in aquaculture production
and market demand for ornamental fishes. Kenya
ranks fourth in aquaculture production in Africa

INTRODUCTION

Aquaculture, commonly known as aquafarming,
has become a crucial solution to meet the rising
global demand for food and fishery products, as
well as to alleviate the pressure on capture fish-
eries. Notably, 3.3 billion people receive their
micronutrients from aquatic organisms, either
harvested or cultured within aquatic ecosystems.
Nearly 600 million people worldwide depend on
fish and aquaculture for their livelihoods, making
the quest for high-quality fish seeds and breeds
critically important (WorldFish 2024). However,
this demand has often compromised the quality of
fish seeds produced in many hatcheries globally.
Breeding fish that grow faster and are more resil-
ient to diseases can significantly mitigate the risks
associated with securing food and nutrition as well
as maintaining livelihoods. Similarly, Arumugam
(2023) and Munguti et al. (2024) pointed out that
the demand for fish seeds for both ornamental

and is among developing countries with a steady
increase in aquaculture development, driven by a
growing population and declining capture fisheries
in major lakes such as Lake Victoria (Research
and Markets 2023; Munguti et al. 2024; Syan-
ya et al. 2024b). With the widespread increase in
aquaculture activities in the country, uncertainty
among fish farmers regarding the supply of qual-
ity fish seeds has been a significant challenge for
most fish farmers in Kenya. According to Abwao
et al. (2023) and Munguti et al. (2014), high-qual-
ity fish seed production and healthy broodstock
are the foundations of a successful aquaculture
industry in Kenya, ensuring the availability of
healthy and disease-resistant fish for sustainable
fish farming. Similarly, Otieno (2019) and Gen-
schick et al. (2021) reported that achieving opti-
mal fish seed quality involves a delicate interplay
between effective hatchery management practices
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and robust biosecurity protocols. Biosecurity and
safety in the hatchery are crucial for the produc-
tion of healthy fingerlings. According to Uppa-
nunchai et al. (2015) and Chaudhary et al. (2021),
good fish hatchery management practices are a
multifaceted process consisting of various aspects
such as water quality management, fish feed nu-
trition, proper broodstock management, the adop-
tion of advanced breeding programs, and disease
prevention as witnessed among fish hatcheries
in India. Similarly, Miller and Atanda (2011) ob-
served that the efficiency of hatchery management
significantly influences the growth, survival, and
overall health of fish seeds in Nigeria. Therefore,
poor-quality fish seed can hamper the growth of
the aquaculture sector.

Efficient hatchery management significantly in-
fluences the growth, survival, and overall health of
fish seeds (Kumar et al. 2022; Robledo et al. 2024).
Suboptimal practices can lead to poor-quality fish
seed, hampering aquaculture growth. Therefore,
understanding and improving hatchery manage-
ment techniques is crucial. Opiyo et al. (2018)
and Syanya and Mathia (2023) also stated that
biosecurity protocols are essential for safeguarding
farmed fish against disease outbreaks and promote
sustainability. Disease outbreaks, especially nutri-
tional fish diseases, can cause massive economic
losses and ecological imbalances, but the question
of whether nutritional fish diseases are a health
problem for consumers is still something for de-
bate (Hossain et al. 2018; Syanya et al. 2023a). Ef-
fective biosecurity measures, including quarantine
procedures and pathogen detection, can mitigate
these risks (Assefa and Abunna 2018). Climate
change also affects hatcheries causing economic
losses due to diseases and environmental factors
(Mohanty et al. 2017). Despite advancements,
Kenyan aquaculture faces challenges such as a lack
of awareness about modern fish breeding technol-
ogies and shortages of certified quality fingerlings
and fish feed suppliers. Aquaculture in Kenya has
been considered a hidden goldmine for the rural
poor (Syanya et al. 2024a), as most fish farmers

are based in rural areas and rely on fish farming for
their nutritional needs as well as economic break-
throughs with smaller ponds being preferred over
larger ones in terms of variable costs.

Although the Kenya Fisheries Service (KFS)
and county governments monitor hatchery activ-
ities in Kenya, limited actions have been taken to
improve the quality fingerlings. Farmers frequent-
ly report fingerling product adulteration where
amphibian tadpoles are packed and supplied as
African catfish (Clarias gariepinus) fingerlings,
under-packaging of fingerlings, and the supply
of mixed-sex Nile tilapia (Oreochromis niloticus)
fingerlings falsely sold as mono sex. These issues
persist due to inadequate inspection, certification
and regulation by the KFS. Although hatcheries
produce large quantities of fingerlings, quality
concerns remain a big issue among fish farmers.

Nutritional and other fish diseases have also
been reported among the broodstock supplied to
fish farmers with complaints of twisted bodies, spi-
nal deformities, stunted growth and susceptibility
to illness, indicating early infection (Hossain et al.
2018; Roh et al. 2020; Syanya et al. 2023a). Sim-
ilar problems were reported in Indian fish hatch-
eries (Jayasankar 2018; Singh 2021), highlighting
the need for research on fish health management
and hatchery biosecurity not only in the Kenyan
aquaculture sector but from a global perspective.

Most hatchery operators in Kenya are unfamil-
iar with the health and disease issues affecting their
operations, a problem also observed among fish
farmers in Uganda and Egypt (Mehrim and Refaey
2023; Mutyaba et al. 2024). The absence of a fish
health certification system and diagnostic labo-
ratories prevents the verification of disease-free
broodstock and fingerlings. Establishing clear
fish health and biosecurity measures is crucial to
prevent disease transmission within and between
facilities (Pathak et al. 2000; Li et al. 2009; Aru-
mugam et al. 2023). Understanding aquaculture
systems and disease transmission concepts is key
to creating effective hatchery biosecurity. Even
though biosecurity in fish hatcheries still lags
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behind the poultry sector, integrated poultry-fish
farming in particular has successfully implement-
ed biosecurity measures (Brummett and Williams
2000; Ahmed et al. 2019).

Although many fish hatcheries exist in Kenya,
some fish farmers still purchase fingerlings from
neighboring farmers after their harvest. These lo-
cally sourced and unauthenticated hatchery fin-
gerlings are often stunted and unsuitable, espe-
cially for Nile tilapia fingerlings in terms of their
growth performance (Kaliba et al. 2007; Opiyo et
al. 2021).

Fish farmers prioritize quick growth and high
survival rates as indicators of good-quality fish
seeds. The increasing number of hatcheries neces-
sitates proper broodstock management and quali-
ty control for high-quality fingerling production
(Dewanggani et al. 2021; Otoh et al. 2024). Con-
cerns about the quality and safety of the final fish
product depend on hatchery practices (Rahman et
al. 2021; Arumugam et al. 2023; Jiang et al. 2023;
Syanya et al. 2023b). Inadequate practices and lack
of biosecurity at the hatcheries cause seed qual-
ity issues, leading to poor quality fish produced
through aquaculture species degradation. Despite
the increasing demand for fingerlings due to the
expansion of cage fish farming along Lake Victoria
(Njiru et al. 2019; Syanya et al. 2023c), fingerling
producers have not yet focused much on the best
biosecurity and hatchery management practices
in the country.

In Kenya, there exists a disparity gap between
fish farmers and hatchery managers because the
majority of fish farmers are semi-literate and
struggle to identify hatcheries with required good
management practices and biosecurity. This study
aimed to address this gap and highlighted chal-
lenges to ensure high-quality fingerling production
for local farmers and promoting sustainability in
aquaculture, by examining years of hatchery oper-
ation and biosecurity measures, broodstock source
and disease occurrence, fingerling characteristics,
and the relationship between fish diseases encoun-
tered and fingerling characteristics.

MATERIALS AND METHODS

The research employed a descriptive approach
across 24 counties in Kenya, targeting operational
fish hatcheries supplying fingerlings to local farm-
ers. Primary data were collected via questionnaires
and interviews administered by fisheries officers
through the Kobo data collection tool. The study
focused on 96 authenticated hatcheries listed on the
Kenya Fisheries Service website, with 60 hatchery
owners/managers randomly selected. The question-
naire covered hatchery background, broodstock,
management practices, disease issues, biosecurity,
and health management. Pre-testing at Mwitoko
Fish Hatchery ensured questionnaire validity, with
adjustments based on feedback. A simple random
sampling technique ensured a representative sam-
ple, providing insights into hatchery biosecurity
practices across the 24 counties. To ensure trans-
ferability, purposive and random sampling tech-
niques were employed. Credibility was enhanced
through rigorous training of interviewers and clear
questionnaire design. Validity was addressed by
using established scales and validated questions.
Data management involved secure storage on Kobo
servers with regular backups, ensuring confidenti-
ality and integrity. Limitations encountered during
the study included potential respondent bias, logis-
tical challenges in reaching remote areas, and var-
iability in data quality due to different interviewer
skill levels.

Data were analysed using Pearson correlation to
assess the relationship between hatchery manage-
ment status and biosecurity measures. The SPSS
v.24 software was used for this analysis. The varia-
bility of different biosecurity parameters was deter-
mined at a significance level of p < 0.05. This ap-
proach identified significant associations between
variables, emphasizing the effectiveness of adopted
hatchery management practices and biosecurity
measures. Findings were presented as mean + SD
of the biosecurity variables under comparison.



SYANYA ET AL.: HATCHERY BIOSECURITY PROTOCOLS AND FISH HEALTH MANAGEMENT 9

RESULTS

Nexus between hatchery operations and robust
biosecurity measures in fish seed production

Results revealed that 38.3% of hatchery respon-
dents prioritized biosecurity through practices like
record keeping and limiting visitors, indicating
awareness of the impact of external factors. Addi-
tionally, 16.7% focused on cleaning and maintain-
ing hatchery hygiene, recognizing the importance
of a clean environment in preventing the spread of
pathogens and fish diseases through regular clean-
ing of tanks and equipment. Respondents prioritiz-
ing biosecurity by ensuring disease-free broodstock
and promptly removing dead fry in order to prevent
disease transmission along the fish seed production
line reached 13.3%, while 11.7% used physical bar-
riers like foot baths and protective clothing to mit-
igate the risks of external contaminants. A smaller
group (10.0%) employed advanced biosecurity
measures such as quarantine, vaccination, and dis-
ease monitoring, while another 10.0% focused on
disinfecting equipment and managing water qual-
ity, highlighting the importance of maintaining a
biosecure environment for sustainable aquaculture.

Regarding years of hatchery establishment, find-
ings indicated that 45.0% of respondents estab-
lished their hatcheries before 2016. Additionally,
33.3% of hatcheries were established between
2017 and 2019, reflecting a surge in aquaculture
activities in Kenya during this period, potentially
benefiting from modern infrastructure and support
from the county government and the Department of
Fisheries. The remaining 21.7% of hatcheries were
established between 2020 and 2022, suggesting
ongoing interest and investment in aquaculture.

Regarding the species of fingerlings produced at
hatcheries across Kenya, findings showed that over
half (53.3%) of respondents produced tilapia fin-
gerlings. Similarly, 28.3% of respondents produced
African catfish fingerlings, a widely farmed species

known for their hardiness and consumer preference.
Additionally, 10.0% of respondents were engaged
in trout (Oncorhynchus mykiss) fingerlings pro-
duction, a species typically farmed in colder water
environments along the central regions of Mount
Kenya. Furthermore, 8.3% of respondents produced
common carp (Cyprinus carpio) fingerlings, a tradi-
tional species valued for its resilience. The diversity
in fingerling production reflected various species
cultured in Kenya, adapted to market demands,
environmental conditions, and farmer preferences.

Surveillance and management of fish diseases in
hatcheries as a biosecurity approach

Fish disease surveillance and management were
critical aspects of biosecurity in fish farms and seed
production centres. The highest percentage of re-
spondents (38.3%) reported fish disease cases to
their County Government Fisheries Office, 36.7%
reported fish disease cases to Kenya Fisheries Ser-
vice offices, and 18.3% reported to the Kenya Ma-
rine Fisheries Research Institute (KMFRI) offices.
However, only 3.3% reported disease cases to local
NGOs and an equal percentage (3.3%) did not re-
port diseases at all, raising concerns about under-
reporting and the need for a more comprehensive
disease-reporting system and awareness campaign
among the hatcheries managers in the country.

Findings also highlighted the association be-
tween types of fish diseases encountered at hatch-
eries and corresponding treatment methods (Table
1). Fungal diseases were the second most common-
ly reported in most hatcheries after bacteria. No
respondents used chloramphenicol, lime, or per-
manganate together for disease treatment for fun-
gal diseases treatment. However, four respondents
used lime and permanganate. The most common
treatment was sanitizing the environment and using
well-formulated feeds as reported by eight respon-
dents. Multipurpose antibiotics oxytetracycline and
erythromycin were also used particularly when
clinical signs were contradictory but suspected to
be fungal or bacterial infections, as per the opin-
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Table 1. Fish diseases and disease treatment and management method.

Disease treatment and management method

Nature of disease Chloramphenicol Lime and Sanitising Multipurpose  Total respondents
permanganate the environment antibiotic
and using oxytetracycline
well-formulated and erythromycin
feeds
Fungal discases 0 4 7 19
Nutritional disorders 3 2 11 0 16
Viral diseases 1 3 0 0 4
Bacterial diseases 3 8 3 7 21
Total responses 7 17 22 14 60

ion of the seven respondents. Nutritional disorders
were the third most common infection (Table 1).
The predominant treatment was sanitizing the en-
vironment and using well-formulated feeds. Viral
disease cases were minimal, with only four cases
reported across the country (Table 1). Bacterial
diseases were the most common in most hatcher-
ies. For fish treatment, respondents primarily used
multipurpose antibiotics such as oxytetracycline
and erythromycin as well, as lime and perman-
ganate. Environmental sanitization with well-for-
mulated feeds and chloramphenicol with lime and
permanganate were also used as disease prevention
measures. Sanitizing the environment and using
well-formulated feeds emerged as a common treat-
ment across all fish disease types.

Significant relationship among disease case re-
porting, type of fish disease treatment method
and biosecurity

The disease case reporting had a 1.96 + 1.007
and showed a moderate reliance on specific report-
ing offices for fish disease cases. The low standard
deviation suggested consistency among hatchery

owners, with a significant difference observed
compared to the type of fish diseases encountered
(p = 0.004). The type of fish diseases encountered
had a 2.45 £+ 1.267, indicating moderate diversity
in the diseases encountered. A highly significant
difference was noted compared to the Disease Case
Reporting Office (p < 0.05) with types of fish dis-
eases encountered at the hatchery.

Disease treatment method and management
(2.72 £ 0.958) showed higher engagement of re-
spondents in treatment and management practic-
es compared to disease reporting. There were no
significant differences between disease treatment
and management and the type of fish diseases en-
countered at the hatchery, as well as the nature
of fingerlings produced (p > 0.05). There was a
significant difference between the source of brood-
stock, biosecurity measures in practice, type of fish
diseases encountered at the hatchery, and Disease
Case Reporting Office (p < 0.05). No significant
difference was found between biosecurity meas-
ures in practice at the hatchery and the period when
the hatchery was established (p > 0.05). These find-
ings highlight variations in disease reporting, fish
disease types encountered, broodstock sources, bi-
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osecurity measures, establishment periods, finger-
ling production, and disease treatment methods and
management among hatcheries (Table 2).

Challenges to achieving effective biosecurity and
good fish health management practices

The primary challenge reported was the lack of
financial support for hatchery activities, identified
by 43.3% of respondents. This indicated difficul-
ties in securing adequate funds for fish hatchery
operations, impacting infrastructure development,
technological advancement, and input purchases.
Additionally, an inexperienced workforce was
highlighted by 18.3%. Furthermore, a smaller per-
centage (10.0%) identified a lack of knowledge in
fish disease identification and treatment as a chal-
lenge. High mortalities during production were
reported by 8.3% of respondents. Finally, 16.7%
of those surveyed expressed a lack of training and
hatchery infrastructure.

DISCUSSION

Hatcheries play a significant role as the initial
stage in nearly every aquaculture fish production

cycle, necessitating the implementation of robust
best management practices in hatcheries. Brood-
stock management is the key indicator for the suc-
cess of good fingerling production at the hatchery
level. Infectious diseases among the broodstock
present a substantial challenge in hatcheries and
have the potential to cause extensive mortality
(Santiago and Laron 2002; Prieto-Carolino et al.
2018; Kumar et al. 2022). Findings of this study
offer a significant roadmap into the biosecurity
measures practised at various hatcheries in Kenya,
shedding light on the proactive approaches adopted
by respondents.

The prioritization of biosecurity by the major-
ity of respondents, involving practices like re-
cord-keeping and limiting visitors, aligns with the
findings of Watanabe et al. (2002) who reported
improved tilapia fingerling production in Amer-
ica due to advancements in hatchery biosecurity
measures. This awareness of external factors im-
pacting hatchery operations signifies a positive
step towards realization of quality fish seed pro-
duction required for sustainable aquaculture pro-
duction. The focus on cleaning and maintaining
hatchery hygiene as reported in the study indicates
the use of cleanliness and hygiene as biosecurity
tools among Kenyan hatcheries. Similar findings
were reported by Bhatnagar and Budhalia (2023)

Table 2. Mean (+ SD) of case reporting, type of fish disease and treatment methods for biosecurity.

Variables Mean + SD P value
Disease case reporting office 1.96 + 1.007° 0.004
Type of fish diseases encountered at the hatchery 2.45+1.267° 0.000
Disease treatment method and management 2.72 +0.958b 0.115
The nature of fingerlings produced 1.73 £ 0.95b 0.128
Source of broodstock 1.48 + 0.68°¢ 0.000
Biosecurity measure in practice 2.68 +1.754 0.032
Period of hatchery establishment 1.77 £0.794 0.160

Data are presented as mean values + SD from three determinations. Different superscripts in the column indicate significant dif-

ferences at (p < 0.05).
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and Chaudhari et al. (2023) in India, highlighting
the crucial role of a clean environment in disease
prevention and pathogen control in aquaculture
production systems.

Findings emphasizing on disease-free brood-
stock and prompt removal of dead fry among dif-
ferent hatcheries aligns with the findings of Pathak
et al. (2000), Akoll and Mwanja (2012) and Dadar
et al. (2017), who highlighted the significance of
maintaining healthy broodstock to prevent bacte-
rial disease transmission. This fact may drive the
use of chemicals and vaccines in an aquaculture fa-
cility. This practice is essential for maintaining the
health and quality of fish seed production. The use
of physical barriers such as foot baths and limit-
ing visitors to hatchery areas, as previously report-
ed, is consistent with recommendations made by
Quevedo Cascante et al. (2022) on the role played
by externalities in the adoption of aquaculture in
Colombian fish farming, where the role of barriers
in preventing external contaminants and diseases
is highlighted. This approach reflects a proactive
stance towards mitigating potential risks, especially
to broodstock and fingerlings, during production
at the hatchery stage and associated aquaculture
escapees cases that may result in the other part of
the farm facility which may have associated effects
on the aquatic ecosystem (Harikrishnan et al. 2024).
The engagement in advanced biosecurity measures,
such as quarantine, vaccination, and disease mon-
itoring based on the findings of this study, reflects
an understanding of the comprehensive nature of
disease prevention and management. This aligns
with the findings of Jia et al. (2017) on biosecurity
attitudes and perceptions of fish farmers culturing
yellow catfish (Pelteobagrus fulvidraco) in China.
This mirrors evolving strategies for biosecurity in
aquaculture in Kenya as well.

Based on the year of hatchery establishment, the
majority of the hatcheries in the countries that were
established before 2016 reflect experienced enti-
ties with potentially well-established aquaculture
hatchery management practices which was as a
result of an economic stimulus programme (ESP)

an aquaculture government that necessitated the
demand for fingerling in the country. These find-
ings are in line with those of Syanya and Mathia
(2023) indicating the positive correlation between
experience and biosecurity practices in different
aquaculture settings. Hatcheries established be-
tween 2017 and 2019 represent a growing interest
and potential modernization, aligning with liter-
ature that associates newer establishments with
technological advancements and best management
practices. Hatcheries established between 2020
and 2022 as the most recent additions suggest
continued interest and potential challenges faced
during COVID-19. These hatcheries incorporated
the latest technologies and the peak of the World
Bank-funded Aquaculture Business Development
Program (ABDP) through Kenya Fisheries Ser-
vice, which has increased demand for fingerlings
among fish farmers not only in counties under
ABDP-funded project activities but also in other
counties with potential for aquaculture.

Regarding the species of fingerlings produced at
different hatcheries across Kenya, the dominance
of tilapia fingerling production occurs across all
hatcheries in the country. This finding is due to the
available ready market for this fish in the country
and its fast growth rate and resistance to diseases.
A similar case reported by Liti et al. (2005), Kaliba
et al. (2007), Opiyo et al. (2018) and Kaminski et
al. (2024) highlights the production and popularity
of tilapia driving a change in the Kenyan aquacul-
ture sector. Tilapia is favoured for its adaptability,
rapid growth, and high market demand as was wit-
nessed also in China (Yuan et al. 2017; Zongli et
al. 2017; Yongo et al. 2023). This study suggests a
significant emphasis on tilapia production among
the surveyed hatcheries, indicative of its economic
importance and potential contribution to the food
security of the country. A substantial proportion of
hatchery facilities also producing African catfish
fingerlings is consistent with widespread catfish
farming in Kenya. Similar findings were reported
by Miller and Atanda (2011), Munguti et al. (2014)
and Otieno et al. (2021) highlighting the hardiness
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of this species and its consumer preference as a
viable choice for aquaculture fisheries in Kenya
and Nigeria. While not as prevalent as tilapia, the
production of C. gariepinus found in this study
indicates its continued importance in the aquacul-
ture sector contributing to the diversity of cultured
fish species. The 10.0% of respondents indicating
trout (O. mykiss) fingerling production reflects a
more specific and regional focus. Trout farming is
associated with colder water environments (Mun-
guti et al. 2014), and its presence in central Kenya
suggests a targeted approach to aquaculture based
on the local conditions of the central regions near
Mount Kenya, known for being very cold. The in-
clusion of trout production in the surveyed hatch-
eries highlights the adaptability and diversification
efforts within the aquaculture sector in the country.
The report of 8.3% of respondents engaged in com-
mon carp fingerling production signifies the tradi-
tional and widespread culture of this fish species
in the central part of Kenya. According to Munguti
et al. (2014) and Syanya and Mathia (2023), the
resilience of common carp in this region has con-
tributed to its continued cultivation, although it
may not dominate the study sample. This finding
reinforces the importance of understanding and
catering to regional preferences and conditions in
aquaculture practices.

The high percentage of respondents reporting
fish disease cases to county government fisheries
offices suggests a reliance on local administrative
bodies due to their proximity and accessibility.
Similarly, the significant reporting to Kenya Fish-
eries Service offices indicates trust in national au-
thorities, possibly due to their regulatory role and
resources for disease management. The reporting
to Kenya Marine Fisheries Research Institute offic-
es reflects an acknowledgement of their expertise
in fish health and disease research. A similar find-
ing was reported in India where fish disease-related
cased are reported to respective fisheries govern-
ment institutions such as the Central Marine Fish-
eries Research Institute (CMFRI) (Aswathy and
Imelda 2018).

The predominance of bacterial diseases, as re-
ported across most hatcheries in the country reveals
their prevalence and impact on fish hatchery oper-
ations. This aligns with the findings of Pathak et
al. (2000), Novoslavskij et al. (2016) and Henriks-
son et al. (2018) highlighting bacterial diseases as
common threats in aquaculture due to their ability
to spread rapidly and cause significant losses. The
use of multipurpose antibiotics like oxytetracycline
and erythromycin as reported among the hatcheries
reflects standard treatment protocols for bacterial
infections, aiming to control pathogen growth and
restore fish health. Similarly, the use of lime and
permanganate suggests reliance on chemical inter-
ventions to combat bacterial diseases, consistent
with biosecurity practices as was also witnessed in
India (Pathak et al. 2000). The minimal reporting
of viral disease cases across different hatcheries
indicates effective preventive measures or under-
reporting, emphasizing the importance of robust
surveillance. The predominance of sanitizing the
environment and using well-formulated feeds
across all disease types underscores their role in
disease prevention, aligning with best practices rec-
ommended for maintaining a healthy aquaculture
environment.

On various aspects of hatchery operations and
their interrelationships, the moderate reliance on
disease case reporting for fish disease cases, in-
dicated by a mean of 1.96 = 1.007, suggests a
consistent reporting pattern among fish hatchery
owners, with significant variation observed in the
types of fish diseases encountered. Similarly, the
moderate diversity in encountered fish diseases
(2.45 £ 1.267) highlights the complexity of dis-
ease management strategies required in hatcher-
ies, with significant differences noted in reporting
practices. The higher engagement of respondents in
treatment and management practices (2.72 £ 0.958)
compared to disease reporting reveals the impor-
tance placed on disease control measures. The fact
was also reported by Mugimba et al. (2018) and
Jansen et al. (2019), especially concerning tilapia
lake virus disease at the global aquaculture level.
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However, varied practices were observed in brood-
stock sources, biosecurity measures, and establish-
ment periods, emphasising the need for tailored
approaches to disease prevention and management
in hatcheries.

Based on biosecurity challenges, results reveal
critical challenges faced by hatchery managers.
The foremost issue is financial support, affecting
infrastructure and input procurement. Secondly, an
inexperienced workforce indicates a need for skill
enhancement in hatchery management. Similar
challenges were reported among fish farmers and
hatchery managers (Syanya et al. 2024b) especially
while transporting live fish to the farms and mar-
kets in Kenya. Additionally, a notable percentage
reported insufficient knowledge of fish disease
management, underscoring the necessity for train-
ing programs. High mortalities during production
suggest potential issues with disease outbreaks or
poor husbandry practices, emphasizing the need for
improved biosecurity measures. Addressing these
challenges is crucial for sustainable hatchery op-
erations and ensuring the health and productivity
of fish stocks.

CONCLUSIONS

The study provides crucial information on hatch-
ery operations and biosecurity challenges. Firstly,
it underscores the importance of robust hatchery
management practices, particularly in broodstock
management, to ensure successful fingerling pro-
duction. Disease surveillance and management
are vital, with bacterial diseases posing significant
threats to hatchery operations. The predominant
use of multipurpose antibiotics and chemical in-
terventions reflects standard treatment protocols
for bacterial infections. The findings also highlight
the reliance on local administrative bodies and na-
tional authorities for disease reporting, indicating
the need for improved reporting mechanisms to
address potential underreporting. Additionally,

the study reveals challenges such as financial con-
straints, an inexperienced workforce, and inade-
quate knowledge of disease management among
hatchery managers. Addressing these challenges re-
quires investments in training programs, improved
biosecurity measures, and tailored approaches to
disease prevention and management. Further re-
search is warranted to explore the effectiveness
of different treatment methods, the impact of bi-
osecurity measures on disease prevention, and the
long-term sustainability of hatchery operations in
mitigating disease risks.

Policymakers in the aquaculture sector should
consider, establishing financial support mecha-
nisms tailored to hatcheries, ensuring adequate
funding for infrastructure, technology upgrades,
and input acquisition. Both county and national
governments should implement comprehensive
training programs to address the skills gap among
hatchery workers in fish disease identification and
treatment. Research collaborations should be pro-
moted with institutions like the Kenya Marine Fish-
eries Research Institute to strengthen disease sur-
veillance and management strategies in the country.
Lastly, incentivising biosecurity measures adoption
at hatcheries through regulatory frameworks and
capacity-building initiatives to mitigate disease
risks and enhance overall production efficiency
should be adopted by the Kenya fisheries services
and fisheries directorates of the respective county
governments in Kenya.
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