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Editorial
Editorial: Kenya Aquatica Journal Vol 10(1) – A Showcase of 
KMFRI’s Pioneering Research in Freshwater Ecosystems

The latest edition of Kenya Aquatica Journal, Vol 10(1) showcases 
pioneering research by KMFRI scientists on Kenya’s freshwater 
ecosystems. This edition, supported by KMFRI and WIOMSA, covers 
ecological, socio-economic, and environmental challenges, 
providing valuable insights into sustainable management practices.

One notable study investigates disease surveillance and 
antimicrobial resistance in fish from lacustrine caged farms, 
emphasizing responsible antibiotic use to maintain fish health. 
Another study explores the impact of organochlorine pesticides on 
macroinvertebrates in Lake ecosystems, advocating for Rhagovelia 
spp. as a bioindicator for pesticide monitoring across food webs.

Research on Lake Baringo’s small-scale fishery assesses the 
catch and effort composition, stressing the need for regulatory 
enforcement to avoid overfishing and advocating for capacity 
building among stakeholders for sustainable management. 
Additionally, a study on wild fish kills in Lake Victoria focuses on 
eutrophication and pollution, recommending integrated watershed 
management to protect the lake’s fisheries and local livelihoods.

A comprehensive study on Lake Elementaita – one of Kanya’s 
flamingos’ sanctuaries, combines water quality, fisheries studies, and 
community surveys, calling for integrated watershed management, 
conservation, and sustainable agriculture. Research on fisheries 
co-management in Lake Baringo highlights the importance of local 
community involvement and sustained achievements in ecosystem 
management, despite challenges in law enforcement.

An article on the socio-economic dynamics of Lake Victoria 
proposes establishing a regulatory framework incorporating 
citizen science to manage the lake’s resources for long-term 
sustainability. Addressing plastic pollution in Lake Turkana, a study 
recommends waste management solutions, public awareness, 
and better enforcement of regulations to tackle the issue.

The journal also features research on antimicrobial resistance 
(AMR), with a review exploring Kenya’s aquatic biodiversity for 
potential novel antimicrobial agents. A genetic research study 
evaluates freshwater fish populations, identifying gaps and 
proposing future directions for conservation and management.

Lastly, the journal presents an evaluation of fish market dynamics 
in Lake Naivasha, recommending infrastructure development like 
fish markets and hatcheries to support the region’s fishery sector.

This edition of Kenya Aquatica Journal provides crucial insights into 
Kenya’s freshwater ecosystems, covering a wide range of research 
on sustainable management, environmental challenges, and 
the socio-economic factors influencing aquatic resources. The 
research highlights KMFRI’s ongoing contributions to understanding 
and addressing these issues, fostering a deeper understanding of 
Kenya’s aquatic biodiversity.

The preparation, compilation and production of this edition were co-
funded by KMFRI in partnership with the Marine and Coastal Science 
for Management (MASMA) programme of the Western Indian Ocean 
Marine Science Association (WIOMSA). The Chief Editor and entire 
Editorial Board of Aquatica greatly appreciate their support.
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Abstract 

The current world population stands at approximately 8.5 billion people and this number is likely to shoot 
up in the coming decades. This increaing trend in world population demands the provision of sufficient 
food, which calls for improved agricultural production systems. In order to achieve this, a tremendous 
increase in pesticide application of about 30-40% has been documented and this trend is predicted to 
increase in the coming years. Due to their negative impacts to the environment, some pesticides main-
ly organochlorine pesticides (OCPs) have since been banned, but their residues can still be detected in 
different media causing deleterious effects on organisms. The aim of this study, therefore, was to assess 
the distribution of organochlorine pesticides (OCPs) by aquatic macroinvertebrates FFG of Rhagovelia 
spp. in the tropical estuarine ecosystems of South Coast, Kenya. Twelve sampling stations were pur-
posively identified taking into considerations different hydrological and ecological factors. Rhagovelia 
spp. were sampled using established methods and analysis for OCPs detection were performed using 
a TSQ Vantage Triple-Stage Quadrupole Mass Spectrophotometer (Thermo Electron) equipped with a 
heated electrospray ionization probe (HESI-II). Separation, detection, identification and quantification 
of target analyses followed the same established methods. Sixteen OCPs were recorded in Rhagovelia 
spp. samples collected from all the 12 sampling stations. γ-HCH was the lowest (2.74 0.18 ng g-1 dw) re-
corded concentration value for OCPs from Rhagovelia spp. samples whereas OCPs Cis-chlordan, mirex, 
p,p’-DDT, p,p’-DDE, o,p’-DDE and HCH recorded 10.09 0.35 ng g-1 dw, being the highest registered value. 
Analysis of variance (ANOVA) on the mean concentration residues of OCPs in Rhagovelia spp. samples 
yielded a significant variation among the sampled stations (F = 77.79, df = 11, p < 2.2e-16). The statistical 
analysis revealed that each station played a crucial role in determining the levels of OCPs in Rhagove-
lia spp. due to environmental factors, early life history strategies of the tested bioassay organism, and 
different sources of OCPs as influenced by anthropogenic activities. The study recommends for 
the application of macroinvertebrate FFG of Rhagovelia spp. in biomonitoring of estuarian eco-
systems. The study also recommends the use of different FFGs of macroinvertebrates such as 
grazers, collector-gatherers, filterers and shredders in order to bring out the general behavior 
of these pesticides along the food web.

Keywords: bioaccumulation, estuarine ecosystems, benthic macroinvertebrates, biomonitor-
ing, persistent organic pollutants (POPs), organochlorine pesticides (OCPs)

Pages 6-24
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Introduction

Aquatic environmental degradation by emerg-
ing pollutants (EPs) including pesticides is of 
great interest worldwide. Human pressure has 
led to the rise of anthropogenic activities, which 
have contributed to high contamination of 
aquatic ecosystems by EPs (Zhao et al., 2014). EPs 
have attracted serious scientific attention in the 
world that has seen increased research in differ-
ent environmental partitions such as water, sedi-
ments, soil, and organisms (Fair et al., 2018). They 
are persistent in the aquatic ecosystem thus ac-
cumulate in the sediments and enter food webs, 
posing public health threats to the living biota 
(Bervoet et al., 2005; Fraysse et al., 2006; Davis et 
al., 2007; Combi et al., 2016; Montuori et al., 2016, 
Kayembe et al., 2018; Nyakeya et al., 2022). Fur-
ther, EPs have the ability to bioconcentrate, bio-
accumulate and biomagnify along the food web 
causing deleterious biological effects. They are 
major causes of human maladies such as can-
cer, damage to the nervous system, poor growth 
rates among newborns due to their toxic, car-
cinogenic, and mutagenic effects (IARC, 2014). 

Pesticides may enter the aquatic environment 
via anthropogenic activities, mainly agriculture 
(Nicolau et al., 2006; Reichnberger et al., 2007). It 
has been argued that owing to their bioavailabil-
ity in the environment, they have the tendency to 
be bioconcentrated in organism tissues directly 
from the water, bioaccumulate and biomagnify 
within food chains, contaminating higher trophic 
organisms with higher concentrations of pollut-
ants than their counterparts in lower trophic levels 
(Hargrave et al., 2000). It is against the aforesaid 
backdrop, coupled with human health risks upon 
consumption of sea food that first world countries 
banned the use of all OCPs in agricultural produc-
tion (Yuan et al., 2015). In comparison, this is not 
the case in third world countries, which are strug-
gling with the upsurge in population, hence feed-
ing their people is a challenge (Suami et al., 2020). 
OCPs are therefore, widely used to boost their ag-
ricultural production by preventing pest attacks 
(Yuan et al., 2015). In addition, DDTs have been re-
ported to be widely used for sanitation purposes 
in third world countries (UNDP, 2009; Verhaert et 
al., 2013; Zhang et al., 2013; Kilunga et al., 2017;).

OCPs are classified as hydrophobic, take quite 
a long time to degrade due to their chemical 
stability, and can easily be adsorbed in the sed-
iments (Montuori et al., 2016). Physicochemical 
attributes have been shown to affect the con-
centration and distribution of OCPs in differ-
ent ecosystems (Poté et al., 2008; Yang et al., 
2011; Jiang et al., 2013; Alegria et al., 2016). This, 
therefore, means that sediments act as sinks 
for OCPs for an extended period of time (El-Said 
and Youssef, 2013; Xu et al., 2014), making them 
to be intimate with functional feeding guilds 
(FFGs) of macroinvertebrates. It is on this basis 
that spatial evaluation of OCPs can be of great 
significance in validating both environmental 
and ecological risks. 

Use of organisms to monitor toxicants in 
aquatic environment (biomonitoring) has 
become popular in the recent past (Masese 
et al., 2013; Nyakeya et al., 2017). Indicator or-
ganisms that have been used widely are fish 
and benthic macroinvertebrates. Such toxi-
cants as pesticides are absorbed by macro-
invertebrates at the base of food webs and 
biomagnified at higher trophic levels (Bard, 
1999). Hargrave et al. (2000) averred that 
some macroinvertebrates,  depending on the 
FFGs take up chemicals directly from the wa-
ter, sediments and/or via predation through 
bioconcentration. Consequently, they are 
important prey items for many fish taxa, and 
create a pathway by which chemical con-
taminants are bioconcentrated from sedi-
ments and bioaccumulated in higher trophic 
levels (Morrison et al., 1996). 

Benthic macroinvertebrates act as the main 
source of food for fish and other organisms at 
the top of the food web. They, therefore, provide 
a clear path of exposure to OCPs and other pol-
lutants for fish and other resident biota along 
the food web (Nyakeya, et al., 2017). They are 
thus good bioindicators of aquatic environment 
because they bioconcentrate pollutants such 
as pesticides, heavy metals and many more 
contaminants (Lynch et al., 1988; Hare, 1992; 
Hare and Campbell, 1992; Nyakeya et al., 2009; 
Masese et al., 2013; Nyakeya et al., 2017; Nyakeya 
et al., 2018a, b; Nyakeya et al., 2022).
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Other reasons for their preference in screening 
and biomonitoring of the environment include: 
their ability to live and be intimate to aquatic 
sediments and their ability to live for a longer 
period of time (months to years) which make 
them accumulate contaminants in their bodies; 
their ability to live in almost all forms of aquat-
ic systems while found in quite diverse groups; 
many taxa are fairly sedentary and thus repre-
sentative of local conditions; many are benthic 
and thus are closely associated with sediments; 
they may accumulate pollutants and yet toler-
ate low moderate contaminant concentrations; 
toxicant concentrations in the animals appear 
to be related to those in their environment; a 
life-span of several months to years allows inte-
gration of contaminants into their bodies over a 
reasonable period of time, but not so long that it 
avoids short-term changes in the environment; 
since most are the immature stages of the 
life-cycle, body concentrations are not affect-
ed by reproductive cycles or sexual differences; 
they are near the base of food chains, so may 
be vital agents of metal entry into food chains 
(Masese et al., 2013; Aura et al., 2021; Nyakeya et 
al., 2022). 

Although previous studies have reported on 
how benthic macroinvertebrates and fish re-
spond to pollution, there exists data paucity on 
the spatial distribution of pesticides in different 
FFGs of benthic macroinvertebrates in estuarine 
ecosystems. Second, although there has been 
increased interest for research in the bioaccu-
mulation of EPs by aquatic organisms (Vicen-
te-Martorell et al., 2009) since 1970s (Kaushik et 
al., 2009), there is a gap on the biology of pes-
ticides in estuarine and freshwater organisms 
(Hare, 1992; Zhou et al., 2008), and their effects 
(Hare & Campbell, 1992; Gower et al., 1994). 

Moreover, in Sub-Saharan Africa (SSA) and par-
ticularly in Kenya many of the studies have only 
reported on either the occurrence of pesticides 
especially in the inland water bodies (Kiyuka, 
2022) but have not related them to macroinver-
tebrates. In the coastal waters, pesticide studies 
have dwelt only on distribution, fate and occur-
rence in sediments (Wandiga et al., 2002; Wan-

diga et al., 2005; Okuku et al., 2013, 2019, Wanjeri, 
et al., 2022) and many studies on emerging pol-
lutants have concentrated on heavy metal pol-
lution (Okuku et al., 2010), which also have not 
shown their ecological effects on organisms. Lit-
tle studies on the concentration levels of pesti-
cides in fish have been done in Tana and Sabaki 
Rivers and their respective estuaries (Munga, 
1985; Mugachia et al., 1992a, b; Lalah et al., 2003), 
with little regard to trophic levels. Getting to un-
derstand the bioconcentration and biomagnifi-
cation characteristics of pesticides may not be 
brought out in order to determine the toxicolog-
ical risks that are likely to impact on organisms 
in the environment as well as human health.

Going by the above arguments, it is confirmed 
that the distribution, occurrence and fate of 
pesticides has not been studied well to report 
authoritatively on the state of environment in 
the region. Furthermore, DDT has not been given 
the attention it deserves, given that it is one  of 
the most lethal pollutants being reported to be 
ubiquitous in the environment despite its ban 
in most of the countries globally and is known 
to cause deleterious impacts to biota includ-
ing man (Kiyuka, 2022, Wanjeri et al., 2022). In 
addition, DDT is in most instances investigated 
comparatively with other pesticides such as or-
ganophosphates which were to replace it in the 
industrial and agricultural applications because 
of their less harmful effects and may not persist 
for long in the environment (Okuku et al., 2019). 
In such a scenario, very little is known in terms of 
its impacts to the environment in general. There 
is need, therefore, for comprehensive studies on 
the distribution, bioconcentration and biomag-
nification of OCPs and regular bioassessments 
and biomonitoring for informed policy develop-
ment. The present study, therefore, assesses the 
distribution of OCPs by aquatic macroinverte-
brates FFG of Rhagovelia spp. in the tropical estu-
arine ecosystems of South Coast, Kenya. In this 
regard, the null hypothesis which stated that 
there is no significant difference in the distri-
bution of OCPs by aquatic macroinvertebrates 
FFGs of Rhagovelia spp. between the sampling 
stations was tested.
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Materials and methods
Study area

The Kenya coast measures about 600 km2, bor-
dering Somalia to the North at Kiunga (1°41’ S) 
and Tanzania to the South in a town called Vanga 
(4°40’ S). The region has a tropical climate whose 
weather pattern is influenced by of the Western 
Indian Ocean Monsoon winds. There are two 
tropical monsoon seasons, the Southeast Mon-
soon (SEM) prevailing from April to September, 
which is cooler compared to the Northeast Mon-
soon (NEM) that is characterized by dry weather 
and sets from October to March (Nyamora et al., 
2018; Nyamora et al., 2023). The wet seasons are 
experienced between April and October but long 
rains usually begin towards the end of March 
with the peak occurring in April or May in case of 
delays and then start declining through August 
and September when the dry period beckons. 
Short rains are then witnessed between October 
and November. 

However, of late, 
this is no longer 
the trend as rain 
of unpredictable 
heights can be ex-
perienced at any 
time of the year 
(Nyakeya et al., 
2024). Many stud-
ies have been 
concentrated in 
the North Coast, 
unlike the South 
Coast, hence the 
current study will 
be undertaken in 
the Southern re-
gion of the Kenyan 
coast. This region 
receives the high-
est mean annual 
rainfall of slightly 
above 1,016 mm. It 
experiences tem-
perature range of 
between 20°C and 

35°C. The study was carried out in 12 sampling 
stations in the South Coast estuary spread out 
among 5 sub-estuaries with each delineated 
with specific sampling sites depending on dis-
tinct ecological characteristics: Mapu, Mwena (3 
stations), Mkurumudzi (2), Ramisi (3), and Umba 
(3) estuarine ecosystems in the South Coast of 
Kenya, within the Western Indian Ocean (WIO) 
region (Fig. 1). 

The area is characterized by one of the largest 
mangrove habitats (the Vanga-Funzi system 
covering 6,980 ha). Some of the common man-
grove species found in this area include Rhizo-
phora mucronata and Avicenia marina, plus 
other seven more species, which support a rich  
array of biodiversity. Other critical habitats in-
clude seagrass meadows and coral reefs. These 
systems form an important ecological and so-
cio-economic zone for the coastal people. 
These systems’ integrity definitely determines 
the productivity of the inshore waters and those 
of the continental shelf areas.

Figure 1. Map of the study area (Source: Authors).
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According to the 2019 Census, Kwale County, in 
which the study area is situated has a total pop-
ulation of 866,820 people, with annual growth 
pegged at 3.1% (KNBS, 2019). Much of this pop-
ulation (17%) is concentrated along the coastal 
parts bordering the Indian Ocean, hence im-
pacting the coastal ecosystems and marine 
habitats via different human induced activities 
to support their livelihoods. Further, it is project-
ed that this population may increase to 969,442 
(i.e., by 10.6%) by the year 2027, meaning much 
more degradation of both riverine and estua-
rine systems if sustainable management plans 
are not put into place (Nyakeya et al., 2024). 

The Mkurumudzi River basin, covers an area of 
230 km2 and is located 50 km South of Momba-
sa City, Kenya. The river traverses about 40 km 
right from Shimba Hills National Reserve down 
to Gazi Bay in the Indian Ocean where it sup-
ports a vast forest of mangroves in the estuary. 
It is an important river in the region that support 
a number of commercial activities such as min-
ing by Base Titanium Limited and irrigation of 
sugar cane farms mainly run by Kwale Interna-
tional Sugar Company (KISCOL). It also provides 
water for domestic use and watering of live-
stock, apart from irrigating small-scale farms in 
the area (Nyakeya et al., 2024). Of significance 
also is that it regulates the micro-climate of this 
semi-arid region. The basin is characterized by a 
sub-humid climate, and experiences short rains 
of 800 mm between the months of October and 
December and long rains between March and 
May of about 1300 mm. 

The river experiences a mean evaporation of 2170 
mm year-1, with an aridity index of 0.55 (Katuya, 
2014). It is characterizded by warm tempera-
tures during the months of November to April, 
with mean temperature of 27oC, whereas colder 
months record an average temperature of 25oC. 
In the event of low rainfall, the river is recharged 
by groundwater, making it a permanent river. 
Agriculture is the major economic activity that 
takes place whereby crops such as sugarcane, 
maize, beans, cowpeas, millet and sorghum, 
okra, cassava) are grown. Livestock husbandry, 
commercial mining (Base Titanium Ltd., Ukun-
da, Kenya), commercial farming of sugarcane, 

commercial mining, tourism activities associat-
ed with the sea and the Hills National Reserve, 
and fishing (in the river and mainly in the Indi-
an Ocean) are other anthropogenic activities of 
importance. 

Ramisi River starts from Chenze Ranges with 
many first order ephemeral streams feeding it 
and traverses a mixed terrain before it flows 
into the Indian Ocean at the Ramisi estuary. 
It supports an extensive mangrove ecosystem 
near Funzi Island. The river’s salinity character-
istics are as a result of in-filtration by brackish 
geothermal water mainly from Mwananya-
mala hot springs. Although the underground 
infiltration makes it somehow saline, it is uti-
lized for irrigation of agricultural crops in the 
basin. The river supports a mixture of biodiver-
sity including several crocodiles that are dis-
tributed along the river continuum depending 
on the season of the year. 

The Umba River on the other hand, is a trans-
boundary river that flows through Tanzania 
and Kenya. Its source is in the tectonic type 
of mountain called Usambara in Mkinga, Tan-
zania, which stands at an altitude of 2,000 m 
above sea level. This river discharges its wa-
ters to the Indian Ocean on the Kenyan part at 
a small town known as Vanga, near the Ken-
ya-Tanzania border. It traverses a vast area of 
about 200 km long, carrying with it terrigenous 
sediments into the estuary. Its total catchment 
is approximately 8,000 km2. The river is threat-
ened by numerous anthropogenic activities, 
but because of its unique biodiversity and 
the significant ecological role it plays for both 
countries, a Transboundary Conservation Area 
(TBCA) extending from Diani, Kwale County in 
Kenya at an altitude of 39°00’ E, 4°25’ S to Tan-
ga in Tanzania (39°40’ E, 5°10’ S) has been pro-
posed but is yet to be unveiled. The distance 
between Diani and Mkinga in Tanzania is 120 
km. This conservancy shall include a narrow 
stretch of the coastline in the two countries, 
covering an estimated area of 2,500 km2. The 
TBCA is important because of its contiguous 
interrelated marine and terrestrial ecosys-
tems with common socio-economic status. 
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River Mwena traverses about 180 km2 from its 
source to the Indian Ocean. It is one of the least 
studied rivers in the coast of Kenya. It is high-
ly influenced by the anthropogenic activities 
right from its source because of high popula-
tion pressure. High water abstraction is preva-
lent and during the dry seasons its levels reduce 
drastically. On the other hand, River Mapu acted 
as the reference point for this study due to its 
pristine nature owing to the fact that it is sur-
rounded by thick macrophytes and least influ-
enced by anthropogenic activities.

Sampling sites selection and description 

The sampling stations were purposively select-
ed taking into considerations different hydro-
logical and ecological factors. Anthropogenic 
activities along the gradient of each river and 
urbanization, and at the estuaries where they 
(rivers) discharge their waters into the ocean 
were also considered. Therefore, all the sam-
pling sites were located downstream just be-
fore the rivers empty their waters into the 
ocean and immediately after (i.e., at the estu-
ary). Accessibility was also another factor that 
was taken into account and, therefore, stations 
before the ocean mainly at designated bridg-
es were given priority. The coordinates of each 
sampling station were recorded using a hand-
held Geographical Position System (GPS) de-
vice, (Gemina, US). Mapu River was used as 
the reference point due to the fact that it is 
minimally impacted. Sampling was done both 
during the rainy and dry seasons.  

Sampling design 

A mixed sampling design was employed 
in this study, whereby both probability and 
non-probability designs were applied. Purpo-
sive sampling design, which is a non-proba-
bility design was used to settle on the sam-
pling stations owing to the predetermined 
(known) factors such as the hydrology, an-
thropogenic activities along the gradient of 
each river, urbanization and accessibility and 
at the estuaries where respective rivers dis-
charge their waters into the ocean. Therefore, 

the study sites included coastal regions com-
bined with urban and estuarine systems or 
areas, more so sites impacted by agricultural, 
urban and freshwater inputs as well as indus-
trial/domestic wastewater effluents. Based 
on the above criteria, the selected sampling 
sites were visited purposively in each month 
for sampling for a period of one year. Proba-
bility sampling design i.e., simple random de-
sign was then employed to collect Rhagovelia 
spp., the macroinvertebrates FFG of the pred-
ator group from pools, runs and rifles.

Sample Collection

Macro-invertebrate sampling and laboratory 
processing

Rhagovelia spp., which belongs to macroin-
vertebrate FFG of predators were collected in 
triplicates at random locations in each of the 
selected sites with a Surber sampler (0.09 m2, 
250’’ mesh size). Samples were preserved in 
cold corked vials using ethanol (70% v/v) until 
analyzed in the laboratory. In the field all sam-
ples were stored live in cooler boxes, transport-
ed to KMFRI Mombasa laboratory in darkness. 
In the laboratory, samples were immediately 
transferred into the deep freezer after being 
sorted and identified up to the lowest levels 
following macroinvertebrate identification keys 
for marine (Richmond, 1997; Branchet al., 2008) 
and freshwater (Gerber and Gabriel, 2002) 
ecosystems. They were counted, weighed, and 
frozen at -20°C until analyzed for organochlo-
rine pesticides. 

Analysis of pesticides 

The detection of OCPs were performed us-
ing a TSQ Vantage Triple-Stage Quadrupole 
Mass Spectrophotometer (Thermo Electron) 
equipped with a heated electrospray ion-
ization probe (HESI-II). Separation, detec-
tion, identification and quantification of tar-
get analyses followed methods described 
by Wille et al. (2011). The identification and 
quantification of OCPs was performed using 
a 6890N gas chromatograph with an electron 
capture detector (GC–ECD) (Agilent Tech-
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nologies) with a 30 m, 0.25 mm i.d. capillary 
column coated with 5% phenyl-substituted 
dimethylpolysiloxane phase (0.25 mm film 
thickness). Automatic split less injections of 2 
μL were applied and the total purge rate was 
adjusted to 50 ml min-1. Hydrogen was used 
as the carrier gas at a constant pressure of 
40 kPa at 100°C, while nitrogen made-up gas 
at a rate of 60 ml min-1. Injector and detector 
temperatures were 280°C and 320°C, respec-
tively. Oven temperature was calibrated as 
follows: 70°C for 1 minute, raised at 40°C min-1 

to 170°C, then raised at 1.5°C min-1 to 230°C 
for 1 minute and at 30°C min-1 to 300°C with a 
final hold of 5 minutes. 

Quality assurance and quality control

Quality assurance/quality control (QA/QC) of 
the analytical methods was ensured by the 
use of a standard reference material (SRM 
1941b – organics in marine sediment) pur-
chased from the National Institute of Stan-
dards and Technology (USA). This was done in 
duplicate and the average recovery of ana-
lytes was obtained. The analytes recovery was 
achieved through spiked blanks and matrices. 
Analytes in procedural blanks were subtract-
ed from the samples. Laboratory check solu-
tions were routinely injected into GC–ECD and 
GC–MS to confirm instrument accuracy and 
precision. Calibration of the instruments was 
performed using a nine-level analytical curve. 
Quantification of analytes followed the inter-
nal standard procedure and the surrogate re-
coveries were acceptable. 

Statistical Analysis 

Data were presented as means (±SD) after test-
ing for normality and homogeneity of variances, 
using Levene’s and Shapiro-Wilk tests (Levene, 
1960; Lina et al., 2015). Analysis of variance (ANO-
VA) was used to test for significant differenc-
es among sampling stations. Tukey’s post-hoc 
multiple comparison test was applied to deter-
mine which sites differed significantly from one 
other. All the analysis was done using the 64-bit 
R Software version 4.3.0 (R-core team, 2023). All 
the observed differences were considered sta-
tistically significant at p < 0.05.

Results 

Figure 2 depicts the mean concentration values 
of a) heptachlor, b) H-hepoxide, c) Cis-chlor-
dane d) T-nonachlor, e) HCB and f) mirex pes-
ticides in macroinvertebrate FFGs for Rhagov-
elia spp. sampled in the South Coast estuarine 
ecosystems of Kenya. Heptachlor pesticides in 
Rhagovelia spp. registered a mean concentra-
tion value of 5.54 ± 2.04 ng g-1 dw in the twelve 
sampled stations; while the lowest (2.87 ± 0.15 
ng g-1 dw) value was observed at station RB and 
the highest (9.03 ± 0.33 ng g-1 dw) at ME. Analysis 
of variance (ANOVA) for the mean concentra-
tion of heptachlor pesticides in Rhagovelia spp. 
sampled among the twelve sites demonstrat-
ed that they differed significantly (F = 157.16, df 
= 11, p ≤ 2.2e-16). In addition, post-hoc Tukey’s 
test inferred a significant difference in the mean 
concentration of heptachlor pesticides for Rha-
govelia spp. among stations ME (9.03 ± 0.33 ng 
g-1 dw), MG (3.77 ± 0.25 ng g-1 dw), MKE (4.12 ± 0.31 
ng g-1 dw), MM (6.89 ± 0.18 ng g-1 dw), MAPU (6.34 
± 0.25 ng g-1 dw), RB (2.84 ± 0.15 ng g-1 dw), RE 
(4.38 ± 0.29 ng g-1 dw), and UL (5.21 ± 0.45 ng g-1 
dw). Conversely, stations ME and MMJ; MG and 
RM; MM and UE; and RE and ULB did not show any 
significant differences in the mean concentra-
tions of heptachlor pesticides for Rhagovelia spp. 
at p < 0.05.

Additionally, H-hepoxide pesticides mean 
concentration levels in Rhagovelia spp. sam-
ples sampled along the sampling stations 
during the study period ranged from 3.92 ± 
0.26 to 10.09 ± 0.35 ng g-1 dw for stations ME 
and UE respectively with a mean concen-
tration of 7.04 ± 1.82 ng g-1 dw (Fig. 2b). The 
mean concentration values in H-hepoxide 
for Rhagovelia spp. samples were significant-
ly different among the twelve sampled sta-
tions (F = 106.71, df = 11, p = 2.2e-16). When the 
means were subjected to post-hoc Tukey’s 
test, it revealed that many of the stations 
were statistically different from one another 
(i.e., ME, 3.92 ± 0.26 ng g-1 dw; MG, 7.65 ± 0.28 
ng g-1 dw; MKE, 7.44 ± 0.21 ng g-1 dw; MM, 6.37 
± 0.25 ng g-1 dw; MMJ, 8.23 ± 0.40 ng g-1 dw; 
MAPU, 4.92 ± 0.34 ng g-1 dw; RM, 5.94 ± 0.40 
ng g-1 dw; UE, 10.09 ± 0.35 ng g-1 dw; and UL, 
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9.06 ± 0.32 ng g-1 dw). Stations MKE and RE; 
MMJ and ULB; and MAPU and RB on the other 
hand did not differ statistically.

Cis-chlordane concentration in Rhagovelia spp. 
ranged from 5.94 ± 0.40 to 10.09 ± 0.35 ng g-1 dw 
with a mean of 7.71 ± 1.2 ng g-1 dw (Fig. 2c). Sam-
pling station RE recorded the highest concentra-
tion (10.09 ± 0.35 ng g-1 dw) whereas MAPU had 
the least (5.94 ± 0.40 ng g-1 dw). A significant 
difference between the sampling stations was 
observed (F = 27.83; df = 11; p ≤ 2.2e-16). A post-
hoc Tukey’s test on the other hand, showed that 
stations ME (8.09 ± 0.33 ng g-1 dw), MG (6.69 ± 
0.22 ng g-1 dw), MKE (8.64 ± 0.34 ng g-1 dw), MM 
(6.73 ± 0.25 ng g-1 dw), MMJ (7.41 ± 0.18 ng g-1 
dw), MAPU (5.94 ± 0.40 ng g-1 dw) and RE (10.09 
± 0.35 ng g-1 dw) differed significantly at p < 0.05. 
Stations ME, RB and ULB; MG and UL; MKE and UE; 
and MMJ and RM were not significantly different. 

The mean concentration level of HCB in Rhagov-
elia spp. samples was 7.08 ± 1.92 ng g-1 dw with 
station UL recording the highest value of 10.09 ± 
0.35 ng g-1 dw while MAPU station recorded the 
lowest (3.16 ± 0.42 ng g-1 dw) (Fig. 2d). Analysis of 
variance (ANOVA) on the mean concentration 
residues of HCB pesticides in Rhagovelia spp. 
samples yielded a significant variation among 
the sampled stations (F = 77.79, df = 11, p ≤ 2.2e-
16). Tukey’s HSD pairwise mean comparisons on 
the concentration values of HCB pesticides in 
Rhagovelia spp. showed a significant difference 
in stations ME (9.03 ± 0.33 ng g-1 dw), MG (5.21 
± 0.45 ng g-1 dw), MKE (7.23 ± 0.30 ng g-1 dw), 
MM (6.69 ± 0.22 ng g-1 dw), MMJ (8.64 ± 0.34 ng 
g-1 dw), MAPU (3.16 ± 0.42 ng g-1 dw), RB (5.94 ± 
0.40 ng g-1 dw), UE (8.09 ± 0.32 ng g-1 dw) and UL 
(10.09 ± 0.35 ng g-1 dw). In contrast, such stations 
as MG (5.21 ± 0.45 ng g-1 dw) and RM (5.44 ± 0.41 
ng g-1 dw); MKE (7.23 ± 0.30 ng g-1 dw) and RE 
(7.41 ± 0.18 ng g-1 dw); and UE (8.09 ± 0.32 ng g-1 
dw) and ULB (8.09 ± 0.33 ng g-1 dw) were statis-
tically not different at p < 0.05.

Mirex was yet another pesticide that was found 
in the Rhagovelia spp. during the study period 
in the South Coast estuarine ecosystems of 
Kenya (Fig. 2f). Its concentration level in all the 
sampled stations ranged between 3.03 ± 0.13 

ng g-1 dw at MMJ station and 10.09 ± 0.35 ng 
g-1 dw at RE station; and a mean value of 7.26 
± 1.94 ng g-1 dw. There was no significant dif-
ference that was registered in the concentra-
tion levels of mirex pesticides in Rhagovelia spp. 
sampled in the twelve sampling stations (F = 
102.37, df = 11, p = 2.2e-16). Furthermore, Tukey’s 
HSD pairwise mean comparisons test revealed 
that there existed significant differences in the 
means of mirex concentrations of Rhagovelia 
spp. in such stations as ME (4.38 ± 0.29 ng g-1 
dw); MG (8.09 ± 0.33 ng g-1 dw); MKE (9.08 ± 0.33 
ng g-1 dw); MM (7.45 ± 0.19 ng g-1 dw); MMJ (3.03 
± 0.13 ng g-1 dw); RE (10.09 ± 0.35 ng g-1 dw); RM 
(7.30 ± 0.33 ng g-1 dw); UE (6.73 ± 0.25 ng g-1 
dw) and UL (8.64 ± 0.34 ng g-1 dw) at p < 0.05. 
On the contrary, stations MG (8.09 ± 0.33 ng g-1 
dw) and RB (8.09 ± 0.33 ng g-1 dw); MM (7.45 ± 
0.19 ng g-1 dw) and MAPU (7.44 ± 0.21 ng g-1 dw); 
and UE (6.73 ± 0.25 ng g-1 dw) and ULB (6.75 ± 
0.22 ng g-1 dw) did not differ significantly. 

p,p’-DDE, o,p’-DDE, o,p’-DDD, p,p’-DDD, o,p’-DDT 
and p,p’-DDT concentration levels in macroin-
vertebrate FFGs for Rhagovelia spp. are shown 
below (Fig. 3). p,p’-DDE concentrations in Rha-
govelia spp. among the twelve stations were 
also measured. The lowest mean of 3.92 ± 0.26 
ng g-1 dw was observed in station RE and the 
highest (10.09 ± 0.35 ng g-1 dw) in station MM 
(Fig. 3a). A mean concentration of 7.20 ± 1.55 
ng g-1 dw was recorded. There was a significant 
difference in the mean concentration of p,p’-
DDE pesticides in Rhagovelia spp. sampled in 
the twelve stations (F = 66.17, df = 11, p ≤ 2.2e-16). 
Further, post-hoc Tukey’s HSD pairwise mean 
comparisons displayed a significant difference 
in the mean concentration of p,p’-DDE pesti-
cides in Rhagovelia spp. among stations ME (6.64 
± 0.23 ng g-1 dw), MKE (7.41 ± 0.18 ng g-1 dw), MM 
(10.09 ± 0.35 ng g-1 dw), MMJ (8.09 ± 0.32 ng g-1 
dw), and RE (3.92 ± 0.26 ng g-1 dw). There was no 
statistical difference among stations ME (6.64 ± 
0.23 ng g-1 dw), MG (6.21 ± 0.33 ng g-1 dw), RM 
(6.22 ± 0.27 ng g-1 dw) and ULB (6.02 ± 0.37 ng 
g-1 dw); MKE (7.41 ± 0.18 ng g-1 dw) and UL (7.41 ± 
0.18 ng g-1 dw); and MMJ (8.09 ± 0.32 ng g-1 dw), 
MAPU (8.09 ± 0.32 ng g-1 dw), RB (8.23 ± 0.40 ng 
g-1 dw), and UE (8.09 ± 0.33 ng g-1 dw). 
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For o,p’-DDE pesticides in macroinvertebrate 
for Rhagovelia spp. sampled in the South Coast 
estuarine ecosystems of Kenya, its mean 
concentration ranged between 5.12 ± 0.46 ng 
g-1 dw, station ULB and 10.09 ± 0.35 ng g-1 dw, 
station MKE; and its overall mean was 7.15 ± 
1.64 ng g-1 dw (Fig. 3b). There existed a signif-
icant difference in the mean concentration of 
o,p’-DDE pesticides in macroinvertebrate for 
Rhagovelia spp. among the sampled stations 
(F = 67.46, df = 11, p ≤ 2.2e-16). A post-hoc 
Tukey’s test further confirmed significant dif-
ferences between different mean in o,p’-DDE 
pesticides in macroinvertebrates for Rhagov-
elia spp. for the following stations: ME (8.64 ± 
0.34 ng g-1 dw), MG (8.09 ± 0.33 ng g-1 dw), 
MKE (10.09 ± 0.35 ng g-1 dw), MMJ (6.95 ± 0.17 
ng g-1 dw), and MAPU (4.41 ± 0.28 ng g-1 dw). 
There was no significant difference, howev-
er, reported on stations: ME (8.64 ± 0.34 ng g-1 
dw) and MM (8.64 ± 0.34 ng g-1 dw); MG (8.09 
± 0.33 ng g-1 dw), RB (7.15 ± 0.30 ng g-1 dw), 
RE (7.44 ± 0.21 ng g-1 dw), and UL (7.15 ± 0.30 

ng g-1 dw); MMJ (6.95 ± 0.17 ng g-1 dw) and UE 
(6.89 ± 0.18 ng g-1 dw); and MAPU (4.41 ± 0.28 
ng g-1 dw), RM (5.21 ± 0.45 ng g-1 dw) and ULB 
(5.12 ± 0.46 ng g-1 dw).

The highest concentration of o,p’DDD pesti-
cides in Rhagovelia spp. was observed at station 
ME, 9.03 ± 0.33 ng g-1 dw while the lowest mean 
was recorded at station MG (2.85 ± 0.16 ng g-1 
dw) (Fig. 3c). The mean concentration value 
for all the sampled stations was 5.98 ± 0.28 ng 
g-1 dw. The concentrations of o,p’-DDD levels in 
Rhagovelia spp. were significantly different in all 
the stations (F = 199.19, df = 11, p ≤ 2.2e-16). To 
test whether each of the station means were 
statistically different, post-hoc Tukey’s test re-
vealed that the concentrations of o,p’-DDD in 
Rhagovelia spp. at stations ME, MG, MKE, RB, and 
UE differed significantly at p < 0.05. Stations ME, 
MM and MMJ; MG, MAPU and RM; RB, RE and ULB; 
and UE and UL on the other hand were statisti-
cally similar.

Figure 2. Spatial mean (± SD) concentrations in a) heptachlor, b) H-hepoxide, c) Cis-chlordane d) 
T-nonachlor, e) HCB and f) mirex pesticides in Rhagovelia spp. (predator) sampled in the twelve 
stations at the South Coast estuarine systems of Kenya. Superscript letters represent mean 
differences among the sampling stations obtained by performing Tukey HSD pairwise mean 
comparisons. ME: Mwena Estuary; MG: Mkurumudzi Gazi; MKE: mkurumudzi Estuary; MM: Mwena 
Manda; MMJ: Mwena Majoreini; RB: Ramisi Bridge; RE: Ramisi Estuary; RM: Ramisi Mwachande; 
UE: Umba Estuary; UL: Umba Lenjo; ULB: Umba Lunga-lunga Bridge.
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The residues of p,p’-DDD concentration in Rha-
govelia spp. varied from 3.92 ± 0.26 to 9.03 ± 
0.33 ng g-1 dw for stations MG and MAPU re-
spectively (Fig. 3d). The average concentra-
tion of p,p’-DDD for Rhagovelia spp. sampled in 
the twelve stations was 6.46 ± 1.63 ng g-1 dw. 
The concentration of p,p’-DDD in Rhagovelia 
spp. differed significantly (F = 73.61, df = 11, p ≤ 
2.2e-16) among the twelve sampled stations. A 
post-hoc Tukey’s test analysis displayed a sig-
nificant difference in the different mean con-
centrations of p,p’-DDD in Rhagovelia spp. sam-
pled at stations MAPU (9.03 ± 0.33 ng g-1 dw), 
UE (8.55 ± 0.35 ng g-1 dw), and UL (6.67 ± 0.22 
ng g-1 dw) at p < 0.05. The rest of the remaining 
stations did not differ statistically (i.e., ME (4.81 
± 0.28 ng g-1 dw), MG (3.92 ± 0.26 ng g-1 dw), MKE 
(5.13 ± 0.46 ng g-1 dw), RB (4.80 ± 0.21 ng g-1 dw) 
and RE (5.21 ± 0.45 ng g-1 dw); MM (7.51 ± 0.26 
ng g-1 dw), MMJ (7.44 ± 0.21 ng g-1 dw), RM (7.18 
± 0.29 ng g-1 dw) and ULB (7.23 ± 0.30 ng g-1 dw).

Station MM recorded the highest mean con-
centration value (9.03 ± 0.33 ng g-1 dw) for 
o,p’-DDT pesticide in Rhagovelia spp. while MG 
had the lowest (3.38 ± 0.38 ng g-1 dw); the 
mean concentration value was 6.84 ± 1.62 
ng g-1 dw (Fig. 3e). ANOVA revealed that the 
mean concentration values for o,p’-DDT pes-
ticide in Rhagovelia spp. differed statistically 
across stations (F = 86.93, df = 11, p ≤ 2.2e-16). 
Tukey’s HSD pairwise mean comparisons for 
o,p’-DDT pesticide in Rhagovelia spp. across 
different stations revealed that there was sig-
nificant differences between stations ME (8.55 
± 0.35 ng g-1 dw), MG (3.38 ± 0.38 ng g-1 dw), 
MKE (5.44 ± 0.41 ng g-1 dw), MM (9.03 ± 0.33 ng 
g-1 dw), MMJ (6.71 ± 0.21 ng g-1 dw), MAPU (7.15 
± 0.30 ng g-1 dw) and RM (7.44 ± 0.21 ng g-1 dw). 
Alternatively, stations MKE (5.44 ± 0.41 ng g-1 
dw), RB (5.67 ± 0.36 ng g-1 dw) and UL (5.51 ± 
0.34 ng g-1 dw); MAPU (7.15 ± 0.30 ng g-1 dw) 
and RE; and RM (7.44 ± 0.21 ng g-1 dw) and ULB 
(7.44 ± 0.21 ng g-1 dw) were statistically not dif-
ferent at p < 0.05.

The highest concentration of p,p’-DDT pesti-
cides in Rhagovelia spp. sampled in the South 
Coast of Kenya among the twelve stations 
occurred at station RE (10.09 ± 0.35 ng g-1 dw),  

whereas the lowest was recorded at MAPU 
(5.94 ± 0.40 ng g-1 dw) with a mean of 7.75 ± 
1.11 ng g-1 dw) (Fig. 3f). There was significant 
difference (F = 27.36, df = 11, p ≤ 2.2e-16) in the 
mean concentration of p,p’-DDT pesticides in 
Rhagovelia spp. among the sampling stations. 
In addition, Tukey HSD pairwise mean com-
parisons for p,p’-DDT pesticides in Rhagovelia 
spp. revealed significant differences among 
stations ME (7.41 ± 0.18 ng g-1 dw), MKE (7.07 
± 0.31 ng g-1 dw), MM (8.64 ± 0.34 ng g-1 dw), 
MAPU (5.94 ± 0.40 ng g-1 dw), RE (10.09 ± 0.35 
ng g-1 dw) and ULB (8.71 ± 0.38 ng g-1 dw). In 
contrast, stations ME (7.41 ± 0.18 ng g-1 dw), 
MG (8.09 ± 0.32 ng g-1 dw), RB (8.09 ± 0.33 ng 
g-1 dw), RM (7.41 ± 0.18 ng g-1 dw) and UL (8.09 
± 0.32 ng g-1 dw); and MKE (7.07 ± 0.31 ng g-1 
dw), MMJ (6.73 ± 0.25 ng g-1 dw) and UE (6.69 
± 0.22 ng g-1 dw).

The mean concentration of HCN, α-HCH, γ-HCH 
and ß-HCH pesticides in macroinvertebrate 
FFGs for Rhagovelia spp. as recorded in differ-
ent stations is illustrated in Figure 4. The mean 
concentration of HCN pesticide in the Rhagovelia 
spp. sampled along different sampling stations 
in South Coast estuarine systems of Kenya was 
7.57 ± 1.71 ng g-1 dw; and ranged from 3.32 ± 0.19 
to 10.09 ± 0.35 ng g-1 dw (Fig. 4a). There exist-
ed significant statistical differences (F = 96.39, 
df = 11, p ≤ 2.2e-16) in the mean concentration 
of HCN pesticide for Rhagovelia spp. samples 
across the sampling stations. Post-hoc Tukey’s 
test showed a significant difference among the 
means of concentration levels in HCN pesticides 
for Rhagovelia spp. (ME, 3.32 ± 0.19 ng g-1 dw; MG, 
7.26 ± 0.22 ng g-1 dw; MKE, 8.09 ± 0.33 ng g-1 dw; 
MMJ, 9.03 ± 0.33 ng g-1 dw; MAPU, 5.99 ± 0.35 ng 
g-1 dw; RB, 7.43 ± 0.30 ng g-1 dw; RM, 8.07 ± 0.27 
ng g-1 dw; UE, 6.69 ± 0.22 ng/g and ULB, 10.09 ± 
0.35 ng g-1 dw). However, there was no statistical 
difference in the mean concentrations of HCN 
pesticides for Rhagovelia spp. among stations 
MKE (8.09 ± 0.33 ng g-1 dw), MM (8.64 ± 0.34 ng 
g-1 dw), RE (8.09 ± 0.33 ng g-1 dw) and UL (8.09 ± 
0.32 ng g-1 dw).

The concentration values for α-HCH pesticides 
in Rhagovelia spp. among the sampling stations 
was 6.7 ± 1.9 ng g-1 dw with the values ranging 
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between 3.32 ± 0.19 ng g-1 dw and 9.08 ± 0.33 
ng g-1 dw (Fig. 4b). There was a significant dif-
ference in mean concentration levels of α-HCH 
pesticides for Rhagovelia spp. among the sam-
pling stations at p < 0.05 level for the twelve 
stations (F = 34.32, df = 11, p ≤ 2.2e-16). Post-hoc 
Tukey’s test results revealed that stations ME 
(9.08 ± 0.33 ng g-1 dw), MG (5.05 ± 0.44 ng g-1 
dw), MKE (7.20 ± 0.30 ng g-1 dw), MM (6.67 ± 0.22 
dg g-1 dw), MMJ (8.55 ± 0.35 ng g-1 dw), MAPU 
(6.42 ± 0.29 ng g-1 dw), RE (3.32 ± 0.19 ng g-1 dw), 
UL (5.21 ± 0.45 ng g-1 dw) and ULB (4.38 ± 0.29 ng 
g-1 dw) differed significantly with station ME re-
cording the highest mean concentration (9.08 ± 
0.33 ng g-1 dw) and RE the least (3.32 ± 0.19 ng g-1 
dw). Stations ME and RB; MKE and UE; MMJ and 
RM did not differ statistically (ME = RB; MKE = UE; 
and MMJ = RM).

Gamma-HCH concentrations in Rhagovelia spp. 
among the sampling stations registered a mean 
of 6.7 ± 2.22 ng g-1 dw with values ranging from 
2.74 ± 0.18 ng g-1 dw, MAPU station to 9.45 ± 0.51 

ng g-1 dw at station MMJ (Fig. 4c). The mean con-
centration residues of γ-HCH pesticides in Rha-
govelia spp. differed significantly among the 
sampling stations (F = 120.90, df = 11, p ≤ 2.2e-16). 
Multiple pairwise comparison Tukey’s test indi-
cated that stations ME (4.18 ± 0.27 ng g-1 dw), MG 
(9.03 ± 0.33 ng g-1 dw), MKE (7.18 ± 0.29 ng g-1 dw), 
MAPU (2.74 ± 0.18 ng g-1 dw), RB (5.21 ± 0.45 ng g-1 
dw) and UE (8.64 ± 0.34 ng g-1 dw) were statisti-
cally different at p < 0.05. On the other hand, sta-
tions MG (9.03 ± 0.33 ng g-1 dw), MM (9.03 ± 0.33 
ng g-1 dw), MMJ (9.45 ± 0.51 ng g-1 dw); MKE (7.18 ± 
0.29 ng g-1 dw), RE (7.15 ± 0.30 ng g-1 dw), ULB (7.44 
± 0.21 ng g-1 dw); and RB (5.21 ± 0.45 ng g-1 dw), RM 
(4.38 ± 0.29 ng g-1 dw) and UL (5.51 ± 0.34 ng g-1 
dw) were statistically not significant.

The mean concentration of ß-HCH pesticides 
in Rhagovelia spp. on the other hand ranged 
from 3.32 ± 0.19 ng g-1 dw (station UL) to 9.28 
± 0.55 ng g-1 dw at MAPU station with a mean 
of 6.8 ± 2.08 ng g-1 dw (Fig. 4d). There was a 
significant difference observed in the mean 

Figure 3. Mean (±SD) spatial variation in the concentration of a) p,p’-DDE, b) o,p’-DDE, c) o,p’-DDD 
d) p,p’-DDD, e) o,p’-DDT and f) p,p’-DDT pesticides in macroinvertebrate FFGs for Rhagovelia spp. 
in estuarine systems of South Coast, Kenya. The superscript letters represent mean differences 
among the stations obtained by performing Tukey’s pairwise mean comparisons. ME: Mwena 
Estuary; MG: Mkurumudzi Gazi; MKE: mkurumudzi Estuary; MM: Mwena Manda; MMJ: Mwena 
Majoreini; RB: Ramisi Bridge; RE: Ramisi Estuary; RM: Ramisi Mwachande; UE: Umba Estuary; UL: 
Umba Lenjo; ULB: Umba Lunga-lunga Bridge.
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concentration residues of ß-HCH pesticides 
in Rhagovelia spp. among the sampling sta-
tions (F = 147.48, df = 11, p ≤ 2.2e-16). Post-hoc 
comparisons using Tukey HSD test on the 
mean concentration values of ß-HCH pesti-
cides in Rhagovelia spp. denoted that stations 
ME (7.44 ± 0.21 ng g-1 dw), MG (8.23 ± 0.40 ng 
g-1 dw), MKE (3.92 ± 0.26 ng g-1 dw), MM (5.21 ± 
0.45 ng g-1 dw), MAPU (9.28 ± 0.55 ng g-1 dw), 
RB (6.69 ± 0.22 ng g-1 dw), RE (8.64 ± 0.34 ng g-1 
dw) and UL (3.32 ± 0.19 ng g-1 dw) were differ-
ent statistically (p < 0.05). Conversely, stations 
ME (7.44 ± 0.21 ng g-1 dw) and MMJ (7.15 ± 0.30 
ng g-1 dw); MG (8.23 ± 0.40 ng g-1 dw) and RM 
(8.09 ± 0.32 ng g-1 dw); MKE (3.92 ± 0.26 ng g-1 

dw) and UE (4.38 ± 0.29 ng g-1 dw) were statis-
tically similar..

Discussion 

The analysis conducted on the macroinverte-
brates FFG of Rhagovelia spp. data revealed sig-
nificant temporal effects on various OCPs levels. 
The low p-values (p < 2.2e-16) associated with 
each factor indicated a high degree of statis-

tical significance, providing strong evidence 
against the null hypothesis of “no significant 
effect” of stations on OCPs concentrations. Fur-
ther significant differences noted by different 
OCPs concentrations from Rhagovelia spp. sam-
ples among the sampling stations could be ex-
plained by the localized sources of pesticides or 
environmental conditions. Some of the associ-
ated sources of OCPs concentrations could vary 
from agricultural practices to urbanization and 
probably due to industrial effluents. This could 
occur through surface run-off and sub-surface 
infiltration into estuarine systems. Equally, the 
temporal distribution was attributed to climatic 
factors and the seasonal anthropogenic occur-
rences related to crop pest control and man-
agement.

Therefore, the bioassay of benthic macroin-
vertebrates’ body concentrations of OCPs can 
be utilized to explain the state of environmen-
tal perturbation because they play a key role in 
measuring the bioavailability of a given con-
taminant in the environment (Solà & Prat, 2006; 
Peter, et al., 2018). The Rhagovelia spp. showed 

Figure 4. Mean (±SD) spatial variation in the concentration of a) HCN, b) α-HCH, c) γ-HCH and 
d) ß-HCH pesticides in macroinvertebrate FFGs for Rhagovelia spp. in estuarine systems of 
South Coast, Kenya. The superscript letters represent mean differences among the sampling 
stations obtained by performing Tukey’s pairwise mean comparisons. ME: Mwena Estuary; MG: 
Mkurumudzi Gazi; MKE: mkurumudzi Estuary; MM: Mwena Manda; MMJ: Mwena Majoreini; RB: 
Ramisi Bridge; RE: Ramisi Estuary; RM: Ramisi Mwachande; UE: Umba Estuary; UL: Umba Lenjo; 
ULB: Umba Lunga-lunga Bridge.
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that irrespective of the varying conditions of dif-
ferent sampling sites, it could easily bioconcen-
trate the OCPs although in different concentra-
tion levels hence a recommendable candidate 
for toxicological studies. Even though this study 
utilized the entire body of the organism owing 
to laborious work involved in separating differ-
ent body tissues due to the bioassay organism’s 
body size, internal composition and distribution 
of contaminants among body organs/tissues is 
not homogeneous because the distribution pat-
terns is both pollutant and species-specific or 
broadly, taxon-specific (Hare et al., 2003). This 
study, therefore, corroborated well with Hare 
(1992) who averred that FFGs of macroinverte-
brates readily bind OCPs contaminants on the 
surface of their exoskeleton and body organs, 
hence detecting them in the entire body (Fran-
zle, 2015). This is the strategy the present study 
adopted whereby the entire body of the macro-
invertebrate FFG of the Rhagovelia spp. was uti-
lized thus offering the best environmental solu-
tion (Pastorino et al., 2020a) as far as the OCPs 
contamination is concerned because they were 
bioavailable in all sampling sites.

The spatial patterns displayed by the OCPs 
could have been induced by a number of physi-
cochemical water quality attributes or the envi-
ronmental factors. The bioavailability of a given 
contaminant such as that of pesticides can be 
influenced by such parameters as the water pH, 
conductivity, temperature, TDS, redox potential, 
salinity and total organic content, and is the 
percentage of the total sum of pesticides that 
is available in time and space for adsorption 
by an organism (Tessier & Turner, 1995; Peltier 
et al., 2008). The Rhagovelia spp. samples from 
all the twelve sampling sites had OCPs although 
in different levels, which demonstrates the ro-
bustness of using macroinvertebrate FFGs as 
bioindicators of environmental quality. Similarly, 
due to their intimate relationship with sediments 
which act as sinks for pollutants, they easily bio-
concentrated the OCPs. The same reasons have 
been advanced where it is widely believed that 
macroinvertebrates are good indicators of pol-
lution because they are bottom dwellers, which 
make them more efficient to bioaccumulate 
pollutants (Nyakeya et al., 2022). Their ability 

to bioconcentrate toxicants also depends on 
the geochemical background of the sediments 
(Turner, 1995). 

Rhagovelia spp. falls under the predator FFG 
of macroinvertebrates hence a high proba-
bility of having predated on other FFGs thus 
increased chances of biomagnification. De-
pending on the level of macroinvertebrate 
FFGs, there are different pathways through 
which OCPs can find their way into the body. 
Filterers can access them via gills and the 
nutritional requirements such as filtration in 
the water column, grazer-scrapers through 
foraging on periphyton and phytoplankton, 
collector-gatherers by collection and gath-
ering of fine particulate matter, shredders via 
feeding on coarse particles of organic matter 
deposited in/on sediments, and lastly pred-
ators through preying on other invertebrates 
(Mebane et al., 2020). OCPs are among hy-
drophobic contaminants often detected in 
aquatic organisms as Rhagovelia spp. and can 
be magnified by trophic interactions, begin-
ning with those at the base of the food web. 
Therefore, OCPs may have been sorbed to 
existing algae cells consumed by the graz-
ing macroinvertebrates/zooplankton which 
in turn might have been preyed upon by Rha-
govelia spp. in the next trophic level. During 
sorption or grazing, OCPs are portioned to 
lipid rich organs and tissues leading to their 
bioaccumulation (Bard, 1999). There is high 
efficiency experienced during the OCPs trans-
fer from one trophic level to another resulting 
to biomagnification at each level (Larsson et 
al., 2000). Therefore, the concentration levels 
witnessed in different stations could be ex-
plained by transfer of OCPs to Rhagovelia spp. 
via other macroinvertebrate FFGs at the lower 
trophic levels.

According to Dallinger and Rainbow (1993) the 
concentration of toxicants in microbenthic in-
vertebrates is proportional to the pollutant up-
take, transport, utilization, and excretion, and 
varies with each taxa, genus and/or species. 
The concentration of OCPs in Rhagovelia spp. 
could have been bioconcentrated or bioaccu-
mulated depending on the bioavailability of the 
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different pesticides from dissolved and partic-
ulate organic matter and the ability of the OCP 
escaping from the macroinvertebrate (Franzle, 
1995). Moreover, the variations in OCP concen-
tration that was witnessed from one station to 
another could be as a result of sex, size and 
age. This is in agreement with Pastorino et al. 
(2020b), who opined that on a temporal and 
spatial scale, the amounts of OCPs among the 
group of species/taxa of macroinvertebrates 
taking refuge in a given ecosystem is like-
ly to vary on the basis of early history strate-
gies such as size, age, sex, and developmental 
stage of the individuals. In addition, Pros (1981) 
and Hare (1992) confirmed that related taxa, up 
to species level but under the same genus, and 
inhabiting a homogeneous system could bio-
concentrate different levels of OCPs. 

Conclusion and 
recommendations

The aim of this study was to assess the distribu-
tion of OCPs in macroinvertebrates FFGs of Rha-
govelia spp. in the tropical estuarine ecosys-
tems of South Coast, Kenya. Sixteen OCPs were 
recorded from Rhagovelia spp sampled in all 
the twelve study sites, with varying concentra-
tion levels. The ANOVA results underscored the 
multifaceted nature of environmental dynam-
ics, with ‘station’ exerting significant influences 
on OCPs concentrations in Rhagovelia spp. The 
observed interaction effect further accentuat-
ed the complexity of environmental processes. 
Overall, these results provided valuable insights 
into the factors influencing OCPs levels in Rha-
govelia spp. and can be used to guide future re-
search and environmental management strat-
egies. These findings offer valuable insights for 
environmental monitoring and management 
efforts, emphasizing the need for targeted in-
terventions to mitigate chemical exposures and 
safeguard environmental health. It is on the 
foregoing basis that the null hypothesis, which 
stated that there is no significant difference in 
the distribution of OCPs by aquatic macroin-
vertebrates FFG of Rhagovelia spp. between 

the sampling stations was rejected. The statis-
tical analysis revealed that each station played 
a crucial role in determining the levels of OCPs 
in Rhagovelia spp. due to both environmental 
factors, early life history strategies of the test-
ed bioassay organism, and different sources of 
OCPs as influenced by anthropogenic activi-
ties. The study recommends for the application 
of macroinvertebrate FFG of Rhagovelia spp. in 
biomonitoring of estuarian ecosystems. Further 
research may delve into elucidating specific 
drivers behind spatial variations in OCPs con-
centrations from Rhagovelia spp. to facilitate 
informed decision-making for sustainable envi-
ronmental stewardship. However, to fully under-
stand the impacts of OCPs in the environment, 
we strongly recommend the use of all/different 
FFGs of macroinvertebrates such as grazers, 
collector-gatherers, filterers and shredders in 
order to bring out the general behavior of these 
pesticides along the food web.
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Abstract

Recurrent fish kills in Kisumu Bay, Lake Victoria, Kenya, threaten both ecological stability and 
local livelihoods. This study investigates the drivers of recent fish mortality events through field 
surveys and water quality analysis across key stations, including Kisat River mouth, Coca-Cola 
discharge zones, and the control station. Results revealed severe hypoxia (dissolved oxygen 
[DO] < 2.5 mg L-1), far below the 6–8 mg L-1 threshold required for fish survival, alongside hy-
per-eutrophic conditions marked by elevated ammonium (NH4

+ > 1.5 mg L-1), total nitrogen (TN 
> 40–50 µg L-1), and phosphorus (TP >700 µg L-1). Chlorophyll-a concentrations exceeded 100   
µg L-1, indicating prolific algal blooms linked to nutrient overloading, possibly from industrial 
effluents, agricultural runoff, and untreated sewage. Spatial-temporal analysis identified the 
lowest DO levels during algal decomposition phases, exacerbated by an oil layer near docking 
sites, which could have impeded gas exchange and coated fish gills, intensifying respiratory 
stress. Nitrite peaks (21.12 mg L-1) and ammonium spikes signaled toxic pollution from waste-
water, while Secchi depth measurements inversely correlated with algal biomass, confirming 
turbidity-driven hypoxia. The study attributes fish kills to possible synergistic effects of nutrient 
pollution, climate-driven temperature rises (27.26°C on average), and inefficient waste man-
agement. The study recommends enforcing industrial effluent regulations, expanding waste-
water treatment infrastructure, and reclaiming wetlands to mitigate runoff. This work provides 
a framework for addressing eutrophication-driven fish mortality in tropical freshwater ecosys-
tems, advocating for integrated watershed management to sustain Lake Victoria’s fisheries 
and socio-economic resilience.

Keywords: fish kills, hypoxia, eutrophication, nutrient pollution, Lake Victoria, algal bloom

Introduction

Fish kills, defined as the sudden localized large-
scale death of fish in either marine, estuarine or 
freshwater environments are a common occur-
rence (Meyer and Barclay, 1990) and can range 
from several individuals to millions of fatalities 
per incident (Holmlund and Hammer, 1999). While 
some fish kills may occur naturally, due to ex-
treme seasonal temperatures, parasites and dis-
eases, human-induced changes and pollution 

have amplified their frequency and scale globally. 
A majority of the fish kills are linked to human ac-
tivities emanating from industrial, municipal, agri-
cultural and transport-related processes. Specific 
causes include chemical spills, manure, pesticide 
application, sewage and nutrient enrichment, and 
harmful algal blooms (La and Cooke, 2011). Despite 
the widespread occurrence, very few countries 
have established regional or national frameworks 
to systematically track the prevalence, magni-
tude, and underlying causes.
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Over the years, Lake Victoria has undergone 
drastic environmental changes mainly due 
to anthropogenic activities, which have likely 
contributed to recurring fish kills. The transfor-
mation began with the advent of the railway, 
establishing the region as a special economic 
zone engaged in global trade (Graham, 1929). 
A wave of settlers arrived, drawn by the Lake’s 
resources and fertile catchment area, leading 
to the conversion of forests, natural vegetation, 
and wetlands into agricultural land for cash 
crop plantations (Balirwa et al., 2003). As a re-
sult, population growth around the Lake surged, 
increasing from 8.7 million in 1960 to over 42 
million (Nyamweya et al., 2020). Over the years, 
poor land-use practices and the extensive use 
of agrochemicals (Peters and Meybeck, 2000) 
contributed to soil erosion, siltation, and de-
clining water transparency (Sitoki et al., 2010). 
Additionally, deforestation, sedimentation, and 
nutrient loading led to eutrophication and fre-
quent algal blooms, further impacting water 
quality and fish populations. The first eutrophi-
cation event is suspected to have occurred as 
early as the 1950s in the Kenyan waters of Lake 
Victoria and later on spread into the Uganda 
and Tanzanian regions. Studies indicate that 
during this period there was a shift in phyto-
plankton composition from diatoms to cyano-
bacteria. This was accompanied by deep-wa-
ter oxygen depletion (anoxia) which intensified 
around this time. (Lehman, 1998; Verschuren et 
al., 2002; Stager et al., 2009). Urbanization and 
industrialization have exacerbated pollution, 
with untreated sewage and industrial effluents 
further degrading water quality (Balirwa et al., 
2003). Additionally, climate change has inten-
sified these impacts through altered rainfall 
patterns, stronger storm events, and rising wa-
ter temperatures, affecting dissolved oxygen 
levels and increasing the frequency and sever-
ity of fish kills.

The Nyanza Gulf has a history of fish kills with a 
notable event documented in 1984 after a violent 
storm that resulted in mass mortalities exceed-
ing 400,000 fish, which collectively weighed over 
2,400 tons. The casualties were Nile perch (Lates 
niloticus) and Nile tilapia (Oreochromis niloticus).    
Several factors were attributed to this mass mor-

tality event such as low dissolved oxygen, high 
levels of suspended matter in the form of detritus 
and algae which clogged the gills of fish, low pH 
and algal bloom (Ochumba, 1990). Other factors 
include oxygen depletion caused by agricultur-
al runoff which may contain toxic chemicals due 
to poor farming practices, ammonia toxicity and 
heavy rainstorms which increase runoff into the 
water body (La and Cooke, 2011).    

Persistent occurrence of this phenomenon pos-
es significant economic risks, especially by de-
pleting populations vital to commercial and 
recreational fisheries (Holmlund and Hammer, 
1999). For example, the 2022 fish kill incident in 
Kisumu and Homa Bay resulted in nearly a bil-
lion shillings ($7.2 million) in losses (Odhiambo, 
2023). Similarly, the 2024 fish kills at Mulukoba 
where approximately 50 tonnes of fish were lost, 
translated to over 5 million shillings in losses 
(Opanda, 2024). 

The number of distress calls on fish kills from 
stakeholders has escalated in recent months, 
with three calls within November and January, 
which is quite unusual. It is against this backdrop 
that this study was undertaken to investigate 
the current wild fish kills in Kisumu Bay, Kisumu 
County, and demystify their underlying causes to 
provide applicable mitigation measures.

Materials and methods
Study Area

The study on fish kills was undertaken in the 
Kenyan waters of Lake Victoria consisting of 
the Nyanza Gulf (Winam Gulf) which forms the 
major portion of Kenya waters (Fig. 1). The Ken-
yan side of the Lake covers an area of 4,100 km2, 
with a length of about 60 km and width varying 
between 6 and 30 km and lies between 34° 13’ 
and 34° 52’ East of latitude 0°, 0° 4’ and 0° 32’ 
South of the Equator. The Gulf has an average 
depth of 6-8 m and a maximum depth of 70 m 
(in the open waters) (Odada et al., 2004; Aura et 
al., 2018). Nyanza Gulf at irregular periods of the 
year experiences intermittent fish kills affecting 
either cage or wild fish. Sampled stations were 
determined at accessible points within areas 
affected by reported fish kills. Global Position-
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ing System (GPS) locations (GPS Coordinates) 
thereafter were marked using a hand-held GPS 
tool as waypoints and salient attributes of the 
sites recorded prior to sampling. 

 Physico-chemical parameters

After calibration, in situ physico-chemical wa-
ter quality parameters of Temperature (°C) and 
Dissolved Oxygen (DO) (mg L-1) measurements 
were achieved by use of a portable electron-
ic YSI multi-parameter meter to log in water 
quality data down the depth of the water col-
umn. Acid-washed 500 ml plastic bottles were 
prepared for preservation of water samples for 
both soluble and non-soluble nutrients fractions 
of Soluble Reactive Phosphates (SRP), Nitrates, 
Ammonium, Nitrites and Silicates. Additionally, 
water samples for Chlorophyll-a, Total Nitro-
gen and Total Phosphorous were immersed in 
a cooler box at temperatures of about 4°C and 
transported for membrane filtration of a volume 
of lake water through Whatman® GF/C filters 
which were then used to determine the differ-
ence per unit volume of sample and digestion in 
KMFRI laboratory using methods adopted from 
APHA (2005) and Sasaki et al. (2005). 

The analyzed nutrient compounds were Ni-
trates-N, Ammonium-N, Nitrites-N, Soluble Re-

active Phosphorous 
(SRP) and Silicates. Sec-
chi depth (m) mea-
sured with a standard 
Secchi disk of 20 cm di-
ameter and with quad-
rants painted in black 
and white was recorded. 
Secchi depth is derived 
as the average of the 
depth at disappearance 
and that of reappear-
ance of the disk in water. 
General environmental 
observations about the 
target stations like the 
maximum depth of the 
sampling site, time of 
sampling, weather con-
ditions and station fea-
tures, were documented. 

Water samples for chlorophyll-a data were fil-
tered using GF/C filters, wrapped in aluminium 
foil and stored in a desiccator for onward ses-
ton solvent extraction and spectrophotometric 
analyses using methods described by Sasaki 
et al. (2005). Data was collected in response to    
distress calls on November 14th 2024 (1st sam-
pling), January 16th 2025 (2nd sampling) and 
January 28th 2025 (3rd sampling).

Data Analysis

Inferential and quantitative methods were em-
ployed to assess spatial-temporal variations in 
water quality parameters and their linkages to 
fish mortality. Primary data collected from three 
sampling stations (Kisat River mouth, Coca-Cola, 
and Control site) during three periods (November 
2024 to January 2025) were cataloged in Micro-
soft Excel 2010. The averages for dissolved oxygen 
(DO), temperature, nutrient concentrations (NH4

+, 
NO3

-, NO2
-, TN, TP, SRP), chlorophyll-a, and Secchi 

depth were plotted using R software version 4.4.3.

Results and discussion 

Trends in temperature (°C) and dissolved oxygen 
(DO, mg L-1) levels across the different sampling 
stations over three sampling periods are illus-

Figure 1. Map of Kisumu Bay, Winam Gulf, showing areas sampled for 
reported fish kills (Source: Owoko W., 2025).
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trated in (Fig. 2). These parameters are essential 
for aquatic life; temperature affects metabolic 
rates, oxygen solubility due to its inverse relation-
ship, and biochemical processes, whereas DO is 
critical for fish survival (Wetzel, 2001; Kalff, 2002). 
Though the DO levels fluctuate, there is a general 
trend of low concentrations across the sampling 
sites. Only the control sites exhibited desirable 
levels of 5 - 7 mg L-1.    The overall mean value for 
DO was 4.09 ± 2.05 mg L-1, with a range of 5.21 mg 
L-1, which is not desirable as fish generally require 
DO levels of between 6 – 8 mg L-1 to thrive (U.S. 
EPA, 1986; FAO, 2015). Coca cola intake point con-
sistently exhibited anoxic conditions during the 
second and third sampling periods with average 
DO levels of 1.71 and 1.77 mg L-1 and 2.93 and 1.99 
mg L-1 at the Kisat River mouth. 

The mean temperature observed across the 
sites for the three periods was generally warm 
at 27.26 ± 0.66oC with a range of 1.96oC. This has 
an effect of reducing the solubility of oxygen in 
water and also accelerating microbial decom-
position of organic matter, therefore consuming 
oxygen and exacerbating anoxia (Paerl and Hu-
isman, 2009). The critically low DO levels at Coca 

cola and Kisat River mouth were likely due to a 
combination of the effects of high temperatures 
and nutrient pollution (phosphorus and nitro-
gen) from sewage, agricultural runoff, and in-
dustrial wastes (Dodds and Smith, 2016). Such 
low DO levels are stressful to fish and can cause 
mass mortalities (Diaz and Rosenberg, 2008). 

Trends in nitrogen compounds (ammonium, 
nitrates, nitrites, and total nitrogen) and soluble 
reactive phosphorus (SRP), total phosphorus 
(TP), and silicate concentrations at three sam-
pling stations over the three sampling periods 
are presented in Figure 3 and 4, respectively. A 
sharp increase in nitrate and nitrite levels was 
observed in the 2nd sampling, particularly at Ki-
sat River mouth (82.03 µg L-1 and 21.12 µg L-1) and 
Coca cola (94.15 µg L-1 and 19.91 µg L-1).    This in-
crease was likely due to an influx if nitrogenous 
compounds, likely due to runoff, sewage and 
industrial discharge or sediment disturbance. 
These elevated nitrite levels may be toxic to 
fish by disrupting oxygen transport in the blood 
system, a condition referred to as methemo-
globinemia, also known as “brown blood dis-
ease” (Jensen, 2003). This was followed by a 

Figure 2. Dissolved Oxygen (mg L-1) and Temperature (oC) trends across stations during the 
sampling of fish kills studies at the Kisumu Bay Lake Victoria, Kenya.
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significant decline in 
nitrate and nitrite con-
centrations during the 
3rd sampling  session, 
presumably due to up-
take by phytoplankton, 
and the dilution effect 
of water movement by 
currents. The control 
station exhibited much 
lower concentration 
across all the sampling 
periods, indicative of lo-
calized pollution at the 
Kisat River mouth and 
Coca Cola stations.

A significant peak was 
observed in Ammo-
nium concentrations 
in the 2nd sampling at 
Kisat River mouth and 
Coca Cola stations. 
This coincided with high levels of total ni-
trogen (TN) indicating possible anthropo-
genic pollution emanating from sewage 
and waste water discharge (Camargo and 
Alonso, 2006), agricultural runoff from up-
stream containing ammonium and organ-
ic nitrogen-rich fertilizers (Carpenter et al., 
1998). The TN levels drastically dropped in 
the 3rd sampling presumably due to dilution 
or microbial uptake. However, the ammo-
nium levels continued to increase, indicat-
ing incomplete nitrification, which is usual-
ly associated with anoxic conditions (Diaz 
and Rosenberg, 2008), synonymous with 
fish kills. Figure 2 shows that the DO levels 
were anoxic during these periods. Both am-
monium and TN levels were way above the 
globally recommended standards of 1.5 mg 
L-1 (EPA, 2013) and 40-50 µg L-1, respectively 
(U.S. EPA, 2013; OECD, 1982).

Soluble Reactive Phosphorus (SRP) varied 
across the sampling stations, with an increasing 
trend from the 1st to the 2nd sampling periods. The 
highest SRP values were recorded at the Control 
station in the 3rd sampling period. Total Phos-
phorus (TP) had more pronounced peaks in the 

first sampling period, suggesting anthropogenic 
sources from wastewater discharge and runoff 
from agricultural lands (Sitoki et al., 2012). A de-
crease between the 2nd sampling and a further 
peak in the 3rd sampling period followed this. The 
decline experienced in the 2nd sampling, may 
hhave been due to dilution from increased wa-
ter flow or biological uptake by phytoplankton 
(Paerl and Otten, 2013). Elevated phosphorus 
(TP and SRP) and TN levels are strongly associ-
ated with eutrophication in freshwater systems 
(Dodds and Smith, 2016). The levels recorded 
during the three sampling periods beyond the 
acceptable threshold (40-50 µg L-1). Such levels 
promote excessive growth of phytoplankton, re-
sulting in algal bloom and as the organic mat-
ter from the bloom decomposes, it utilizes the 
already depleted dissolved oxygen, resulting in 
fish kills due to hypoxia (Randall and Tsui, 2002; 
Diaz and Rosenberg, 2008).

Figure 5 presents trends in alkalinity, hardness, 
Chlorophyll-a, and Secchi depth across different 
sampling stations over the three sampling peri-
ods. Chlorophyll-a exhibited fluctuating concen-
trations with the highest peak in the 3rd sampling 
period, particularly at Kisat and Coca cola sta-

Figure 3. Trends in (Total Nitrogen, µg L-1), Ammonium (µg L-1), Nitrates 
µg L-1) and Nitrites (µg L-1) concentrations across stations during the 
sampling of fish kills studies at the Kisumu bay Lake Victoria, Kenya.
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tions. These concentrations were beyond the ac-
ceptable standards of 1-2   µg L-1 (OECD, 1982; U.S. 
EPA, 2000) indicating eutrophication (Paerl and 
Otten, 2013). This increase in chlorophyll-a levels 
correlates with the high phosphorus levels ob-
served as illustrated in Figure 3 during the same 
sampling periods, ascertaining that phosphorus 
is a key driver of phytoplankton growth (Smith et 
al., 1999).

Secchi depth (m), a measure of water clarity, 
exhibited an inverse relationship with chloro-
phyll-a concentrations. Elevated chlorophyll-a 
levels corresponded to reduced Secchi depth 
readings, indicating greater turbidity caused 
by algal proliferation, particularly at Kisat and 
Coca Cola stations. Elevated chlorophyll-a lev-
els alongside reduced Secchi depth measure-
ments signal heightened primary productivity 
in the water column, a phenomenon strongly 
linked to nutrient enrichment (Paerl and Hall, 

2016). This surge in phytoplankton biomass of-
ten drives excessive organic matter accumu-
lation, which, upon decomposition, can deplete 
dissolved oxygen levels, resulting in hypoxic or 
anoxic conditions that threaten aquatic ecosys-
tems (Diaz and Rosenberg, 2008).

Conclusion and 
recommendations

Most of the physico-chemical parameters in the 
sampled stations at the sampling times exceed-
ed globally recommended standards, rendering 
the environment unsuitable for fish and aquatic 
life. Critically low dissolved oxygen indicated an-
oxic conditions likely driven by nutrient overload-
ing and organic matter decay, a known precur-
sor for fish mortality. High ammonia (NH3) levels 
further evidenced microbial decomposition of 
organic waste, pointing to potential wastewater 
contamination. The high total nitrogen (TN) and 

Figure 4. Trends in total phosphorous (µg L-1), soluble reactive phosphorus (µg L-1); and 
silicates (mg L-1) concentrations during the sampling for fish kills studies at the Kisumu Bay 
Lake Victoria, Kenya.
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total phosphorus (TP) concentrations across all 
stations indicated nutrient pollution probably 
from industrial effluents, agricultural runoff, and 
sewage discharge. Concurrently, extreme chlo-
rophyll-a levels signaled eutrophication and al-
gal blooms, which deplete oxygen via nighttime 
respiration and post-bloom decomposition, 
forcing fish to surface for air. These conditions 
were worsened by an oil layer which was ob-
served, which may have impaired gas exchange 
by forming a physical barrier and coated fish gills, 
intensifying respiratory stress and compounding 
the hypoxic stress caused by algal blooms. Col-
lectively, these factors may have led to the fish 
kills. It is therefore recommended that:

1.	 associated companies periodically 
present and implement control mea-
sures that have been put in place to 
minimize oil spill and untreated sew-
age discharges;

2.	 periodical random visits be con-
ducted by the relevant agencies for 
inspection of point sources of pol-
lution into the Lake and assessing 

their efficiency and performance;
3.	 improved efforts in development of 

waste water treatment facilities be 
executed by associated companies;

4.	 implementation of wetland reclama-
tion to filter runoff before reaching 
the Lake should be prioritized;

5.	 enforcement of the regulatory frame-
works in place should be improved to 
reduce industrial and domestic pol-
lution sources; and

6.	 continuous monitoring should be 
done by the scientists to inform the 
relevant agencies for mitigation.

7.	
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Figure 5. Trends in total alkalinity (mg L-1), total hardness (mg L-1), chlorophyll-a (µg L-1) and 
Secchi depth (m) across stations during the sampling for fish kills studies at the Kisumu bay 
Lake Victoria, Kenya.
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Abstract

Small scale fisheries in Africa especially within the tropics are an important source of livelihoods 
to millions of people who depend on the fish value chain for employment. The fishing sector plays 
an important role in food security by provision of essential minerals and proteins. However, with in-
creased population growth rate, there has been a rapid demand for fish in most of the inland lakes 
in Kenya, including Lake Baringo. This has led to increased exploitation of the fishery resources as 
the fishers’ target to maximize benefits. In order to come up with sound management of this re-
source, catch and effort data was collected through standard operating procedures for fish catch 
assessment survey (CAS). This was done in 6 landing beaches of Lake Baringo in 2024 by means 
of questionnaires and personal observations. Data collected included number of canoes that went 
fishing on the sampling day, gear types, fish species and catch landed among others. Results indi-
cate that majority of the longline fishers used an average of 275 ± 6.0 hooks of sizes 8 and 9 to catch 
Protopterus aethiopicus and Clarias gariepinus, whose composition was 17.6% and 9.2%, respec-
tively. Gill nets of stretched mesh sizes 25 mm to 125 mm were used, with 62.5 mm and 75 mm nets 
being most used at 35% and 25%, respectively. The  mean sizes of Oreochromis niloticus was 19.5 ± 
6.5 cm, 22.2 ± 12.6 cm for Labeobarbus intermedius, 39.7 ± 12cm for C. gariepinus and 79 ± 10.5 cm 
total length for P. aethiopicus. Total fish landings were estimated at 345 tonnes, with a beach value 
of KES 63 million. It is recommended that fishery regulations enforcement should be enhanced es-
pecially on fishing effort to avoid overfishing; and capacity building of BMUs and other stakeholders 
on sustainable management of the fishery should be done regularly.

Keywords words: management, catch assessment survey (CAS), catch per unit effort (CPUE), 
catch composition, fishing gear, beach value

Introduction

The fisheries industry occupies an important 
role in the global economy and human diets. 
It is a key foreign exchange earner, enhances 
food security and provides employment oppor-
tunity to many people. Around 100 million peo-
ple are estimated to be involved in the small 
scale post-harvest sector which involves fish 
processing, transport and marketing. Fish pro-
duction has increased immensely at the global 

level from 20 million tonnes in 1960 to about 214 
million tonnes in 2020 (FAO, 2022). The global in-
crement of fish consumption from 9.9 kg in the 
1960s to 20.5 kg in 2020 has increased the world 
per capita fish consumption. This has been at-
tributed to population increase, more incomes, 
urbanization and improved distribution of fish 
products (FAO, 2022). The vast majority of the 
world’s fishers and fisher farmers live in the de-
veloping countries where they mostly use small 
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crafts and boats with limited capacity of catch 
landings (FAO, 2022).  Freshwater fisheries are 
an important source of livelihood and income to 
millions of the world’s poorest people, and also 
contribute to the overall economic wellbeing of 
many developing countries (FAO, 2018).

Small scale- fishing in East Africa has been a 
source of food security to the people and em-
ployment opportunities supporting livelihoods 
of about 3 million people (LVFO, 2009). In the re-
cent years the value of catch at some beach-
es is estimated at more than USD 550 million 
and export value of USD 260 million. The fishery 
produce in East Africa is estimated to be 1 mil-
lion tonnes per annum, of which 14.8 % is from 
Kenya, 66.6 %  from Tanzania and 18.6 %  from 
Uganda (LVFO, 2013). This indicates that fish 
catch has been increasing over the years, influ-
encing people’s livelihoods and reducing vul-
nerability to poverty. Kenya’s National Nutrition 
Action Plan (2018-2022), promotes fisheries as 
one of the sectors that can contribute to na-
tional nutrition goals under Kenya’s Vision 2030: 
The national long-term development blueprint 
for transforming Kenya into an industrializing 
middle income country by 2030, recognizes the 
importance of the contributions of the fisheries 
sector (Kenya Vision, 2030).

Small-scale and industrial fishing sector in 
Kenya produces fresh and processed fish for 
domestic and export markets, accounting for 
about 0.5% of the country’s Gross Domestic 
Product (GDP) (KCDP, 2013). Despite its limited 
contribution to the country’s GDP, the fisher-
ies sector generates employment for over two 
million Kenyans through fishing, boat building, 
equipment repair, fish processing, and other 
ancillary activities (FAO, 2018).

Catch and effort composition data have been 
utilized to come up with informed manage-
ment decisions for sustainable utilization of the 
resources. When catch data is combined with 
information on fish prices, it can be used to es-
timate the gross value of production. This pro-
vides an indication of the economic importance 
of the fishery relative to other fisheries or sec-

tors. This is important for helping shape policy 
and for development planning purposes (KCDP, 
2013). Catch assessment surveys (CAS) aim at 
estimating stock abundance from catch land-
ings and effort data through relative indices 
such as catch per unit effort (CPUE).  

Fish landings in Lake Baringo have experienced 
oscillations in catches over the years which have 
reduced per capita earnings of the fishermen. 
The state of poverty in the region has also led to 
many young people who drop out of school to 
seek any available source of livelihood including 
illegal fishing using undersized nets. This study 
therefore aims to employ catch and effort data 
to recommend prudent management of the 
Lake Baringo fishery.

Materials and methods
Study area 

The study was conducted in Lake Baringo, a 
shallow freshwater lake in the Eastern Rift Valley 
of Kenya (Fig. 1). The Lake lies between latitudes 
0°30’ N and 0°45’ N and longitude 36° 00’ E and 
36°10´ E., approximately 60 km North of the equa-
tor at an altitude of 975 m above mean sea level. 
It is also a source of freshwater used for domes-
tic purposes especially drinking and livestock 
watering; and supports a substantial fishery in 
a semi-arid area.  Its fishery comprises of four 
commercially important species (Oreochromis 
niloticus, Clarias gariepinus, Protopterus aeti-
opicus and Labeobarbus intermedius), while 
Labeo victorianus rarely appears in fishermen’s 
catches (Mugo et al., 2022). The decreased fish 
diversity is thought to be due to overfishing and 
limnological changes (Hickley et al., 2004).

The Lake surface is reported to cover slight-
ly over 130 km2, with wide fluctuations in wa-
ter levels due to climatic influences (Kallqvist, 
1987; Hickley et al., 2004). The catchment area is 
about 6820 km2 and includes a large part of the 
Western escarpment of the Kenyan Rift Valley 
where most of the water is derived from.  

The climate of the region is characterized by 
two rainy seasons with an annual average of 
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about 600 mm (Omondi et al., 2014). Due to 
heavy rains experienced in 2011 in the East-
ern African region, the lake water surface in-
creased to 207 km2. The dry season usually 
starts from September to February, while the 
rainy season occurs between March and Au-
gust (Odada et al., 2006; Omondi et al., 2014). 
The precipitation in the Lake area ranges from 
about 600 mm on the East and South of the 
Lake to 1500 mm on the Western escarpment 
of the Rift Valley. Lake Baringo faces a very 
high annual evaporation rate of 1650 – 2300 
mm (Odada et al., 2006). The Lake has no 
known outflow and is supplied by inflows from 
seasonal rivers: (Endao, Lokesen, Makutani, Ol 
Arabel and Molo) and perennial River Perkerra 
(Omondi et al., 2014). The Lake is believed to 
have an underground seepage which main-
tains its freshness by losing approximately 108 
m3 yr-1 (Dunkley et al., 1993). 

Data collection

Catch and effort data was collected through a 
modified design laid out in the approved Stan-

dard Operating Procedures for Catch Assess-
ment Surveys for Lake Victoria (LVFO, 2005). 
The methodology involved two-stage stratified 
sampling design composed of sample of pri-
mary sampling units (PSUs) i.e., the fish land-
ing sites at each selected beach management 
unit (BMU) followed by selection of Secondary 
Sampling Units (SSUs) i.e., the vessel-gear type, 
were randomly selected by a team of Kenya 
Marine and Fisheries Research Institute (KM-
FRI) staff who administered 60 questionnaires 
and key informant interviews. Sampling unit 
was fishing vessels and gears. Personal obser-
vations and recording of catch composition by 
species, size, weight, fishing gears, craft type 
and length, value of catch as well as fishing 
frequency was recorded.

Data analysis

The raw information and data collected was 
pooled, entered, cleaned and stored electroni-
cally using statistical packages Microsoft Excel 
10 and SPSS. The fishing crafts were segregated 
into effort groups (vessel-gear combinations) 
and the CAS indicators estimated for each ef-
fort group.

The mean fish catch rates (kg-1 boat-1 day-1) 
were estimated for each effort group by species 
using the formulae: 
 CPUE = C / E = q N

Where C = catch landed
E = effort deployed
Q = catchability coefficient

N = abundance of the target stock  

The total fish catches were estimated using the 
mean fish catch rates based on the number 
of vessels enumerated. The beach value of the 
catch, i.e., the gross income to the fishers, was 
estimated by raising the estimated total catch in 
each effort group by the mean unit price of each 
fish species landed. 

Figure 1. Map of Lake Baringo depicting some of fish lnding sites 
(Kampi samaki,Loruk, Komolion, Salabani) (Source: Authors).

L. Baringo
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Results 
Fishing vessels composition

Traditional non-motorized fish-
ing vessels referred in the local 
language as Kandich were the 
most dominant vessels in Lake 
Baringo at 60.6% followed by 
Sesse at 21.2% and fiber glass  
boats at 18.2%. The mean sizes of 
Kandich were 2.5 ± 0.2 m, fiber 
glass 8.5 ± 0.3 m and Sesse 6.3 
± 0.2 m. The number of crew per 
Kandich was 1 while fiber glass 
and Sesse had 3 to 4 crew. 

 Gear composition

The commercial fishery of Lake Baringo in-
volved use of gillnets (GN) and longlines (LL) 
as the main gears, while seine nets (SN) were 
used illegally to catch live fish baits for longlines. 
P. aethiopicus and C. gariepinus were caught 
mainly by LL, while O. niloticus, C. gariepinus and   
L. intermedius were targeted by GN. The com-
monly used hooks were size 8 and 9 with fish-
ers using an average of 275 ± 6.0 hooks. Gillnets 
used varied from 1” (25 mm) stretched mesh to 
5” (125 mm). Mesh size 2.5” (62.5 mm) was the 
most commonly deployed at (35%) followed by 
3” (75 mm) and 4” (100 mm) nets (Fig. 2). The 

species caught in the various gillnets were O. ni-
loticus, C. gariepinus and L. intermedius.

Longline gear usage was highest at Salaba-
ni (62%) followed by Komolion (60%) and Loruk 
(54%) beaches. While gillnet usage was highest 
at Kampi samaki (53%) followed by Kokwa (52%) 
and Ngenyin (50%). Seine nets were mostly used 
at Kampi samaki (10%) followed by Ngenyin (8%) 
and Salabani (7%) (Fig. 3). 

O. niloticus (O.n) was the most abundant fish 
landed in Lake Baringo constituting 69.2% fol-
lowed by Protopterus aethiopicus (Pa) 17.6%, C. 
gariepinus (Cg) at 9.2% and L. intermedius (Li) 
4% as depicted in figure 4.

Figure 2. Composition of gill net used in Lake Baringo.

Figure 3.  Gear composition in different fish landing beaches (Kys: 
Kampi Samaki, Nge: Ngenyin, Lor: Loruk, Kok: Kokwa, Kom: Komolion, 
Sal: Salabani).
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Catch rates for various fish species

The average catch per boat was highest for O. 
niloticus 82.5 kg-1 boat-1 day-1 followed by P. aethi-
opicus at 21.0 kg-1 boat-1 day-1, C. gariepinus, 11 kg-1 

boat-1 day-1 while L. intermedius had the lowest 
catch of 4.8 kg-1 boat-1 day-1 (Fig. 5).  The fishers 
spent an average of 6 days of fishing every week. 
The total fish landings were estimated at 345 
tonnes with a beach value of KES 63 million.

The mean sizes of commercial fish species is 
shown in table 1.

Table 1. Mean (± SD) of sizes (Total Length, TL) 
of commercial fish species. 

Fish species Sample size 
(n)

Mean size in cm 

P. aethiopicus 165 79 ± 10.5 

C. gariepinus 193 39.7 ± 12

L. intermedius 265 22.2 ± 12.6

O. niloticus 242 19.5 ± 6.5

Catch prices by species

The average prices of the four commercial spe-
cies are as depicted in Table 1. O. niloticus was 
the most expensive at KES 230.20 ± 2.70 kg-1 fol-
lowed by P. aethiopicus at KES 220.40 ± 2.60 kg-1, 
while L. intermedius was the cheapest at 120.30 
± 1.30 per kg (table 2)

Table 2. Average prices (± SD) of commercial 
fish species of Lake Baringo

Fish species Sample 
size (n)

Mean price (KES kg-1)

P. aethiopicus 190 220.40 ± 2.60 

C. gariepinus 160 160.60 ± 4.30 

L. intermedius 182 120.30 ± 1.30 

O. niloticus 200 230.20 ± 2.70 

Discussion

Majority of the fishers in Lake Baringo used the 
traditional fishing vessels known as Kandich 
(60.6%) in their fishing expeditions. This was 
informed by relatively low construction costs 
compared to Sesse and fibre glass vessels since 
plant materials for construction of Kandich are 
found within the Lake region. The main gear 
used by these fishers was longline. Majority of 
the fishers were located in the beaches towards 
the Northern area of the Lake:  Komolion (60 %) 
and Loruk (54 %) and Southern part of the Lake, 
Salabani (62 %), away from the main shopping 
centre, Kampi Samaki.  Their main target was 
P. aethiopicus and C. gariepinus, whose CPUE 
was relatively lower compared to that of O. 
niloticus. The highest contributor to total fish 
landings was O. niloticus at 69.2 %, which was 
a major shift from the previous years where P. 
aethiopicus and C. gariepinus had contributed 
>85% of total landings, while O. niloticus con-
tributed < 5% (Mugo et al., 2018).  

The high percentage composition of O. niloticus 
can be attributed to the impact of the overall 
rise in the Lake level (as from 2020), providing 
suitable breeding ground and refugia for the 
juveniles. Studies done in many African lakes, 
found a positive correlation between increase 

Figure 4. Catch composition of commercial 
fish species O. niloticus (O.n), Protopterus 
aethiopicus (Pa), L. intermedius (Li), C. 
gariepinus (Cg).

Figure 5. Catch per unit effort of commercial 
fish species in Lake Baringo Pa (P. aethiopicus), 
Cg (C. gariepinus), Li (L. intermedius), On (O. 
niloricus).
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in lake levels and fish production, whereby in-
crease in lake levels provide suitable breeding 
grounds and abundant food. (Junk et al., 1989; 
Kolding and van Zwieten, 2012; Gownaris et al., 
2015; Anton, 2016; Kolding et al., 2016). Gillnets 
were more prominently used at Kampi Samaki 
and Kokwa beaches, contributing to the land-
ings of O. niloticus (with highest CPUE of 82.5 kg-1 
boat-1 day-1), which was >70% that of P. aethio-
picus, the second-highest landed fish species. 
Gillnets of 2.5” (62.5 mm) and 3” (75 mm) mesh 
size were the most commonly used though they 
are below recommended mesh size of 4 inches 
(100 mm) and above. This has the potential of 
reducing the recruitment of  many fish species 
that encounter with this gear. 

The catch per unit effort from this study was a 
bit high, especially for O. niloticus, suggesting 
that fishers might have targeted this species 
probably due to market demand, as alluded by 
the high average market price of this species. 
Catch oer unit effort (CPUE) is commonly used 
to estimate relative abundance of a popula-
tion (Harley et al., 2001, Maunder et al., 2004, 
and Lynch et al., 2012). These indices of relative 
abundance are utilized in stock assessment to 
make decisions of how to manage fish stocks 
by fisheries managers and policymakers. O. 
niloticus had the highest average market pric-
es of KES 220.40 ± 2.60 followed by P. aethio-
picus at 160.60 ± 4.30 while L. intermedius had 
the lowest price of 120.30 ± 1.30. 

The demand of Lake Baringo fish is evident as 
fish are distributed to far off markets in Karbar-
net, Nakuru, Eldoret and Kisumu.  These pric-
es are still relatively low compared to those of 
similar fish from Lake Victoria (Onyango et al., 
2021) Total fish landings for 2024 were estimat-
ed at 345 tonnes, with a beach value of KES 63 
million. Though the fish landings would seem 
to be within sustainable levels, the fishing ef-
fort may still be high due to illegal, unreported 
and unregulated (IUU) fishing activities. Climate 
change and lack of other livelihood alternatives 
by fishers can also impact negatively on the 
sustainability of Lake Baringo fisheries.   

Conclusion and 
recommendations

Majority of longline fishers were using an average 
of 275 ± 6.0 hooks, sizes 8 and 9 to catch P. aethi-
opicus and C. gariepinus, whose composition 
was 17.7% and 9.2%, respectively. Gill nets of sizes 
25mm to 125mm stretched mesh were used with 
62.5 mm and 75mm nets being most used at 35% 
and 25%, respectively. The average catch per boat 
was highest for O. niloticus 82.5 kg-1 boat-1 day-1 fol-
lowed by P. aethiopicus at 21.0 kg-1 boat-1 day-1, C. 
gariepinus at 11 kg-1 boat-1 day-1, while L. intermedi-
us had the lowest catch at 4.8 kg-1 boat-1 day-1. The 
total fish landings were estimated at 345 tonnes 
with a beach value of KES 63 million.  It is recom-
mended that fishery regulations enforcement 
should be enhanced especially on fishing effort to 
avoid overfishing: and capacity building of BMUs 
and other stakeholders on sustainable manage-
ment of the fishery should be done regularly.
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Abstract

Lake Elementaita is a protected wetland in Kenya that serves a vital ecological function while also 
supporting local socio-economic activities. This study assessed its water quality, the ecology of 
Alcolapia grahami, and the socio-economic factors influencing its conservation and manage-
ment. An integrated approach incorporating water quality assessments, fisheries studies, and 
community surveys was employed to provide a comprehensive understanding of the Lake’s eco-
system. The findings revealed that Lake Elementaita experiences wide temperature variations 
(21°C – 43°C) and high dissolved oxygen levels of up to 16.9 mg L-1. The mean total dissolved solids 
(8076 mg L-1) and electrical conductivity (15,292.8 µS cm-1) were high. Despite low nitrate (0.03 
mg L-1) and phosphate levels (0.09 ± 0.05 mg L-1), chlorophyll-a levels (33.48 mg L-1) were high, 
indicating substantial phytoplankton biomass in the Lake. Fisheries assessments highlighted the 
ecological resilience of Alcolapia grahami, with population structure analyses showing varying 
catch rates and an average yield of 0.9 kg hr-1. Length-frequency data indicated positive allome-
tric growth (b > 3), suggesting favourable environmental conditions for the species. Additionally, 
the species exhibited a relatively balanced sex ratio (F:M = 0.92:1). Community surveys revealed a 
strong socio-economic connection between local communities and the Lake, with frequent en-
gagement in birdwatching and tourism. To enhance the long-term sustainability of Lake Elemen-
taita’s water quality, fisheries, and socio-economic activities, the study recommends integrated 
watershed management, soil conservation, riparian buffer zones, public awareness campaigns, 
tree planting, and sustainable agricultural practices.

Keywords: water quality, Alcolapia grahami, fisheries, socio-economic dynamics, Lake Ele-
mentaita, wetland conservation

Introduction

Nestled in the Eastern arm of the Great Rift Valley 
within Nakuru County of Kenya, Lake Elementaita 
emerges as a prominent feature, characterized 
by its shallow, saline waters. Fed by a network of 
rivers including the Mbaruk, Chamuka, and Mer-
eroni, with the Mereroni River playing a significant 
role due to Rift Valley faulting dynamics (Githae, 
1998). This Lake also receives contributions from 
hot springs in its Southeastern region and sub-
surface flows from Lake Naivasha (Muno, 2002). 
However, the variability in water levels, some-

times leading to the drying up of both the Lake 
and its feeder rivers (Murimi et al., 1993), under-
scores the dynamic nature of this ecosystem. 

Lake Elementaita is not only a geographical fea-
ture but also a vibrant ecosystem, supporting a 
diverse array of flora and fauna. Its significance 
is exemplified by its role as a habitat for the pink-
backed pelican breeding grounds and a feeding 
area for the lesser flamingo, which thrives on the 
blue-green algae Arthrospira filiformis. More-
over, human activities such as salt harvesting, 
game viewing, small-scale farming, and live-
stock rearing are intricately woven into the fab-

Pages 41-52
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ric of this ecosystem, potentially influencing its 
water quality and overall ecological health. In 
the late 1950s, Alcolapia grahami fish species 
was introduced into Lake Elementaita for mos-
quito control purposes. This species is adapted 
to the extreme conditions of highly alkaline wa-
ters and has thrived in various Rift Valley lakes, 
often becoming a dominant fish species (Wood 
et al., 2016; Maina et al., 2019). Lake Elementaita 
has drawn attention not only for its ornithologi-
cal spectacle but also for its diverse vegetation. 
Acacia and Euphorbia trees dot its landscape 
alongside various bush and grassland species, 
although extensive deforestation and land use 
changes threaten these natural habitats. 

The ecosystems of lakes like Elementaita are pro-
foundly influenced by both natural processes and 
human activities. As societies become more inter-
connected with their environments, understanding 
this complex interplay becomes crucial (Mwend-
wa et al., 2015). Researchers such as Berkes and 
Folke (1998) advocate for integrating social and 
ecological systems to enhance resilience and 
s u s t a i n a b i l i -
ty. Carpenter 
(2008) stresses 
the importance 
of scientific 
knowledge in 
managing eco-
system services 
and promot-
ing responsible 
stewardship. In 
the face of es-
calating human 
population, ur-
banization, and 
industr ial iza-
tion, lakes like 
Elementaita are 
under increas-
ing pressure. 
This situation 
underscores the 
need for a com-
prehensive un-
derstanding of 
how ecological 
dynamics and 

human behaviors interact. Such understanding 
is essential for steering practices toward sustain-
ability and ensuring the resilience of these eco-
systems. Therefore, this study aimed to explore 
the interactions between ecological processes 
and human activities in Lake Elementaita, with the 
goal of providing insights for effective conserva-
tion and management by evaluating water qual-
ity, fish stock status, and socio-economic factors. 

Materials and methods
Study area

Lake Elementaita is situated in Nakuru County, 
Gilgil Sub County, and lies between 0º27’ S and, 
36º15’ E. Gilgil has a population of 152,102 with 
Kekopey Centre hosting a population of 15,624 
(KNBS, 2009). It lies on the Eastern floor of the 
Great Rift Valley in Kenya. Geographically, it is 
surrounded by Nyandarua Hills to the Northeast 
and Eburru Hills to the South. The Lake is 1,772 m 
above sea level and is served by rivers Meroro-
nyi, Mbaruk, and Kariandusi (Fig. 1).

Figure 1. Map of Lake Elementaita and the GPS points of study’s sampling points  
(Modified from Adeka, et al., 2008).

L. Elementeita
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Data collection 

This study was conducted in October 2023. The 
study employed a mixed-methods approach, 
combining ecological field surveys, and so-
cio-economic surveys. Quantitative data was 
gathered through water quality measurements, 
fisheries assessments, and socio-economic 
surveys.

Ecological Assessment

The in situ measurement of physicochemical 
parameters, including temperature, dissolved 
oxygen (DO), total dissolved solids (TDS), pH, 
conductivity, turbidity, and salinity, were taken 
using a portable multi parameter water quality 
meter. Transparency was measured with a Sec-
chi disk. Water samples for nitrates, phosphates, 
chlorophyll-a (Chl-a), and total suspended 
solids (TSS) measurements were collected us-
ing a Van Dorn sampler and transferred into 1 
L polyethylene bottles. The samples were then 
stored in cooler boxes at a temperature of ap-
proximately 4°C pending further analysis in the 
laboratory. Chemical analyses for dissolved 
nutrients were carried out using photometric 
methods according to APHA (2005) standards. 
Samples for soluble reactive phosphorus (PO4

3-) 
were filtered using 0.45 mm membrane filters, 
and the filtrate was analyzed using the molyb-
date assay method (APHA, 2005). Nitrate (NO3- )
analyses were performed using the palintest 
photometer 7500 bluetooth method. For the 
determination of Chl-a, water samples were fil-
tered through glass fiber filters and extracted in 
90% acetone. Chl-a concentration was mea-
sured in a 1 cm length cell at the absorbencies 
of 665 and 750 nm, respectively, using a spec-
trophotometer according to Pechar (1987). Total 
suspended solids (TSS) were determined using 
the gravimetric method as described by APHA 
(2005).

The membrane filtration technique was used to 
determine levels of coliforms. At each station, a 
sterile water sampling cup was used to collect 
surface water. Water samples were vacuum-fil-
tered through 47 mm membrane filters with 
0.45 mm porosity, trapping coliforms on the fil-
ter surface. The filter was then transferred into a 

petri dish containing an absorbent pad soaked 
in M-lauryl sulfate broth media and incubated 
for 24 hours at 37°C and 44.7°C for total coli-
forms and fecal coliforms respectively. Discreet 
yellow colony-forming units developed after in-
cubation. They were counted manually with the 
help of the membrane grids for interpretation 
(US EPA, 2002).

Fisheries

Fish samples were collected using both multi 
and monofilament gill nets of various mesh 
sizes ranging from 2 - 4. The nets were set and 
lifted after 22 hours. Seines were also deployed 
(set of three seine with 3 hauls of 15 mins. Fish 
caught by the various nets were removed and 
sorted. The total length (TL), standard length 
(SL), and body depth (BD) for each fish caught 
was measured in millimetres while body weight 
was measured in grams. All fish samples were 
dissected and their gonads were examined for 
sex and maturity stages according to a classifi-
cation modified by Lagler (1978).

Socio-economic Survey

Data collection was through a mixed sampling 
approach with structured questionnaires ran-
domly administered to the community living in 
the vicinity of Lake Elementaita (n = 50). Quan-
titative data was collected on the community’s 
Lake usage, conservation, ecosystem services, 
livelihoods, governance, and management of 
the Lake. Other aspects investigated included 
communication and awareness of manage-
ment aspects of the Lake. Data on the demo-
graphic characteristics of the community was 
also collected. 

Data analyses

Descriptive statistics were used to analyze wa-
ter quality parameters, including measures of 
central tendency (means, standard deviations) 
to summarize key physicochemical variables. 
Fish size (total length, TL, cm) was analyzed us-
ing length-frequency plots to visualize size dis-
tribution, while the length-weight relationship 
was determined using the regression equation 
by Wootton (1990). The condition factor (K) was 
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calculated using Fulton’s formula (Froese, 2006) 
to assess fish health. For the socioeconomic 
survey, descriptive statistics such as frequen-
cies and percentages were used to analyze de-
mographic data, ecosystem services provided 
by Lake Elementaita, major activities around 
the Lake, and challenges affecting respondents’ 
livelihoods. Responses on proposed measures 
for Lake conservation and community bene-
fits were categorized into common themes for 
qualitative insights. All data were entered and 
processed using Microsoft Excel.

Results and discussion
Ecological Assessment

The average depth of Lake Elementaita was 0.65 
m, with the deepest point being at the Midlake 
section. The Lake exhibited wide temperature 
ranges, spanning from 21°C to 43°C, with the 
highest temperatures recorded at the Hotspring 
point (Table 1).

The mean dissolved oxygen (DO) recorded was 
12.99 ± 6.49 mg L-1 indicating adequate oxygen 
saturation to support aquatic life. Total dissolved 
solids values were high across all sampling sta-
tions with a high of 12704.0 ± 5352.53 mg L-1 at 
Soysambu. This high TDS values in all sites could 

be associated with high concentrations of dis-
solved minerals as a result of volcanic activities 
and high evaporation rates experienced in the 
Lake (Ondiere, et al., 2017).  Electrical conductivi-
ty levels were also high with mean value of 15292 
± 7265 µS cm-1 (Table 1). These recorded values 
are lower than values (39000 µS cm-1) record-
ed by Odour and Schagerl (2007) and 61500 µS 
cm-1 Njenga (2004). This variation could be at-
tributed to the dilution effect of the recent lake 
level rise of Rift Valley lakes. Heavy rainfall can 
also lead to runoff from surrounding land, carry-
ing sediment, organic matter, and nutrients into 
the lake. 

High levels of chlorophyll-a (Chl-a) concentra-
tions were observed in Lake Elementaita, with 
mean values of 33.48 ± 13.01µg L-1, indicating 
significant algal biomass in the Lake (Table 2). 
This is supported by the observed large num-
ber of lesser flamingo that feed on the Spirulina. 
Various factors, including nutrient availability, 
temperature, light availability, and water col-
umn stability could also contribute to the high 
concentrations (Schagerl et al., 2015). The mean 
concentration of total suspended solids was 
190.81 ± 90.76. These levels are above the per-
missible limits of the United States Environmen-
tal Protection Agency (US EPA) of < 30 mg L-1.

Site Depth 
(m)

Temp. 
⁰C

EC  
(µS/cm)

DO 
(mg/L)

pH TDS 
(mg/L)

Salinity 
(ppt)

Turbidity 
(mg/L)

Secchi 
depth 
(cm)

Pressure 
(mm/Hg)

ORP (mv)

Pelican 0.7 25.35 18955.00 16.9 9.5 12216.8 11.1 317 8.0 594.5 47.3

Sentrim 1.0 23.50 18345.00 16.9 9.8 12232.5 11.2 276 7.25 594.5 32.4

Mbaruk RM 0.9 28.10 19645.00 19.6 10.0 12028.0 11.9 308 7.5 593.3 31.4

Flamingo Island 0.7 25.10 19290.00 16.6 9.9 12525.0 11.4 298 13.5 593.0 36.0

Midlake 1.2 21.85 17915.00 7.6 10.0 12398.8 11.4 276 10.0 592.7 44.8

Soysambu 1.0 21.40 18245.00 11.6 9.7 12704.0 11.6 286 9.0 595.5 27.2

Hotspring 0.07 43.10 4770.00 2.6 9.5 23.0 1.8 1.7 - 595.1 14.1

Off Hotspring 0.49 28.50 19910.00 20.0 9.9 12122.5 11.0 303 7.6 594.5 37.0

Kariandusi RM 0.01 26.30 560.00 5.2 8.3 357.5 0.3 38.7 - 593.9 82.9

MEAN 0.65 27.02 15292.78 12.99 9.60 9623.11 9.07 233.82 8.97 594.09 39.23

SD (±) 0.39 6.52 7265.86 6.49 0.53 5352.53 4.58 122.25 2.22 0.96 19.05

Table 1. Physicochemical variables in Lake Elementaita. (Temp -Temperature; EC- Electrical 
conductivity; DO- Dissolved oxygen; TDS-Total dissolved solids; ORP- Oxidative reduction 
potential; SD - standard deviation) during sampling period.
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Table 2. Mean values of Chl-a -Chlorophyll-a 
(µg L-1) and TSS - Total suspended solids 
(mg L-1). 

Site Chl-a (µg 
L-1)

TSS (mg L-1)

Pelican 41.4 238

Sentrim 37.5 248

Mbaruk RM 37.8 242

Midlake 37.6 160

Soysambu 38.8 241

Hotspring 3.5 23.5

Kariandusi RM 27.5 92

Off Hotspring 43.9 282

Flamingo Island - 250

Mean 33.48 190.81

SD (±) 13.01 90.76

Results of nitrates during the sampling period 
was 0.03 mg L-1, suggesting a relatively low in-
put of nitrogen-containing compounds into the 
lake (Table 3). Nitrogen is an essential nutrient 
for phytoplankton growth, and its availability 
can influence Chl-a concentrations and over-
all ecosystem productivity. The limited nitrate 
input may indicate a lower potential for nitro-
gen-driven eutrophication compared to lakes 
with higher nitrate levels. On the other hand, 
the average phosphate concentration was 
0.09 ± 0.05 mg L-1 (Table 3). These values are 
lower compared to historical values recorded 
by Oduor and Schagerl (2007). The decrease in 
nitrates and phosphate concentrations com-
pared to previous studies could be as a result 
of the existing management measures by Ken-
ya Wildlife Service to ensure there are no hu-
man activities around the park. 

Low phosphate levels are often desirable because 
they can help mitigate the risk of eutrophication, 
and excessive growth of algae and aquatic plants 
due to high nutrient levels.  Studies by Adeka et 
al., (2008) indicated that the hot spring is a major 
source of dissolved nitrogen, dissolved phospho-
rus, and total phosphorus in Lake Elementaita. 

Table 3. Mean values of Nutrients Nitrates 
(NO3); Soluble Reactive Phosphates (SRP).

Site NO3-(mg L-1) SRP  (mg L-1)

Pelican 0.05 0.12

Sentrim 0.03 0.11

Mbaruk RM 0.01 0.11

Midlake 0.04 0.14

Soysambu 0.05 0.09

Hotspring 0.01 0.03

Kariandusi RM 0.03 0.00

Off Hotspring 0.01 0.09

Flamingo Island 0.02 0.15

Mean 0.03 0.09

SD (±) 0.02 0.05

Total and fecal coliforms were observed in ma-
jority of the sampling points excluding Hotspring 
and Soysambu points, indicating a widespread 
distribution of these bacteria throughout the 
Lake (Table 4). 

Table 4. Coliform forming units (cfu) of total 
and fecal coliforms in Lake Elementaita.“-”: 
not detected; tntc: too numerous to count.

Sampling 
point

Total  Coli (cfu 
100 ml-1)

Fecal coliforms 
(cfu 100 ml-1)

Midlake 100 -

Pelican tntc 1333

Sentrim 40 40

Hotspring - -

Soysambu - -

Kariandusi R.M - -

Island tntc 333

Mbaruk R.M 367 -

The areas where coliforms were observed are 
characterized by large populations of flamingoes 
and pelicans, which are known to inhabit shal-
low, nutrient-rich waters, which provide the ideal 
conditions for the proliferation of coliforms. Oth-
er factors such as agricultural runoff,and wildlife 
activities could contribute to the values recorded 
above. It’s important to note that the presence of 
fecal coliforms in water poses a potential health 
risks to humans.
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Fisheries 

During the period of this study, only Magadi 
tilapia (Alcolapia grahami) fish species was 
caught with a total wet weight of 14 kg. The 
catch rates of this species was 0.4 kg hr-1 and 
1.4 kg hr-1 using gill netting and seining re-
spectively, yielding an average catch rate of 
0.9 kg hr-1. A. grahami is tolerant to very alka-
line conditions (Maina et al., 2019), contribut-
ing to its abundance in Lake Elementaita. The 
alkaline nature of the lake influences habitat 
availability, food resources, and interspecific 
interactions, shaping the population dynam-
ics of A. grahami within the ecosystem. The 
species’ ability to thrive in such environments 
underscores its ecological resilience and 
evolutionary adaptations. 

Analysis of mean length, weight, and condi-
tion factor provided valuable insights into the 
status and general well-being of A. grahami 
populations in Lake Elementaita (Table 5). 
The mean sizes and condition factor of this 
species in Lake Elementaita may indicate a 
relatively stable population structure, sug-
gesting favourable environmental conditions 
and resource availability. However, variations 

in condition factors could be attributed to 
seasonal changes in food availability, envi-
ronmental quality, and reproductive dynam-
ics (Yongo et al., 2019).

Table 5. Morphometric parameters and 
condition factor of A.grahami in Lake 
Elementaita

Measure Sample 
size

Range 
(cm)

Mean size (±SD)

Length 244 5 to 13 8.55  ± 1.55

Weight 244 2 to 48 13.03 ± 7.56

Condition 
factor (K)

244
0.02 to 

2.73
1.78 ± 0.45

The length-frequency data for A. grahami 
revealed that most of the fish measured be-
tween 9 cm and 10 cm in total length(Fig. 2). 
These values recorded are slightly higher than 
those recorded in Lake Magadi by Maina et al., 
(2019). However, total length of 20.0 cm have 
been recorded (Froese and Pauly, 2017).

Length weight relationship analysis of the com-
bined sex revealed that A. grahami showed a posi-
tive allometric growth for width b = 3.1 implying that 
the fish increased its weight faster than its length. 

Figure 2. Length frequency structure of A. grahami in Lake Elementaita.
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(Fig. 3). Change of b values depends primarily on 
the shape and fatness of the fish species as well as 
physical, chemical, and biological factors such as 
temperature, salinity, food, stomach fullness, sex, 
and stage of maturity (Sparre and Venema, 1998; 
Sarkar et al., 2013). 

Sex ratio composition of the total catch com-
prised of 52% males, and 48% females (0.92:1) 
(Fig. 4), with a large proportion of this catch 
(80% of females and 89.8% of males) being ma-

ture. These results suggest a relatively balanced 
sex distribution within the fish population, indi-
cating a stable self-replenishing stock. 

Socio-economic survey

Sixty-four (64%) of the respondents in the study 
were male aged between 21 and 30, constituting 
the majority of the respondents. Other demo-
graphic characteristics are as shown in table 6.

Figure 3. Length-weight relationship of A. grahami in Lake Elementaita.

Figure 4. Percentage sex composition and maturity of A. grahami in Lake Elementaita.
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Table 6. Summary of demographic data from the respondents. 

Characteristics   N Proportion (%)

Female 18 36

Gender Male 32 64

  n 50 100

<20 11 22

>50 4 8

Age 21_30 19 38

31_40 11 22

41_50 4 8

N/A 1 2

n 50 100

  Primary 9 18

Secondary 30 60

Education level Vocational training 6 12

Degree 5 10

  n 50 100

Divorced 1 2

Married 20 40

Marital status N/A 4 8

Single 22 44

Widow 2 4

Widower 1 2

  n 50 100

Students 10 20

Self-employed/Business 9 18

Employed 6 12

Occupation Hustler 6 12

Farmer 5 10

N/A 14 28

  n 50 100

Survey findings point to a robust recognition 
among respondents of the ecosystem ser-
vices provided by Lake Elementaita, with rec-
reation and tourism emerging as the most 
prominently acknowledged ecosystem ser-
vice that the community identify, with 67.1% 
of primary benefit. The Lake’s scenic beauty, 
wildlife viewing opportunities, and cultural 
significance make it a popular destination 
for recreational activities and ecotourism 
ventures. 

Furthermore, respondents also highlighted the 
importance of biodiversity conservation and 
ecological balance, recognizing the Lake’s role 
in supporting diverse flora and fauna and main-
taining a healthy ecosystem dynamic. Addition-
ally, climate regulation was acknowledged as a 
critical service provided by Lake Elementaita, 
with respondents recognizing its role in mod-
erating local climate conditions and mitigating 
the impacts of climate change. Table 7 outlines 
more services as cited by the respondents. 
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Table 7. Ecosystem services the Lake provides 
to the community.

Service No. of 
respondents

Proportion 
(%)

Recreation and 
tourism 47 67.1

Biodiversity and 
ecological balance 10 14.3

Climate regulation 10 14.3

Fisheries and food 
resources 2 2.9

Freshwater for 
drinking and irrigation 0 0.0

Treatment of skin 
ailments 1 1.4

 n 70 100.0

From the study, a significant proportion of re-
spondents frequent Lake Elementaita weekly, 
with individuals citing engaging in various ac-
tivities such as bird watching (49%) and tour-
ism (25%).  Other activities carried out around 
the lake are shown in figure 5.

Some of the challenges faced by the commu-
nity members living near the Lake as cited by 
the respondents included park entry restric-
tions (28.3%), water pollution (21%), human 
wildlife conflict (13.3%)(Table 8).

Table 8. Major challenges related to the Lake 
that affect respondents’ livelihoods.

Challenges Respondents (%)

Restricted entry 28.3

N/A 25.0

Water pollution 21.7

Human-wildlife conflict 13.3

Encroachment 5.0

Mosquitoes infestation 3.3

Migration of birds 1.7

An increase in lake levels 
causes floods 1.7

Total 100

Some of the threats facing lake Elementaita 
based on the perceptions of the community are 
climate change (21%), pollution (19%), and de-
forestation (16%). These were deemed as urgent, 
requiring immediate interventions. To conserve 
the Lake Elementaita ecosystem, and based on 
the foregoing results, the community reported 
having engaged in interventions such as tree 
planting (30%), undertaking clean ups (25%), 
community awareness and patrols (10%), while 
the majority (35%) of the respondents were not 
cognizant of any community interventions.

On Lake Elementaita governance, resource and 
other legal frameworks, the study established 
that 60% of the respondents were familiar with 

Figure 5. Major activities undertaken/ observed around Lake Elementaita.
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regulations and policies governing the use of 
the resource, indicating a relatively high level of 
awareness among the local population regard-
ing the legal framework guiding Lake manage-
ment and conservation efforts. However, 40% of 
respondents lacked awareness of any existing 
regulations, suggesting the need for community 
sensitization on the role of government agencies 
in resource conservation and management. The 
most cited legislation included restricted entry 
and access, anti-poaching, restrictions on wa-
ter abstraction, restriction on fishing activities, 
and pollution control.

Several recommendations were proposed from 
this study, notably, allowing the Lake to be an 
open access system, exploring opportunities for 
income generation activities for instance eco-
tourism, and other recreational activities, public 
awareness campaigns, and encouraging tree 
planting (Fig. 6). 

Conclusions and 
recommendations 

Lake Elementaita exhibits considerable physico-
chemical variability, with wide temperature fluc-
tuations, sufficient dissolved oxygen levels, and 
high total dissolved solids (TDS) concentrations. 
Elevated chlorophyll-a levels indicate significant 

algal biomass, likely driven by nutrient availabili-
ty and environmental factors. Alcolapia grahami 
was the only recorded fish species, with a stable 
and well-adapted population. The local com-
munities demonstrated a strong dependence on 
the lake for vital ecosystem services, including 
biodiversity conservation, tourism, and climate 
regulation. These findings highlight the need for 
integrated watershed management and target-
ed conservation strategies to safeguard Lake El-
ementaita’s ecological integrity and sustain its 
socio-economic benefits. This includes imple-
menting soil conservation measures, establish-
ing riparian buffer zones, and promoting sustain-
able agricultural practices to minimize nutrient 
and sediment runoff. Additionally, enforcing ex-
isting regulations on lake use, such as entry re-
strictions and pollution control measures, is cru-
cial for mitigating human-induced pressures. 
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Figure 6. Measures to be implemented to improve the Lake’s condition and benefit the local 
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Abstract

Plastic pollution is the accumulation of plastic objects and particles in the environment that 
has an adverse effect on humans, wildlife and their habitats. The present study aimed at as-
sessing the level of plastic pollution along Ferguson’s Gulf in Lake Turkana. Five sampling sites, 
namely Daraja, Namakat, Namkuse, Kenya Oil and Longe’ch were selected. Random sampling 
was done using 100 m2 quadrats to quantify and identify the plastic debris that occur at the 
sites due to human settlement, fishing and other anthropogenic activities. Results showed 
that Daraja had the highest proportion of plastics at 28%, while Namkuse was least affected at 
6%. With plastics categorized as polyethylene terephthalate (PETE), high density polyethylene 
(HDPE), polyvinyl chloride (PVC or Vinyl), low density polyethylene (LDPE), polypropylene (PP), 
polystyrene (PS or Styrofoam) and others, PETE was the most abundant at 45% while PS and 
PVC was the least abundant (3%). Higher plastic density (2 debris m-2) was observed in Daraja 
and Namakat compared to Kenya Oil and Longe’ch (1 plastic debris m-2). Daraja was therefore 
considered a plastic pollution hotspot in comparison to the rest of the sites. Recommendations 
proposed include the provision of waste bins, capacity building or sensitization forums on the 
negative impacts of plastic pollution and enforcement of relevant regulations by the National 
Environment Management Authority (NEMA). Otherwise, plastic pollution could adversely im-
pact aquatic life inhabiting Ferguson’s Gulf.

Keywords: plastic pollution, anthropogenic, debris, Ferguson’s Gulf, Lake Turkana

Introduction

The accumulation of plastic objects and particles 
(e.g., plastic bottles, bags and microbeads) in 
the environment that adversely affects humans, 
wildlife and their habitat is considered plas-
tic pollution (Carpenter et al., 1972). Plastic pol-
lution is ubiquitous, from deserts to farms, from 
mountain tops to the deep ocean, in Arctic snow 
and in tropical landfills (Borrelle et al., 2020). Re-

ports of plastic debris in the marine environment 
date back to half a century ago (Carpenter et al., 
1972). A number of reports indicate that plastic 
pollution poses significant threats on aquatic life, 
ecosystems, and human health (Derraik, 2002; 
Rochman et al., 2015; Conchubhair et al., 2019). It 
is estimated that 9.2 billion tonnes of plastic were 
produced between 1950 and 2017 (Borrelle et al., 
2020), with more than half this volume having 
been produced from 2004.
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Plastics pollutants are categorized by size as 
micro-, meso-, or macro- debris (Borrelle et 
al., 2020). Within these three categories, there 
are seven main types of plastics viz., polyeth-
ylene terephthalate (PET or PETE), high density 
polyethylene (HDPE), polyvinyl chloride (PVC or 
Vinyl), low density polyethylene (LDPE), polypro-
pylene (PP), polystyrene (PS or Styrofoam) and 
other types of plastic . Plastics are inexpensive 
and durable, making them very adaptable for 
different uses, thus, manufacturers choose to 
use plastic over other materials. However, the 
chemical structure of most plastics renders 
them resistant to many natural processes of 
degradation and as a result they are slow to de-
grade (Lau et al., 2020). These two major factors 
contribute to the accumulation of large volumes 
of plastic in environment as mismanaged waste 
and the subsequent long-term persistence of 
plastic debris in the environment.

It is reported that plastic pollution is on an in-
creasing trend and will continue to increase, 
even in some of the most optimistic future sce-
narios of plastic waste reduction (Borelle et al., 
2020). Estimates of global emissions of plastic 
waste to rivers, lakes, and the ocean range from 
9 to 23 million mt year-1, with a similar amount 
emitted into the terrestrial environment, ranging 
from 13 to 25 million mt year-1 as of 2016 (Borelle 
et al., 2020). According to Geyer et al. (2017), only 
9% of all plastics ever made are recycled. Plastic 
pollution occurs as accumulated waste, accu-
mulated marine litter, fragments or microparti-
cles of plastics and non-biodegradable fishing 
nets which continue to trap wildlife, causing the 
death of animals by ingestion of plastic objects 
and finally, the introduction of microplastics and 
microbeads of plastics from cosmetic and body 
care products (Borelle et al., 2020).

Plastics contribute to approximately 10% of dis-
carded waste. Many kinds of plastics exist de-
pending on their precursors and the method for 
their polymerization. Depending on their chem-
ical composition, plastics and resins have vary-
ing properties related to contaminant absorp-
tion and adsorption. Polymer degradation takes 
much longer as a result of saline environments 

and the cooling effect of the sea, factors that 
contribute to the persistence of plastic debris in 
certain environments (Barnes et al., 1998). How-
ever, The Environmental Report (UNEP, 2021) in-
dicated that plastics in the ocean decompose 
faster than was once thought, due to exposure 
to sun, rain, and other environmental conditions, 
resulting in the release of toxic chemicals such 
as bisphenol. It is estimated that a foam plastic 
cup takes 50 years, a plastic beverage holder 
takes 400 years, a disposable nappy takes 450 
years, and a fishing line takes 600 years to de-
grade.

Of all the plastic discarded so far, 14% has been 
incinerated and less than 10% has been recycled 
(Barnes, 1998). In Lake Turkana, especially along 
the Ferguson’s Gulf, there are a number of activ-
ities that involve the purchase and use of plastic 
products in the informal settlements. A number 
of small and micro enterprise activities serve the 
fisher communities inhabiting the area around 
the Gulf. These enterprises sell products that in-
volve use of plastics or are plastic in nature. Water 
containers, sweet rappers and cold drink bottles 
are some common types the plastic waste gener-
ated from these products. Fishing gear, especial-
ly monofilament nets are also discarded every-
where. The scarcity of portable water has further 
exacerbated the situation, with most portable 
water containers being plastic. These factors con-
tribute significantly to plastic pollution and hence 
the need to assess the level of their pollution in the 
study area.

The main objective of the present study was to 
assess the level of plastic pollution along the 
Ferguson’s Gulf in Lake Turkana to provide in-
formation for sustainable management of the 
area. Specifically, the study intended: 

i.	 to assess the major types of plastic pollu-
tion along Ferguson’s Gulf;

ii.	 to quantify plastic pollutants along Fer-
guson’s Gulf;

iii.	 to identify major plastic pollution hotspots 
along Ferguson’s Gulf; and

iv.	 to determine the intensity of plastic pollu-

tion along Ferguson’s Gulf.
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Materials and methods
Study area

Lake Turkana, lies within the Great Rift Valley in 
Northern Kenya. The Lake is approximately 250 
km long, with an elevation of about 360 m above 
sea level and a maximum depth of 120 m. It has 
a surface area of 7,500 km2, making it the largest 
lake in Kenya. Ferguson’s Gulf lies 3°30’ 51’’ N, 35°0 
54’ 58’’ E within the mid-Western part of Lake Tur-
kana. Its surface area fluctuates depending on 
Lake levels at any given time (Kolding, 1989). It 
is a major fishing ground and is completely sur-
rounded by informal settlements where various 
activities, including small and medium enterpris-
es are undertaken (Kolding, 1989).

In the current study, five sites were identified for 
sampling of plastic pollutants, i.e., Daraja, Na-
makat Namkuse, Kenya Oil, and Longe’ch. The 
five sites were situated in settlement areas with 
fishing activities being undertakes at the shore. 

Shopping stalls and kiosks for refreshments 
characterize the area. Entertainment joints like 
bars and whisky shops are available as well. All 
these activities use plastics containers in one 
way or another to sell the products.

The five sites were located at different points 
along the Ferguson’s Gulf of Lake Turkana. Ame-
nities like schools and churches were found in 
the vicinity of the Gulf and one ice making en-
terprise (Adili Hub Ltd) was operating at the vi-
cinity of Longe’ch as a source for ice.

Data collection and analysis

Random sampling using a 10 m x 10 m (100 m2) 
quadrat was done to quantify and identify the 
types of plastic in the selected sites. Each site 
was randomly sampled in triplicate by mark-
ing the quadrat area and collecting all types of 
plastic within the quadrats. The samples were 
placed in gunny bags and sorted according to 
the seven types of plastics as per the identifica-
tion chart developed (Table 1).

Figure 1. Map of Lake Turkana showing the study area (Source: Authors).
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Table 1. Identification chart developed to 
characterize the samples collected based on 
the type of plastic.

Type of plastic Sample type

Polyethylene 
terephthalate (PET or 
PETE)

Included soft drink 
bottles, drinking water 
bottles and cooking oil 
containers

High density 
polyethylene (HDPE)

Included milk jugs, 
laundry detergent 
bottles, cleaning 
solution bottles, 
shampoo bottles and 
conditioner bottles

Polyvinyl chloride (PVC 
or Vinyl)

Included cling wrap and 
piping (for plumbing)

Low Density 
Polyethylene (LDPE)

Included shopping bags 
and squeeze bottles 

Polypropylene (PP) Included drinking straws, 
medicine bottles and 
condiment bottles

Polystyrene (PS or 
Styrofoam)

Included clam-shell 
take out packaging and 
Styrofoam plastics

Other plastic forms All other types of plastic 
waste

For each quadrat, the data were inserted in a 
pre-designed form, capturing the sample type 
and respective type of plastic collected at each 
of the five sampling sites. The data was subse-
quently entered Ms Excel spreadsheets and ana-
lyzed using the same application. Descriptive sta-
tistical analysis was done and the results mainly 
presented in graphs, tables and pie charts.

Results and discussion
Major types of plastic pollution

The major plastic type observed in the sampling 
sites was PETE, consisting of drinking bottles, 
bottled water containers and cooking oil bottles, 
totaling to 892 pieces (Table 2). Hot weather 
encourages use of drinking water in plenty, in-
cluding use of juice and other food stuffs pack-
aged in plastic containers. Most of the kiosks 
and shops store a lot of drinks and water bottles 
which are used and then scattered everywhere 
because there are no waste disposal bins or 
designated wastes disposal sites.

The second most abundant plastic type was 
LDPE, consisting of shopping bags and squeeze 
bottles. Shopping bags present a significant en-
vironmental concern owing the comparatively 
high frequency of utilization for shopping ac-
tivities. The bags are predominantly single-use 
and rarely reused, resulting in their high accu-
mulation as pollutants as a result of poor waste 
management practices.

The third category of plastics observed was the 
type of plastics categorized as other types, con-
sisting mainly of monofilament nets dumped by 
the shore. The plastics pose a great danger to 
aquatic life, especially through ghost fishing and 
ingestion of microplastics. This is due to the dis-
posal of fishing nets are at the beach, without any 
regard to the potential impacts on biodiversity. 
Limited access to portable water also contributes 
significantly to the use of drinking water pack-
aged in plastic bottles, which further contributes 
to the rampant pollution in the study area.

Figure 2. Plastic waste accumulation at the land-water interface along Ferguson’s Gulf (Source: Authors).
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The least amongst the plastic types was the 
PVC. This was attributed to the fact that piping 
has not been scaled up in the study area, as evi-
denced by limited water pipes and lack of hous-
es with piped water. Each sampling site exhibit-
ed unique plastic type composition determined 
by the activities being practiced therein.

Daraja site

Results showed that Daraja had the highest plastic 
composition out of the five sampling sites at 28% 
(Table 2). This could be attributed to the lack of 
portable water in Daraja. Majority of the residents 
prefer using bottled drinking water since water 
sourced from the Lake is mainly used for cook-
ing and household chores. This contributes highly 
to plastic pollution in the site. Another source of 
plastic pollutants are the cooking oil containers. 
Deep frying is a major fish processing method in 
this area. The cooking oil used for this method of 
fish processing is sold in plastic containers, some  
of which are not recycled. The plastic waste is lit-
tered everywhere causing major plastic pollution 
in the area. Other major sources are travelers and 
traders who use plastic containers for either sell-
ing their products or purchase products pack-
aged in plastic. Some of these containers are left 
to litter in the area, contributing to high plastic pol-
lution. Fresh fruits and vegetables are wrapped in 
plastic bags which are also discarded anywhere 
in the area after use. Environmental factors, such 
as strong winds, facilitate the dispersal of accu-
mulated litter from the lake shore throughout the 

study area. The con-
fluence of these an-
thropogenic activities 
and inadequate sol-
id waste manage-
ment infrastructure 
has rendered Daraja 
a critical hotspot for 
plastic pollution within 
the Gulf region.

Namakat site

Namakat recorded 
the second highest 
proportion of plastic 
pollutants, account-
ing for 23% of the 
plastics samples col-
lected. The site also 
recorded a compar-

atively higher number of PETE plastic types. This 
was attributed to lack of portable water, necessi-
tating the purchase of bottled drinking water. The 
hot weather in the region further increases the 
consumption rate of drinking water.

Kenya Oil site

This sampling site contributed 23% of the plas-
tics sampled. Unlike Daraja, where PETE was the 
dominant type of plastic, Kenya Oil was domi-
nated by LDPE pollutants, indicating high usage 
of shopping bags and squeeze bottles.

Longe’ch site

Longe’ch sampling site accounted for 20% plas-
tic samples collected. Similar to Kenya Oil site, 
shopping bags and squeeze bottles were higher 
in number than the other plastic types, thus LDPE 
plastic was the major pollutant at this site.

Namkuse

This site had a unique characteristic in terms 
of plastic pollution, contributing only 6% of the 
plastics sampled. All plastic types were few in 
comparison to other sampled sites, a factor that 
could be attributed to the low population level in 
the area. The community in the area has settled 
in farther away from the beach, resulting in re-
duced use of plastics at the shore.

  Daraja Namakat Namkuse Kenya 
Oil

Longe’ch Total

PETE 346 224 58 152 112 892

HDPE 16 36 21 43 5 121

PVC 2 3 15 22 11 53

LDPE 51 22 23 217 192 505

PP 64 39 1 3 1 108

PS 26 29 0 1 6 62

Other types of 
plastics 47 101 13 12 64 237

Total 552 454 131 450 391 1978

% Composition 28 23 6 23 20 100

Table 2. Number of plastic types at various sampling sites along 
Ferguson’s Gulf in Lake Turkana. PETE: polyethylene terephthalate, 
HDPE: high density polyethylene, PVC: polyvinyl chloride, LDPE: low 
density polyethylene, PP: polypropylene, PS: polystyrene (styrofoam).



Kenya Aquatica Journal - Volume 10, Issue No. 01 	

58|

Figure 4. Percentage composition of different 
plastic along the Ferguson’s Gulf, Lake 
Turkana. PETE: polyethylene terephthalate, 
HDPE: high density polyethylene, PVC: polyvinyl 
chloride, LDPE: low density polyethylene, PP: 
polypropylene, PS: polystyrene (styrofoam).

The results in Figure 4 show the average quanti-
ty of plastics in each quadrat in various sampling 
sites. Daraja sampling exhibited an average value 
of 115 ± 68 plastics for PETE with the rest of plastic 
types indicating values below 25 pieces. However, 
the variation in the number of plastic pollutants in 
collected in each quadrat was high meaning that 
different parts of Daraja had significantly different 
plastic quantity within the same site. It was also 

noted that Daraja leads in all sampling sites in 
the quantity of PETE plastic type followed by Na-
makat (75 ± 27) and Kenya Oil (51 ± 26) respec-
tively. However, Kenya Oil took lead in low-density 
polyethylene (72 ± 46) followed by Longe’ch (64 ± 
7) and Daraja (17 ± 11), respectively.

Relative composition of plastic types along 
Ferguson’s Gulf, Lake Turkana

Results illustrated in Figure 5 indicate that 45% of 
plastic pollution in the Ferguson’s Gulf is caused 
by PETE plastic type. This was followed by LDPE 
at 26%. The least type of plastic pollutant in the 
Gulf is PVC and PS, with a composition of only 3% 
respectively. Use of bottled drinks, water bottle 
and cooking oil with no major management of 
the same therefore pause a major threat to this 
environment especially to aquatic resources 
(fish and other aquatic animals) in the Gulf.

The need for waste management through a 
centralized disposal site and creation of aware-
ness on proper handling of plastic waste is are 
highly recommended as immediate interven-
tions to reduce the scale of plastic pollution. As 
shown in Figure 5d, the plastic further dispersed 
by wind and accumulate next to the shore pos-
ing a significant threat to water quality and ulti-
mately to aquatic life.

Figure 3. Average number of plastic types per quadrat in various sites along Ferguson’s Gulf, 
Lake Turkana.
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Discarded fishing gear should to be removed 
from the water and away from the shore for 
proper disposal. Beach Management Units 
(BMUs), the fisher community and other stake-
holders require to be responsive to this prob-
lem and come up with effective ways to deal 
with it for sustainable management towards a 
clean and healthy environment.

Pollution hotspots in Ferguson’s Gulf 

The results show that Daraja is the most affect-
ed site in terms of plastic pollution (Fig. 7). This 
could be attributed to its proximity with Kalokol, 
a major shopping center with a comparative-
ly high population. Most of the people operat-
ing at Daraja live in Kalokol and contribute to 
the introduction of plastic in form of shopping 

Figure 5. Some of the plastic waste at Daraja landing site (Natirae BMU) along Ferguson’s Gulf, 
Lake Turkana (Source: Authors).

Figure 6. Number of plastic debris collected at different sampling sites along Ferguson’s Gulf, 
Lake Turkana.
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bags, drinking water bottles and oil containers 
to the site. Most these single-use plastic con-
tainers are dumped at the site, ultimately lead-
ing to high plastic waste at the beach. Second-
ly, Daraja is easily accessible by visitors and 
frequent traders from other locations who pur-
chase fish while on transit to distant markets. 
Most of these visitors carry drinking water and 
other bottled drinks for use at the beach. These 
factors make Daraja site a hotspot in terms of 
plastic pollution.

Daraja site is closely followed by Namakat and 
Kenya Oil respectively. Owing to the gradual in-
crease in the water levels of Lake Turkana, peo-
ple inhabiting the Gulf have been relocating to 
settle in higher ground. This has resulted in an 
increase in the population of Namakat and Ken-
ya Oil, which has contributed to a the increased 
use of plastic products such as shopping bags 
and consumables packaged using plastic con-
tainers such as cooking oil, bottled drinks and 

drinking water. These factors led to increased 
plastic debris in the area in question. Longe’ch 
as well bears the same problem of high plastic 
pollution. Most of the fishers and traders prefer 
settling here due to high fishing activity, thus, the 
use of plastic containers and plastic-wrapped 
products is eminent. Namkuse was found to be 
the least affected amongst the sites sampled, 
which is attributable to the sparse population 
density in the area.

Plastic density along Ferguson’s Gulf 

The findings of the present study indicated that 
Daraja and Namakat had an average density of 
2 plastics m-2; while at Kenya Oil and Longe’ch the 
average density was 1 plastic m-2 (Fig. 7). Nam-
kuse on the other had indicated that one could 
easily miss getting a plastic in 1 m2 area of the 
site. The intensity of 2 plastics per m-2 in Daraja 
and Namakat indicates higher pollution potential 
in the two sites compared to the others.

Figure 7. Density of plastic debris in various sampling sites along Ferguson’s Gulf Lake Turkana.
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Conclusion and 
recommendations

Ferguson’s Gulf exhibited high level of plastic 
pollution that requires proper management. 
Daraja had the highest level of plastic pollution, 
followed by Namakat, Kenya Oil and Longe’ch, 
respectively.

Polyethylene terephthalate (PETE) e.g., bever-
age, water and cooking oil bottles consituted 
the bulk of the plastic pollutants in the Fer-
guson’s Gulf. Low density polyethylene (LDPE) 
such as shopping bags and squeeze bottles 
were the second highest plastic pollutants, 
with Longe’ch and Kenya Oil sites taking the 
lead in this plastic type. Lack of proper man-
agement of the plastic waste along Fergu-
son’s Gulf pose a significant threat to aquatic 
life in the study area.

There is need to establish solid waste collec-
tion points in the area to contain the spread of 
plastics to the Lake and adjacent environment. 
Beach Management Units, in collaboration with 
the County Government should come up with 
ways of managing plastic wastes in the respec-
tive beaches to reduce this plastic menace at 
the respective sites The enforcement of NEMA 
regulations banning the use of single-use plas-
tic bags is to ensure the long-term reduction of 
plastic pollution. Capacity building and sensiti-
zation of all stakeholders should be undertaken 
on a consistent basis to encourage responsible 
use and disposal of plastics.
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Abstract

There is a common agreement that establishment of co-management through the Beach 
Management Units (BMUs) is beneficial to the fisher community and other stakeholders as re-
gards promoting their participation in sustainable fisheries resource exploitation. This study 
evaluated the efficacy of co-management amidst climate change impacts on the Lake Baringo 
fishery. Information and data were collected through site observations, and questionnaire-led 
interviews involving the key informants and BMU members. Hydrological and fisheries produc-
tion (total biomass and fish composition) data were accordingly, obtained from the Water Re-
sources Authority (WARA) and Kenya Fisheries Service (KeFS). The impact of climate change, 
mirrored by fluctuations in Lake water level was positively correlated to the fishery productivity 
based on reported fish landings. With regard to fisheries co-management, the study reported 
corruption among BMUs (61%), lack of awareness on BMU regulations (16.8%), limited enforce-
ment (MCS) (16.7%) and inadequate BMU member welfare (1.1%) as the mains factor under-
pinning BMUs managing deficit resulting to co-managements inefficacy. However, despite the 
described inadequacy, there is need to sustain the achievements so far attained in promoting 
co-management and ecosystem sustainability, as enforcement of laws and regulations can 
be a challenging undertaking without government support. Therefore, the national and coun-
ty governments should ensure the provision of financial and material support to enhance the 
BMUs’ capacity to effectively undertake co-management functions. 

Keywords: Lake Baringo, co-management, BMU, climate change, fisheries

Introduction
The Kenyan fisheries sector plays a significant 
role in employment and income generation. 
During the year 2021 the sector supported a to-
tal of 65,000 people directly as fishermen and 
70,000 fish farmers with 149,000 stocked fish 
ponds (FAO, 2022). In 2021, the total fish produc-
tion was 163,702 metric tonnes worth 30.38 bil-
lion Kenya shillings (KNBS, 2022). This represent-
ed an 8.2% increase in production compared to 

151,289 tonnes worth 26.25 billion Kenya shillings 
landed in 2020 (KNBS, 2022). The increase in the 
value was mainly due to catches from industrial 
vessels and the increase in prices based on the 
demand and supply impacts on the fish prices. 
As has been the trend with Kenyan fishery in the 
past, most of the production was from inland 
capture fisheries, amounting to 115,353 metric 
tonnes, with an ex-vessel value of Ksh. 17.4 billion. 
The principal inland fishery contributor was Lake 
Victoria, followed by lakes Turkana, Naivasha and 
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Baringo (KeFS, 2022).

Despite fisheries production reported from Kenyan 
inland waters, numerous challenges including cli-
mate change, pollution and common property util-
isation ascribed to unlimited access management 
are deemed as to contributors to the loss of the 
lake’s biological wealth (Ochieng et al., 2013). Lake 
Baringo fishermen have been reported to have a 
varying degree 
of involvement in 
the fisheries sec-
tor, where some 
fish only as part-
time or on a sea-
sonal basis, while 
others are full-
time fishermen 
(Walumona et 
al., 2024). Issues 
observed to be of immediate concerns to Lake 
Baringo fisheries are: non-compliance to fisheries 
regulations, use of illegal fishing gears and meth-
ods, increasing fishing efforts due to open access, 
declining stocks and biodiversity, conservation of 
the resource and environmental and socio-eco-
nomic issues such as cross border fishing and fish 
trade (Nyakeya et al., 2020).

Originally, fisheries management in Kenya (in-
cluding Lake Baringo) was centralized under the 
national government (Imende et al., 2005). How-
ever, due to an increase fishing effort and rise in 
illegal practices to meet the demand for fish as 
well as increasing population in the lake’s basin, 
the central management approach was report-
ed to be unsustainable and uncontrollable (Odoli 
et al., 2022). Involvement of all stakeholders was 
deemed necessary as had earlier been witnessed 
around other Kenyan lakes (i.e., establishment 
of  BMUs along Lake Victoria from 1998 to 2000) 
and the Kenyan coast, occasioning the establish-
ment of Beach Management Units (BMUs) as a 
co-management approach to fisheries manage-
ment (Imende et al., 2005; Obiero et al., 2015). 

The main objective of co-management was to 
give all stakeholders a platform for a collaborative 
and cooperative partnership for the sustainable 

fisheries management and improved livelihoods 
of fishing communities (Ojwang et al., 2009). 
According to harmonized standards structure 
and operating manual for the BMU’s, the BMU is 
composed of a BMU assembly, a BMU executive 
committee and various sub-committees. The 
BMU is headed by an executive committee that is 
composed of a Chairman, Assistant /Chairman 
or Vice Chairman, Secretary, Assistant Secretary, 
Treasurer and committee members.

Figure 1. Schematic diagram representing BMU 
structure.

Since the BMUs establishment, it has had suc-
cesses with regards to awareness creation, train-
ing, cross border lessons and networking (Obiero 
et al., 2015). However, serious challenges underlay 
implementation of the co-management man-
date where communities do not prioritize the 
bottom up (down-top) control measures in the 
fisheries sector as opposed to meeting their im-
mediate needs (Kolding et al., 2014). As opposed 
to the BMUs being an instrument for implement-
ing fisheries policies, it has been observed that 
the fishers consider it an instrument for conflict 
resolution and solving local problems (Odoli et 
al., 2022). Lately, the BMU’s role has now been 
reduced to price regulation, securing access to 
shared fishing grounds, markets and financial 
assistance, and pretty much not at all involved 
in dealing with illegal fishing activities ascribed 
to corruption (Kolding et al., 2014). To date, com-
pliance to regulations on fishing gears and legal 
fish sizes has not been resolved by co-manage-
ment in Lake Baringo (Pers. Comm. CFO, 2024). 
Co-management runs a greater risk of failure 
if the bottom-up regulations and enforcement 
cannot be understood and supported by the 
fishers (Odoli et al., 2022). 

 BMU Assembly 

BMU Committee 

BMU Sub-committee BMU Sub-committee BMU Sub-committee 
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There is lack of information on the ca-
pacity, commitment and willingness of 
the fisher folk to participate effective-
ly in fisheries management and de-
velopment activities. Several studies 
assessed the extent of community in-
volvement in fish management, and 
perceptions towards fisheries regu-
lations and constrains (Obiero et al., 
2015; Odoli et al., 2022). Considering 
the impacts of climate change and de-
clining Lake Baringo fishery, this study 
was designed to assess the efficacy 
of co-management in Lake Baringo 
amidst climate change impacts.

Materials and methods 
Study Area 

The study was conducted along Lake Bar-
ingo, a shallow freshwater lake in the East-
ern Rift Valley of Kenya. Its fishery has been 
reported to be poor, comprising of three 
commercially important species (Oreo-
chromis niloticus baringoensis, Clarias 
gariepinus and Protopterus aetiopicus) 
while Barbus spp. and Labeo spp. rarely 
appear in the catches. The decreased fish 
diversity is thought to be due to overfishing and 
limnological changes (Hickley et al., 2004)

The lake surface has previous been report-
ed to cover slightly over 130 km2, with wide 
fluctuations as a consequence of Lake wa-
ter level fluctuations due to climatic influ-
ences (Kallqvist, 1987; Hickley et al., 2004; 
Omondi et al., 2013). However, it has recently 
been reported to be approximately 250 km2 

during the highest water level reported in 
early 2020 (Nyakeya et al., 2020). The catch-
ment area is about 6820 km2 and includes a 
large part of the Western escarpment of the 
Kenyan Rift Valley where most of the water is 
sourced (Ondiba et al., 2018). This study fo-
cused mainly on three main fish landing sites 
namely Kambi Ya Samaki, Kokwa and Loruk in 
2022 (Fig. 2) and data obtained from the Wa-
ter Resources Authority (WARA) and Kenya 
Fisheries Service (KeFS).

Sampling

The study population comprised of fisheries re-
source user groups directly involved in capture 
fisheries, fish trade and fisheries management. 
A multi-stage sampling approach was adopt-
ed where large clusters of the population were 
divided into smaller clusters in several stages 
in order to make primary data collection more 
manageable. Respondents were selected ran-
domly from among the fisheries resource user 
groups at each landing site. 

Primary data collection

Primary data was collected by a team of 5 per-
sonnel who were introduced and guided at the 
chosen landing sites by respective BMU exec-
utive officials present. The Beach Management 
Unit (BMU) officials aided the research team 
in identifying and assembling together BMU 
members for the questionnaire led interviews. 
The questionnaires, which targeted mainly BMU 
members (active fishers, boat owners, boat 

Figure 2. Map of Lake Baringo depicting the 
three main landing sites/BMUs where the 
study was undertaken (Source: Authors).

L. Baringo



 	 Kenya Aquatica Journal - Volume 10, Issue No. 01

�| 65

crew, traders and processors) were adminis-
tered in either Kiswahili or English, since these 
were the most favorable dialects of interac-
tion. Key informant interviews were adminis-
tered only to BMU officials. Relevant secondary 
information utilized included information from 
key informants and published journal papers or 
technical reports to triangulate results.

Direct observation mainly entailed examina-
tion of the lake and surrounding environment, 
fishing and trading infrastructure and activities, 
familiarization with dominant fish species land-
ed at the study sites, and filming of spectacular 
and relevant scenery and activities at the land-
ing sites. At the end of each study site visit, a re-
cap session was held to deliberate on progress 
made, difficulties encountered and team mem-
ber experiences during the interview process.

Hydrological and fisheries data collection

Hydrological data were obtained from the Wa-
ter Resources Authority (WARA) in Rift Valley 
Basin in the form of dai-
ly lake level recordings 
that were averaged on 
a monthly and annual 
basis for the period from 
1956 - 2018. 

Collection of fisher-
ies data (total biomass 
and fish composition) 
was done every month 
and focused on three 
landing sites which are 
considered major in the 
area covering the North-
ern, Central and South-
ern sides of the lake to 
allow the coverage of 
the whole lake. Lake Bar-
ingo fisheries data used in this study included 
fisheries yield and value data from 1995 to April 
2021 and growth data, in particular condition 
factors (total length and weight) for 1995 - April 
2021. Data on species composition of yield (2008 
– 2020) The relative condition factor (Kn) was 
estimated for each species for the same period 
following Cren’s equation (Cren, 1951) modified 
and adopted by Ondhoro et al. (2016).

Data Analysis

The raw information and data collected was 
pooled, entered, cleaned and stored electronical-
ly using statistical packages (Microsoft Excel and 
SPSS Version 20), before descriptive data analysis, 
graphical representation and interpretation. 

Results 
Study sample statistics

The percentage composition of the respon-
dents was 58% men and 42% women. The age 
ranged from 18 to 71 years, with 63% being be-
low 50 years while 47% were above 50. 67% of 
the respondents were owned at least one boat. 
The fishermen used gillnets (GN) and longline 
(LN) for fishing. The longline was the most com-
monly used gear with 39%, trailed by gillnets 
at 22%, while 39% were using both gillnets and 
longlines (Fig. 3).

Majority of the fishers, 53% were educated to 
primary level whereas, 26% had secondary level 
education and 11% had attained tertiary educa-
tion. Eleven percent (11%) had not gone to school 
(Fig. 4).

Figure 3. Percentage of gear types used by 
fishermen.
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Figure 4. Education level of the fishers in Lake Baringo, Kenya.

The key respondents’ information is shown in table 1.

Table 1. Key informants’ data collected from the BMUs at three landing sites/beaches

Management Committee issues Kambi Ya Samaki Kokwa Island Loruk

Key departments Health, education, 
social, patrol & 
welfare

Health, education, 
boats, gears & 
boats gears & nets, 
welfare,

Sanitary, education, 
security, patrol, 
welfare, planning, 
finance, development, 
infrastructure

Marketing & price, 
MCS & banda, 

Infrastructure

Last management meeting Apr-2020 May-2020 Feb- 2020

Frequency of BMUs meeting Weekly meetings Weekly meetings Quarterly

Key discussions Health, welfare, 
patrols, 

Boats & nets; 
reshuffling & patrols

Development, 
education

Actions difficult to implement Control bad 
fishing practices

None Members migration

Frequency of general assembly After 3 months Twice a week Anytime depending as 
need arises

Do you have a patrol boat/engine Yes Yes but no engine Yes

Frequency of patrols Anytime as need 
arise

Weekly Rarely but in 
collaboration

Last patrol date 1 Week back from 
today

1 Week back from 
today

2 months from today

Any collaborators during patrols Fisheries None None

Aware of breeding or fishing grounds Yes Don’t know Yes

Awareness on climate change issues No No No
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Key issues affecting 
BMUs operations 

Key issues affecting the 
BMUs at surveyed land-
ing site were assessed 
and tabulated as depict-
ed in Table 2 below. Ma-
jority of the respondents 
perceived fish price fluc-
tuations as the key is-
sue or challenged faced 
by respondents at most 
landing sites. The oth-
er key issues reported 
were the declining fish 
landings, insecurity, post-harvest losses and il-
legal fishing methods. Issues of lesser concerns 
to respondents included pollution, conflict over 
fishing grounds and lack of funds for monitoring 
control and surveillance (MCS). 

Table 2. Key issues affecting the landing sites.

Key issues	 Percentage and frequency of 
respondents		

Overall %	 Frequency in BMU sites
	 K-Samaki 	 Kokwa	 Loruk
Fish price  
fluctuations	 34.5%	 7	 20	 3

Decline in fish  
landings	 16.1%	 2	 7	 5

Insecurity	 14.9%	 4	 6	 9

Post-harvest  
losses	 12.5%	 8	 1	 2

Illegal fishing  
methods	 8%	 1	 3	 3

Pollution	 4.5%	 2	 1	 1

Conflict over  
fishing grounds	 4.6%	 1	 0	 3

Lack of funds to  
purchase fuel  
for MCS	 3.4%	 1	 0	 2

Poor road network	 1.1%	 0	 1	 0

* MCS= Monitoring control and surveillance.

Fisheries productivity and hydrological 
indices relationship

Annual fisheries yield in Lake Baringo from 1982-
2020 has fluctuated greatly from approximate-
ly 8 metric tonnes in 1994 to 465 metric tons in 
2000, averaging close to 187 metric tonnes (Fig. 
5). These results indicate that the water level 
change is the main driver of fluctuations in fish 
species biomass in the lake. Average monthly 
fishery yield from 1995-2020 showed seasonal-
ity in fishery yield, an indication that the lake is 
more productive from April to August where its 
fishery peaks and later reduces from early Sep-
tember to March

Only two species out of the four species show 
a positive correlation between condition factor 
and lake levels (B. intermedius) and between 
the condition factor and the max annual lake 
water level amplitude (O. niloticus). This result 
shows a kind of biological dependency of B. in-
termedius and O. niloticus on the water level in 
the lake, while C. gariepinus and P. aethiopicus 
do not show a clear biological dependency on 
the hydrological regime. (Table 3)
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Table 3. Pearson correlation coefficient between mean annual condition factor and the five 
hydrological indices of the four most important fish species caught at Lakeside station.

V1 v2 r n prob SS

O. niloticus

condiction factor (Kn) MA lake level -0.045 13 0.884 NS

condiction factor (Kn) Delta level -0.260 13 0.390 NS

condiction factor (Kn) Max annual amplitude 0.691 13 0.009 **

condiction factor (Kn) ∆Lev(y)+ ∆Lev(y-1) -0.121 13 0.693 NS

condiction factor (Kn)  WLs (WLamp + Wldelta) 0.143 13 0.640 NS

P. aethiopicus

condiction factor (Kn) MA lake level -0.478 13 0.099 NS

condiction factor (Kn) Delta level 0.098 13 0.750 NS

condiction factor (Kn) Max annual amplitude 0.084 13 0.785 NS

condiction factor (Kn) ∆Lev(y)+ ∆Lev(y-1) -0.073 13 0.813 NS

condiction factor (Kn)  WLs (WLamp + Wldelta) -0.043 13 0.890 NS

C. gariepinus

condiction factor (Kn) MA lake level -0.454 13 0.119 NS

condiction factor (Kn) Delta level 0.158 13 0.607 NS

condiction factor (Kn) Max annual amplitude -0.148 13 0.630 NS

condiction factor (Kn) ∆Lev(y)+ ∆Lev(y-1) 0.275 13 0.364 NS

condiction factor (Kn)  WLs (WLamp + Wldelta) 0.226 13 0.458 NS

B. intermedius

condiction factor (Kn) MA lake level  0.811 13 0.0008 ***

condiction factor (Kn) Delta level  0.154 13 0.615 NS

condiction factor (Kn) Max annual amplitude 0.228 13 0.453 NS

condiction factor (Kn) ∆Lev(y)+ ∆Lev(y-1) -0.349 13 0.242 NS

condiction factor (Kn)  WLs (WLamp + Wldelta) -0.272 13 0.369 NS

SS: Statistical significance, ‘y’ in subscript parentheses gives, if any, the time lag between variables. 
NS, not significant, *** is significant at 0.1% level, and ** is significant at 1% level.

Assessment of BMUs performance in co-
management of lake fisheries

Record keeping

In this study BMUs were found to maintain reg-
isters of members, boats and catches landed 
(Table 4), but with poor records of gears and 

revenue collected, although a significant group 
of respondents (12.6%) weren’t sure. Most of the 
respondents (40.2%) reported awareness of the 
inventory of existing infrastructures within the 
BMU. During the assessment, the beach regis-
ters were cross checked to confirm existence 
and frequency of records updating. 
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Table 4. Types of register and records maintained by BMUs.

Types of register and records			   Percentage and frequency of respondents		

						      Overall %	 Frequency in BMU sites		

								        K-Samaki 	 Kokwa 	Loruk	

Member’s register				    40.2%		  12		  12		  11	

Boat register					     21.8%		  6		  11		  2	

Catch records					     14.9%		  4		  2		  7	

Don’t Know					     12.6%		  1		  10		  0	

Gear’s register					     3.4%		  1		  0		  2	

BMU members, boat and gears			   3.4%		  0		  3		  0	

Visitors book					     2.3%		  2		  0		  0	

Revenue records				    1.1%		  1		  1		  0	

BMU efficacy

According to the respondents (Table 5), welfare needs, conflict resolution, enforcement and aware-
ness creation ranked as the best performed roles by the BMUs, although they perceived corruption 
within the BMUs as an issue of concern. Generally, the respondents still considered the BMUs as 
the best channels (33.8%) through which arising conflicts are resolved, besides the use of the area 
chiefs (4.9%) and courts (2.5%) (Data not provided). This could be due to the acceptance by the re-
spondents of the existence of several BMU by-laws complementing the prescribed BMU guidelines.

Table 5. Roles adequately / inadequately addressed by BMUs.

Roles adequately addresses by BMU	 Roles inadequately addresses by BMU

Percentage and frequency (freq) 	 Percentage and frequency 

of respondents	 of respondents

Overall %	 Freq. in BMU sites		  Overall %		 Freq. in BMU sites	

K-Samaki	 Kokwa	  Loruk		  K-Samaki	  Kokwa   	 Loruk

Enforcement	 17.6%	 3	 7	 2	 Limited enforcement	 16.7%	 3	 0	 0

Welfare	 35.5%	 5	 12	 7	 Inadequate welfare	 5.6%	 1	 0	 0

Awareness creation	 13.2%	 2	 6	 1	 Awareness creation	 16.8%	 1	 2	 0

Conflict resolution	 33.8%	 7	 9	 7	 BMU are corrupt	 61.1%	 3	 5	 3
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Discussion

The percent composition of the respondents 
was majorly men who are mainly fishermen 
(upstream value chain) with women (minori-
ty) gainfully engaged in the downstream val-
ue chain activitie,s specifically processing and 
marketing nodes. Studies have revealed wom-
en, and particularly in developing nations to be 
participating in the downstream fisheries sector 
(constitute 47% of fisheries workers) (Wamukota, 
2009; Mills et al., 2011). A majority of Lake Baringo 
fishery value chain actors were less educated to 
primary school level, with a marginal constituent 
having attained tertiary education. This could be 
because fishing and fisheries business in the ar-
tisanal setup, as is the case of Lake Baringo, isn’t 
considered lucrative and thus unattractive to the 
educated class (Oloko et al., 2022). 

The roles of BMU’s have continued to evolve from 
being localized and welfare-based to networked 
and harmonized roles so as to meet the chang-
ing environmental, political and socio-economic 
needs in the fishery sector (Odoli et al., 2022). The 
roles are more focused on the sustainable man-
agement of the fishery resource. This study points 
to some of the underlying challenges towards the 
progressive growth of the BMUs, especially with 
regard to execution of their mandates. Fish price 
was identified as the most challenging aspect for 
the BMUs to control (34.5%), while poor road net-
work and interference from revenue collection of-
ficers, though present, were amongst others, the 
least of BMUs’ concern. The growing demand for 
fish has led to an increase in prices (Odoli et al., 
2019), where under such conditions, every fisher-
man strives to maximize his or her benefit oblivi-
ous to the damages caused to the future fisheries 
stock. This notwithstanding, fishermen along Lake 
Baringo sell fish to agents who are also the boat 
owners, depriving them of the bargaining power 
and thus they sell fish at low prices. 

Overfishing reported in Lake Baringo is ascribed 
to the propensity to use illegal gears (below rec-
ommended or legal mesh sizes of 5”), indiscrim-
inate gears, outlawed fishing techniques and 
mass–target fishing methods (Nyakeya et al., 
2020; Walumona et al., 2023). 

The results on the relationship between fishery 
productivity and hydrological indices showed 
good associations between Lake water level 
and yield, after correlation analysis. These re-
lations depict positive impact of hydrological 
variables especially rising Lake Baringo wa-
ter levels on the fisheries productivity. Studies 
have shown that seasonal fluctuations in wa-
ter level are related to fluctuations in fish pro-
ductivity (Junk et al., 1989; Kolding and Zwieten, 
2012). The higher the water level in an ecosys-
tem, the higher the fisheries productivity (Kold-
ing et al., 2016). Changes in the littoral habitat 
of Lake Baringo influences ecological functions 
that boost fishery production in a semi-arid 
area where fishing is the principal activity for 
the riparian communities. Decline in lake level 
leads to large losses of the open water habi-
tat reducing the carrying capacity of species 
that dominate its pelagic habitat. According to 
Anton (2016) and Karp and others (2019), the 
higher the average change in lakes water lev-
els, the higher the fisheries production or yields. 
The effects of habitat variations and their dis-
tribution on the fisheries of Lake Baringo are 
also functional of human population densities 
around the lake. However, the study notes that 
riparian communities’ livelihoods depending 
on activities along the shores such as com-
munity resident areas, pasture etc., were neg-
atively impacted or affected by the lake rising 
water levels, but this was not within the scope 
of the current study.

In regard to co-management efficacy, all 
stakeholders appreciate that regulations are 
important, but the compliance system with 
fisheries regulations on the lake is currently low 
as illustrated by high non-compliance noted 
by stakeholders and observed at the landing 
sites. To date, compliance to regulations such 
as banned use of illegal gears and post-har-
vest management (loss mitigation) remains a 
challenge to BMUs and policy makers. This ne-
cessitates the need to increase illegal fish gears 
detection rates by increasing surveillance. 
Therefore, BMU’s need to be developed to the 
level where they have the capacity to work and 
conduct their co-management functions. 
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Conclusion and 
recommendations

This study has shown that climate change as 
depicted by the fluctuations in the Lake Baringo 
water level are interrelated with fluctuations in 
fish productivity, where a rise in water level leads 
to an increase in fish catches. During the sus-
tained rainy years, the size of the lake was ob-
served to increase leading to more habitats and 
refugia suitable for breeding of fish, especially O. 
niloticus. More so, the findings show high varia-
tions in expected BMUs performances among 
the landing sites, but sharing similar challeng-
es. The BMUs perform a very vital role but cannot 
match to the expectations due to declining fish-
ery resource, ascribed to high fishing pressure 
which ideally should be the BMUs mandate, and 
climate change variables, especially fluctuations 
in Lake water level. Therefore, the main threats to 
Lake Baringo fishery are overfishing and use of il-
legal gears, as well as climate change impacts. 

There is need to prioritize support towards the 
urgent needs emerging from the BMUs inter-
viewed, especially with regards to enforcement 
of fisheries regulations. Therefore, the Nation-
al government through KeFS and County gov-
ernment should provide financial and materi-
al support in expanding the capacity of BMUs 
to perform and promote sustainable fisheries 
management.
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Abstract

The Blue Economy, which encompasses sustainable use of aquatic resources for economic growth, 
improved livelihoods, and environmental health, has gained global recognition as a critical driver of 
sustainable development. Socio-economic studies play a fundamental role in enhancing the Blue 
Economy by providing insights into human interactions with marine and freshwater ecosystems, 
economic dependencies, and social dynamics that influence sustainable resource utilization. This 
paper highlights the critical role of socio-economic studies in shaping a sustainable and inclusive 
Blue Economy. This is because, these studies help in assessing the economic value of marine in-
dustries such as fisheries, tourism, and maritime transport, while identifying socio-economic chal-
lenges such as poverty, resource conflicts, and policy gaps. Additionally, socio-economic research 
informs evidence-based policymaking, promotes equitable benefit-sharing, and fosters com-
munity engagement in Blue Economy initiatives. Through integrating socio-economic analyses 
into Blue Economy strategies, governments and stakeholders can achieve sustainable resource 
management, job creation, and climate resilience, ultimately ensuring long-term economic and 
environmental benefits. The current paper showed that fishing dominated Lake Victoria uses and 
therefore the fishing activities led in encountering disputes with other users. The most dominant 
illegal activities were those mostly mentioned in previous literature and they were mainly resource 
use conflicts, illegal, unregulated and unreported (IUU) fishing and pollution, among others. The 
paper recommends the creation of a regulatory system or a policy framework for the Lake’s uses 
that is crucial to lake management through the use of citizen science mechanisms.

Keywords: dynamics, Blue Economy, socio-economics, citizen science, studies

Introduction
As nations look to maximize the economic po-
tential of seas, oceans, and other bodies of water 
while maintaining environmental sustainability, 
the idea of the “Blue Economy” has drawn a lot 
of attention recently. A variety of industries that 
support economic growth, job creation, and food 
security are included in the Blue Economy, such 
as biotechnology, fisheries, maritime transpor-
tation, coastal tourism, and renewable energy 

(Choudhary, 2021). A thorough grasp of the so-
cio-economic elements influencing the man-
agement of freshwater and marine resources is 
necessary to achieve a sustainable and inclusive 
Blue Economy. Examining the social structures, 
economic relationships, and policy frameworks 
that influence how people interact with aquatic 
habitats, socio-economic studies are essential 
in this respect (Stojanovic et al., 2016). Evaluating 
the economic worth of marine resources and in-
dustries is one of the main ways socio-economic 
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studies contribute to the Blue Economy. Policy-
makers and stakeholders can make better judg-
ments about resource allocation and investment 
priorities if they have a thorough understanding 
of the economic importance of fisheries, aqua-
culture, and marine-based tourism (Payet, 2006). 
Socio-economic research helps to ensure that 
economic policies are in line with the sustainable 
development goals (SDGs) by shedding light on 
how the Blue Economy contributes to employ-
ment, livelihoods, and the Gross Domestic Prod-
uct (GDP) at the national and regional levels.

The social aspects of the Blue Economy, including 
the roles and vulnerabilities of various stakeholder 
groups, are highlighted by socio-economic studies. 
Indigenous populations, coastal communities, and 
small-scale fishermen frequently rely significantly 
on marine resources for their livelihoods (Andrews, 
et al., 2021). In order to ensure fair benefit-sharing 
and lessen socio-economic inequities, research 
on gender dynamics, access to marine resourc-
es, and social inequality helps advance inclusivity 
in Blue Economy projects. Policymakers can create 
initiatives that strengthen social resilience, empow-
er marginalized communities, and boost general 
well-being by taking socio-economic factors into 
account (Jewett, et al., 2021). Addressing environ-
mental sustainability issues in the Blue Economy 
also heavily relies on socio-economic research. The 
long-term sustainability of ocean-based enterpris-
es is threatened by overfishing, marine pollution, 
habitat loss, and climate change (Mekouar, 2023). 
By identifying the social and economic factors that 
contribute to these environmental problems, so-
cio-economic assessments facilitate the creation 
of policies that support sustainable resource man-
agement. Strategies for encouraging sustainable 
seafood consumption and responsible use of ma-
rine resources, for instance, can be informed by re-
search on consumer behavior, market incentives, 
and regulatory frameworks (Penca, 2020).

In the Blue Economy, socio-economic research 
backs evidence-based government and poli-
cymaking. Researchers assist governments in 
creating policies that strike a balance between 
environmental preservation and economic 
growth by offering data-driven insights into 
labor markets, economic trends, and the effi-

cacy of policies. Informed by socio-economic 
research, effective governance processes sup-
port the creation of marine protected areas, 
international cooperation, and dispute resolu-
tion—all of which are essential for maintaining 
ecosystem services and biodiversity (DI Cintio 
et al., 2023). Through offering a comprehen-
sive understanding of the economic, social, 
and environmental linkages within freshwater 
and marine systems, socio-economic studies 
are essential for advancing the Blue Economy. 
Governments and stakeholders can support 
sustainable resource management, improve 
social fairness, and build economic resilience 
by incorporating socio-economic research into 
Blue Economy policies. Investing in socio-eco-
nomic research will be crucial to securing the 
Blue Economy’s long-term success and pro-
tecting marine ecosystems for coming gen-
erations, as the world increasingly turns to the 
seas as a source of sustainable growth. Given 
the role played by socio-economic research 
in policymaking, equitable benefit-sharing, 
and fostering community engagement in Blue 
Economy initiatives, the current paper high-
lights the critical role of socio-economic stud-
ies in shaping a sustainable and inclusive Blue 
Economy of Lake Victoria, Kenya in order to give 
room for specific mitigation measures and to 
foster value additions in areas that appear to 
have certain gaps.

 Materials and methods
Study Area

The study was conducted in the five riparian 
counties: Kisumu, Siaya, Busia, Homabay, and 
Migori within Lake Victoria, Kenya whereby a 
total of 26 landing sites were sampled. Kisumu 
(2), Siaya (3), Busia (3), Homabay (12) Migori 
(5), and other lake users such as Luanda Ko-
tieno ferry terminals, Mbita ice plant, Kenya 
Electricity Generating Company (KENGEN) sta-
tion, Kisumu Water and Sewerage Company 
(KIWASCO), Siaya-Bondo Water and Sewerage 
Company (SIBOWASCO), Homabay Water and 
Sewerage Company (HOMAWASCO), Kenya 
Rural Roads Authority (KERRA), Kenya Urban 
Roads Authority (KURA) and Kenya National 
Highway Authority (KENHA).
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Site selection

After stratification at several levels (adminis-
trative, landing site nature, and lake uses), the 
study sample was determined. The beach’s lev-
el of activity and the availability of the neces-
sary target groups of lake users were taken into 
consideration while selecting the landing spots. 
Scheduling restrictions and the limitations of 
available resources significantly limited the ac-
tual sample size. Both urban and rural landing 
options were considered in each county. 

Data collection and analyses

Fisher communities, local administration, ward 
representatives, government officials in KURA, 
KERRA, and KENHA, as well as water abstraction 
and transport companies, hydroelectricity com-
panies, and waste water discharge, were inter-
viewed one-on-one to administer a structured 
online questionnaire anchored in Kobo to 317 
respondents. Prior appointments for the inter-
views and the study’s participative methodolo-
gy, which entailed following up with respondents 
at their designated work stations, were credited 
with the high response rate. Depending on the 
predominant dialect in certain landing sites, the 

enumerators translated the interview questions 
into either Luo or Kiswahili, even though the data 
collection tool was recorded in English. 

The acquired electronic data was downloaded 
into MS Excel before being processed and ex-
ported to Statistical Package for Social Sciences 
(SPSS) for further analyses. The SPSS Version 28.0.1.1 
was employed for statistical analysis, focusing on 
relationships between key variables such as so-
cio-demographics, uses, regulatory frameworks, 
conflicts and challenges. Descriptive statistics 
including means, frequencies, and percentages, 
were calculated to summarize the data.

Results and discussion
Socio-demographic characteristics

Table 1 provides a summary of the respondents’ 
attributes. For the study, a sample of 319 lake us-
ers was selected. The majority of respondents (n 
= 114; 36.5%) were in the 36–45 age range, and 
there were comparatively more men (n = 241; 
76%) than women (n = 76; 24%). The bulk of us-
ers only had O-level education (n = 153; 48.4%) 
and A’Levels (n = 109; 34.5%), and about 85.2% (n 
= 271) were married. 

Table 1. Socio-demographic characteristics of various users of Lake Victoria, Kenya.

Variable Categories n Proportion

Gender
Male

317
76.0%

Female 24.0%

Age 18-25

310

10.0%

26-35 26.8%

36-45 36.5%

46-55 17.4%

>56 9.4%

Marital status Married

317

85.2%

Separated/Divorced 0.6%

Single 10.1%

Widow/er 4.1%

Education Level None

316

1.6%

O Level 48.4%

A Level 34.5%

Tertiary 15.5%
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Uses of Lake Victoria

In Lake Victoria, a variety of ac-
tivities occur (Fig. 1). The lake is 
mostly utilized for fishing and 
household tasks. According to 
the majority of respondents (n = 
294; 93%), the lake is crucial to 
their livelihoods and should be 
managed appropriately (n = 302; 
95.3%). Nearly 40 million people 
in riparian nations depend on 
the Lake Victoria basin for do-
mestic purposes, fishing, and 
agricultural output (Okungu et 
al., 2005). Food, energy, drinking 
and irrigation water, shelter, mar-
itime transportation, leisure, and 
a place to dispose off industrial, 
agricultural, and human waste 
are all provided by the Kenyan basin. Addition-
ally, it serves as a destination for tourism and 
biodiversity conservation. Large populations live 
in the basin and depend on it for industrial de-
velopment, sale and export, subsistence farming 
and fishing. Inspite of the lake’s significance to 
the surrounding towns, the respondents reported 
a sharp rise in lake usage which has degraded 
the water quality and limited their ability to utilize 
it efficiently. Therefore, it is crucial that the na-
tion and the different stakeholders work together 
through concerted effort to guarantee the lake’s 
survival for better livelihoods. Some of the lake’s 
observed usage within the riparian counties are 
depicted in figure 3. 

Perceptions on lake use

Despite the rise in users, respondents reported 
that there was still adequate room in the lake 
for their activities (Table 2). However, owing to 
human-wildlife conflicts and shoreline erosion, 
safety along the lake was a major concern.

Figure 1. Various uses of Lake Victoria, Kenya.

Table 2. Percentage score of uses of Lake Victoria based on the perceptions of the lake-users. 

Statement Percentage Description

Ability to conduct activities in the lake 82.9 Strongly agree

Unavailability of enough space in the lake to conduct 
activities 52.1 Neither agree nor disagree

Safety along the shores of the lake 69.0 Agree

Safety in the lake 58.5 Neither agree nor disagree

Conflict with other users when using the lake 68.1 Agree
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Challenges of lake uses

Disparities in Lake Victoria’s management 
across ecological, social, economic, and po-
litical contexts lead to difficulties in a number 
of areas. Global environmental change, trans-
boundary problems, hu-
man and social aspects, 
governance structure 
flaws, and environmen-
tal sustainability concerns 
were all mentioned by re-
spondents (Fig. 2). Dete-
riorating water quality as 
a result of rising pollution 
from human activity is one 
of the environmental chal-
lenges mentioned, which 
could lead to major health 
problems. Increased silt-
ation from upstream 
sources has been noted 
by cage farmers, interfer-
ing with the water depth needed for cage instal-
lation. Fish stocks are deteriorating as a result of 
increasing fishing effort brought on by the lake’s 
free access scheme.

According to several respondents, the co-man-
agement regime’s poor governance mecha-
nisms made it more difficult for stakeholders to 
use lake resources sustainably. Because their 
functions overlapped, the users did not fully 
comprehend the multi-agency management 
system. Fishermen stated that other fishermen 
were destroying and stealing their gear, result-
ing in financial losses. Attacks by humans on 
wildlife were also common, resulting in financial 
and societal damages. Fishermen who fish near 
the cages have also been accused by cage 
farmers of stealing fish.

The claimed transboundary problems included 
Ugandan border patrol agents harassing them 
and arresting them, which prevented them from 
using the lake. Additionally, they reported that 
because they were not following fishery reg-
ulations, the local authorities were harassing 
them. Reduced water levels, severe winds, and 
temperature variations brought on by global 

climate change have been shown to contribute 
to fish mortality and escapees as well as wa-
ter abstraction for residential and commercial 
applications. Additionally, floating islands ob-
structed fish landing sites and cage water ab-
straction points.

Figure 2. Challenges linked to the use of Lake 
Victoria, Kenya.

Conflicts between lake users

Figure 3 shows mapping of some of the reported 
conflicts. About 65.2% (n = 208) of respondents 
reported having had disagreements with oth-
er lake users. Because fisherman are the pre-
dominant users of the lake, disputes between 
them and other users were the most common. 
Due to the lake’s several uses and the lack of 
information provided by stakeholders regard-
ing its different users, disputes also developed 
between other users. The Beach Management 
Units (53.6%), observation (25.4%), National 
Government officials (13.5%), County Govern-
ment officials (5.6%), chiefs and elders (0.9%), 
friends, family, and neighbors (0.6%), fliers, and 
radio (0.3%) were the primary sources of infor-
mation. In terms of knowledge about new users 
of the lake, majority (n = 227; 71.2%) cited Beach 
Management Unit (BMU) to be the main source 
of information, followed by observation (n = 73; 
22.9), with the least being national government 
officials (0.5%). This was probably due to the 
fact that majority of the users of the lake reside 
within the fishing villages where the BMU is the 
main policy implementor.
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Figure 3. Prominent conflicts amongst the 
various users of Lake Victoria, Kenya.

Unsustainable activities in the lake

Approximately 85% (n = 272) of respondents 
said they had seen activities occurring in their 
lake usage region that they believed shouldn’t 
be occurring (Table 3). These included sand 
harvesting, illegal fishing, garbage disposal, 
riparian vegetation removal, an uncontrolled 
number of cages and fishermen, and lake infra-
structure development. They were concerned 
about the potential long-term health effects 
of cage farming’s using metal frames. Addi-
tionally, some crop farmers asserted that they 
owned the riparian areas they occasionally 
cleared for farming, which was said to have an 
adverse effect on water quality due to the use 
of chemical fertilizers. Waste was also reported 
to be released into the lake through cleaning in 
the lake, oil spills, haphazard cage placement, 
and a shortage of restrooms at landing sites. 
Another factor contributing to the rise in lake 
pollution was the washing of cars and motor-
cycles along the shores of the lake. 

Table 3. Activities that were perceived as 
unsustainable in Lake Victoria.

Activity Description

Illegal fishing •	 Use of monofilament nets
•	 Fishing in breeding grounds
•	 Use of poison
•	 Beach seining

Waste disposal •	Open defecation
•	Dumping of diapers/sanitary 

materials/plastic bottles
•	Bathing/ washing in the lake
•	 Industrial sewage release
•	Oil spills from boats

Clearing 
of riparian 
vegetation

Crop farming along the 
shores using fertilizers

Sand harvesting Near breeding grounds

Cage fish farming •	Use of metallic cage frames
•	Unconsumed feeds
•	Unregulated number of 

cages

Fishing •	Unregulated number of 
fishers

•	Use of unseaworthy boats

Infrastructure Construction of hotels near 
the shore
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Regulatory framework

Respondents pointed to a lack of policies and lax 
implementation of available frameworks, which 
are necessary for effective governance to gu-
rantee a sustainable Blue Economy. The major-
ity of them (n = 288; 90.3%) recommended the 
creation of a legal/regulatory system or a poli-
cy framework for the lake’s uses and proposed  
the development of a spatial plan is guide lake 
management and resource utilization (n = 286; 
89.7%). Additionally, the respondents expressed 
willingness to contribute to the plan through 
community mobilization (n = 140; 43.9%), aware-
ness creation (n = 81; 25.4%), indigenous knowl-
edge (n = 62; 19.4%), and technical skills (n = 36; 
11.3%). They also find it important to be involved 
in the various stages of the plan, such as plan-
ning (31.8%), development (20%), implementa-
tion (21.9%), and monitoring (26.2%). Obtaining 
stakeholder feedback was very important to the 
respondents (n = 287; 90%), with the proposed 
feedback mechanisms presented in figure 4. 

Conclusion and 
recommendations

Socio-economic studies play a critical role in en-
hancing the Blue Economy by providing insights 
into human interactions with marine resources 
in form of economic dependencies, and social 
dynamics that influence sustainable resource 
utilization. The current paper showed that Lake 
Victoria basin is dominated by an energetic 
and literate population that can advance Blue 
growth in the region. Fishing dominates the lake 
use with majority of the respondents showing an 
ability to conduct activities in the lake, and with 
disputes between fishers and other users be-
ing the most common. The respondents men-
tioned the most dominant illegal activities be-
ing undertaken in the lake such as IUU, pollution, 
among others that have similarly been noted 
in most literature. The paper recommends the 
creation of a legal/regulatory system or a policy 
framework for the lake’s uses that is crucial to 
lake management through community mobili-
zation, awareness creation and by applying cit-
izen science mechanisms for lake conservation 
such as use of indigenous knowledge.

Figure 4. Recommended stakeholder feedback mechanisms.
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Abstract

Reports from the World Health Organization (WHO) indicate a significant increase in the global 
emergence of drug-resistant human pathogenic microbial strains since 2021. Antimicrobial resis-
tance (AMR) is a significant global public health threat to modern medicine leading to increased 
mortality. Microorganisms such as bacteria, viruses, fungi, and parasites evolve to resist the effects 
of antimicrobial medicines. The current pipeline for new antibiotics is insufficient to keep pace with 
the growing antimicrobial resistance. Novel antimicrobials are essential to combat resistant patho-
gens and ensure the continued effectiveness of medical treatments. The marine environment, 
teeming with diverse marine life, including marine sponges, corals, seaweeds, mollusks, sea squirts, 
fungi and bacteria hold the potential to combat the growing challenge of AMR. These marine mi-
croorganisms have been reported to synthesize bioactive compounds including alkaloids, antibi-
otics, carotenoids, polyketides and terpenoids with potential therapeutic applications. Marine-de-
rived metabolites such as mytilin sourced from Mytilus galloprovincialis, jellyfish collagen peptides, 
Didemnin B from Trididemnum solidum, Ergosta-5,7,22-triene-3β,14α-diol (22Z) from Ganoder-
ma lucidum, and Bacillomycin D from Bacillus amyloliquefaciens, have been reported to exhibit 
broad-spectrum antimicrobial effects. Kenyan marine waters within the Western Indian Ocean are 
rich in biodiversity and host a variety of marine organisms with unique biochemical properties. 
The coastline is characterized diverse marine ecosystems including coral reefs, mangrove forests, 
seagrass beds, estuaries, lagoons, sandy beaches and rocky shores. A study on a sponge, Axinella 
infundibuliformis from the Kenyan coast revealed its extracts exhibit significant antimicrobial activ-
ity against Gram positive bacterial and fungal pathogens. This comprehensive review delves into 
the untapped treasure troves of Kenyan marine biodiversity, highlighting the promise they hold for 
novel antimicrobial agents and solutions in the fight against AMR.

Keywords: antimicrobial resistance (AMR), bioactive compounds, chemical structures, marine 
organisms
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Introduction

Globally, according to the World Health Organi-
zation’s (WHO) latest reports, there were an esti-
mated 450,000 incident cases of rifampicin-re-
sistant (RR) or multidrug-resistant tuberculosis 
(MDR-TB) and 191,000 resultant deaths in 2021 (Lv 
et al., 2024). The primary reason for the increase 
in tuberculosis (TB) incidence is attributed to 
the impact of the COVID-19 pandemic on TB 
detection (Falzon et al., 2023). Additionally, the 
emergence of resistance to artemisinin-based 
combination therapies (ACTs) for falciparum 
malaria in the Greater Mekong subregion pos-
es a significant threat to global malaria control 
(Imwong et al., 2017). Efforts to combat this re-
sistance include continuous monitoring of drug 
efficacy and the development of new treatment 
strategies to prevent the spread of resistant 
strains (Ahmed et al., 2024).

The misuse and overuse of antimicrobials in hu-
mans, animals, and agriculture are primary driv-
ers of antimicrobial resistance (AMR) (Ahmed et 
al., 2024). Often referred to as the “Silent Pan-
demic,” AMR demands immediate and effective 
intervention instead of being viewed as a future 
threat (Tang et al., 2023). AMR poses a threat 
to modern medicine, making routine surgeries, 
cancer treatments, and organ transplants riski-
er due to the potential for untreatable infections 
(Salam et al., 2023). Without preventive mea-
sures, projections indicate that by 2050, AMR 
could potentially surpass all other causes of 
mortality worldwide. The rise of AMR has creat-
ed an urgent demand for novel antimicrobials. 
Traditional antibiotics are increasingly losing 
their efficacy, while the current pipeline for novel 
antibiotics remains inadequate to address this 
escalating threat (Muteeb et al., 2023). The de-
velopment of novel antimicrobials, coupled with 
sound policy and public awareness, is crucial 
to managing the AMR crisis and safeguarding 
global health (Coque et al., 2023). 

Marine-derived compounds have been found to 
be effective against drug-resistant pathogens, 
making them valuable candidates for develop-
ing new antibiotics and other therapeutic agents 
(Bharathi and Lee, 2024). These compounds, 

sourced from marine organisms such as sponges, 
algae, corals, mollusks, and bacteria, have shown 
significant potential in various therapeutic appli-
cations (Seedi et al., 2025). Their biological activ-
ities include antimicrobial, antiviral, anticancer, 
anti-inflammatory, and antioxidant properties 
(Sithranga Boopathy and Kathiresan, 2010). Ma-
rine microbes are estimated to produce around 
23,000 bioactive secondary metabolites. Among 
these, marine bacteria are particularly notable for 
their secondary metabolites, which exhibit a wide 
range of biological activities, including significant 
antimicrobial potential (Srinivasan et al., 2021). 
Metabolites like (+)-aeroplysinin-1 from marine 
sponges have demonstrated activity against 
MRSA (Methicillin-resistant Staphylococcus au-
reus) (García et al., 2016). The exploration and uti-
lization of marine bioactive compounds not only 
contribute to the discovery of new drugs but also 
highlight the importance of preserving marine 
biodiversity. Sustainable practices in harvesting 
and utilizing these resources are essential to en-
sure the continued availability of these valuable 
compounds for future research and development 
(Ahmed et al., 2024).

Kenyan coastal waters are a biodiversity hotspot, 
hosting a wide variety of marine species, includ-
ing sponges, corals, algae, mollusks, and bacte-
ria (Cowburn et al., 2018). This diversity provides 
a wealth of bioactive compounds with potential 
applications in medicine, biotechnology, and 
environmental conservation. Marine organisms 
from Kenyan waters have been found to produce 
unique bioactive compounds with significant 
antimicrobial properties (Kaaria et al., 2015; Wa-
cira et al., 2024). The research on marine-derived 
antimicrobials in Kenya is hindered by the limited 
number of comprehensive studies, often restrict-
ed to preliminary screenings without detailed 
characterization (Kariuki et al., 2021). Advanced 
analytical techniques like GC-MS, NMR, and HPLC 
are lacking, which limits the full characteriza-
tion and understanding of bioactive compounds 
(Kiani et al., 2022). Collaborative efforts and in-
creased investment in research infrastructure 
are needed to unlock the potential of Kenyan 
marine biodiversity in combating antimicrobial 
resistance (Endale et al., 2023).
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This review aims to highlight the importance of 
marine-derived bioactive compounds in address-
ing the global health challenge of AMR and to en-
courage further research and development in this 
field. Moreover, it emphasizes exploring the rich 
biodiversity of marine organisms found in Kenyan 
waters and their potential as sources of novel anti-
microbial agents. The primary focus encompasses 
the identification, characterization, and evalua-
tion of bioactive compounds derived from marine 
sponges, corals, seaweeds, fungi, and bacteria. 
Additionally, the review focuses on identifying study 
gaps and future directions, particularly concerning 
the understudied marine organisms in Kenya with 
potential antimicrobial activity.

Discussion 
A global perspective of some antimicrobial 
compounds and their mechanism of action 
from marine organisms

Marine organisms represent a vast and largely 
untapped reservoir of bioactive compounds with 
potent antimicrobial properties (Srinivasan et al., 
2021). Given the rise of antibiotic resistance, the ex-
ploration of marine-derived antimicrobial agents 
has gained significant momentum (Beesoo et 
al., 2017). These bioactive compounds have been 
found in a variety of marine life forms, including 
bacteria, fungi, sponges, algae, actinomycetes, 
mollusks, tunicates, sea cucumbers, and corals 
(Hussain et al., 2023).

Marine sponges (porifera)

Marine sponges are known for their rich diversi-
ty of bioactive compounds. These compounds 
include alkaloids, terpenoids, and polyketides, 

which have shown promising antimicrobial, an-
ticancer, and anti-inflammatory properties (Pri-
ya and Karthika, 2022). 

Brominated alkaloids

Brominated alkaloids, such as bromotyrosines 
like Aeroplysinin-1, are bioactive compounds 
derived from marine sponges (Lever et al., 2022) 
(Fig. 1). These compounds feature a unique 
chemical structure containing brominated 
phenol and tyrosine derivatives, which con-
tribute to their potent antimicrobial properties 
(Patra, 2012). Bromotyrosines have been report-
ed to demonstrate significant inhibitory effects 
against pathogenic bacteria, including Staphy-
lococcus aureus, Escherichia coli, and Pseudo-
monas aeruginosa (Ferreira Montenegro et al., 
2024). Their mechanism of action involves dis-
rupting bacterial cell membranes and inhibiting 
protein synthesis, ultimately leading to microbi-
al cell death (Baran et al., 2023). 

Manzamine alkaloids

Manzamine A is a polycyclic alkaloid with a high-
ly complex fused ring system, making it struc-
turally unique among marine-derived bioactive 
compounds (Wahba et al., 2012) (Fig. 1). This 
potent antimicrobial agent has demonstrated 
remarkable effectiveness against Plasmodium 
falciparum, Mycobacterium tuberculosis, and 
methicillin-resistant Staphylococcus aureus 
(MRSA). Its mechanism of action involves inter-
fering with microbial DNA replication, ultimately 
disrupting cellular processes essential for sur-
vival and proliferation (Odunitan et al., 2024). 

Figure 1. Chemical structures of bioactive compounds derived from marine sponges (Porifera).
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Halogenated polyketides

Psammaplin A is a remarkable compound char-
acterized by its unique chemical structure, which 
includes a disulfide bridge and halogen substi-
tutions (Jing et al., 2019)(Fig. 1). This compound is 
renowned for its antimicrobial properties, notably 
its ability to inhibit Gram-positive bacteria and 
fungi, including Candida albicans (Kang et al., 
2015). The mechanism of action of Psammaplin A 
involves functioning as a histone deacetylase in-
hibitor, thereby disrupting bacterial metabolism 
and curtailing their proliferation (Hillman, 2022). 

However, despite these findings, there remains a sig-
nificant gap in research. Few studies have delved 
into the microbial symbionts associated with these 
sponges, which could hold the key to understanding 
and harnessing their full antimicrobial potential. Fur-
ther investigation into these symbiotic relationships is 
essential to unlock the broader pharmaceutical ap-
plications of marine sponges (Freitas et al., 2023).

Marine algae and seaweeds

The exploration of seaweeds has been revealed 
to produce valuable bioactive compounds. Ma-
rine algae and seaweeds produce antimicrobial 
compounds such as polysaccharides, terpenes, 
and phenolics (Menaa et al., 2021). 

Sulfated polysaccharides

Fucoidan, a sulfated polysaccharide derived 
from Sargassum species, is known for its notable 
antimicrobial activity, particularly against Vibrio 
cholerae and Helicobacter pylori (Mensah et al., 

2023) (Fig. 2). The compound’s chemical struc-
ture is characterized by sulfated fucose poly-
mers, which play a crucial role in its bioactivity. 
The primary mechanism of action for fucoidan 
involves binding to bacterial cell walls, thereby 
disrupting adhesion and colonization processes 
(Ohmes et al., 2022). 

Phlorotannins

Eckol, a polyphenolic compound isolated from 
Ecklonia species, exhibits significant antimicro-
bial activity, particularly against Gram-positive 
bacteria and dermatophytic fungi (Besednova 
et al., 2020) (Fig. 2). The chemical structure of 
eckol includes multiple hydroxyl groups, which 
play a crucial role in its bioactivity. Its primary 
mechanism of action involves disrupting bac-
terial membranes and inhibiting oxidative stress 
enzymes (Manandhar et al., 2019). 

Halogenated furanones

Rubrolide B, a compound characterized by its 
furanone ring system with halogen substitu-
tions, demonstrates significant antimicrobial 
activity by blocking bacterial quorum sensing, 
particularly affecting Pseudomonas aerugi-
nosa biofilms (Shariati et al., 2024) (Fig. 2). Its 
mechanism of action involves inhibiting bacte-
rial cell-cell communication and the expression 
of virulence factors. However, the current body 
of research has its limitations, as the number 
of analyzed species remains limited and there 
is a pressing need for detailed characterization 
of the compounds responsible for the observed 
antimicrobial activity (Danquah et al., 2022). 

Figure 2. Chemical structures of bioactive compounds derived from marine algae and seaweeds.



Kenya Aquatica Journal - Volume 10, Issue No. 01 	

86|

Marine bacteria and fungi

Actinomycins

Actinomycin D, also known as dactinomycin, is 
a cyclic polypeptide derived from Streptomyces 
species (Djinni et al., 2019) (Fig. 3). This com-
pound features a distinctive phenoxazinone 
core within its chemical structure, contributing to 
its bioactivity. Actinomycin D exhibits significant 
antimicrobial activity against Bacillus subtilis, 
Klebsiella pneumoniae, and various drug-re-
sistant fungi. Its primary mechanism of action 
involves binding to DNA, thereby inhibiting RNA 
polymerase activity and halting the transcrip-
tion process (Sharma and Manhas, 2019). 

Lipopeptides

Surfactin, a cyclic lipopeptide produced by Ba-
cillus species, is characterized by its fatty acid 
tail and cyclic peptide structure (Théatre et al., 

2021) (Fig. 3). This compound exhibits signifi-
cant antimicrobial activity, particularly against 
Gram-positive bacteria. The primary mech-
anism of action for surfactin involves forming 
pores in bacterial membranes, which leads to 
cell lysis and death. his highlights its potential as 
a valuable antimicrobial agent for various ther-
apeutic applications (Tran et al., 2022).

Diketopiperazines

Cyclo-(L-Pro-L-Tyr), also known as macu-
losin-1, is a cyclic dipeptide with aromatic sub-
stitutions derived from marine fungi (Bojarska 
et al., 2021) (Fig. 3). This compound exhibits 
broad-spectrum antimicrobial activity against 
multidrug-resistant (MDR) bacteria. Its primary 
mechanism of action involves inhibiting bacte-
rial protein synthesis and disrupting biofilm for-
mation (Khameneh et al., 2021). 

Figure 3. Chemical structures of bioactive compounds derived from marine bacteria and fungi.

Figure 4. Chemical structures of bioactive compounds derived from marine corals.
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Coral-Derived Metabolites

Pseudopterosin, a diterpene glycoside isolated 
from soft corals, demonstrates significant anti-
microbial activity, particularly against Staphylo-
coccus aureus and Candida albicans (Tran et al., 
2022) (Fig. 4). Its chemical structure comprises 
a diterpene backbone linked to sugar moieties, 
which plays a crucial role in its bioactivity. The 
primary mechanism of action for pseudopterosin 
involves disrupting bacterial membrane integri-
ty, leading to the inhibition of microbial growth 
and proliferation (Zhu et al., 2024).

 Sterols

Gorgosterol, a modified sterol derived from Gor-
gonia species, exhibits significant antimicro-
bial activity against Gram-negative bacteria 
and fungi (Hunt et al., 2012) (Fig. 4). Its chemical 
structure includes side-chain alterations that 
differentiate it from other sterols. The primary 
mechanism of action for gorgosterol involves 
modulating membrane permeability, ultimately 
leading to cell death (Darnet et al., 2021).

Overview of marine ecosystems along the 
Kenyan coastline

The Kenyan coastline stretches approximate-
ly 536 kilometers (333 miles) along the Indian 
Ocean. The marine ecosystems along the Ken-
yan coastline are diverse and dynamic, offering 
numerous ecological, economic, and cultural 
benefits. These ecosystems are interconnected 
and contribute to the overall health and resil-
ience of the marine environment (Gesami and 
Nunoo, 2024). Conservation and sustainable 
management of these ecosystems are crucial 
to preserving their biodiversity and the services 
they provide to local communities and the glob-
al environment (Rasowo et al., 2020).

Coral reefs

The Watamu Marine National Park, situated on 
the central coast of Kenya, is renowned for its 
rich biodiversity and vibrant coral reefs. This 
marine protected area features various cor-
al species, including massive Porites colonies 
and balanced compositions of genera Acro-
pora and Pocillopora. To the north, the Malindi 

Marine National Park, located in proximity to the 
town of Malindi, is an integral component of the 
larger Malindi-Watamu Marine National Reserve 
(Cowburn et al., 2018). This Park is notable for its 
heterogeneous coral reefs, seagrass meadows, 
and mangrove ecosystems. In the vicinity of 
Mombasa, the Mombasa Marine National Park 
and Reserve is recognized for its renowned cor-
al reefs, which provide habitat for a diverse ar-
ray of marine fauna, including various fish spe-
cies, sea turtles, and dolphins. On the southern 
coast, the Kisite-Mpunguti Marine National Park 
is distinguished for its pristine coral reefs and 
rich marine biodiversity, rendering it a preferred 
site for snorkeling and diving activities (Ran-
som and Mangi, 2010). These coral reef systems 
serve as essential ecosystems that support a 
diverse range of marine species and contribute 
significantly to the overall health of the ocean-
ic environment. Additionally, they play a critical 
role in the livelihoods of local communities by 
facilitating fishing and tourism-related activities 
(Wambua et al., 2021). 

Seagrass meadows

Gazi Bay, located on the southern coast of Kenya, 
is renowned for its extensive seagrass meadows. 
These meadows are composed of various sea-
grass species, including Thalassodendron cilia-
tum, Cymodocea rotundata, and Halophila ova-
lis (Omollo et al., 2022). Gazi Bay has become a 
significant site for seagrass research, especially 
in the context of carbon storage and ecosystem 
services (Githaiga et al., 2017). Further along the 
southern coast, Diani Beach is another important 
location for seagrass meadows. The seagrass 
species found here include Thalassia hempri-
chii and Syringodium isoetifolium (Mwikamba et 
al., 2024). These meadows provide critical hab-
itats for marine life and contribute to the over-
all health of the coastal ecosystem. Nyali Beach, 
situated near Mombasa, is home to diverse sea-
grass meadows, with species such as Enhalus 
acoroides and Halodule uninervis. These mead-
ows play a vital role in supporting marine biodi-
versity and protecting the coastline from erosion 
(Uku and Björk, 2005). Kanamai and Vipingo, ar-
eas along the Kenyan coast, also host signifi-
cant seagrass meadows. The seagrass species 
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found here include Zostera capensis and Halo-
phila stipulacea. These meadows are essen-
tial for maintaining the ecological balance and 
providing habitats for various marine organisms. 
These seagrass meadows are vital ecosystems 
that support a wide range of marine species and 
contribute to the overall health of the ocean en-
vironment. They also play a crucial role in car-
bon sequestration, helping to mitigate climate 
change (Aboud and Kannah, 2017). 

Mangrove forests

One of the most significant mangrove forests is 
found in Gazi Bay, located on the southern coast 
of Kenya. This area is renowned for its extensive 
mangrove coverage and has been the focus of 
numerous conservation and restoration proj-
ects (Aboud and Kannah, 2017). The mangroves 
in Gazi Bay include species such as Avicennia 
marina, Rhizophora mucronata, and Ceriops ta-
gal (Neukermans et al., 2008). Further along the 
coast, Mida Creek near Watamu is another im-
portant mangrove forest characterized by its rich 
biodiversity. It supports a variety of mangrove 
species, including Bruguiera gymnorrhiza, Son-
neratia alba, and Xylocarpus granatum (Kairo 
et al., 2002). Mida Creek is also a vital habitat for 
numerous bird species and marine life. Moving to 
the northern part of Kenya’s coastline, the Lamu 
Archipelago is home to extensive mangrove for-
ests. The mangroves in this region play a critical 
role in protecting the coastline from erosion and 
providing habitats for fish and other marine or-
ganisms (Kirui et al., 2011). The dominant species 
in this area include R. mucronata and A. mari-
na. The Tana River Delta is another significant 
location for mangrove forests in Kenya. The del-
ta’s mangroves are essential for maintaining the 
ecological balance of the region and supporting 
local communities’ livelihoods (Gitau et al., 2023). 
The species found here include Ceriops tagal, 
Bruguiera gymnorrhiza, and Xylocarpus mo-
luccensis (Okello et al., 2022). These mangrove 
forests are vital ecosystems that contribute to 
the overall health of the coastal environment in 
Kenya. They provide essential services such as 
coastal protection, habitat for marine life, and 
carbon sequestration, helping to mitigate cli-
mate change (Huxham et al., 2015).

Sandy beaches and dunes

Diani Beach, located in Kwale County, is one of 
the most famous beaches in Kenya. Stretching 
about 17 km, it has been Africa’s top beach desti-
nation for several years. The beach is character-
ized by its white sand, blue waters, and tall palm 
trees. Visitors can enjoy activities such as swim-
ming, camel riding, and snorkeling (Ndivo and 
Waudo, 2012). Mambrui Beach, near Malindi, is 
known for its unique golden sand dunes formed 
by powerful ocean winds. This unspoiled natural 
beach is dotted with palm trees and is perfect for 
picnicking, swimming, and kitesurfing (Kimani et 
al., 2017). Nyali Beach, situated near Mombasa, is 
another popular destination. It features soft white 
sand, clear blue and green waters, and gentle 
winds. The beach is ideal for swimming, sunbath-
ing, and building sandcastles. Watamu Beach, 
located approximately 105 kilometers north of 
Mombasa, boasts pristine white sands and a 
vibrant marine park. The crystal-clear waters 
make it perfect for snorkeling and diving. These 
sandy beaches and dunes are not only beauti-
ful but also play a crucial role in supporting local 
tourism and providing habitats for various ma-
rine species (Mwakumanya and Bdo, 2007). 

Rocky shores

Kilifi Creek, located in Kilifi County, features rocky 
shores rich in marine biodiversity. The rocky out-
crops and tidal pools provide habitats for vari-
ous marine organisms, including crabs, mollusks, 
and sea urchins (Oyugi, 2007). Further South, 
near the border of Kenya, Shimoni is known for 
its rocky shores and coral reefs. This area is pop-
ular for snorkeling and diving, offering visitors a 
chance to explore the diverse marine life that in-
habits the rocky crevices and coral formations 
(Mwadzombo et al., 2023). Near Mombasa, the 
Mombasa Marine National Park and Reserve in-
cludes rocky shores that are home to a variety 
of marine species. The rocky coastline, combined 
with coral reefs and seagrass beds, creates a rich 
and diverse marine ecosystem. North of Mom-
basa, the Watamu Marine National Park features 
rocky shores and coral reefs. These rocky areas 
provide habitats for numerous marine organ-
isms and are popular spots for snorkeling and 
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diving. These rocky shores are vital ecosystems 
that support a wide range of marine species and 
contribute to the overall health of the coastal en-
vironment in Kenya. They also offer unique op-
portunities for marine exploration and recreation 
(Cowburn et al., 2018). 

Estuaries and lagoons

Estuaries and lagoons that play a crucial 
role in supporting marine biodiversity and 
local communities. One of the most signifi-
cant estuaries is the Tana River Delta, locat-
ed in the northern part of Kenya’s coastline. 
This estuary is formed by the Tana River, the 
longest river in Kenya, as it empties into the 
Indian Ocean (Kitheka and Mavuti, 2016). The 
Tana River Delta is a vital habitat for various 
bird species, fish, and other wildlife. It also 
supports local communities through fishing 
and agriculture. Another important estuary 
is the Sabaki River Estuary, also known as 
the Athi-Galana-Sabaki River Estuary. This 
estuary is located near Malindi, where the 
Sabaki River meets the Indian Ocean (Thoya 
et al., 2022). The Sabaki Estuary is charac-
terized by its mangrove forests, sandbanks, 
and freshwater pools. It is an essential hab-
itat for fish, birds, and other marine life, and 
it plays a significant role in supporting local 
livelihoods. In addition to estuaries, Kenya 
also has notable lagoons, such as the Mida 
Creek Lagoon (Okuku et al., 2022). Locat-
ed near Watamu, Mida Creek is a tidal la-
goon surrounded by mangrove forests. It is 
a biodiversity hotspot, providing habitats 
for various marine species, including fish, 
crabs, and birds. The lagoon is also a pop-
ular destination for eco-tourism activities 
such as bird watching and kayaking. These 
estuaries and lagoons are vital ecosystems 
that contribute to the overall health of the 
coastal environment in Kenya. They provide 
essential services such as habitat for marine 
life, coastal protection, and support for local 
communities through fishing and tourism 
activities (Cowburn et al., 2018).

Open ocean

The open ocean, also known as the pelagic 
zone, is characterized by its deep waters and is 
home to a wide variety of marine life, including 
large fish, marine mammals, and seabirds. The 
open ocean off the coast of Kenya is part of the 
Western Indian Ocean, which is known for its 
rich biodiversity and productive fishing grounds 
(Groeneveld, 2015). This region is influenced by 
the East African Coastal Current, which brings 
nutrient-rich waters from the south, support-
ing a diverse range of marine species. The open 
ocean in this area is also important for various 
economic activities, including commercial fish-
ing, shipping, and tourism. Additionally, it plays 
a crucial role in regulating the climate by ab-
sorbing carbon dioxide and heat from the at-
mosphere (Gesami and Nunoo, 2024).

Previous studies on Kenyan marine organisms 
and their bioactivity

Previous studies on Kenyan marine organisms 
have demonstrated the immense potential of 
these organisms as sources of bioactive com-
pounds. The research highlights the importance 
of conserving marine ecosystems and promot-
ing sustainable use of marine resources. Con-
tinued exploration and study of Kenyan marine 
biodiversity can lead to the discovery of novel 
bioactive agents with significant therapeutic 
applications (Karthikeyan et al., 2022). 

Seaweeds (marine algae) 

A study by Kaaria et al. investigated the antimi-
crobial potential of endophytic fungi from ma-
rine algae in Kibuyuni, Kenya, and found signif-
icant antimicrobial properties in several strains 
(Kaaria et al., 2015). Similarly, another study 
along the Kenyan coast collected marine algae 
and isolated 3,493 bacterial strains. Twenty per-
cent of these isolates showed inhibitory effects 
against at least one pathogen, with 69 strains 
displaying broad-spectrum antimicrobial ac-
tivity. The study also revealed that Gram-pos-
itive bacteria were more susceptible to these 
isolates than Gram-negative bacteria. Addi-
tionally, it was noted that geographical location 
influenced the antimicrobial efficacy of the iso-
lates (Kaaria et al., 2015).
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Marine sponges 

A pivotal study focused on the sponge Axinel-
la infundibuliformis, collected from the Kenyan 
coast, aimed to evaluate its antimicrobial po-
tential. Researchers extracted various com-
pounds from this sponge and assessed their 
activity against a range of microbial pathogens. 
The findings revealed that certain extracts ex-
hibited pronounced antimicrobial effects, par-
ticularly against Gram-positive bacteria such 
as Staphylococcus aureus and Bacillus subti-
lis. Additionally, some extracts demonstrated 
activity against fungal pathogens, including 
Candida albicans. These results underscore the 
potential of A. infundibuliformis as a source of 
novel antimicrobial agents (Lutta et al., 2008). 

Additionally, earlier research presented at the 
1st International Congress of the Federation of 
African Societies of Biochemistry and Molecu-
lar Biology in 1996 highlighted the antimicrobial 
and antifungal activities of selected marine al-
gae and sponges along the Kenyan coast. While 
specific sponge species were not detailed, the 
findings underscored the potential of marine 
sponges in this region as sources of bioactive 
compounds (Titanji, 2005). 

Marine-derived endophytic fungi

Wacira et al. in Kenya conducted a study on 
mangrove endophytic fungi, examining their 
antibacterial properties. Mangrove species 
from different locations were collected and 
their fungal isolates were affiliated to the As-
pergillus genus. The fungal extracts were test-
ed for antibacterial activity against E. coli, S. 
aureus, and P, aeruginosa using the disc diffu-
sion method. The results indicated that A. ma-
rina and R. mucronata had the highest number 
of fungal endophytes with significant antibac-
terial activity, even surpassing positive controls 
(Wacira et al., 2024).

Coral reef-associated microorganisms

A research study assessed the impact of an-
thropogenic activities on coral reef-associated 
microorganisms along the Kenyan coast. The 
study utilized metagenomic approaches to an-

alyze the microbial community structure and 
functional potential. The findings indicated that 
coral reefs affected by human activities had 
distinct microbial communities with unique bio-
active properties (Wambua et al., 2021). 

Comparative analysis of bioactivity research 
on marine organisms in Kenyan waters versus 
global trends

When comparing the research on Kenyan ma-
rine organisms to global trends, it becomes ev-
ident that while significant progress has been 
made, there are still gaps to be addressed. 
Globally, marine-derived antimicrobial com-
pounds have been extensively studied, with 
numerous compounds identified from various 
marine organisms such as sponges, corals, and 
bacteria (Bharathi and Lee, 2024). These stud-
ies have led to the discovery of compounds with 
potent antimicrobial, antifungal, and anticancer 
properties. In contrast, research in Kenya has 
primarily focused on a limited number of spe-
cies and has not yet reached the same level of 
comprehensive analysis. While Kenyan studies 
have identified promising antimicrobial com-
pounds, the scope and depth of research are 
not as extensive as those conducted in other re-
gions (Sohaili et al., 2024).

Analytical Techniques for Identifying 
Antimicrobial Compounds

Identifying antimicrobial compounds from 
marine organisms involves several advanced 
analytical techniques, each with its unique 
strengths and applications. One of the most 
widely used techniques is Gas Chromatog-
raphy-Mass Spectrometry (GC-MS) (Franco 
et al., 2019). GC-MS combines the features of 
gas-liquid chromatography and mass spec-
trometry to identify different substances within 
a test sample. This technique is particularly ef-
fective for analyzing volatile and semi-volatile 
compounds. The process involves vaporizing 
the sample and then separating the compo-
nents based on their mass-to-charge ratio. 
GC-MS is highly sensitive and can detect even 
trace amounts of compounds, making it in-
valuable for identifying antimicrobial agents in 
complex mixtures (Sinha et al., 2023).
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Nuclear Magnetic Resonance (NMR) spectros-
copy is used to determine the structure of or-
ganic compounds by observing the behavior of 
nuclei in a magnetic field. This technique pro-
vides detailed information about the molecu-
lar structure, dynamics, and environment of the 
compounds (Emwas et al., 2020). NMR is par-
ticularly useful for identifying the specific ar-
rangement of atoms within a molecule, which is 
essential for understanding the mechanism of 
action of antimicrobial compounds. It can also 
be used to study the interactions between an-
timicrobial agents and their targets, providing 
insights into their efficacy and potential side ef-
fects (Phyo et al., 2021).

High-Performance Liquid Chromatography 
(HPLC) is another analytical technique used to 
separate, identify, and quantify each compo-
nent in a mixture. HPLC is particularly effective for 
analyzing non-volatile and thermally unstable 
compounds (Schieppati et al., 2021). The tech-
nique involves passing a liquid sample through 
a column packed with a solid adsorbent mate-
rial. Different compounds in the sample move 
through the column at different rates, allowing 
them to be separated and identified. HPLC is 
highly versatile and can be used to analyze a 
wide range of antimicrobial compounds, from 
small molecules to large biomolecules (Badawy 
et al., 2022).

Study Gaps and Future Directions

Limited number of comprehensive studies on 
marine-derived antimicrobials

One of the significant gaps in the research on 
marine-derived antimicrobials in Kenya is the 
limited number of comprehensive studies. Many 
studies have focused on preliminary screenings 
and have not progressed to detailed characteri-
zation and mechanism of action studies (Sohaili 
et al., 2024). Additionally, there is a lack of ad-
vanced analytical techniques such as GC-MS, 
NMR, and HPLC in many Kenyan studies, which 
limits the ability to fully characterize and under-
stand the bioactive compounds (Mungwari et 
al., 2025). Furthermore, there is a need for more 
collaborative efforts and increased investment 
in research infrastructure to support the identi-

fication and development of novel antimicrobi-
al agents from Kenyan marine organisms. Ad-
dressing these gaps will be crucial for unlocking 
the full potential of Kenyan marine biodiversi-
ty in the fight against antimicrobial resistance 
(Rasowo et al., 2020).

By addressing these study gaps and leveraging 
advanced analytical techniques, researchers 
can more accurately identify and characterize 
antimicrobial compounds, leading to the devel-
opment of more effective treatments for infec-
tious diseases. However, overcoming the current 
limitations in Kenyan studies will be crucial for 
realizing the full potential of these techniques 
(Kariuki et al., 2021).

Understudied marine organisms in Kenya for 
antimicrobial activity

Kenya’s marine biodiversity is a treasure trove 
of potential antimicrobial agents, yet many ma-
rine organisms remain understudied (Kimani et 
al., 2017). The rich marine ecosystem, including 
various species of algae, sponges, and other in-
vertebrates, harbors microorganisms that pro-
duce secondary metabolites with antimicrobi-
al properties (Srinivasan et al., 2021). In Kenya, 
research has predominantly been on terrestri-
al organisms, creating a substantial gap in our 
knowledge of marine-derived antimicrobials. 
Future studies should focus on exploring marine 
organisms to discover new antimicrobial com-
pounds that can tackle the escalating problem 
of antibiotic resistance (Endale et al., 2023).

Need for bioprospecting and large-scale 
screening programs

Bioprospecting, the systematic exploration of 
natural resources for commercially valuable 
compounds, is crucial for discovering new 
drugs and other bioactive substances (Ma-
nam, 2023). In Kenya, there is a pressing need 
for large-scale screening programs to identi-
fy and evaluate the antimicrobial potential of 
marine organisms. Such programs would in-
volve the collection and analysis of samples 
from diverse marine habitats, followed by rig-
orous screening for antimicrobial activity. This 
approach not only enhances the chances of 
discovering new antimicrobial agents but also 
promotes the sustainable use of marine biodi-
versity (Kairigo et al., 2020).
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 Exploration of host-associated microbiomes 
in marine organisms

The microbiomes associated with marine or-
ganisms play a vital role in their health and 
ecological functions (Ma et al., 2023). These 
host-associated microbiomes can produce 
bioactive compounds that contribute to the 
antimicrobial properties of their hosts. Despite 
their importance, the interactions between 
marine hosts and their microbiomes remain 
poorly understood (Diwan et al., 2023). Future 
research should focus on elucidating these in-
teractions to harness the full potential of ma-
rine microbiomes in antimicrobial drug dis-
covery. Understanding how these microbiomes 
influence host health and resilience could lead 
to innovative strategies for managing marine 
resources and combating microbial infections 
(Kamel et al., 2024).

Need for standardization in antimicrobial 
screening methods

The lack of standardized methods for antimicro-
bial screening poses a significant challenge in 
comparing and validating results across differ-
ent studies. Standardization is essential to ensure 
the reliability and reproducibility of antimicrobial 
assays (Hossain, 2024). Researchers must adopt 
uniform protocols for sample collection, prepa-
ration, and testing to facilitate the comparison of 
data and the identification of promising antimi-
crobial agents. Establishing standardized meth-
ods will also enhance collaboration between re-
search institutions and streamline the process of 
translating laboratory findings into clinical appli-
cations (Garcia et al., 2022).

Industrial potential and pharmaceutical 
development of Kenyan marine bioactive 
compounds

Kenya’s marine bioactive compounds hold 
immense industrial and pharmaceutical 
potential. These compounds, derived from 
marine organisms, have shown promise in 
various therapeutic applications, including 
antimicrobial potential (Kaaria et al., 2015). 
The development of these bioactive com-

pounds into commercially viable products 
requires a multidisciplinary approach involv-
ing marine biology, chemistry, pharmacology, 
and biotechnology (Ghosh et al., 2022). By in-
vesting in research and development, Kenya 
can capitalize on its marine resources to cre-
ate new pharmaceuticals and contribute to 
global health solutions. Additionally, fostering 
partnerships with the pharmaceutical industry 
can accelerate the commercialization of ma-
rine-derived bioactive compounds, benefiting 
both the economy and public health (Pereira 
and Cotas, 2024).

Addressing the study gaps and future direc-
tions outlined will significantly advance our 
understanding and utilization of Kenya’s ma-
rine biodiversity for antimicrobial drug discov-
ery. By prioritizing research on understudied 
marine organisms, implementing large-scale 
screening programs, exploring host-associat-
ed microbiomes, standardizing antimicrobial 
screening methods, and developing industrial 
applications, we can unlock the full potential of 
marine bioactive compounds and contribute 
to the fight against antimicrobial resistance 
(McCubbin et al., 2021).

Conclusion and 
recommendations
Summary of key findings

The exploration of Kenya’s marine organisms 
has revealed a vast, untapped reservoir of 
bioactive compounds with significant antimi-
crobial properties. The key findings highlight 
the rich biodiversity of marine species in Ken-
yan waters, many of which remain underex-
plored for their potential antimicrobial activ-
ities. The study has underscored the critical 
role of marine microorganisms, algae, spong-
es, and invertebrates in producing secondary 
metabolites that can combat antimicrobial 
resistance (AMR). Despite the promising dis-
coveries, there is a clear need for more com-
prehensive and systematic research efforts to 
fully harness this potential.
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Recommendations for future research and 
policy development

To bridge the existing knowledge gaps, it is im-
perative to implement large-scale biopros-
pecting and screening programs targeting the 
diverse marine habitats in Kenya. Future re-
search should prioritize the identification and 
characterization of bioactive compounds from 
understudied marine species. Additionally, there 
is a pressing need to standardize antimicrobial 
screening methods to ensure consistency and 
reliability across different studies. Policymak-
ers should support these initiatives by providing 
funding, infrastructure, and regulatory frame-
works that promote sustainable bioprospect-
ing and the conservation of marine biodiversity. 
Collaborative efforts between research institu-
tions, government agencies, and local commu-
nities will be essential in driving these research 
and policy advancements.

Potential for collaboration with international 
institutions for marine drug discovery

The journey towards discovering new antimi-
crobial agents from Kenyan marine organ-
isms can be significantly accelerated through 
international collaborations. Partnering with 
global research institutions and pharmaceu-
tical companies can facilitate the exchange of 
knowledge, expertise, and resources. These col-
laborations can provide access to advanced 
technologies and methodologies, enhancing 
the efficiency and scope of bioprospecting ef-
forts. Furthermore, international partnerships 
can help in the commercialization of marine 
bioactive compounds, translating laborato-
ry findings into market-ready pharmaceuti-
cal products. By fostering these collaborations, 
Kenya can position itself as a key player in the 
global fight against antimicrobial resistance, 
while also contributing to the sustainable devel-
opment of its marine resources.

In conclusion, the study of marine organisms 
in Kenyan waters holds immense promise for 
addressing the global challenge of antimicro-
bial resistance. By building on the key findings 
and implementing targeted research, policy, 
and collaborative strategies, we can unlock the 
full potential of this hidden treasure trove and 
make significant strides towards innovative and 
effective antimicrobial solutions.
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Abstract

Capture fisheries and aquaculture provide more than 15% of the animal protein intake for 
humans, highlighting their vital role in reducing poverty and promoting sustainable global 
development by aligning with the 2030 Agenda for Sustainable Development. Genetic stud-
ies play a crucial role in tracking evolutionary changes and assessing the genetic health of 
endangered fish populations. As of August 2022, the National Center for Biotechnology Infor-
mation (NCBI) database contained a total of 865 fish genomes. With over 15,000 known spe-
cies of freshwater fish, scientists are continuously investigating genetic variation to enhance 
biodiversity understanding, stock management, and conservation strategies for endangered 
species. Freshwater fish populations often evolve in isolation, influenced by geographic barri-
ers and environmental factors like temperature, pH, and food availability, which can result in 
significant genetic differentiation. Genetic research in Kenya has focused on various aspects, 
such as genetic divergence and adaptation, species conservation, and population genetics. 
This review examines the current status of genetic research in freshwater fishes, evaluates the 
necessary infrastructure to support further studies, summarizes the areas already explored, 
identifies existing gaps, and proposes directions for future genetic research both globally and 
within the Kenyan context.

Keywords: freshwater fish genetics, environmental stressors, population genetics, next-gener-
ation sequencing

Introduction

Fish populations in freshwater ecosystems play 
a critical role in maintaining ecological balance 
through nutrient cycling and serving as integral 
components of aquatic food webs (Villéger et al., 
2017). They also influence the overall health and 
stability of aquatic habitats by helping regulate 
populations of other organisms (Lapointe et al., 
2014). Adaptations to these environments are 
reflected in both physiological and behavioral 

mechanisms that enhance survival in freshwa-
ter habitats (Blewett et al., 2022). Furthermore, 
a significant proportion of freshwater fishes are 
endemic to specific ecosystems, making them 
especially vulnerable to environmental changes 
and anthropogenic pressures (Masoumi et al., 
2024). The combined threats of habitat degra-
dation, pollution, and the introduction of invasive 
species, has made conservation efforts impera-
tive (De Santis et al., 2023). 
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Genetic studies not only help track evolutionary 
changes but also allow for the identification of 
cryptic species, the detection of inbreeding, and 
the assessment of genetic health in endangered 
populations (Theissinger et al., 2023). Genetic 
techniques have been utilized to estimate ef-
fective population sizes, determine species and 
evolutionary significant units (ESUs), and assess 
molecular variation in endangered aquatic spe-
cies of the desert Southwest, providing critical 
conservation insights (Willi et al., 2022). 

Recent research has revealed significant genet-
ic divergence in species like Sarcocheilichthys 
parvus, with genetic isolation resulting in the 
development of distinct lineages and sub-lin-
eages shaped by landscape evolution (Li et al., 
2023). Additionally, paleo-drainage connec-
tions, which historically linked water courses, 
have played a key role in shaping the genetic 
structure and population dynamics of these fish 
(Bruyn et al., 2013). In the case of Oreochromis 
mossambicus, a species facing threats due to 
human activities such as overfishing and water 
management practices, genetic research has 
shown that population differentiation and re-
duced genetic diversity are key challenges for 
its survival (Mashaphu et al., 2024). Understand-
ing the genetic variability of species like O. mos-
sambicus is essential for developing conserva-
tion strategies that promote genetic resilience.

In Kenya, freshwater ecosystems such as the 
Nile Basin, Lake Victoria, Tana River and Lake 
Turkana support a diverse array of fish species, 
many of which are crucial for the livelihoods of 
local communities (Nyingi et al., 2013). Howev-
er, these ecosystems are facing significant in-
creasing threats, including overfishing, habitat 
destruction, and pollution (Muthoka et al., 2024). 

Genetic research in Kenya has focused on the 
population structure, species identification, and 
the impact of human activities on freshwater 
fish populations (Barasa et al., 2014). For in-
stance, genetic studies of the Lake Victoria hap-
lochromine cichlids have revealed significant 
genetic differentiation, with species being ge-
netically monophyletic across their geographic 
ranges (Nakamura et al., 2021). 

The genetic tools available today offer valuable 
insights into species differentiation, population 
dynamics, and the impact of environmental 
changes on freshwater fish populations (Geb-
remedhin et al., 2021). As freshwater ecosys-
tems continue to face increasing threats from 
human activities, the need for genetic research 
to inform conservation efforts is more important 
than ever (Albert et al., 2021). Ensuring the long-
term viability of freshwater fish populations re-
quires not only an understanding of their genetic 
makeup but also the development of strategies 
that protect genetic diversity and restore natu-
ral habitats (Mashaphu et al., 2024). 

This review highlights the importance of genetic 
research in understanding the evolution, popu-
lation dynamics, and adaptation of freshwater 
fish populations worldwide, with an empha-
sis on conserving genetic diversity for effective 
conservation. In Kenya, genetic studies have 
shed light on species differentiation, the impact 
of human activities, and the necessity of sus-
tainable management practices to preserve 
freshwater biodiversity in key ecosystems like 
Lake Victoria and Lake Turkana.

Discussion
Overview of genetic research on freshwater 
fish populations

Genetic research on freshwater fish globally has 
provided crucial insights into species evolution, 
adaptation to various environmental stressors, 
and the dynamics of genetic diversity within 
fragmented ecosystems (Martinez et al., 2018). 
Kenya’s diverse freshwater ecosystems - rang-
ing from the Great Rift Valley lakes to the rivers 
and wetlands - offer a unique setting for the 
study of freshwater fish genetics (Nyingi et al., 
2013). Lake Victoria, one of the world’s largest 
freshwater lakes, hosts an extraordinary diversi-
ty of fish species, including Mormyrus kannume, 
Protopterus aethiopicus, various Haplochromine 
species, Brycinus spp., Rastrineobola argentea 
(commonly known as omena), Labeo victori-
anus, Enteromius species., and Synodontis vic-
torianus (Vanina et al., 2019).
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Genetic divergence and adaptation of 
freshwater fishes

Freshwater fish populations often evolve in isola-
tion due to geographic barriers like rivers, lakes, 
and mountains (van der Sleen and Albert, 2022). 
Genetic studies, especially those using molecular 
markers like mitochondrial DNA, microsatellites, 
and next-generation sequencing, provide insights 
into how populations diverge over time and adapt 
to local conditions (Wenne, 2023). For example, 
studies have shown how populations of the same 
species living in different watersheds can develop 
significant genetic differentiation due to variations 
in environmental factors, such as water tempera-
ture, pH, and food availability (Liao et al., 2024).

Kenya’s freshwater systems host several en-
demic fish species, particularly in the Rift Valley 
lakes like Lake Victoria, Lake Nakuru, and Lake 
Baringo (Omondi et al., 2018). Genetic studies 
on these endemic species provide valuable in-
sights into how they evolved in isolated envi-
ronments and the genetic factors that enable 
their adaptation to unique conditions (Vidal and 
García-Marín, 2011). Research on the genetics 
of the Nile tilapia (Oreochromis niloticus) and 
the various cichlid species in Lake Victoria has 
shown significant genetic divergence between 
populations in different lakes and rivers, which 
are essential for developing conservation strat-
egies (Tibihika et al., 2020) (Fig. 1).

Genetic research helps in identify-
ing critical populations that need 
protection and in understanding 
the impacts of invasive species on 
native fish populations, like the in-
troduction of the Nile perch (Lates 
niloticus) into Lake Victoria, which 
has severely disrupted the native 
fish communities (Nyamweya et 
al., 2023).

Impact of human activities on 
freshwater fishes

Human-induced activities, such 
as dam construction, water pollu-
tion, overfishing, and the introduc-
tion of invasive species, have pro-
found impacts on freshwater fish 
genetics (Chen et al., 2023). These 
activities can lead to genetic bot-
tlenecks, reduced genetic diversi-
ty, and the loss of unique genetic 
traits critical for fish species ad-
aptation (Martinez et al., 2018).  In 
Kenya, genetic studies have been 
instrumental in assessing the ex-
tent of population of isolation and 
fragmentation, shedding light on 
how these factors affect genetic 
diversity and adaptability (Sadler 
et al., 2023). 

Genomic tools for understanding 
speciation processes in 
freshwater fish

Next-generation sequencing (NGS) 
technologies have significantly ad-
vanced our understanding of spe-
ciation processes in freshwater fish 

Figure 2. Endangered cyprinid fish species Labeo victorianus 
from the lower River Nyando, Kenya (Coordinates: 
0°10’28.3”S, 34°55’34.9”E) (Source: Author).

Figure 3. Barbus altinialis from the upper River Nyando, 
Kenya (Source: Author).

Figure 1. Nile tilapia (Oreochromis niloticus) from the 
upper River Nyando, Kenya (Coordinates: 0°13’17.7”S 
35°15’27.5”E) (Source: Author).
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(Mehinto et al., 2012). By examining large genetic 
datasets, researchers can better distinguish be-
tween genetic differentiation driven by specia-
tion versus spatial population structure (Hutama 
et al., 2017). As Kenya’s freshwater fisheries sup-
port the livelihoods of millions of people, genetic 
studies are also applied to improve fishery man-
agement practices (Obiero et al., 2023). Genetic 
monitoring helps track fish populations, ensuring 
sustainable harvests and identifying the impacts 
of fishing on population structure (Seljestad et al., 
2024). Additionally, the genetic diversity of spe-
cies like Clarias gariepinus (African catfish) (Fig-
ure 4) and Cyprinus carpio (common carp) in 
Kenyan rivers is crucial in ensuring healthy pop-
ulations for aquaculture (Emam et al., 2024).

Current status of genetic research in 
freshwater fishes 

Genetic research on freshwater fish populations 
has advanced significantly globally, driven by ad-
vances in molecular techniques and a growing 
awareness of the importance of genetic diversity 
for conservation and sustainable management 
(Martinez et al., 2018). Genetic research in freshwa-
ter fish in Kenya is still in its developmental stag-
es compared to more established research fields 
(Obiero et al., 2023). However, there have been 
notable efforts in the study of native fish species, 
population genetics, and the application of genetic 
tools to aquaculture and conservation (Sanda et 
al., 2024). The Kenya Marine and Fisheries Research 
Institute (KMFRI) has made diverse contributions to 
genetic research on freshwater fish in Kenya, en-
compassing both basic and applied genetic stud-
ies (Obiero et al., 2023). 

Biodiversity and freshwater fish species 
delimitation

Advancements in molecular genetics, particu-
larly DNA barcoding and genomic sequencing, 
have greatly enhanced our ability to differen-
tiate closely related species and comprehend 
their genetic divergence (Ali et al., 2020). These 
methodologies are also instrumental in resolv-
ing instances of cryptic speciation, where spe-
cies that appear morphologically similar are 
genetically distinct (Fišer et al., 2018). Genetic 
tools, such as mitochondrial DNA sequencing 
and microsatellites, have been used to assess 
genetic diversity within species such as native 
tilapiine populations and the endemic species 
in Lake Victoria (Tesfaye et al., 2021). 

One of the key areas of genetic research in 
Kenya has been the identification and classifi-
cation of freshwater fish species (Barasa et al., 
2014). KMFRI has contributed to the identifica-
tion and classification of native and introduced 
freshwater fish species in Kenyan water bodies 
(Obiero et al., 2023). Studies have focused on 
understanding the genetic diversity within ma-
jor fish species in Kenyan waters, such as the 
catfish species and native cichlids (Mwaura et 
al., 2023). Mitochondrial DNA markers have been 
frequently used to examine phylogenetic rela-
tionships and to identify cryptic species, which 
are common in Kenyan freshwater fish popu-
lations (Schmidt et al., 2017). However, a com-
prehensive genetic inventory of the entire fish 
fauna in Kenyan freshwater ecosystems is still 
lacking (Syanya et al., 2023).

Figure 4. Clarias gariepinus (African catfish) of Lake Victoria Basin, Kenya (Source: Okechi et al., 
2004).
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Population genetics and conservation within 
freshwater fishes

Population genetics focuses on the genetic 
structure, diversity, and evolutionary process-
es within fish populations, which are essential 
for assessing their health, adaptability, and 
long-term viability (Hohenlohe et al., 2021). The 
genetic structure of fish populations in Kenya’s 
freshwater systems, such as Lake Victoria, Lake 
Turkana, and the Tana River, has been an area 
of active research (Ndiwa et al., 2014). Studies 
have shown significant genetic differentiation 
among populations of Nile tilapia, which has 
implications for their conservation and man-
agement (Geletu et al., 2025). Research on the 
genetic consequences of overfishing and the 
introduction of non-native species has also 
provided insights into the impact of human 
activities on genetic diversity (Pukk et al., 2013). 
Population genetics studies have revealed the 
impact of overfishing, habitat degradation, 
and introduction of non-native species on the 
genetic diversity of fish populations (Martinez 
et al., 2018). 

Aquaculture genetics and freshwater fisheries 
management

Studies have explored the genetic improvement 
of farmed species such as Nile tilapia and the 
introduction of genetically improved farmed fish 
strains (Barría et al., 2023). However, research 
on the genetic impacts of farmed fish escap-
ees and their interaction with wild populations 
is still limited (San Román et al., 2025). Studies 
on the genetic improvement of tilapia strains for 
increased disease resistance, growth rates, and 
tolerance to environmental stressors have been 
conducted (Abaho et al., 2025). 

Tilapia farming, is a major sector in the economy 
(Emam et al., 2024) and genetic research in this 
area has focused on improving the productivi-
ty and sustainability of fish farming (Munguti et 
al., 2022). Scientists have also been involved in 
evaluating the genetic consequences of farmed 
fish escaping into wild populations, ensuring 
that the genetic integrity of wild fish populations 
is maintained (Diserud et al., 2022). 

Ecological and evolutionary studies on 
freshwater fish populations

Ecologically, freshwater fish play a key role in 
aquatic ecosystems, influencing trophic dy-
namics, nutrient cycling, and the structure of 
biological communities. These studies examine 
the relationships between fish populations and 
their habitats, including factors such as water 
quality, habitat availability, and competition 
with other species (Mamun and An, 2022). 

Genetic research in Kenya has focused on under-
standing how freshwater fish populations adapt 
to these environmental stressors (Sanda et al., 
2024). For instance, studies have looked into how 
populations of Nile tilapia in different lakes exhibit 
genetic adaptations to varying salinity levels and 
environmental conditions (Ndiwa et al., 2016). KM-
FRI has examined how freshwater fish populations 
adapt to varying environmental conditions, such 
as changes in water quality, temperature, and 
habitat structure (Oyugi et al., 2014). These studies 
have focused on understanding the genetic basis 
of adaptive traits, which is critical for the sustain-
able management of fisheries in the face of cli-
mate change and pollution (Muringai et al., 2022).

Infrastructure needs for genetic research in 
freshwater fisheries 

Laboratory facilities for freshwater fisheries 
genetic research

The global genetic research is on understanding 
the genetic structure and diversity within fresh-
water fish populations (Manel et al., 2020). With 
the use of molecular markers, such as mitochon-
drial DNA, microsatellites, and more recently NGS 
researchers have been able to reveal population 
dynamics, species differentiation, and the mech-
anisms of adaptation in freshwater environ-
ments (Wenne, 2023). These studies have shed 
light on how fish populations evolve in isolation 
due to geographic barriers like rivers, lakes, and 
mountains (van der Sleen and Albert, 2022). 

To advance genetic research on freshwater 
fishes in Kenya, the development of special-
ized molecular biology laboratories is essen-
tial (Amoussou et al., 2019). Currently, many 
Kenyan universities and research institutions 
lack the state-of-the-art facilities required for 
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high-throughput fisheries genetic analysis. Lab-
oratory spaces equipped for DNA extraction, 
PCR amplification, and DNA sequencing are 
necessary (Nguinkal et al., 2024).

Freshwater fisheries genetic analysis 
equipment

Environmental monitoring equipment is funda-
mental to genetic research, providing critical 
context for fish genetic data by assessing hab-
itat conditions (Yang et al., 2024). Water quality 
monitoring systems measure key environmen-
tal variables such as temperature, pH, and pol-
lutants, which can influence fish genetics and 
adaptation (Zhang et al., 2024). Global Posi-
tioning System (GPS) devices are also used to 
map the locations of sampled fish populations, 
helping researchers correlate genetic data with 
specific environmental conditions or habitat 
types (Hebblewhite and Haydon, 2010).

Genetic research on freshwater fish relies on a 
diverse range of equipment at every stage of 
the process, from field sampling to advanced 
sequencing and data analysis (Cermakova et 
al., 2023). Each tool plays an essential role in 
generating accurate genetic data, which is 
increasingly vital as freshwater fish popula-
tions face growing threats from habitat de-
struction, climate change, and overfishing 
(Bănăduc et al., 2022). Advanced equipment 
not only informs conservation strategies 
but also supports sustainable management 
practices and the preservation of biodiversi-
ty in these crucial ecosystems (Niesenbaum, 
2019). The journey of genetic research be-
gins in the field, where sampling equipment 
such as nets, traps, and fishing gear are used 
to capture freshwater fish from their natu-
ral habitats (Yao et al., 2022). Once the fish 
are collected, biological samples, such as fin 
clips, scales, or blood, are carefully stored in 
preservative solutions or frozen to prevent 
degradation. Proper field sampling is the 
first step in obtaining reliable data for further 
analysis (Oosting et al., 2020).

Once the fish samples are collected, DNA ex-
traction is the next critical step. Specialized 
equipment, such as centrifuges for isolating 

DNA, microcentrifuge tubes, and pipettes, are 
used to handle small volumes of genetic ma-
terial (Formosa et al., 2010). High-quality DNA 
extraction kits or automated DNA extraction 
systems are essential for ensuring a high 
yield of intact fish DNA, which is crucial for 
successful genetic analysis (Lutz et al., 2023). 
Polymerase Chain Reaction (PCR) is a tech-
nique frequently employed to amplify spe-
cific DNA regions, such as mitochondrial DNA 
or microsatellites. Essential PCR equipment 
includes thermal cyclers or PCR machines, 
which regulate the heating and cooling cy-
cles needed for DNA amplification. After am-
plification, gel electrophoresis systems are 
used to analyze the PCR products and ver-
ify the success of the amplification process 
(Ghannam and Varacallo, 2018).

NGS has revolutionized genetic research, en-
abling large-scale, high-throughput fish DNA 
sequencing at an unprecedented. NGS se-
quencers, such as those from Pacific Biosci-
ences, Illumina or Oxford Nanopore, are ca-
pable of generating millions of DNA reads in 
a single run, allowing researchers to explore 
entire genomes or targeted gene regions with 
great precision (Satam et al., 2023). Alongside 
these sequencers, bioinformatics tools and 
software are indispensable for managing the 
vast amounts of data generated, including 
aligning sequences, detecting genetic vari-
ants, and conducting fish population genetic 
analyses (Casas and Saborido, 2023). Geno-
typing and molecular marker analysis also 
play an important role in studying fish genet-
ic variation. Automated DNA sequencers help 
determine the nucleotide sequence of specif-
ic genetic markers, while fragment analyzers 
quantify and visualize fish genetic patterns 
(Dudu et al., 2015). Additionally, SNP geno-
typing platforms allow for in-depth analysis 
of genetic variation across thousands of loci, 
offering detailed insights into fish population 
genetics and evolutionary processes (Taille-
bois et al., 2021).

As the amount of data produced by genet-
ic research grows, bioinformatics tools and 
data storage systems become indispensable 
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(Saparov and Zech, 2025). High-performance 
computers and servers are essential for pro-
cessing large genomic datasets, and secure 
data storage systems, such as cloud storage 
or local servers, ensure the integrity and ac-
cessibility of genetic data (Shih et al., 2023). 
Bioinformatics software, such as STRUCTURE 
or PLINK, facilitates fish population genet-
ic analyses and the visualization of genetic 
relationships (Solovieva and Sakai, 2023). In 
some cases, researchers may need to observe 
specific physical traits or genetic markers in 
fish tissues (Cuéllar et al., 2016). This requires 
equipment such as microscopes for examin-
ing cellular structures and fluorescence im-
aging systems for visualizing genetic markers 
tagged with fluorescent dyes. These tools are 
particularly useful when studying gene ex-
pression or tracking fish genetic changes at 
the cellular level (Pradhan et al., 2023).

Benchmarking and research capacity on 
freshwater fish populations

Global benchmarking of fisheries research 
standards

Benchmarking is essential for aligning fisheries 
research with international conservation goals, 
such as the United Nations Sustainable Devel-
opment Goals (SDGs) and agreements such as 
the Convention on Biological Diversity (Stratou-
dakis et al., 2015). It supports the development 
of internationally recognized frameworks for 
assessing fisheries sustainability, ensuring that 
research contributes to the conservation and 
sustainable use of aquatic resources (Savari et 
al., 2024). 

Kenya’s research efforts in freshwater fish ge-
netics are relatively nascent compared to glob-
al leaders in the field, such as the United States, 
Canada, and European countries (Basiita et al., 
2018). These countries have well-established re-
search infrastructures and genetic databases for 
fish species, which Kenya can look to as bench-
marks. For example, research institutions such 
as the Fish Genetics and Breeding Program in 
Canada have pioneered genetic improvement 
programs for aquaculture, which can serve as a 
model for Kenya (Houston et al., 2022).

Fisheries genetic technology capacity in low-
resource regions

While there has been substantial fish genetic 
technology progress in well-resourced regions, 
many countries in Asia, Africa, and Latin America 
still face significant capacity gaps. These gaps 
include limited access to state-of-the-art equip-
ment, underdeveloped research infrastructures, 
and a lack of trained personnel (Obiero et al., 
2019). Capacity-building initiatives, including 
funding for infrastructure and partnerships with 
international institutions, are critical to bridging 
these gaps. While Kenya has made strides in the 
field of fisheries research, the country faces sig-
nificant limitations in research infrastructure and 
resources. Institutions such as the KMFRI and the 
University of Nairobi have made important con-
tributions to fish genetics research, but there is 
still a shortage of advanced sequencing facilities 
and bioinformatics tools (Munguti et al., 2023). 
Limited funding for research projects further 
exacerbates this gap. Nevertheless, KMFRI’s re-
search output has contributed valuable insights 
into the genetic diversity of freshwater fish spe-
cies, and with increased investment, the institute 
can become a leading force in genetic research 
for freshwater biodiversity and aquaculture in 
the region (Aloo et al., 2017).

Fish genetic research - current status and 
way forward

Genetic research on freshwater fish populations 
has made significant strides globally, contrib-
uting to our understanding of biodiversity, evo-
lution, adaptation, and the impacts of human 
activities on these vital ecosystems. Howev-
er, despite the advances, there are still gaps in 
knowledge and areas where research is limited 
(De Santis et al., 2023) .

In Kenya, genetic research on freshwater fish 
populations has made considerable progress, 
particularly due to the country’s rich and diverse 
aquatic ecosystems, which include lakes, rivers, 
and wetlands. However, despite these advance-
ments, significant gaps still remain, and more 
research is needed to fully understand the ge-
netic dynamics of freshwater fish populations in 
Kenya (Masese et al., 2020).
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Completed research areas on freshwater 
fisheries genetic research

Understanding fish population structure and 
genetic divergence

Genetic research on freshwater fish has primar-
ily focused on analyzing population structure 
across various aquatic habitats  (Martinez et al., 
2018). Researchers have used molecular mark-
ers such as mitochondrial DNA, microsatellites, 
and more recently, NGS, to assess how popula-
tions are genetically differentiated across rivers, 
lakes, and other freshwater systems (Wenne, 
2023). Studies have demonstrated that geo-
graphic isolation, such as barriers created by 
dams or natural features, can lead to significant 
fish genetic divergence (Kobayashi et al., 2024). 
For instance, research on cichlids in African lakes 
has shed light on how these populations adapt 
to different environmental conditions, leading to 
speciation (Takahashi and Koblmüller, 2011).

Kenya’s freshwater ecosystems, particularly in 
the Rift Valley and Lake Victoria, are home to a 
number of endemic fish species, many of which 
face threats from habitat loss, pollution, and 
overfishing. Genetic research has been con-
ducted to understand the genetic structure and 
diversity of these species. For example, studies 
on the genetics of cichlid species in Lake Vic-
toria and other Rift Valley lakes have provided 
valuable insights into their evolutionary history, 
population structure, and genetic divergence 
(Takeda et al., 2013). The tilapiine species has 
also been extensively studied to understand 
population genetics and adaptability across 
different lakes in Kenya (Yongo et al., 2021).

Freshwater fisheries genetic adaptation to 
environmental stressors

A substantial body of work has explored how 
freshwater fish populations adapt to environ-
mental stressors such as pollution, temperature 
changes, and salinity fluctuations (Agarwal et 
al., 2024). These studies have highlighted the 
role of genetic variation in enabling fish popula-
tions to cope with altered environmental condi-
tions. Examples include genetic adaptations to 
high levels of pollutants, like heavy metals, and 

thermal adaptations in species living in warm-
er waters. This research has been key to under-
standing the mechanisms of survival in the face 
of climate change (Hamilton et al., 2017).

Fisheries conservation and management

Genetic research has played a crucial role in 
conservation efforts for endangered freshwa-
ter fish species. Identifying genetically distinct 
populations and understanding their genetic 
diversity has helped prioritize conservation ef-
forts (Kim et al., 2023). For instance, studies on 
the fish genetic health of populations of spe-
cies such as the Atlantic have provided import-
ant data for designing conservation strategies 
(Sanda et al., 2024). Moreover, the impact of 
invasive species, like the Nile perch in Lake Vic-
toria, has been studied to understand how they 
affect the genetic structure of native fish popu-
lations (Mwanja et al., 2012).

Genetic research has played a crucial role in the 
conservation of endangered species, especially 
those affected by overfishing, invasive species, 
and environmental degradation (Hedrick and 
Hurt, 2012). Research has helped identify genet-
ically distinct populations, and genetic diversity 
studies have been used to design conservation 
strategies to prevent the loss of fish genetic ma-
terial through inbreeding (Robledo et al., 2024). 

Use of genomic tools for freshwater 
aquaculture

The application of genetic research in aqua-
culture has been significant, particularly in 
the breeding of freshwater fish for sustainable 
farming. Research on improving traits such as 
growth rate, disease resistance, and environ-
mental tolerance through genetic selection has 
been widely conducted (Eknath and Hulata, 
2009). This research has helped improve aqua-
culture productivity and sustainability, benefit-
ing economies and food security globally.

In Kenya, aquaculture, particularly Nile tilapia 
farming, plays a significant role in food securi-
ty and economic development (Munguti et al., 
2022). Genetic research has been applied to 
improve fish farming practices by studying the 
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genetic diversity of farmed species. Research 
has also focused on breeding programs aimed 
at enhancing disease resistance, growth rates, 
and tolerance to environmental stressors (Gje-
drem et al., 2012). The KMFRI has been active-
ly involved in studies that assess the genetic 
health of farmed tilapia populations, contribut-
ing to the sustainability and productivity of the 
aquaculture industry (Abwao et al., 2023).

Several studies have been conducted on the 
population genetics of key fish species such as 
Nile tilapia, catfish, and native cichlids across 
Kenya’s freshwater systems (Tibihika et al., 
2020). These studies have identified genetic 
differentiation among populations in different 
lakes and rivers, which is important for manag-
ing fish stocks and preventing overfishing. These 
genetic insights are essential for creating effec-
tive management policies to protect fish pop-
ulations in the face of environmental pressures 
and human activities (Sadler et al., 2023).

Next-Generation Sequencing (NGS) and 
Genome-Wide Studies on freshwater fish

The advent of NGS technologies has been transfor-
mative for genetic research on freshwater fish. NGS 
has enabled large-scale, high-throughput se-
quencing of genomes, allowing researchers to ex-
amine entire genomes or specific genetic regions 
with unprecedented precision (Satam et al., 2023). 
This has advanced our understanding of species 
differentiation, gene flow, and evolutionary pro-
cesses. Several freshwater fish species’ complete 
or partial genomes have been sequenced, provid-
ing valuable information for both evolutionary biol-
ogy and conservation (Yang et al., 2020).

One of the key areas of research in Kenya has 
been the use of genetic tools for species identi-
fication and biodiversity assessment. Molecular 
markers like mitochondrial DNA and microsatel-
lites have been utilized to assess the genetic di-
versity of fish populations in Kenya’s freshwater 
ecosystems (Ahmed et al., 2023). These studies 
have been crucial in identifying cryptic and fresh-
water fish species and in better understanding 
the distribution of genetic variation among native 
and introduced species (Arisuryanti et al., 2019).

Unexplored research areas on fisheries 
genetic research

Comprehensive global fish genetic databases

While there have been significant studies on 
specific species, there is still no comprehensive, 
globally accessible database of genetic infor-
mation for freshwater fish populations (Brosse 
et al., 2013). Many freshwater fish species, espe-
cially those in under-researched regions, lack 
detailed genetic data. A global repository could 
help researchers and conservationists track ge-
netic diversity, identify at-risk populations, and 
inform conservation management on a larger 
scale (Obiero et al., 2023).

Despite the progress, there is still a lack of a 
comprehensive genetic inventory of the entire 
fish fauna in Kenya’s freshwater ecosystems 
(Hickley et al., 2015). While some species, espe-
cially commercially important ones like Nile tila-
pia, have been extensively studied, many spe-
cies, particularly those in less-explored regions 
or with less economic significance, remain un-
derstudied (Tibihika et al., 2023). A complete 
genetic inventory would help assess the overall 
biodiversity of Kenya’s freshwater systems and 
aid in identifying species that are at risk of ex-
tinction due to genetic erosion or environmental 
factors (Ruppert et al., 2019).

Long-term studies on fisheries genetic effects 
of climate change

While there have been studies on the immedi-
ate genetic impacts of environmental stressors, 
long-term studies assessing the genetic conse-
quences of climate change on freshwater fish 
populations remain limited (Huang et al., 2021). 
Understanding how shifting climates influence 
genetic diversity, gene flow, and adaptation in 
freshwater ecosystems over time is crucial, es-
pecially as climate change accelerates (Weis-
kopf et al., 2020).

Climate change is expected to have significant 
effects on freshwater ecosystems, but there has 
been limited genetic research on how fresh-
water fish populations in Kenya are respond-
ing to climate change. Research is needed to 
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examine how shifts in water temperature, rain-
fall patterns, and water quality might affect the 
genetic diversity and adaptability of freshwater 
fish (Ficke et al., 2007). Long-term monitoring of 
genetic changes in fish populations in response 
to climate change will be essential for predict-
ing future trends and developing effective man-
agement strategies (Moltó et al., 2024).

Genetic research on understudied freshwater 
fish species and ecosystems

Despite progress, many freshwater fish species 
and ecosystems remain understudied geneti-
cally. Research has primarily focused on com-
mercially important species, such as tilapia or 
salmon, while lesser-known species, especially 
those in remote or less-accessible regions, are 
often overlooked (Radinger et al., 2023). Fresh-
water fish in biodiversity hotspots like the Ama-
zon or Southeast Asia still lack sufficient genetic 
information, and more studies are needed to 
understand these species’ genetic diversity and 
evolutionary history (Zieritz et al., 2024).

While certain species, such as Nile tilapia, have 
received attention in terms of genomic research, 
many native fish species in Kenya, especially those 
in remote or under-explored lakes, remain poorly 
studied. Species like the catfish and endemic cich-
lids in isolated Rift Valley lakes have not been the 
subject of in-depth genomic research, and their 
potential for adaptation to local environmental 
conditions remains largely unknown (Stauffer et 
al., 2022). Expanding genomic research to these 
understudied species could reveal important in-
formation for conservation efforts.

Comprehensive Effects of Human-Induced 
Fragmentation on freshwater fish populations

Although there has been research on the ef-
fects of habitat fragmentation on freshwater 
fish populations, comprehensive studies linking 
genetic data to the long-term consequences of 
human-induced fragmentation such as dam 
construction, water diversion, and pollution are 
still lacking (Pavlova et al., 2017). The genetic im-
pacts of these human activities need to be stud-
ied in more depth to understand their effects on 
gene flow, population viability, and overall bio-
diversity (Mimura et al., 2017).

Although genetic research has focused on the 
effects of invasive species and overfishing, 
long-term studies on the genetic consequenc-
es of other human activities, such as dam con-
struction and water diversion, are still lacking 
(Wang et al., 2021). These activities have frag-
mented fish habitats and reduced gene flow, 
and their impact on the genetic diversity of fish 
populations needs to be studied in greater de-
tail (Pavlova et al., 2017). Understanding the ge-
netic effects of these human-induced changes 
will be crucial for the sustainable management 
and conservation of fish populations in the fu-
ture (Sonesson et al., 2023).

Impact of fish genetic engineering in 
aquaculture 

While there has been considerable genetic 
research in aquaculture aimed at improving 
farmed fish, there is a need for further studies 
on the ecological and genetic consequences 
of genetically modified fish in wild populations 
(Sanda et al., 2024). The escape of genetical-
ly modified or selectively bred farmed fish into 
natural ecosystems could have long-term 
impacts on genetic diversity and local adap-
tation. More research is needed to assess the 
risks of farmed fish escaping into the wild and 
interbreeding with native populations (Bolstad 
et al., 2021).

In Kenya, the practice of genetic improvement in 
aquaculture mainly focuses on selective breed-
ing rather than genetic modification. Research 
institutions, such as the KMFRI, have engaged in 
studies on breeding more resilient strains of Nile 
tilapia (Oreochromis niloticus) and African cat-
fish to enhance aquaculture productivity (Mung-
uti et al., 2022). These efforts are aimed at improv-
ing growth rates, disease resistance, and stress 
tolerance, particularly in regions prone to envi-
ronmental challenges such as fluctuating water 
temperatures and poor water quality. However, 
genetic modification (GM) of fish, such as engi-
neering fish to grow faster or tolerate harsher en-
vironmental conditions, has not yet been widely 
implemented in Kenya’s aquaculture sector, al-
though the potential for such practices in the fu-
ture exists (Munguti et al., 2014).
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Integrating fish genetic data with ecological 
and environmental research

Genetic studies often focus on isolated fac-
tors, such as genetic markers or environmental 
stressors, without fully integrating ecological or 
environmental data. There is a need for more in-
terdisciplinary research that combines genetic 
data with detailed environmental and ecolog-
ical studies (Rousseau, 2024). Such research 
could provide a more comprehensive under-
standing of how freshwater fish populations 
adapt to both genetic and environmental chal-
lenges, especially in the context of human-in-
duced changes to freshwater habitats.

In Kenya, much of the genetic research is con-
ducted in isolation, without integrating ecolog-
ical and environmental data. The interaction 
between genetic factors and ecological pres-
sures is vital for understanding the resilience of 
fish populations (Terer et al., 2012). For instance, 
how do environmental stressors like pollution or 
habitat loss interact with genetic traits to influ-
ence fish survival and reproduction? More re-
search is needed that integrates genetic data 
with detailed ecological studies to provide a ho-
listic understanding of fish population dynamics 
(Canosa and Bertucci, 2023).

Functional fish genomics and gene expression

While sequencing the genomes of freshwater 
fish species is an important step, there is less 
research on functional genomics studying how 
genes are expressed in different environmen-
tal conditions or life stages. Investigating gene 
expression can provide deeper insights into the 
physiological processes that underpin adapta-
tion and resilience, particularly in response to 
environmental stressors like pollution or tem-
perature changes (Nielsen and Pavey, 2010).

Functional genomics, which studies how genes 
are expressed in different environmental con-
ditions, remains an underexplored area in Ken-
ya. While there has been research on genetic 
markers and population structure, little is known 
about how environmental stressors (such as 
water quality, temperature changes, or pollu-
tion) influence gene expression in Kenyan fresh-

water fish species (Mackler and Lea, 2018). Re-
search on functional genomics could provide 
valuable insights into how fish adapt to environ-
mental challenges and improve conservation 
strategies in the face of climate change and 
habitat degradation (Grummer et al., 2019).

Gene editing clustered regularly interspaced 
short palindromic repeats and CRISPR-
associated protein 9 (CRISPR/Cas9)

Gene editing technologies like clustered regu-
larly interspaced short palindromic repeats and 
CRISPR-associated protein 9 (CRISPR/Cas9) of-
fer the possibility of directly modifying the DNA 
of freshwater fish to introduce or enhance de-
sirable traits, such as enhanced disease resis-
tance or faster growth rates (Yang et al., 2024). 
The approach could also be used to correct ge-
netic defects in wild populations or restore en-
dangered species. While gene editing in fish is 
still a developing field, it holds great promise for 
improving the resilience and health of both wild 
and farmed populations (Ansori et al., 2023).

Metagenomics and microbiome research

The study of fish microbiomes microorganisms 
living in or on fish will become increasingly im-
portant in understanding how genetics influenc-
es fish health, growth, and disease resistance 
(Kanika et al., 2024). Metagenomics, the study 
of genetic material recovered directly from en-
vironmental samples, will allow researchers to 
identify beneficial microorganisms that could 
enhance fish welfare and improve disease re-
sistance, particularly in aquaculture settings 
(Nogueira and Botelho, 2021).

The way forward on genetic research in the 
freshwater fish populations

Genetic research is rapidly evolving, particular-
ly with the advent of NGS technologies, bioin-
formatics tools, and high-throughput systems. 
To fully leverage these advancements, signif-
icant investment in laboratory infrastructure 
and human capital is required, especially in 
regions where resources for such research are 
limited (Koboldt et al., 2013). To move forward 
in advancing genetic research on freshwater 
fish populations globally, and specifically in the 
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context of Kenya, there is a critical need to en-
hance infrastructure and investment in key ar-
eas (Munguti et al., 2023).

Investment in laboratory infrastructure for fish 
genetic studies

The foundation of genetic research lies in hav-
ing state of the art laboratory facilities equipped 
to handle complex genetic analyses (Donohue 
et al., 2021). Globally, well-funded research in-
stitutions and sequencing centers have been 
able to generate vast amounts of genetic data 
that are shaping our understanding of biodiver-
sity, species adaptation, and evolutionary pro-
cesses (Hoban et al., 2022). However, in many 
regions, including Kenya, the lack of adequate 
infrastructure limits the ability to conduct high 
quality research (Whalen et al., 2014).

Establishing advanced sequencing laborato-
ries equipped with NGS platforms will allow re-
searchers to sequence the genomes of freshwa-
ter fish at a much higher throughput and lower 
cost than traditional methods (Domrazek and 
Jurka, 2024). These facilities would not only sup-
port local researchers but also provide access 
to international scientists who may lack access 
to such resources in their own countries. Bioin-
formatics infrastructure is equally important, 
as it provides the computational tools needed 
to process and analyze the large fish datasets 
generated by sequencing (Rana et al., 2021). In-
vestment in high-performance computing sys-
tems and bioinformatics software will ensure 
that data is efficiently processed, analyzed, and 
stored (Sànchez et al., 2015).

In Kenya, this could be addressed by setting up 
a national genetic research center dedicated to 
freshwater fish. Such a center would centralize 
resources, streamline research efforts, and be-
come a hub for knowledge sharing among uni-
versities, research institutions, and private sec-
tor stakeholders (Bezeng et al., 2025). This would 
also foster collaborative research projects on 
both the national and international levels.

Training and capacity building on fish 
genetics

Investment in infrastructure must go hand in 
hand with training and capacity building for re-
searchers. To support the growth of genetic re-
search in freshwater fish, particularly in Kenya, 
local scientists need to be equipped with the 
knowledge and skills to use advanced genetic 
technologies (Munguti et al., 2024). This includes 
training in sequencing, molecular techniques, 
data analysis, and bioinformatics.

International collaborations, academic partner-
ships, and exchanges can help build local capac-
ity in Kenya. Furthermore, building expertise in lo-
cal research institutions will ensure that Kenya can 
lead its own genetic research programs and con-
tribute to global freshwater fish genetics research 
(Kombo and Mwangi, 2018). Capacity building 
should also extend to policy makers, to ensure 
that they understand the potential of genetic re-
search and can support informed decision-mak-
ing in the context of conservation and freshwater 
fisheries management (Kadykalo, 2022).

Funding for research projects on freshwater fishes

While robust infrastructure is crucial, consistent 
and sustained funding for research is equally 
important. Governments, international organi-
zations, and private investors need to prioritize 
freshwater fish genetics research, recognizing 
its importance in biodiversity conservation, sus-
tainable fisheries, and aquaculture (Nyamweya 
et al., 2023). In Kenya, government funding, 
combined with international grants and private 
sector investment, should be directed towards 
research that explores how genetic techniques 
can help restore threatened fish populations, 
improve aquaculture practices, and ensure the 
sustainability of freshwater ecosystems (Mung-
uti et al., 2023).

In addition to providing direct funding for re-
search, financial support should also be allocat-
ed to long-term monitoring projects that track 
changes in the genetic diversity of freshwater fish 
populations in response to environmental pres-
sures, such as climate change, pollution, or the 
introduction of invasive species (Phiri et al., 2023)

.
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Strengthening international collaboration on 
freshwater fisheries genetics

Global challenges like biodiversity loss and 
the sustainability of freshwater fish popula-
tions require coordinated efforts across borders. 
Strengthening international collaboration is vital 
to advancing genetic research, as the ecological 
threats faced by freshwater fish are often not con-
fined by national boundaries (Wang et al., 2024). 
Kenya, with its rich biodiversity and unique fresh-
water ecosystems, can play a key role in interna-
tional research initiatives, especially in the African 
context (Okello et al., 2024). Collaborative projects, 
partnerships with international research institutes, 
and participation in global scientific networks will 
ensure that Kenya remains at the forefront of ge-
netic research on freshwater species.

Through international collaboration, Kenya can 
gain access to resources, knowledge, and tech-
nology that may not be available locally. Addi-
tionally, sharing data and research outcomes 
can help shape global conservation strategies 
and policies aimed at preserving freshwater 
biodiversity (Otieno, 2023). Collaborative efforts 
would also facilitate joint research programs on 
transboundary rivers and lakes, where multiple 
countries share the responsibility of preserving 
fish populations (Ndimele et al., 2024).

Developing and implementing policies on 
fisheries genetic research

Regulatory frameworks should be put in place to 
address the potential risks associated with ge-
netically modified organisms (GMOs) in aqua-
culture. For example, policies can ensure that 
genetically modified or selectively bred fish 
are securely contained within farming environ-

ments and do not escape into wild ecosystems, 
potentially threatening the genetic diversity of 
native fish populations (Robinson et al., 2024).

Investment in infrastructure must be paired with 
sound policies that guide genetic research and 
its applications. Kenya needs to develop and 
implement policies that promote the responsi-
ble use of genetic technologies in aquaculture, 
conservation, and fisheries management. Pol-
icies must ensure that the genetic integrity of 
native fish populations is safeguarded, espe-
cially with regards to genetic modification and 
selective breeding (Lal et al., 2024).

Conclusion and 
recommendations

In both global and Kenyan contexts, genetic 
research in freshwater fish is indispensable for 
biodiversity conservation, sustainable fisheries 
management, aquaculture improvement, and 
environmental monitoring. As freshwater eco-
systems face increasing pressures from human 
activities and climate change, genetic tools 
provide critical insights into how fish popula-
tions evolve, adapt, and interact with their en-
vironments. For Kenya, in particular, leveraging 
genetic research can help protect the rich fresh-
water biodiversity in the Great Rift Valley lakes 
and rivers, improve the sustainability of aqua-
culture, and ensure that conservation efforts are 
based on scientifically sound data. Continued 
investment in genetic research will be essential 
to address these challenges and secure the fu-
ture of freshwater fish populations worldwide.
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Fish Species Common Name Family Region Key Focus of Genetic Research Reference

Barbus altinialis Ripon barbel Cyprinidae Lake Victoria, 
Africa

Impact of introduced species (e.g., 
L. niloticus), population genetics, 
and conservation strategies

(Chemoiwa et al., 
2013)

Brycinus nurse Nurse Tetra Characidae Lake Victoria, 
Africa

Species identification, population 
genetics, and phylogenetic 
relationships

(Hamid et al., 2020)

Clarias gariepinus African Catfish
Clariidae Africa, Asia

Genetic improvement for growth 
rates, disease resistance, and 
aquaculture productivity

(Kebtieneh et al., 
2024)

Cyprinus carpio Common Carp
Cyprinidae Europe, Asia

Genetic improvement for 
aquaculture, disease resistance, and 
adaptation to environmental stress

(Xu et al., 2014)

Danio rerio Zebrafish

Cyprinidae Global (Lab-
based)

Biomedical Research, model 
organism for human health 
research, Androgenesis and 
vaccination research

(Teame et al., 2019)

Esox lucius Northern Pike Esocidae North America, 
Europe

Phylogeography, genetic variation 
and population structure

(Skog et al., 2014)

Gambusia affinis Mosquitofish
Poeciliidae North America, 

Global

Genetic diversity, resistance 
to environmental stress, and 
invasive species management

(Mer Mosharraf 
Hossain et al., 2019)

Haplochromine sp. East African 
cichlids

Cichlidae Lake Victoria, 
Africa

Speciation, genetic diversity, and 
adaptation to environmental 
changes

(Takuno et al., 2019)

Ictalurus punctatus Channel Catfish       Ictaluridae North America Disease resistance, growth rate, 
genome mapping

(J. Wang et al., 2024)

Labeo victorianus Ningu Cyprinidae Lake Victoria, 
Africa

Genetic variation, population 
decline, and conservation efforts

(Chemoiwa et al., 
2013)

Lates calcarifer Barramundi
Latidae Australia, 

Southeast Asia

Population genetics, aquaculture 
breeding, and genetic adaptation to 
environmental factors

(Prasertlux et al., 
2024)

Micropterus 
salmoides

Largemouth Bass       Centrarchidae North America 
and Asia

Population genetics, conservation 
genetics   

(Wang et al., 2019)

Mormyrus kannume Elephant-snout Mormyridae Lake Victoria, 
Africa

Genetic variation, reproductive 
strategies, and impact of 
environmental changes

(M.EL-Mahdi, 2018)

Oncorhynchus 
mykiss

Rainbow Trout
Salmonidae North America, 

Europe

Genetic diversity, breeding programs, 
disease resistance, and adaptation to 
various environments

(Miebach et al., 2023)

Oreochromis 
niloticus

Nile Tilapia
Cichlidae Africa, Asia, 

South America

Genetic variation, breeding 
programs, resistance to diseases, 
and growth traits

(Shoemaker et al., 
2022)

Perca fluviatilis European Perch
Percidae Europe

Genetic differentiation, 
environmental adaptation, and 
selective breeding for aquaculture

(Vanina et al., 2019)

Protopterus 
aethiopicus

Marbled Lungfish Cyprinidae East Africa Genetic diversity, habitat 
preferences, and ecological 
adaptation

(Garner et al., 2006)

Rastrineobola 
argentea

Silver Cyprinid 
(Dagaa in Swahili: 
Omena in Luo)

Cyprinidae Lake Victoria, 
Africa

Population genetics, food web 
interactions, and adaptation to 
eutrophic conditions

(Ahnelt et al., 2016)

Rutilus rutilus Roach Cyprinidae Austria, Lithuania, 
England and 
Wales

Genetic diversity, population 
dynamics

(Butkauskas et al., 
2023)

Salmo salar Atlantic Salmon
Salmonidae North Atlantic

Population structure, migratory 
patterns, genetic markers for 
selective breeding

(Houston and 
Macqueen, 2019)

Synodontis 
victorianus

Lake Victoria 
squeaker

Mochokidae Lake Victoria, 
Africa

Genetic structure and population 
dynamics in response to habitat 
changes

(Iyiola et al., 2018)

 Table 1. Key focus areas of genetic research on some freshwater fish species worldwide



 	 Kenya Aquatica Journal - Volume 10, Issue No. 01

�| 115

References
Abaho I, Kwikiriza G, Atukwatse F, Izaara AA, 

Ekwangu J, Baguma SD, Kubiriba J, Kasozi 
N (2025) Selective Breeding for Genetic 
Improvement of Nile tilapia (Oreochro-
mis niloticus Linnaeus, 1758) in Uganda: 
Current Status, Challenges, and Future 
Perspectives. Animals, 15:(2), Multidisci-
plinary Digital Publishing Institute (MDPI) 
[https://doi.org/10.3390/ani15020142]

Abwao J, Jung’a J, Barasa JE, Kyule D, Opiyo M, 
Awuor JF, Ogello E, Munguti JM, Keya GA 
(2023) Selective breeding of Nile tilapia, 
Oreochromis niloticus: A strategy for 
increased genetic diversity and sus-
tainable development of aquaculture in 
Kenya. Journal of Applied Aquaculture, 
35:(2) [https://doi.org/10.1080/10454438.
2021.1958728]

Agarwal D, Shanmugam SA, Kathirvelpandian 
A, Eswaran S, Rather MA, Rakkannan G 
(2024) Unravelling the impact of cli-
mate change on fish physiology: A focus 
on temperature and salinity dynamics. 
Journal of Applied Ichthyology 2024: 1 
[https://doi.org/10.1155/2024/5782274]

Ahmed SM, Hordofa B, Meressa BH, Tamiru M 
(2023) Population structure and genetic 
diversity of Nile tilapia (Oreochromis ni-
loticus) using microsatellite markers from 
selected water bodies in southwest Ethi-
opia. Veterinary Medicine and Science, 
9:(5) [https://doi.org/10.1002/vms3.1212]

Ahnelt H, Keckeis H, Mwebaza-Ndawula L (2016) 
Rapid phenotypic divergence in the 
small African cyprinid Rastrineobola 
argentea (Pellegrin 1904) (Teleostei: Cy-
prinidae) in Lake Victoria, Uganda. Afri-
can Journal of Ecology 54:(1). [https://
doi.org/10.1111/aje.12236]

Albert JS, Destouni G, Duke-Sylvester SM, Ma-
gurran AE, Oberdorff T, Reis RE, Wine-
miller KO, Ripple WJ (2021) Scientists’ 
warning to humanity on the freshwater 
biodiversity crisis. Ambio, 50:(1) [https://
doi.org/10.1007/s13280-020-01318-8]

Ali FS, Ismail M, Aly W (2020) DNA barcoding to 
characterize biodiversity of freshwater 
fishes of Egypt. Molecular Biology Re-
ports, 47:(8). [https://doi.org/10.1007/
s11033-020-05657-3]

Aloo PA, Njiru J, Balirwa JS, Nyamweya CS (2017) 
Impacts of Nile perch, Lates niloticus, 
introduction on the ecology, economy 
and conservation of Lake Victoria, East 
Africa. Lakes and Reservoirs: Science, 
Policy and Management for Sustain-
able Use, 22:(4) [https://doi.org/10.1111/
lre.12192]

Amoussou TO, Abdou Karim IY, Dayo GK, Ka-
reem N, Toko II, Chikou A, Toguyéni 
A (2019) An insight into advances in 
fisheries biology, genetics and ge-
nomics of African tilapia species of 
interest in aquaculture. Aquaculture 
Reports, 14 [https://doi.org/10.1016/j.
aqrep.2019.100188]

Ansori ANM, Antonius Y, Susilo RJK, Hayaza S, 
Kharisma VD, Parikesit AA, Zainul R, 
Jakhmola V, Saklani T, Rebezov M, Ullah 
ME, Maksimiuk N, Derkho M, Burkov P 
(2023) Application of CRISPR-Cas9 
genome editing technology in various 
fields: A review. Narra J, 3: (2) [https://
doi.org/10.52225/narra.v3i2.184]

Arisuryanti T, Hasan RL, Ayu KL, Ratman N, Hakim 
L (2019) Genetic identification of fresh-
water fish species through DNA barcod-
ing from Lake Lebo Taliwang, West Nusa 
Tenggara. Journal of Tropical Biodiversi-
ty and Biotechnology, 4: (3) [https://doi.
org/10.22146/jtbb.46256]

Bănăduc D, Simić V, Cianfaglione K, Barinova S, 
Afanasyev S, Öktener A, McCall G, Simić 
S, Curtean-Bănăduc A (2022) Freshwa-
ter as a sustainable resource and gen-
erator of secondary resources in the 21st 
century: Stressors, threats, risks, man-
agement and protection strategies, and 
conservation approaches. Internation-
al Journal of Environmental Research 
and Public Health, 19:(24). [https://doi.
org/10.3390/ijerph192416570]

https://doi.org/10.3390/ani15020142
https://doi.org/10.1080/10454438.2021.1958728
https://doi.org/10.1080/10454438.2021.1958728
https://doi.org/10.1155/2024/5782274
https://doi.org/10.1002/vms3.1212
https://doi.org/10.1111/aje.12236
https://doi.org/10.1111/aje.12236
https://doi.org/10.1007/s13280-020-01318-8
https://doi.org/10.1007/s13280-020-01318-8
https://doi.org/10.1007/s11033-020-05657-3
https://doi.org/10.1007/s11033-020-05657-3
https://doi.org/10.1111/lre.12192
https://doi.org/10.1111/lre.12192
https://doi.org/10.1016/j.aqrep.2019.100188
https://doi.org/10.1016/j.aqrep.2019.100188
https://doi.org/10.52225/narra.v3i2.184
https://doi.org/10.52225/narra.v3i2.184
https://doi.org/10.22146/jtbb.46256
https://doi.org/10.22146/jtbb.46256
https://doi.org/10.3390/ijerph192416570
https://doi.org/10.3390/ijerph192416570


Kenya Aquatica Journal - Volume 10, Issue No. 01 	

116|

Barasa JE, Abila R, Grobler JP, Dangasuk OG, 
Njahira MN, Kaunda-Arara B (2014) Ge-
netic diversity and gene flow in Clar-
ias gariepinus from Lakes Victoria and 
Kanyaboli, Kenya. African Journal of 
Aquatic Science, 39:(3). [https://doi.org/
10.2989/16085914.2014.933734]

Barría A, Peñaloza C, Papadopoulou A, Mah-
muddin M, Doeschl-Wilson A, Benzie 
JAH, Houston RD, Wiener P (2023) Ge-
netic differentiation following recent do-
mestication events: A study of farmed 
Nile tilapia (Oreochromis niloticus) 
populations. Evolutionary Applications, 
16:(6) [https://doi.org/10.1111/eva.13560]

Basiita RK, Zenger KR, Mwanja MT, Jerry DR 
(2018) Gene flow and genetic structure 
in Nile perch, Lates niloticus, from Afri-
can freshwater rivers and lakes. PLoS 
ONE, 13:(7) [https://doi.org/10.1371/jour-
nal.pone.0200001]

Bezeng BS, Ameka G, Angui CMV, Atuah L, Azi-
hou F, Bouchenak-Khelladi Y, Carlisle 
F, Doubi BTS, Gaoue OG, Gatarabirwa 
W, Gitau C, Hilton-Taylor C, Hipkiss A, 
Idohou R, Kaplin BA, Kemp L, Mbawine JS, 
Logah V, Matiku P, … Savolainen V (2025) 
An African perspective to biodiversity 
conservation in the twenty-first century. 
Philosophical Transactions of the Royal 
Society of London. Series B, Biological 
Sciences, 380(1917): 20230443) [https://
doi.org/10.1098/rstb.2023.0443]

Blewett TA, Binning SA, Weinrauch AM, Ivy CM, 
Rossi GS, Borowiec BG, Lau GY, Over-
duin SL, Aragao I, Norin T (2022) Phys-
iological and behavioural strategies 
of aquatic animals living in fluctuating 
environments. Journal of Experimental 
Biology, 225: (9) [https://doi.org/10.1242/
jeb.242503]

Bolstad GH, Karlsson S, Hagen IJ, Fiske P, Urdal K, 
Sægrov H, Florø-Larsen B, Sollien VP, Øst-
borg G, Diserud OH, Jensen AJ, Hindar K 
(2021) Introgression from farmed escap-
ees affects the full life cycle of wild At-
lantic salmon. Science Advances, 7: (52) 
[https://doi.org/10.1126/sciadv.abj3397]

Brosse S, Beauchard O, Blanchet S, Dürr HH, Gre-
nouillet G, Hugueny B, Lauzeral C, Lep-
rieur F, Tedesco PA, Villéger S, Oberdorff T 
(2013) Fish-SPRICH: A database of fresh-
water fish species richness throughout 
the world. Hydrobiologia, 700: (1) [https://
doi.org/10.1007/s10750-012-1242-6]

Butkauskas D, Ignatavičienė I, Ragauskas A, 
Rakauskas V (2023) Temporal varia-
tion of genetic diversity in Rutilus rutilus 
populations from Lithuania using mtDNA 
markers in the context of anthropogenic 
activities. Diversity, 15:(11). [https://doi.
org/10.3390/d15111113]

Canosa LF, Bertucci JI (2023) The effect of 
environmental stressors on growth in 
fish and its endocrine control. Fron-
tiers in Endocrinology, 14 [https://doi.
org/10.3389/fendo.2023.1109461]

Casas L, Saborido-Rey F (2023) A review of 
genomics methods and bioinformat-
ics tools for the analysis of close-kin 
mark-recapture. Frontiers in Marine 
Science (10) [https://doi.org/10.3389/
fmars.2023.1113870]

Cermakova E, Lencova S, Mukherjee S, Horka 
P, Vobruba S, Demnerova K, Zdenkova 
K (2023) Identification of fish species 
and targeted genetic modifications 
based on DNA analysis: State of the art. 
Foods, 12:(1) [https://doi.org/10.3390/
foods12010228]

Chemoiwa EJ, Abila R, Macdonald A, Lamb 
J, Njenga E, Barasa JE (2013) Genetic 
diversity and population structure of 
the endangered ripon barbel, Barbus 
altianalis (Boulenger, 1900) in Lake 
Victoria catchment, Kenya based on 
mitochondrial DNA sequences. Journal 
of Applied Ichthyology, 29:(6) [https://
doi.org/10.1111/jai.12313]

Chen Q, Li Q, Lin Y, Zhang J, Xia J, Ni J, Cooke 
SJ, Best J, He S, Feng T, Chen Y, Tonina 
D, Benjankar R, Birk S, Fleischmann AS, 
Yan H, Tang L (2023) River damming 

https://doi.org/10.2989/16085914.2014.933734
https://doi.org/10.2989/16085914.2014.933734
https://doi.org/10.1111/eva.13560
https://doi.org/10.1371/journal.pone.0200001
https://doi.org/10.1371/journal.pone.0200001
https://doi.org/10.1098/rstb.2023.0443
https://doi.org/10.1098/rstb.2023.0443
https://doi.org/10.1242/jeb.242503
https://doi.org/10.1242/jeb.242503
https://doi.org/10.1126/sciadv.abj3397
https://doi.org/10.1007/s10750-012-1242-6
https://doi.org/10.1007/s10750-012-1242-6
https://doi.org/10.3390/d15111113
https://doi.org/10.3390/d15111113
https://doi.org/10.3389/fendo.2023.1109461
https://doi.org/10.3389/fendo.2023.1109461
https://doi.org/10.3389/fmars.2023.1113870
https://doi.org/10.3389/fmars.2023.1113870
https://doi.org/10.3390/foods12010228
https://doi.org/10.3390/foods12010228
https://doi.org/10.1111/jai.12313
https://doi.org/10.1111/jai.12313


 	 Kenya Aquatica Journal - Volume 10, Issue No. 01

�| 117

impacts on fish habitat and associ-
ated conservation measures. Reviews 
of Geophysics, 61:(4) [https://doi.
org/10.1029/2023RG000819]

Cuéllar-Pinzón J, Presa P, Hawkins SJ, Pita A 
(2016) Genetic markers in marine fish-
eries: Types, tasks and trends. Fisheries 
Research, 173 [https://doi.org/10.1016/j.
fishres.2015.10.019] 

De Santis V, Jeppesen E, Volta P, Korkmaz M 
(2023) Impacts of human activities and 
climate change on freshwater fish—
Volume II. Water (Switzerland) 15: (23) 
[https://doi.org/10.3390/w15234166]

Diserud OH, Fiske P, Karlsson S, Glover KA, Næsje T, 
Aronsen T, Bakke G, Barlaup BT, Erkinaro J, 
Florø-Larsen B, Foldvik A, Heino M, Kan-
stad-Hanssen Lo H, Lund RA, Muladal R, 
Niemelä E, Økland F, Østborg GM, Hindar K 
(2022) Natural and anthropogenic drivers 
of escaped farmed salmon occurrence 
and introgression into wild Norwegian 
Atlantic salmon populations. ICES Jour-
nal of Marine Science, 79(4) [https://doi.
org/10.1093/icesjms/fsac060]

Domrazek K, Jurka P (2024) Application of 
next-generation sequencing (NGS) 
techniques for selected companion 
animals. Animals, 14:(11). Multidisci-
plinary Digital Publishing Institute (MDPI) 
[https://doi.org/10.3390/ani14111578]

Donohue KE, Gooch C, Katz A, Wakelee J, Sla-
votinek A, Korf BR (2021) Pitfalls and 
challenges in genetic test interpretation: 
An exploration of genetic professionals’ 
experience with interpretation of results. 
Clinical Genetics, 99(5) [https://doi.
org/10.1111/cge.13917]

Dudu A, Georgescu SE, Costache M (2015) 
Evaluation of genetic diversity in fish 
using molecular markers. Molecular Ap-
proaches to Genetic Diversity [https://
doi.org/10.5772/60423]

Eknath AE, Hulata G (2009) Use and exchange 
of genetic resources of Nile tila-
pia (Oreochromis niloticus). Reviews 

in Aquaculture, 1:(3–4) [https://doi.
org/10.1111/j.1753-5131.2009.01017.x]

Emam W, Zantioti C, Prah J, Monckton V, Craig 
S, Lambert HS (2024) A review of Kenyan 
inland aquaculture with an eye to the 
status of animal welfare in the sector. 
Discover Agriculture, 2 (1): 70 [https://
doi.org/10.1007/s44279-024-00092-5]

Ficke AD, Myrick CA, Hansen LJ (2007) Poten-
tial impacts of global climate change 
on freshwater fisheries. Reviews in Fish 
Biology and Fisheries, 17:(4) [https://doi.
org/10.1007/s11160-007-9059-5]

Fišer C, Robinson CT, Malard F (2018) Cryptic 
species as a window into the paradigm 
shift of the species concept. Molecular 
Ecology, 27(3) [https://doi.org/10.1111/
mec.14486]

Formosa R, Ravi H, Happe S, Huffman D, Novo-
radovskaya N, Kincaid R, Garrett S (2010) 
DNA-based fish species identification 
protocol. Journal of Visualized Experi-
ments, 38 [https://doi.org/10.3791/1871]

Garner S, Birt TP, Mlewa CM, Green JM, Seifert A, 
Friesen VL (2006) Genetic variation in 
the marbled lungfish Protopterus aethi-
opicus in Lake Victoria and introduc-
tion to Lake Baringo, Kenya. Journal of 
Fish Biology, 69: (SUPPL. B). [https://doi.
org/10.1111/j.1095-8649.2006.01224.x]

Gebremedhin S, Bruneel S, Getahun A, Anteneh 
W, Goethals P (2021) Scientific methods 
to understand fish population dynamics 
and support sustainable fisheries man-
agement. Water (Switzerland), 13: (4) 
[https://doi.org/10.3390/w13040574]

Geletu TT, Tang S, Zhao J (2025) Genetic diver-
sity and differentiation of cultured Nile 
tilapia populations from Ethiopia re-
vealed by ddRAD-seq: Implications for 
better hatchery management. Aquat-
ic Living Resources, 38 [https://doi.
org/10.1051/alr/2024018]

Ghannam MG, Varacallo M (2018) Biochemis-
try, polymerase chain reaction (PCR). 
StatPearls.

https://doi.org/10.1029/2023RG000819
https://doi.org/10.1029/2023RG000819
https://doi.org/10.1016/j.fishres.2015.10.019
https://doi.org/10.1016/j.fishres.2015.10.019
https://doi.org/10.3390/w15234166
https://doi.org/10.1093/icesjms/fsac060
https://doi.org/10.1093/icesjms/fsac060
https://doi.org/10.3390/ani14111578
https://doi.org/10.1111/cge.13917
https://doi.org/10.1111/cge.13917
https://doi.org/10.5772/60423
https://doi.org/10.5772/60423
https://doi.org/10.1111/j.1753-5131.2009.01017.x
https://doi.org/10.1111/j.1753-5131.2009.01017.x
https://doi.org/10.1007/s44279-024-00092-5
https://doi.org/10.1007/s44279-024-00092-5
https://doi.org/10.1007/s11160-007-9059-5
https://doi.org/10.1007/s11160-007-9059-5
https://doi.org/10.1111/mec.14486
https://doi.org/10.1111/mec.14486
https://doi.org/10.3791/1871
https://doi.org/10.1111/j.1095-8649.2006.01224.x
https://doi.org/10.1111/j.1095-8649.2006.01224.x
https://doi.org/10.3390/w13040574
https://doi.org/10.1051/alr/2024018
https://doi.org/10.1051/alr/2024018


Kenya Aquatica Journal - Volume 10, Issue No. 01 	

118|

Gjedrem T, Robinson N, Rye M (2012) The impor-
tance of selective breeding in aquacul-
ture to meet future demands for animal 
protein: A review. Aquaculture, 350–353 
[https://doi.org/10.1016/j.aquacul-
ture.2012.04.008]

Grummer JA, Beheregaray LB, Bernatchez L, 
Hand BK, Luikart G, Narum SR, Taylor EB 
(2019) Aquatic landscape genomics 
and environmental effects on genetic 
variation. Trends in Ecology and Evo-
lution, 34: (7) [https://doi.org/10.1016/j.
tree.2019.02.013]

Hamid MM, Rahman MA, Masri M, Mahmoud Z, 
Hagar E (2020) Meristic, morpholog-
ical and genetic identification of the 
fish Brycinus nurse (Alestidae) from 
Sinnar, Blue Nile. International Journal 
of Fisheries and Aquatic Studies, 8(4) 
[https://www.researchgate.net/publi-
cation/346099089]

Hamilton PB, Rolshausen G, Uren Webster TM, 
Tyler CR (2017) Adaptive capabilities 
and fitness consequences associated 
with pollution exposure in fish. Phil-
osophical Transactions of the Royal 
Society B: Biological Sciences, 372(1712) 
[https://doi.org/10.1098/rstb.2016.0042]

Hebblewhite M, Haydon DT (2010) Distinguish-
ing technology from biology: A critical 
review of the use of GPS telemetry data 
in ecology. Philosophical Transactions 
of the Royal Society B: Biological Scienc-
es, 365 (1550) [https://doi.org/10.1098/
rstb.2010.0087]

Hedrick PW, Hurt CR (2012) Conservation ge-
netics and evolution in an endangered 
species: Research in Sonoran top-
minnows. Evolutionary Applications, 
5(8) [https://doi.org/10.1111/j.1752-
4571.2012.00259.x]

Hickley P, Britton JR, Macharia S, Muchiri SM, 
Boar RR (2015) The introduced species 
fishery of Lake Naivasha, Kenya: Ecolog-
ical impact vs socio-economic benefits. 
Fisheries Management and Ecology, 
22(4) [https://doi.org/10.1111/fme.12130]

Hoban S, Archer FI, Bertola LD, Bragg JG, Breed 
MF, Bruford MW, Coleman MA, Ekblom R, 
Funk WC, Grueber CE, Hand BK, Jaffé R, 
Jensen E, Johnson JS, Kershaw F, Liggins 
L, MacDonald AJ, Mergeay J, Miller JM, … 
Hunter ME (2022) Global genetic diversi-
ty status and trends: Towards a suite of 
essential biodiversity variables (EBVs) for 
genetic composition. Biological Reviews, 
97 (4) [https://doi.org/10.1111/brv.12852]

Hohenlohe PA, Funk WC, Rajora OP (2021) Popu-
lation genomics for wildlife conservation 
and management. Molecular Ecology, 
30(1) [https://doi.org/10.1111/mec.15720]

Houston RD, Kriaridou C, Robledo D (2022) An-
imal board invited review: Widespread 
adoption of genetic technologies is 
key to sustainable expansion of global 
aquaculture. Animal, 16 (10) [https://doi.
org/10.1016/j.animal.2022.100642]

Houston RD, Macqueen DJ (2019) Atlantic salm-
on (Salmo salar L.) genetics in the 21st 
century: Taking leaps forward in aqua-
culture and biological understanding. 
Animal Genetics, 50(1) [https://doi.
org/10.1111/age.12748]

Huang M, Ding L, Wang J, Ding C, Tao J (2021) 
The impacts of climate change on fish 
growth: A summary of conducted stud-
ies and current knowledge. Ecological 
Indicators, 121 [https://doi.org/10.1016/j.
ecolind.2020.106976]

Hutama A, Dahruddin H, Busson F, Sauri S, Keith 
P, Hadiaty RK, Hanner R, Suryobroto B, 
Hubert N (2017) Identifying spatially 
concordant evolutionary significant 
units across multiple species through 
DNA barcodes: Application to the con-
servation genetics of the freshwater 
fishes of Java and Bali. Global Ecolo-
gy and Conservation, 12 [https://doi.
org/10.1016/j.gecco.2017.11.005]

Iyiola OA, Nneji LM, Mustapha MK, Nzeh CG, 
Oladipo SO, Nneji IC, Okeyoyin AO, Nwani 
CD, Ugwumba OA, Ugwumba AAA, 
Faturoti EO, Wang YY, Chen J, Wang 
WZ, Adeola AC (2018) DNA barcoding 
of economically important freshwater 
fish species from north-central Nigeria 
uncovers cryptic diversity. Ecology and 
Evolution, 8(14) [https://doi.org/10.1002/
ece3.4210]

https://doi.org/10.1016/j.aquaculture.2012.04.008
https://doi.org/10.1016/j.aquaculture.2012.04.008
https://doi.org/10.1016/j.tree.2019.02.013
https://doi.org/10.1016/j.tree.2019.02.013
https://www.researchgate.net/publication/346099089
https://www.researchgate.net/publication/346099089
https://doi.org/10.1098/rstb.2016.0042
https://doi.org/10.1098/rstb.2010.0087
https://doi.org/10.1098/rstb.2010.0087
https://doi.org/10.1111/j.1752-4571.2012.00259.x
https://doi.org/10.1111/j.1752-4571.2012.00259.x
https://doi.org/10.1111/fme.12130
https://doi.org/10.1111/brv.12852
https://doi.org/10.1111/mec.15720
https://doi.org/10.1016/j.animal.2022.100642
https://doi.org/10.1016/j.animal.2022.100642
https://doi.org/10.1111/age.12748
https://doi.org/10.1111/age.12748
https://doi.org/10.1016/j.ecolind.2020.106976
https://doi.org/10.1016/j.ecolind.2020.106976
https://doi.org/10.1016/j.gecco.2017.11.005
https://doi.org/10.1016/j.gecco.2017.11.005
https://doi.org/10.1002/ece3.4210
https://doi.org/10.1002/ece3.4210


 	 Kenya Aquatica Journal - Volume 10, Issue No. 01

�| 119

Jepyegon C (2022) The current status of Bar-
bus species in Lake Victoria Basin, 
Kenya: A review. International Journal 
of Aquaculture and Fishery Sciences, 
8(3) [https://doi.org/10.17352/2455-
8400.000083]

Kadykalo A (2022) Evaluating evidence-in-
formed decision-making in the man-
agement and conservation of British 
Columbia’s fish and wildlife resources. 
ResearchGate [https://www.research-
gate.net/publication/358147628]

Kahilainen A, Puurtinen M, Kotiaho JS (2014) 
Conservation implications of spe-
cies-genetic diversity correlations. 
Global Ecology and Conservation, 
2 [https://doi.org/10.1016/j.gec-
co.2014.10.013]

Kanika NH, Liaqat N, Chen H, Ke J, Lu G, Wang 
J, Wang C (2024) Fish gut microbi-
ome and its application in aqua-
culture and biological conservation. 
Frontiers in Microbiology, 15. Frontiers 
Media SA [https://doi.org/10.3389/
fmicb.2024.1521048]

Kebtieneh N, Alemayehu K, Tilahun G (2024) 
Genetic diversity and population struc-
ture of African catfish (Clarias gariepi-
nus) species: Implications for selection 
and sustainable genetic improve-
ment—A review. Journal of Aquacul-
ture Research & Development, 15(1): 
1000828 [https://doi.org/10.35248/2155-
9546.24.15.828]

Kim KR, Kwak YH, Sung MS, Cho SJ, Bang IC 
(2023) Population structure and ge-
netic diversity of the endangered fish 
black shinner (Pseudopungtungia nigra, 
Cyprinidae) in Korea: A wild and res-
toration population. Scientific Reports, 
13(1) [https://doi.org/10.1038/s41598-
023-36569-4]

Kobayashi KM, Bond RM, Reid K, Garza JC, Ki-
ernan JD, Palkovacs EP (2024) Genetic 
divergence and one-way gene flow 

influence contemporary evolution and 
ecology of a partially migratory fish. 
Evolutionary Applications, 17(6) [https://
doi.org/10.1111/eva.13712]

Koboldt DC, Steinberg KM, Larson DE, Wilson RK, 
Mardis ER (2013) The next-generation 
sequencing revolution and its impact 
on genomics. Cell, 155(1) [https://doi.
org/10.1016/j.cell.2013.09.006]

Kombo K, Mwangi MI (2018) Strengthening uni-
versity partnerships and collaborations 
in Kenya: Strategies for sustainability. 
The Cradle of Knowledge: African Jour-
nal of Educational and Social Science 
Research, 6(3)

Lal J, Vaishnav A, Singh SK, Meena DK, Biswas P, 
Mehta NK, Priyadarshini MB (2024) Bio-
technological innovation in fish breed-
ing: From marker-assisted selection to 
genetic modification. Discover Biotech-
nology, 1(1): 7 [https://doi.org/10.1007/
s44340-024-00007-6]

Lapointe NWR, Cooke SJ, Imhof JG, Boisclair D, 
Casselman JM, Curry RA, Langer OE, Mc-
Laughlin RL, Minns CK, Post JR, Power M, 
Rasmussen JB, Reynolds JD, Richardson 
JS, Tonn WM (2014) Principles for ensur-
ing healthy and productive freshwater 
ecosystems that support sustainable 
fisheries. Environmental Reviews, 22(2) 
[https://doi.org/10.1139/er-2013-0038]

Li M, Yang X, Ni X, Fu C (2023) The role of land-
scape evolution in the genetic diver-
sification of a stream fish Sarcochei-
lichthys parvus from Southern China. 
Frontiers in Genetics, 13 [https://doi.
org/10.3389/fgene.2022.1075617]

Liao J, Chen S, Liu P, Fontaneto D, Han BP (2024) 
Environmental selection and gene flow 
jointly determine the population genetic 
diversity and structure of Diaphanoso-
ma dubium along a watershed eleva-
tion. Global Ecology and Conservation, 
49 [https://doi.org/10.1016/j.gecco.2023.
e02773]

https://doi.org/10.17352/2455-8400.000083
https://doi.org/10.17352/2455-8400.000083
https://www.researchgate.net/publication/358147628
https://www.researchgate.net/publication/358147628
https://doi.org/10.1016/j.gecco.2014.10.013
https://doi.org/10.1016/j.gecco.2014.10.013
https://doi.org/10.3389/fmicb.2024.1521048
https://doi.org/10.3389/fmicb.2024.1521048
https://doi.org/10.35248/2155-9546.24.15.828
https://doi.org/10.35248/2155-9546.24.15.828
https://doi.org/10.1038/s41598-023-36569-4
https://doi.org/10.1038/s41598-023-36569-4
https://doi.org/10.1111/eva.13712
https://doi.org/10.1111/eva.13712
https://doi.org/10.1016/j.cell.2013.09.006
https://doi.org/10.1016/j.cell.2013.09.006
https://doi.org/10.1007/s44340-024-00007-6
https://doi.org/10.1007/s44340-024-00007-6
https://doi.org/10.1139/er-2013-0038
https://doi.org/10.3389/fgene.2022.1075617
https://doi.org/10.3389/fgene.2022.1075617
https://doi.org/10.1016/j.gecco.2023.e02773
https://doi.org/10.1016/j.gecco.2023.e02773


Kenya Aquatica Journal - Volume 10, Issue No. 01 	

120|

Lutz Í, Miranda J, Santana P, Martins T, Ferreira 
C, Sampaio I, Vallinoto M, Gomes GE 
(2023) Quality analysis of genomic DNA 
and authentication of fisheries prod-
ucts based on distinct methods of DNA 
extraction. PLoS ONE, 18(2) [https://doi.
org/10.1371/journal.pone.0282369]

Maithya J, Njiru M, Okeyo-Owuor JB, Gichuki 
J (2012) Some aspects of the biology 
and life-history strategies of Oreochro-
mis variabilis (Boulenger 1906) in the 
Lake Victoria Basin. Lakes and Reser-
voirs: Science, Policy and Management 
for Sustainable Use, 17(1) [https://doi.
org/10.1111/j.1440-1770.2012.00496.x]

Mamun M, An KG (2022) Key factors deter-
mining water quality, fish community 
dynamics, and the ecological health in 
an Asian temperate lotic system. Eco-
logical Informatics, 72: 101890 [https://
doi.org/10.1016/J.ECOINF.2022.101890]

Manel S, Guerin PE, Mouillot D, Blanchet S, Velez 
L, Albouy C, Pellissier L (2020) Global 
determinants of freshwater and marine 
fish genetic diversity. Nature Commu-
nications, 11(1) [https://doi.org/10.1038/
s41467-020-14409-7]

Martinez AS, Willoughby JR, Christie MR (2018) 
Genetic diversity in fishes is influenced 
by habitat type and life-history vari-
ation. Ecology and Evolution, 8(23) 
[https://doi.org/10.1002/ece3.4661]

Masese F, Otieno A, Raburu P, Lawrence T, Ives 
J, Nyamweya C, Kaunda-Arara B (2020) 
Distribution patterns and diversity of 
riverine fishes of the Lake Victoria Ba-
sin, Kenya. International Review of 
Hydrobiology [https://doi.org/10.1002/
iroh.202002039]

Mashaphu MF, Downs CT, Burnett M, O’Brien G, 
Willows-Munro S (2024) Genetic di-
versity and population dynamics of 
wild Mozambique tilapia (Oreochromis 
mossambicus) in South Africa. Global 
Ecology and Conservation, 54 [https://
doi.org/10.1016/j.gecco.2024.e03043]

Masoumi AH, Esmaeili HR, Khosravi R, Ghol-
amhosseini A, Korkmaz M, Jeppesen E 
(2024) Species on the move: Impacts 
of climate change on the spatial range 
of endemic fishes of the eco-sensitive 
semi-arid area of the Arabian Penin-
sula. Science of The Total Environment, 
947: 174095 [https://doi.org/10.1016/J.
SCITOTENV.2024.174095]

Mehinto AC, Martyniuk CJ, Spade DJ, Denslow 
ND (2012) Applications of next-gen-
eration sequencing in fish eco-
toxicogenomics. Frontiers in Ge-
netics, 3 [https://doi.org/10.3389/
fgene.2012.00062]

M.EL-Mahdi MB (2018) Sequence variances and 
phylogenetic relationship among seven 
River Nile Teleostei species from Qena, 
Egypt using partial mitochondrial cy-
tochrome-b gene sequences. Interna-
tional Journal of Science and Research 
(IJSR), 7(10) 

Miebach AC, Bauer J, Adamek M, Dietz C, Gährken 
J, Rosenau S, Wessels S, Tetens J, Sünder 
A, Jung-Schroers V, Steinhagen D (2023) 
Influence of genetic adaptation of rain-
bow trout (Oncorhynchus mykiss) fed 
with alternative protein sources based 
on Arthrospira platensis and Hermetia 
illucens on intestinal health and animal 
welfare. Aquaculture Reports, 32 [https://
doi.org/10.1016/j.aqrep.2023.101697]

Mimura M, Yahara T, Faith DP, Vázquez-Domín-
guez E, Colautti RI, Araki H, Javadi F, 
Núñez-Farfán J, Mori AS, Zhou S, Holling-
sworth PM, Neaves LE, Fukano Y, Smith 
GF, Sato YI, Tachida H, Hendry AP (2017) 
Understanding and monitoring the 
consequences of human impacts on 
intraspecific variation. Evolutionary Ap-
plications, 10(2) [https://doi.org/10.1111/
eva.12436]

Moltó V, Palmer M, Polin M, Ospina-Álvarez 
A, Catalán IA (2024) Predicting fish 
spawning phenology for adaptive man-
agement: Integrating thermal drivers 

https://doi.org/10.1371/journal.pone.0282369
https://doi.org/10.1371/journal.pone.0282369
https://doi.org/10.1111/j.1440-1770.2012.00496.x
https://doi.org/10.1111/j.1440-1770.2012.00496.x
https://doi.org/10.1016/J.ECOINF.2022.101890
https://doi.org/10.1016/J.ECOINF.2022.101890
https://doi.org/10.1038/s41467-020-14409-7
https://doi.org/10.1038/s41467-020-14409-7
https://doi.org/10.1002/ece3.4661
https://doi.org/10.1002/iroh.202002039
https://doi.org/10.1002/iroh.202002039
https://doi.org/10.1016/j.gecco.2024.e03043
https://doi.org/10.1016/j.gecco.2024.e03043
https://doi.org/10.1016/J.SCITOTENV.2024.174095
https://doi.org/10.1016/J.SCITOTENV.2024.174095
https://doi.org/10.3389/fgene.2012.00062
https://doi.org/10.3389/fgene.2012.00062
https://doi.org/10.1016/j.aqrep.2023.101697
https://doi.org/10.1016/j.aqrep.2023.101697
https://doi.org/10.1111/eva.12436
https://doi.org/10.1111/eva.12436


 	 Kenya Aquatica Journal - Volume 10, Issue No. 01

�| 121

and fishery constraints. Marine Envi-
ronmental Research, 202 [https://doi.
org/10.1016/j.marenvres.2024.106713]

Munguti JM, Kim JD, Ogello EO (2014) An over-
view of Kenyan aquaculture: Current 
status, challenges, and opportunities 
for future development. Fisheries and 
Aquatic Sciences, 17(1) [https://doi.
org/10.5657/FAS.2014.0001]

Munguti JM, Mboya JB, Iteba JO, Kirimi JG, Obi-
ero KO, Kyule DN, Opiyo MA, Njonge FK 
(2024) Status and prospects of the or-
namental fish industry in Kenya. Aqua-
culture, Fish and Fisheries, 4(3) [https://
doi.org/10.1002/aff2.172]

Munguti JM, Nairuti R, Iteba JO, Obiero KO, 
Kyule D, Opiyo MA, Abwao J, Kirimi JG, 
Outa N, Muthoka M, Githukia CM, Og-
ello EO (2022) Nile tilapia (Oreochro-
mis niloticus Linnaeus, 1758) culture in 
Kenya: Emerging production technolo-
gies and socio-economic impacts on 
local livelihoods. Aquaculture, Fish and 
Fisheries, 2(4) [https://doi.org/10.1002/
aff2.58]

Munguti JM, Obiero KO, Iteba JO, Kirimi JG, Kyule 
DN, Orina PS, Githukia CM, Outa N, Ogello 
EO, Mboya JB, Ouko KO, Liti D, Yossa R, 
Tanga CM (2023) Role of multilater-
al development organizations, public 
and private investments in aquaculture 
subsector in Kenya. Frontiers in Sus-
tainable Food Systems, 7 [https://doi.
org/10.3389/fsufs.2023.1208918]

Muringai RT, Mafongoya P, Lottering RT (2022) 
Sub-Saharan Africa freshwater fisher-
ies under climate change: A review of 
impacts, adaptation, and mitigation 
measures. Fishes, 7(3) [https://doi.
org/10.3390/fishes7030131]

Muthoka M, Ogello EO, Outa NO, Ouko KO, Obi-
ero KO, Mboya JB, Mukaburu BO (2024) 
Threats to aquatic biodiversity and pos-
sible management strategies in Lake 
Victoria. Aquaculture, Fish and Fisheries, 
4(1) [https://doi.org/10.1002/aff2.143]

Mwanja MT, Mwanja WW, Muwanika V, Masem-
be C, Nyakaana S (2012) Genetic ev-
idence of successful establishment 
of the Nile perch (Lates spp. L.) in East 
African lakes and implications for 
management. Management of Biolog-
ical Invasions, 3(2): 77–88. [https://doi.
org/10.3391/mbi.2012.3.2.02]

Mwaura JG, Wekesa C, Kelvin K, Paul A, Ogutu 
PA, Okoth P (2023) Pangenomics of the 
cichlid species (Oreochromis niloticus) 
reveals genetic admixture ancestry 
with potential for aquaculture improve-
ment in Kenya. The Journal of Basic 
and Applied Zoology, 84(1) [https://doi.
org/10.1186/s41936-023-00346-6]

Nakamura H, Aibara M, Kajitani R, Mrosso HDJ, 
Mzighani SI, Toyoda A, Itoh T, Okada N, 
Nikaido M (2021) Genomic signatures for 
species-specific adaptation in Lake Vic-
toria cichlids derived from large-scale 
standing genetic variation. Molecular 
Biology and Evolution, 38(8) [https://doi.
org/10.1093/molbev/msab084]

Ndimele PE, Akanni A, Ositimehin KM, Shittu JA, 
Ojewole AE, Ayeni YZ (2024) Foster-
ing international and trans-boundary 
cooperation in the management of 
Lake Chad fisheries, wildlife, and flora: 
The role of a trans-boundary Ram-
sar conservation area. Aquatic Living 
Resources, 37 [https://doi.org/10.1051/
ALR/2024004]

Ndiwa TC, Nyingi DW, Agnese JF (2014) An 
important natural genetic resource of 
Oreochromis niloticus (Linnaeus, 1758) 
threatened by aquaculture activities 
in Loboi Drainage, Kenya. PLoS ONE, 
9(9) [https://doi.org/10.1371/journal.
pone.0106972]

Ndiwa TC, Nyingi DW, Claude J, Agnèse JF 
(2016) Morphological variations of wild 
populations of Nile tilapia (Oreochromis 
niloticus) living in extreme environmen-
tal conditions in the Kenyan Rift Valley. 
Environmental Biology of Fishes, 99(5) 
[https://doi.org/10.1007/s10641-016-
0492-y]

https://doi.org/10.1016/j.marenvres.2024.106713
https://doi.org/10.1016/j.marenvres.2024.106713
https://doi.org/10.5657/FAS.2014.0001
https://doi.org/10.5657/FAS.2014.0001
https://doi.org/10.1002/aff2.172
https://doi.org/10.1002/aff2.172
https://doi.org/10.1002/aff2.58
https://doi.org/10.1002/aff2.58
https://doi.org/10.3389/fsufs.2023.1208918
https://doi.org/10.3389/fsufs.2023.1208918
https://doi.org/10.3390/fishes7030131
https://doi.org/10.3390/fishes7030131
https://doi.org/10.1002/aff2.143
https://doi.org/10.3391/mbi.2012.3.2.02
https://doi.org/10.3391/mbi.2012.3.2.02
https://doi.org/10.1186/s41936-023-00346-6
https://doi.org/10.1186/s41936-023-00346-6
https://doi.org/10.1093/molbev/msab084
https://doi.org/10.1093/molbev/msab084
https://doi.org/10.1051/ALR/2024004
https://doi.org/10.1051/ALR/2024004
https://doi.org/10.1371/journal.pone.0106972
https://doi.org/10.1371/journal.pone.0106972
https://doi.org/10.1007/s10641-016-0492-y
https://doi.org/10.1007/s10641-016-0492-y


Kenya Aquatica Journal - Volume 10, Issue No. 01 	

122|

Nguinkal JA, Zoclanclounon YAB, Molina A, Roba A, 
Nyakio NM, Lokamar PN, Nzoyikorera N, Iho-
rimbere T, Nyandwi J, Aguer MA, Maror JA, 
Lokore ML, Francis MF, Mapunda LA, Beyan-
ga M, Muyigi T, Pimundu G, Nabadda SN, 
Kabalisa E, … Gehre F (2024) Assessment 
of the pathogen genomics landscape 
highlights disparities and challenges for 
effective AMR surveillance and outbreak 
response in the East African communi-
ty. BMC Public Health, 24(1) [https://doi.
org/10.1186/s12889-024-18990-0]

Nielsen JL, Pavey SA (2010) Perspectives: Gene 
expression in fisheries management. 
Current Zoology, 56(1) [https://doi.
org/10.1093/czoolo/56.1.157]

Niesenbaum RA (2019) The integration of con-
servation, biodiversity, and sustainabil-
ity. Sustainability (Switzerland), 11(17) 
[https://doi.org/10.3390/su11174676]

Nogueira T, Botelho A (2021) Metagenomics and 
other omics approaches to bacterial 
communities and antimicrobial resis-
tance assessment in aquacultures. An-
tibiotics, 10(7) [https://doi.org/10.3390/
antibiotics10070787]

Nyamweya C, Lawrence TJ, Ajode MZ, Smith S, 
Achieng AO, Barasa JE, Masese FO, Ta-
abu-Munyaho A, Mahongo S, Kayanda 
R, Rukunya E (2023) Lake Victoria: Over-
view of research needs and the way for-
ward. Journal of Great Lakes Research, 
49(6): 102211. 

Nyingi DW, Gichuki N, Ogada MO (2013) Fresh-
water ecology of Kenyan highlands and 
lowlands. Developments in Earth Surface 
Processes, 16 [https://doi.org/10.1016/
B978-0-444-59559-1.00016-5]

Obiero K, Meulenbroek P, Drexler S, Dagne A, 
Akoll P, Odong R, Kaunda-Arara B, Waid-
bacher H (2019) The contribution of fish 
to food and nutrition security in Eastern 
Africa: Emerging trends and future out-
looks. Sustainability (Switzerland), 11(6) 
[https://doi.org/10.3390/su11061636]

Obiero KO, Mboya JB, Ouko KO, Kembenya 
EM, Nyauchi EA, Munguti JM, Outa NO, 
Githukia CM (2023) The role of indige-
nous knowledge in fisheries resource 
management for aquaculture devel-
opment: A case study of the Kenyan 
Lake Victoria region. Aquaculture, Fish 
and Fisheries, 3(2): 175–183. [https://doi.
org/10.1002/aff2.101]

Obiero K, Wakjira M, Gownaris N, Malala J, Key-
ombe JL, Ajode MZ, Smith S, Lawrence 
T, Ogello E, Getahun A, Kolding J (2023) 
Lake Turkana: Status, challenges, and 
opportunities for collaborative research. 
Journal of Great Lakes Research, 49(6) 
[https://doi.org/10.1016/j.jglr.2022.10.007]

Okechi J, Okechi JK, Jensson P (2004) Profitabil-
ity assessment: A case study of African 
catfish (Clarias gariepinus) farming in 
the Lake Victoria Basin, Kenya. [https://
www.researchgate.net/publica-
tion/266042654]

Okello C, Githiora YW, Sithole S, Owuor MA 
(2024) Nature-based solutions for water 
resource management in Africa’s arid 
and semi-arid lands (ASALs): A system-
atic review of existing interventions. Na-
ture-Based Solutions, 6: 100172 [https://
doi.org/10.1016/J.NBSJ.2024.100172]

Omondi R, Ojwang W, Olilo C, Mugo J, Agem-
be S, Ojuok JE (2018) Lakes Baringo 
and Naivasha: Endorheic freshwater 
lakes of the Rift Valley (Kenya). In The 
Wetland Book II: Distribution, Descrip-
tion, and Conservation 2. https://doi.
org/10.1007/978-94-007-4001-3_133

Oosting T, Hilario E, Wellenreuther M, Ritchie PA 
(2020) DNA degradation in fish: Practi-
cal solutions and guidelines to improve 
DNA preservation for genomic research. 
Ecology and Evolution, 10(16) [https://
doi.org/10.1002/ece3.6558]

Otieno JO (2023) Challenges and current 
strategies in biodiversity conservation 
in Kenya: A review. OALib, 10(12) [https://
doi.org/10.4236/oalib.1110951]

https://doi.org/10.1186/s12889-024-18990-0
https://doi.org/10.1186/s12889-024-18990-0
https://doi.org/10.1093/czoolo/56.1.157
https://doi.org/10.1093/czoolo/56.1.157
https://doi.org/10.3390/su11174676
https://doi.org/10.3390/antibiotics10070787
https://doi.org/10.3390/antibiotics10070787
https://doi.org/10.1016/B978-0-444-59559-1.00016-5
https://doi.org/10.1016/B978-0-444-59559-1.00016-5
https://doi.org/10.3390/su11061636
https://doi.org/10.1002/aff2.101
https://doi.org/10.1002/aff2.101
https://doi.org/10.1016/j.jglr.2022.10.007
https://www.researchgate.net/publication/266042654
https://www.researchgate.net/publication/266042654
https://www.researchgate.net/publication/266042654
https://doi.org/10.1016/J.NBSJ.2024.100172
https://doi.org/10.1016/J.NBSJ.2024.100172
https://doi.org/10.1002/ece3.6558
https://doi.org/10.1002/ece3.6558
https://doi.org/10.4236/oalib.1110951
https://doi.org/10.4236/oalib.1110951


 	 Kenya Aquatica Journal - Volume 10, Issue No. 01

�| 123

Oyugi DO, Mavuti KM, Aloo PA, Ojuok JE, Britton JR 
(2014) Fish habitat suitability and commu-
nity structure in the equatorial Lake Naiva-
sha, Kenya. Hydrobiologia, 727(1) [https://
doi.org/10.1007/s10750-013-1785-1]

Pavlova A, Beheregaray LB, Coleman R, Gilligan 
D, Harrisson KA, Ingram BA, Kearns J, 
Lamb AM, Lintermans M, Lyon J, Nguyen 
TTT, Sasaki M, Tonkin Z, Yen JDL, Sun-
nucks P (2017) Severe consequences of 
habitat fragmentation on genetic diver-
sity of an endangered Australian fresh-
water fish: A call for assisted gene flow. 
Evolutionary Applications, 10(6) [https://
doi.org/10.1111/eva.12484]

Phiri H, Mushagalusa D, Katongo C, Siboma-
na C, Ajode MZ, Muderhwa N, Smith S, 
Ntakimazi G, De Keyzer ELR, Nahimana D, 
Mulungula PM, Haambiya LH, Isumbisho 
PM, Limbu P, Kimirei IA, Marwa NB, Mlingi 
RJ, Mangaza AM (2023) Lake Tangan-
yika: Status, challenges, and opportuni-
ties for research collaborations. Journal 
of Great Lakes Research, 49(6) [https://
doi.org/10.1016/j.jglr.2023.07.009]

Pradhan S, Apaydin S, Bucevičius J, Gerasimai-
tė R, Kostiuk G, Lukinavičius G (2023) 
Sequence-specific DNA labelling for 
fluorescence microscopy. Biosensors 
and Bioelectronics, 230 [https://doi.
org/10.1016/j.bios.2023.115256]

Prasertlux S, Chaimongkol A, Chaimongkol J, 
Janpoom S, Tang S, Rongmung P, It-
tarat W, Ninwichian P, Songsangjinda P, 
Sakamoto T, Khamnamtong B, Sae-Lim 
P, Klinbunga S (2024) Genetic diversity, 
heritability, and estimated breeding val-
ues for growth of domesticated Asian 
seabass Lates calcarifer from Thailand. 
Aquaculture and Fisheries [https://doi.
org/10.1016/j.aaf.2024.04.006]

Pukk L, Kuparinen A, Järv L, Gross R, Vasemägi A 
(2013) Genetic and life-history changes 
associated with fisheries-induced popu-
lation collapse. Evolutionary Applications, 
6(5) [https://doi.org/10.1111/eva.12060]

Radinger J, Matern S, Klefoth T, Wolter C, Feld-
hege F, Monk CT, Arlinghaus R (2023) 
Ecosystem-based management out-
performs species-focused stocking for 
enhancing fish populations. Science, 
379(6635) [https://doi.org/10.1126/sci-
ence.adf0895]

Rana K, Ahammad K, Salam M (2021) Bioinfor-
matics: Scope and challenges in aqua-
culture research of Bangladesh – A 
review. International Journal of Agricul-
tural Research, Innovation and Technol-
ogy, 10(2) [https://doi.org/10.3329/ijarit.
v10i2.51587]

Robinson NA, Østbye TKK, Kettunen AH, Coates 
A, Barrett LT, Robledo D, Dempster T 
(2024) A guide to assess the use of 
gene editing in aquaculture. Reviews 
in Aquaculture, 16(2) [https://doi.
org/10.1111/raq.12866]

Robledo D, Ogwang J, Byakora E, Schulze JN, 
Benda KK, Fraslin C, Salisbury S, Soli-
mo M, Mayega JF, Peter B, Masembe 
C, Houston R, Mukiibi R (2024) Genetic 
diversity and population structure of 
farmed and wild Nile tilapia (Oreochro-
mis niloticus) in Uganda: The potential 
for aquaculture selection and breeding 
programs. Genomics, 116(1) [https://doi.
org/10.1016/j.ygeno.2024.110781]

Ruppert KM, Kline RJ, Rahman MS (2019) Past, 
present, and future perspectives of 
environmental DNA (eDNA) metabar-
coding: A systematic review in methods, 
monitoring, and applications of global 
eDNA. Global Ecology and Conservation, 
17 [https://doi.org/10.1016/j.gecco.2019.
e00547]

Sadler DE, Watts PC, Uusi-Heikkilä S (2023) The 
riddle of how fisheries influence genet-
ic diversity. Fishes, 8(10) [https://doi.
org/10.3390/fishes8100510]

San Román IC, Fleming IA, Duffy SJ, Holborn MK, 
Smith N, Messmer A, Davenport D, Brad-
bury IR (2025) Genetic monitoring sug-
gests ongoing genetic change in wild 

https://doi.org/10.1007/s10750-013-1785-1
https://doi.org/10.1007/s10750-013-1785-1
https://doi.org/10.1111/eva.12484
https://doi.org/10.1111/eva.12484
https://doi.org/10.1016/j.jglr.2023.07.009
https://doi.org/10.1016/j.jglr.2023.07.009
https://doi.org/10.1016/j.bios.2023.115256
https://doi.org/10.1016/j.bios.2023.115256
https://doi.org/10.1016/j.aaf.2024.04.006
https://doi.org/10.1016/j.aaf.2024.04.006
https://doi.org/10.1111/eva.12060
https://doi.org/10.1126/science.adf0895
https://doi.org/10.1126/science.adf0895
https://doi.org/10.3329/ijarit.v10i2.51587
https://doi.org/10.3329/ijarit.v10i2.51587
https://doi.org/10.1111/raq.12866
https://doi.org/10.1111/raq.12866
https://doi.org/10.1016/j.ygeno.2024.110781
https://doi.org/10.1016/j.ygeno.2024.110781
https://doi.org/10.1016/j.gecco.2019.e00547
https://doi.org/10.1016/j.gecco.2019.e00547
https://doi.org/10.3390/fishes8100510
https://doi.org/10.3390/fishes8100510


Kenya Aquatica Journal - Volume 10, Issue No. 01 	

124|

salmon populations due to hybridization 
with aquaculture escapees. Conserva-
tion Genetics. [https://doi.org/10.1007/
s10592-025-01672-8]

Sanda MK, Metcalfe NB, Mable BK (2024) The 
potential impact of aquaculture on the 
genetic diversity and conservation of 
wild fish in sub-Saharan Africa. Aquat-
ic Conservation: Marine and Fresh-
water Ecosystems, 34(2) [https://doi.
org/10.1002/aqc.4105]

Saparov A, Zech M (2025) Big data and trans-
formative bioinformatics in genomic 
diagnostics and beyond. Parkinsonism 
& Related Disorders, 107311 [https://doi.
org/10.1016/J.PARKRELDIS.2025.107311]

Satam H, Joshi K, Mangrolia U, Waghoo S, 
Zaidi G, Rawool S, Thakare RP, Banday 
S, Mishra AK, Das G, Malonia SK (2023) 
Next-generation sequencing technolo-
gy: Current trends and advancements. 
Biology, 12:(7). [https://doi.org/10.3390/
biology12070997]

Savari A, Sharifzadeh M, Karami A (2024) As-
sessing sustainability performance of 
community-based fish farming coop-
eratives: A comprehensive checklist. 
Environmental and Sustainability In-
dicators, 24 [https://doi.org/10.1016/j.
indic.2024.100469]

Sayer CA, Fernando E, Jimenez RR, Macfar-
lane NBW, Rapacciuolo G, Böhm M, 
Brooks TM, Contreras-MacBeath T, Cox 
NA, Harrison I, Hoffmann M, Jenkins R, 
Smith KG, Vié JC, Abbott JC, Allen DJ, 
Allen GR, Barrios V, Boudot JP, Darwall 
WRT (2025) One-quarter of freshwater 
fauna threatened with extinction. Nature 
[https://doi.org/10.1038/s41586-024-
08375-z]

Seljestad, G. W., Quintela, M., Bekkevold, D., 
Pampoulie, C., Farrell, E. D., Kvamme, C., 
Slotte, A., Dahle, G., Sørvik, A. G., Pet-
tersson, M. E., Andersson, L., Folkvord, A., 
Glover, K. A., & Berg, F. (2024). Genetic 

Stock Identification Reveals Mismatches 
Between Management Areas and Pop-
ulation Genetic Structure in a Migratory 
Pelagic Fish. Evolutionary Applications, 
17(10) [https://doi.org/10.1111/eva.70030]

Schmidt R, Bart H, Nyingi W (2017) Multi-lo-
cus phylogeny reveals instances of 
mitochondrial introgression and un-
recognized diversity in Kenyan barbs 
(Cyprininae: Smiliogastrini). Molec-
ular Phylogenetics and Evolution, 
111: 35–43 [https://doi.org/10.1016/j.
ympev.2017.03.015]

Shih CC, Chen J, Lee AS, Bertin N, Hebrard M, 
Khor CC, Li Z, Juan Tan JH, Meah WY, Peh 
SQ, Mok SQ, Sim KS, Liu J, Wang L, Wong 
E, Li J, Tin A, Cheng CY, Heng CK, … Dora-
joo R (2023) A five-safes approach to 
a secure and scalable genomics data 
repository. iScience, 26:] (4) [https://doi.
org/10.1016/j.isci.2023.106546]

Shoemaker CA, Lozano CA, LaFrentz BR, Mum-
ma P, Vela-Avitúa S, Ospina-Arango JF, 
Yazdi MH, Rye M (2022) Additive genet-
ic variation in resistance of Nile tilapia 
(Oreochromis niloticus) to Francisella 
orientalis and its genetic (co)variation 
to both harvest weight and resistance 
to Streptococcus agalactiae Ib. Aqua-
culture, 561 [https://doi.org/10.1016/j.
aquaculture.2022.738736]

Skog A, Vøllestad LA, Stenseth NC, Kasumyan A, 
Jakobsen KS (2014) Circumpolar phy-
logeography of the northern pike (Esox 
lucius) and its relationship to the Amur 
pike (E. reichertii). Frontiers in Zoology, 
11(1) [https://doi.org/10.1186/s12983-014-
0067-8]

Snyder-Mackler N, Lea AJ (2018) Functional 
genomic insights into the environmen-
tal determinants of mammalian fitness. 
Current Opinion in Genetics and De-
velopment, 53 [https://doi.org/10.1016/j.
gde.2018.08.001]

https://doi.org/10.1007/s10592-025-01672-8
https://doi.org/10.1007/s10592-025-01672-8
https://doi.org/10.1002/aqc.4105
https://doi.org/10.1002/aqc.4105
https://doi.org/10.1016/J.PARKRELDIS.2025.107311
https://doi.org/10.1016/J.PARKRELDIS.2025.107311
https://doi.org/10.3390/biology12070997
https://doi.org/10.3390/biology12070997
https://doi.org/10.1016/j.indic.2024.100469
https://doi.org/10.1016/j.indic.2024.100469
https://doi.org/10.1038/s41586-024-08375-z
https://doi.org/10.1038/s41586-024-08375-z
https://doi.org/10.1016/j.ympev.2017.03.015
https://doi.org/10.1016/j.ympev.2017.03.015
https://doi.org/10.1016/j.isci.2023.106546
https://doi.org/10.1016/j.isci.2023.106546
https://doi.org/10.1016/j.aquaculture.2022.738736
https://doi.org/10.1016/j.aquaculture.2022.738736
https://doi.org/10.1186/s12983-014-0067-8
https://doi.org/10.1186/s12983-014-0067-8
https://doi.org/10.1016/j.gde.2018.08.001
https://doi.org/10.1016/j.gde.2018.08.001


 	 Kenya Aquatica Journal - Volume 10, Issue No. 01

�| 125

Solovieva E, Sakai H (2023) PSReliP: An integrat-
ed pipeline for analysis and visualization 
of population structure and relatedness 
based on genome-wide genetic variant 
data. BMC Bioinformatics, 24(1) [https://
doi.org/10.1186/s12859-023-05169-4]

Sonesson AK, Hallerman E, Humphries F, Hilsdorf 
AWS, Leskien D, Rosendal K, Bartley D, Hu 
X, Garcia Gomez R, Mair GC (2023) Sus-
tainable management and improve-
ment of genetic resources for aquacul-
ture. Journal of the World Aquaculture 
Society, 54(2) [https://doi.org/10.1111/
jwas.12968]

Stauffer JR, Chirwa ER, Jere W, Konings AF, Twed-
dle D, Weyl O (2022) Nile tilapia, Oreo-
chromis niloticus (Teleostei: Cichlidae): 
A threat to native fishes of Lake Malawi? 
Biological Invasions, 24(6) [https://doi.
org/10.1007/s10530-022-02756-z]

Stratoudakis Y, Azevedo M, Farias I, Macedo C, 
Moura T, Pólvora MJ, Rosa C, Figueiredo 
I (2015) Benchmarking for data-limit-
ed fishery systems to support collab-
orative focus on solutions. Fisheries 
Research, 171 [https://doi.org/10.1016/j.
fishres.2014.10.001]

Sun X, Wang K, Zhang G, Ren H, Yu H (2024) 
Spatial–temporal patterns of fish tro-
phic guilds in a freshwater river wet-
land ecosystem of northeastern China. 
Ecology and Evolution, 14(7) [https://doi.
org/10.1002/ece3.11711]

Syanya FJ, Mathia WM, Winam ZO (2023) Van-
ishing splendor: A comprehensive 
review of the decline in the original fish 
fauna of Lake Victoria. Marine and Fish-
ery Sciences (MAFIS), 37(1) [https://doi.
org/10.47193/mafis.3712024010107]

Taillebois L, Davenport D, Barton DP, Crook DA, 
Saunders T, Hearnden M, Saunders RJ, 
Newman SJ, Travers MJ, Dudgeon CL, Ma-
her SL, Ovenden JR (2021) Integrated anal-
yses of SNP-genotype and environmental 
data in a continuously distributed snapper 

species (Lutjanus johnii, Bloch, 1792) reveals 
a mosaic of populations and a challenge 
for sustainable management. ICES Jour-
nal of Marine Science, 78(9) [https://doi.
org/10.1093/icesjms/fsab187]

Takahashi T, Koblmüller S (2011) The adap-
tive radiation of cichlid fish in Lake 
Tanganyika: A morphological per-
spective. International Journal of Evo-
lutionary Biology, 2011 [https://doi.
org/10.4061/2011/620754]

Takeda M, Kusumi J, Mizoiri S, Aibara M, 
Mzighani SI, Sato T, Terai Y, Okada N, 
Tachida H (2013) Genetic structure of 
pelagic and littoral cichlid fishes from 
Lake Victoria. PLoS ONE, 8(9) [https://doi.
org/10.1371/journal.pone.0074088]

Takuno S, Miyagi R, Onami J, Takahashi-Kari-
yazono S, Sato A, Tichy H, Nikaido M, Ai-
bara M, Mizoiri S, Mrosso HDJ, Mzighani 
SI, Okada N, Terai Y (2019) Patterns of 
genomic differentiation between two 
Lake Victoria cichlid species, Hap-
lochromis pyrrhocephalus and H. sp. 
‘macula’. BMC Evolutionary Biology, 
19(1) [https://doi.org/10.1186/s12862-
019-1387-2]

Teame T, Zhang Z, Ran C, Zhang H, Yang Y, Ding 
Q, Xie M, Gao C, Ye Y, Duan M, Zhou Z 
(2019) The use of zebrafish (Danio rerio) 
as biomedical models. Animal Frontiers, 
9(3) [https://doi.org/10.1093/af/vfz020]

Terer T, Muasya AM, Dahdouh-Guebas F, Ndi-
ritu GG, Triest L (2012) Integrating local 
ecological knowledge and manage-
ment practices of an isolated semi-arid 
papyrus swamp (Loboi, Kenya) into a 
wider conservation framework. Jour-
nal of Environmental Management, 
93(1) [https://doi.org/10.1016/j.jen-
vman.2011.08.005]

Tesfaye G, Curto M, Meulenbroek P, Englmaier GK, 
Tibihika PD, Alemayehu E, Getahun A, Meim-
berg H (2021) Genetic diversity of Nile tilapia 
(Oreochromis niloticus) populations in 

https://doi.org/10.1186/s12859-023-05169-4
https://doi.org/10.1186/s12859-023-05169-4
https://doi.org/10.1111/jwas.12968
https://doi.org/10.1111/jwas.12968
https://doi.org/10.1007/s10530-022-02756-z
https://doi.org/10.1007/s10530-022-02756-z
https://doi.org/10.1016/j.fishres.2014.10.001
https://doi.org/10.1016/j.fishres.2014.10.001
https://doi.org/10.1002/ece3.11711
https://doi.org/10.1002/ece3.11711
https://doi.org/10.47193/mafis.3712024010107
https://doi.org/10.47193/mafis.3712024010107
https://doi.org/10.1093/icesjms/fsab187
https://doi.org/10.1093/icesjms/fsab187
https://doi.org/10.4061/2011/620754
https://doi.org/10.4061/2011/620754
https://doi.org/10.1371/journal.pone.0074088
https://doi.org/10.1371/journal.pone.0074088
https://doi.org/10.1186/s12862-019-1387-2
https://doi.org/10.1186/s12862-019-1387-2
https://doi.org/10.1093/af/vfz020
https://doi.org/10.1016/j.jenvman.2011.08.005
https://doi.org/10.1016/j.jenvman.2011.08.005


Kenya Aquatica Journal - Volume 10, Issue No. 01 	

126|

Ethiopia: insights from nuclear DNA micro-
satellites and implications for conservation. 
BMC Ecology and Evolution, 21(1) [https://
doi.org/10.1186/s12862-021-01829-2]

Theissinger K, Fernandes C, Formenti G, Bis-
ta I, Berg PR, Bleidorn C, Bombarely A, 
Crottini A, Gallo GR, Godoy JA, Jentoft 
S, Malukiewicz J, Mouton A, Oomen 
RA, Paez S, Palsbøll PJ, Pampoulie C, 
Ruiz-López MJ, Secomandi S, Zammit G 
(2023) How genomics can help biodi-
versity conservation. Trends in Ge-
netics, 39(7) [https://doi.org/10.1016/j.
tig.2023.01.005]

Tibihika PD, Curto M, Alemayehu E, Waidbach-
er H, Masembe C, Akoll P, Meimberg H 
(2020) Molecular genetic diversity and 
differentiation of Nile tilapia (Oreochro-
mis niloticus, L. 1758) in East African 
natural and stocked populations. BMC 
Evolutionary Biology, 20(1) [https://doi.
org/10.1186/s12862-020-1583-0]

Tibihika PD, Curto M, Meimberg H, Aruho C, 
Muganga G, Lugumira JS, Namulawa VT, 
Aanyu M, Ddungu R, Ondhoro CC, Okurut 
T (2023) Exploring the morphological 
dynamics of Nile tilapia (Oreochromis 
niloticus Linn. 1758) in Victoria Nile as 
depicted from geometric morpho-
metrics. BMC Zoology, 8(1) [https://doi.
org/10.1186/s40850-023-00190-9]

van der Sleen P, Albert JS (2022) Patterns in 
freshwater fish diversity. In: Encyclope-
dia of Inland Waters, Second Edition, 
3 [https://doi.org/10.1016/B978-0-12-
819166-8.00056-6]

Vanina T, Gebauer R, Toomey L, Stejskal V, 
Rutegwa M, Kouřil J, Bláha M, Lecocq T 
(2019) Genetic and aquaculture perfor-
mance differentiation among wild al-
lopatric populations of European perch 
(Percidae, Perca fluviatilis). Aquaculture, 
503 [https://doi.org/10.1016/j.aquacul-
ture.2018.12.071]

Vidal O, García-Marín JL (2011) Ecological ge-
netics of freshwater fish: a short review 
of the genotype–phenotype connec-
tion. Animal Biodiversity and Conser-
vation, 34(2): 309–317. [https://doi.
org/10.32800/abc.2011.34.0309]

Villéger S, Brosse S, Mouchet M, Mouillot D, Vanni 
MJ (2017) Functional ecology of fish: 
current approaches and future chal-
lenges. Aquatic Sciences, 79(4) [https://
doi.org/10.1007/s00027-017-0546-z]

Wang D, Yao H, Li YH, Xu YJ, Ma XF, Wang HP (2019) 
Global diversity and genetic landscape 
of natural populations and hatchery 
stocks of largemouth bass Micropterus 
salmoides across American and Asian 
regions. Scientific Reports, 9(1) [https://
doi.org/10.1038/s41598-019-53026-3]

Wang J, Chen L, Tang W, Heino J, Jiang X (2021) 
Effects of dam construction and fish 
invasion on the species, functional 
and phylogenetic diversity of fish as-
semblages in the Yellow River Basin. 
Journal of Environmental Manage-
ment, 293 [https://doi.org/10.1016/j.
jenvman.2021.112863]

Wang J, Su B, Xing D, Bruce TJ, Li S, Bern L, Shang 
M, Johnson A, Simora RMC, Coogan 
M, Hettiarachchi DU, Wang W, Hasin T, 
Al-Armanazi J, Lu C, Dunham RA (2024) 
Generation of eco-friendly and dis-
ease-resistant channel catfish (Ictal-
urus punctatus) harboring the alligator 
cathelicidin gene via CRISPR/Cas9 en-
gineering. Engineering, 39 [https://doi.
org/10.1016/j.eng.2023.12.005]

Wang Z, Wang T, Zhang X, Wang J, Yang Y, Sun 
Y, Guo X, Wu Q, Nepovimova E, Watson 
AE, Kuca K (2024) Biodiversity conser-
vation in the context of climate change: 
Facing challenges and management 
strategies. Science of The Total En-
vironment, 937: 173377 [https://doi.
org/10.1016/J.SCITOTENV.2024.173377]

Weiskopf SR, Rubenstein MA, Crozier LG, Gaichas 
S, Griffis R, Halofsky JE, Hyde KJW, Mo-
relli TL, Morisette JT, Muñoz RC, Pershing 
AJ, Peterson DL, Poudel R, Staudinger 
MD, Sutton-Grier AE, Thompson L, Vose 
J, Weltzin JF, Whyte KP (2020) Climate 
change effects on biodiversity, ecosys-
tems, ecosystem services, and natural 
resource management in the United 
States. Science of The Total Environ-
ment, 733 [https://doi.org/10.1016/j.scito-
tenv.2020.137782]

https://doi.org/10.1186/s12862-021-01829-2
https://doi.org/10.1186/s12862-021-01829-2
https://doi.org/10.1016/j.tig.2023.01.005
https://doi.org/10.1016/j.tig.2023.01.005
https://doi.org/10.1186/s12862-020-1583-0
https://doi.org/10.1186/s12862-020-1583-0
https://doi.org/10.1186/s40850-023-00190-9
https://doi.org/10.1186/s40850-023-00190-9
https://doi.org/10.1016/B978-0-12-819166-8.00056-6
https://doi.org/10.1016/B978-0-12-819166-8.00056-6
https://doi.org/10.1016/j.aquaculture.2018.12.071
https://doi.org/10.1016/j.aquaculture.2018.12.071
https://doi.org/10.32800/abc.2011.34.0309
https://doi.org/10.32800/abc.2011.34.0309
https://doi.org/10.1007/s00027-017-0546-z
https://doi.org/10.1007/s00027-017-0546-z
https://doi.org/10.1038/s41598-019-53026-3
https://doi.org/10.1038/s41598-019-53026-3
https://doi.org/10.1016/j.jenvman.2021.112863
https://doi.org/10.1016/j.jenvman.2021.112863
https://doi.org/10.1016/j.eng.2023.12.005
https://doi.org/10.1016/j.eng.2023.12.005
https://doi.org/10.1016/J.SCITOTENV.2024.173377
https://doi.org/10.1016/J.SCITOTENV.2024.173377
https://doi.org/10.1016/j.scitotenv.2020.137782
https://doi.org/10.1016/j.scitotenv.2020.137782


 	 Kenya Aquatica Journal - Volume 10, Issue No. 01

�| 127

Wenne R (2023) Microsatellites as molecular 
markers with applications in exploita-
tion and conservation of aquatic animal 
populations. Genes, 14(4) [https://doi.
org/10.3390/genes14040808]

Whalen CJ, Donnell D, Tartakovsky M (2014) 
Supporting research sites in re-
source-limited settings: Challenges 
in implementing information tech-
nology infrastructure. Journal of Ac-
quired Immune Deficiency Syndromes, 
65 (SUPPL.1) [https://doi.org/10.1097/
QAI.0000000000000039]

Willi Y, Kristensen TN, Sgro CM, Weeks AR, Ørsted 
M, Hoffmann AA (2022) Conservation 
genetics as a management tool: The 
five best-supported paradigms to assist 
the management of threatened spe-
cies. Proceedings of the National Acad-
emy of Sciences of the United States of 
America, 119(1) [https://doi.org/10.1073/
pnas.2105076119]

Xu P, Zhang X, Wang X, Li J, Liu G, Kuang Y, Xu J, 
Zheng X, Ren L, Wang G, Zhang Y, Huo 
L, Zhao Z, Cao D, Lu C, Li C, Zhou Y, Liu Z, 
Fan Z, Sun X (2014) Genome sequence 
and genetic diversity of the common 
carp, Cyprinus carpio. Nature Genetics, 
46(11) [https://doi.org/10.1038/ng.3098]

Yang L, Xu Z, Zeng H, Sun N, Wu B, Wang C, Bo J, 
Li L, Dong Y, He S (2020) FishDB: An inte-
grated functional genomics database 
for fishes. BMC Genomics, 21(1) [https://
doi.org/10.1186/s12864-020-07159-9]

Yang Z, Fu G, Lee M, Yeo S, Yue GH (2024) Genes 
for editing to improve economic traits 
in aquaculture fish species. Aquacul-
ture and Fisheries. KeAi Communi-
cations Co. [https://doi.org/10.1016/j.
aaf.2024.05.005]

Yao M, Zhang S, Lu Q, Chen X, Zhang SY, Kong 
Y, Zhao J (2022) Fishing for fish envi-
ronmental DNA: Ecological applica-
tions, methodological considerations, 
surveying designs, and ways forward. 
Molecular Ecology, 31(20) [https://doi.
org/10.1111/mec.16659]

Yongo E, Cishahayo L, Mutethya E, Alkamoi BM, 
Costa K, Bosco NJ (2021) A review of the 
populations of tilapiine species in lakes 
Victoria and Naivasha, East Africa. Af-
rican Journal of Aquatic Science, 46(3) 
[https://doi.org/10.2989/16085914.2021.1
887804]

Zhang K, Ye Z, Qi M, Cai W, Saraiva JL, Wen Y, 
Liu G, Zhu Z, Zhu S, Zhao J (2024) Wa-
ter quality impact on fish behavior: A 
review from an aquaculture perspec-
tive. Reviews in Aquaculture. John Wiley 
and Sons Inc. [https://doi.org/10.1111/
raq.12985]

Zieritz A, Gibbins C, Cai Y, Diba F, Gan LX, 
Lopes-Lima M, Mendoza JCE, Morse J, 
Ng TH, Toh EXP, Pfeiffer J, Low BW, Mar-
woto R, Rahim KAA, Shellman B, Sulaim-
an Z, Tan ZW, Wowor D, Yusuf NS, Yeo 
DCJ (2024) Prioritising challenges and 
actions for freshwater conservation in a 
tropical biodiversity hotspot.a Biological 
Conservation, 299. Elsevier Ltd. [https://
doi.org/10.1016/j.biocon.2024.110839]

https://doi.org/10.3390/genes14040808
https://doi.org/10.3390/genes14040808
https://doi.org/10.1097/QAI.0000000000000039
https://doi.org/10.1097/QAI.0000000000000039
https://doi.org/10.1073/pnas.2105076119
https://doi.org/10.1073/pnas.2105076119
https://doi.org/10.1038/ng.3098
https://doi.org/10.1186/s12864-020-07159-9
https://doi.org/10.1186/s12864-020-07159-9
https://doi.org/10.1016/j.aaf.2024.05.005
https://doi.org/10.1016/j.aaf.2024.05.005
https://doi.org/10.1111/mec.16659
https://doi.org/10.1111/mec.16659
https://doi.org/10.2989/16085914.2021.1887804
https://doi.org/10.2989/16085914.2021.1887804
https://doi.org/10.1111/raq.12985
https://doi.org/10.1111/raq.12985
https://doi.org/10.1016/j.biocon.2024.110839
https://doi.org/10.1016/j.biocon.2024.110839


Kenya Aquatica Journal - Volume 10, Issue No. 01 	

128|

Market analyses of fish from Lake Naivasha, Kenya 
to inform its fishery’s management

Edna Waithaka1*, Alice Mutie1, George Morara2, Patrick Loki1, Christopher Mulanda Aura3

1Kenya Marine and Fisheries Research Institute P.O Box 837 Naivasha, Kenya
2Kenya Marine and Fisheries Research Institute P.O Box 3259 Kegati,Kisii, Kenya
3Kenya Marine and Fisheries Research Institute P.O Box 1881, Kisumu, Kenya

*Corresponding Author: ewaithaka@kmfri.go.ke

Abstract

Lack of a comprehensive market analysis and information about the Lake Naivasha fishery 
dynamics hampers the development of appropriate policies, and investment decisions, for re-
source management. Without a clear understanding of the market trends, value chains, and 
consumer preferences, stakeholders are unable to optimize economic returns, address market 
inefficiencies, and implement sustainable practices that promote both conservation and eco-
nomic growth. The aim of this study was to conduct a market analysis of Lake Naivasha fisheries 
to inform management. Structured and semi structured questionnaires were used to capture 
various variables of the fish market. Primary data was collected at the five landing beaches 
and two major fish markets in Nakuru and Nairobi while secondary data was collected from 
the annual fishery bulletin.  The study found that the fishery is dominated by Cyprinus carpio 
(47.3%), Oreochromis niloticus (46.4%), Clarias gariepinus (6.3%), with the fishers being the larg-
est player in the fishery at (39.9%), fish traders (35.8%) and consumer (9.9%) and other ancilliary 
players.  Retailers played a significant role in the fishery by being the main distribution channel 
in the market at (38.3%), followed by wholesalers (23.3%) and fish mongers (19.3%). Tilapia is the most 
preferred fish species with a market share of 36%, catfish (31%) and common carp (30.3%). The 
major market destination for Lake Naivasha fish is Nairobi and Nakuru markets. Factors influ-
encing market dynamics include demand/supply of the fish product, climatic variations, pop-
ulation growth and urbanization. The study recommends that for a viable and vibrant fish mar-
ket, there is need to invest in infrastructure at the fish bandas and the markets, establishing a 
fish hatchery within the county to ensure continuous restocking and enhance the competitive-
ness of Beach Management Units and traders through training and facilitating market access. 

Keywords: market analysis,consumption, distribution, opportunities, investment

Introduction

Lake Naivasha is a shallow endorheic freshwater 
lake lying at the highest elevation of the Kenyan 
Rift valley at 1,890 m above sea level.  The lake 
supports a wide range of biodiversity including 
fish, birds, mammals, reptiles and other aquatic 
flora both in and around the lake. Lake Naiva-
sha was declared a wetland of international im-
portance in 1994 under the Ramsar Convention 

(LNRA, 1999) due to its unique biodiversity, cou-
pled with threats from anthropogenic activities. 

The lakes’ resources have been treated as 
“open access” property, being exploited by 
each and every individual (both legally and il-
legally), according to their needs, and capac-
ity (Kundu et al., 2010).  The dominance of the 
introduced species has transformed the fishery 
from subsistence into a commercialized arti-
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sanal fishery for domestic markets, based on 
three major species (Nile tilapia, Common carp 
and Catfish.) The main economic benefits de-
rived from the fishery include food, employment 
and incomes.Trade in fish from Lake Naivasha is 
contributing a significant proportion of protein 
intake for the majority of lake basin  inhabitats 
including those in major urban centres neigh-
bouring the lake. 

Growth in fish trade has brought about incomes 
while fish processing for export has provided 
employment opportunities for those involved di-
rectly and indirectly in the fisheries sector. There 
are thousands of people involved in the market-
ing and distribution of fish and fisheries prod-
ucts. There are also many ancilliary services that 
are heavily dependent on fish trade (soft drink 
manufacturers, ice makers, transporters, boat 
builders, net menders, petroleum product sell-
ers and packaging materials) which have led to 
economic growth, increase in households’ in-
comes and poverty reduction (Aura et al., 2019).

The sustainability of Lake Naivasha fisheries is 
under threat due to multiple factors. These in-
clude overfishing, habitat degradation, intro-
duction of alien and invasive species, climate 
change, and the potential impacts of large-
scale development projects such as geother-
mal power generation (Kundu et al., 2010). The 
increase in prices of Nile tilapia has prompted 
fishers to increase fishing effort in order to max-
imize opportunities. New entrants in the fishery 
have also joined the fishery resulting in overfish-
ing activities. Declining stocks of the target fish 
species threaten the sustainability of the stocks 
for domestic trade and population growth that 
is solely dependent on the fishery. The undesir-
able harvesting methods threaten the fisheries 
and are bound to have far reaching effects if 
not checked. Lack of sound financial advice and 
banking knowledge have left the fisher com-
munity with a lot of disposal income and insti-
tutions particularly the cooperatives have failed 
(Manyala and Gitonga, 2008).

In recent years, the demand for fish from Lake Nai-
vasha has been rising steadily, driven by population 
growth and urbanization in the surrounding areas. 
Ensuring sustainable management practices and 
informed decision-making in the sector is critical 
to prevent over exploitation and preserve the eco-
logical balance of the lake while maximizing the 
socio-economic benefits derived from its fisheries 
resources (Abila, 2000). This technical report aims 
to provide a comprehensive market analysis of the 
fisheries sector in Lake Naivasha, with the aim of in-
forming management, investment decisions, and 
policy making to ensure the long-term sustainabil-
ity and socio- economic benefits of the industry.

The fisheries sector in Lake Naivasha faces sig-
nificant challenges that require immediate at-
tention and effective management strategies 
(Parry et al., 2012). The lack of comprehensive 
market analysis and information about the in-
dustry’s dynamic nature hampers the devel-
opment of appropriate policies, investment 
decisions, and resource management practic-
es. Without a clear understanding of the market 
trends, value chains, and consumer preferences, 
stakeholders are unable to optimize econom-
ic returns, address market inefficiencies, and 
implement sustainable practices that promote 
both conservation and economic growth. 

The Lake Naivasha fisheries sector lacks up-to-
date market information, which hampers effec-
tive decision-making for both investment and 
policy formulation. Without a comprehensive 
understanding of the market dynamics, it be-
comes difficult to identify potential investment 
opportunities, optimize the value chain, and im-
plement sustainable management practices 
(Jones et al., 2012; Tanner et al., 2014; Shanguhy-
ia, 2021). Therefore, a detailed market analysis 
is essential to bridge this knowledge gap and 
facilitate informed decision-making. The cur-
rent study conducted a market analysis of Lake 
Naivasha fisheries to provide stakeholders with 
valuable insights and information for effective 
management decisions, investment options 
and policy formulation.
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Materials and methods
Study area

Lake Naivasha is one of the shallow freshwater 
bodies in Kenya and the second largest after the 
gulf part of L. Victoria. The lake lies on the East-
ern Rift Valley floor (0° 46’ S, 36° 20’ E) at about 
1890 m above sea level. Its surface area varies 
between 110 and 160 km2 during the dry and wet 
spells, respectively. There are five designated 
landing sites around the lake (Fig.1).

Figure 1. Fish landing beaches around Lake 
Naivasha where data was collected (Source: 
Authors).

Data collection

A survey was conducted by staff of Kenya Ma-
rine and Fisheries Research Institute, Naivasha 
station in November 2023. Data was collected 
at the five landing beaches around the lake 
namely: Central, Karagita, Kamere, Oloidien 
and Tarambete and the major fish markets in 
Nakuru and Nairobi which are major destina-
tions for this fish.

Study population

The study targeted fishers and traders at the five 
landing sites who eke their living from the fish-
ery resource and are registered BMU members. 
So far there are 750 registered BMU members in 
Lake Naivasha cutting across the five landing 
sites. The study also targeted fish traders in Na-
kuru and Nairobi markets. Purposive sampling 
technique was used to ensure that each player 
in the market had an equal chance of filling out 
the questionnaire.

Sampling procedure and 
design

The study made use of 
questionnaires as the 
major tool for collecting 
primary data. Structured 
and semi-structured 
questionnaires captur-
ing various variables 
were used. In this study, 
a total of 500 question-
naires were distributed at 
the five landings, out of 
which 400 questionnaires 
were filled and returned, 
representing an 80% re-
sponse rate.  According 
to Mugenda and Mu-
genda (2008), a 30% re-
sponse rate is appropri-

ate for analysis. The highest response was from 
Kamere landing beach (26.3%) followed by 
Central landing beach (25%), Karagita landing 
beach (25%), and Tarambete (23.8%).  At the 
Nairobi main markets, 50 Questionnaires were 
administered while at the Nakuru top market, a 
total 35 administered and returned represent-
ing a response rate of (70%). A likert scale of 5.5 
was used to allow for consistency and ease of 
answering. The collected data was thoroughly 
examined and checked for completeness and 
whether it was comprehensible. 

L. Naivasha
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Data analyses

Both qualitative and quantitative data analysis 
methods were used and the data keyed in MS 
Excel and organized neatly for ease of analysis. 
Data presentation was done using percentages, 
frequency tables, and figures for ease of refer-
ence and interpretation.

Results and discussion
Current state and trends of the Lake Naivasha 
fisheries market by volume, and value 

The artisanal commercial fishery of Lake Nai-
vasha is dependent on exotic species with in-
troduction dating back from 1925 to 2011 for dif-
ferent purposes namely; Oreochromis niloticus 
(Nile tilapia), Oreochromis leucostictus (Blue 
spotted tilapia), Coptodon zillii (Redbelly tila-
pia), Micropterus salmoides (Largemouth bass), 
Cyprinus carpio (Common carp) and Clarias 
gariepinus (African sharptooth catfish). The riv-
erine Barbus amphigramma and Procambarus 
clarkii (Red Louisiana Crayfish) have also been 
supporting the fishery significantly since 1980s. 
The Black lampeye was the only endemic spe-
cies, but is now considered extinct. Two other 
species (Barbus palundinosus and Oncorhyn-
cus mykiss) are natural riverine intruders 

Earlier reports had estimated the potential an-
nual fish production of Lake Naivasha at about 
5000 metric tonnes/yr. However, the actual fish 
production realized over the last 40 years has 
been fluctuating between 37 metric tonnes and 
3087 metric tonnes. The status of fish yield, fish-
ing effort and catch per unit effort (CPUE) be-
tween 2013 and 2022 is summarized in figure 2. 

Production of fish has been enhanced by fish 
stock re-introductions and restocking programs 
since 2011 through the economic stimulus pro-
gram (ESP). Currently, there are five designat-
ed fish landing sites along the lake shore (Cen-
tral, Karagita, Kamere, Tarambete and Oloidien) 
where daily statistics are recorded with an av-
erage annual yield of the lake being about 1625 
metric tonnes. Gillnet fishing is the traditionally 
prescribed and gazetted method of fishing in 
Lake Naivasha. However, other fishing methods 
such as hook and line, longline and baited traps 
have also emerged.

Before the establishment of Nile tilapia popula-
tion in Lake Naivasha, the value of fish landed 
from the fishery was less than KES 100 million 
(Fig. 3). However, between 2015 and 2021, the in-

creasing trends in 
annual fish pro-
duction parallels 
the rising value 
of fish during the 
period, with a 
minimum of KES 
129.3 million and 
a maximum KES 
409.5 million re-
corded during 
the period. These 
results reflect the 
importance and 
impacts of var-
ious manage-
ment interven-
tions made on 
the lake’s fishery 
aimed at achiev-
ing the national 
objectives of Blue 
Economy.

Figure 2. Status of fish yield, fishing effort and catch per unit effort (CPUE) in 
Lake Naivasha between 2013 and 2022. (Data source: KMFRI, KeFS and County 
Directorate of Fisheries).
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Nature of players in the fish market in the Lake 
Naivasha fisheries market

The Lake Naivasha fishery is characterized by a 
unique market structure with a dominant play-
ers comprising of the fishers (39.9%), fish trad-
ers (35.8%) consumers (9.9%), transporters (5.5) 
and other ancilliary players (Table 1). There also 
many ancilliary players that are heavily depen-
dent on fish trade (soft drink distributors, ice 
makers, transporters, boat builders, net mend-
ers, petroleum product sellers and packaging 
materials) All of whom have spurred economic 
growth and contributed to an increase in house-
holds’ incomes and poverty reduction.

Landing sites

The fishery is characterized by a large number 
of new entrants who have joined the sector in 
the last 5 years adding pressure to an already 
strained ecosystem and its sustainability (Ta-
ble 2). This high number could be attributed to 
the high levels of unemployment in the country, 
rural –urban migration, the profitable nature of 
the trade, closure of many floricultural firms etc.

  

Figure 3. Trends in annual fish landings from Lake Naivasha fishery and value (2005-2021).

Table 1. Characteristics of respondents.

Occupation Central Kamere/
Oloidien

Karagita Tarambete %

Fisher 34 44.9 27.6 53.2 39.9

Fish trader 47 33.6 37.1 25.5 35.8

Fisheries Manager 1 1.9 1.0 1.1 1.2

Ancillary players 1 4.7 11.4 2.1 4.8

Transporter 5 0.9 8.6 7.4 5.5

Consumer 10 10.3 8.6 10.6 9.9

Processor 2 3.7 5.7 - 2.9

  100 100 100 100 100.0
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Table 2. Number of years in the sector.

Years % Respondents

<5 37.7

5_9 29.0

10_14 18.7

15_19 4.6

>20 10

  100

The study found that the average weight of 
fish sold per day per trader (29.9%) was 20 kg, 
followed by 7.5 kg (27.8%) of the traders, while 
(26.1%) of the traders were selling more than 30 
kg day-1. This is indicative of the huge demand 
and ready market for the fish and fishery from 
Lake Naivasha and the rising demand for white 
meat (Table 3).
Table 3. Average weight of fish sold per day.

Unit classes (kg) % Respondents

<5 16.2

5_10 27.8

10_30 29.9

>30 26.1

  100

Contribution of various fish species 

The fishery is primarily dominated by C. carpio 
(47.3%), O. niloticus (46.4%), C. gariepinus 
(6.3%). Species which previously dominated the 
fishery (O. leucostictus, C. zilli, M. salmoides) 
have contributed dismally to the total landings 
in Lake Naivasha. (Table 4).   This situation can 
be attributed to factors such as fish species in-
troductions, effect of overfishing and changes in 
the habitat condition within the lake (Njiru et al., 
2017; Waithaka et al., 2019; Morara et al., 2022). 

Table 4. Percentage composition of fish 
landings from Lake Naivasha.

Species Percentage composition (%)

M. salmoides 0.01

C. gariepinus 6.28

O. niloticus 46.42

Tilapia others 0.01

C. carpio 47.29

Total 100.00

The study established that tilapia was the most 
preferred species at (36%), Catfish (31%) com-
mon carp (30.3%) as shown in figure 4. The re-
spondents extended the notion that tilapia fish 
is tasty and has high market demand and high 
economic returns.

Figure 4. Most preferred fish in Lake Naivasha.

The study found that some of the factors affect-
ing market dynamics include demand/supply 
of the product, climatic variations, population 
growth, urbanization, Competition for the re-
source and infrastructural limitations which af-
fect the market trends and pricing (Fig. 5).
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Figure 5. Factors affecting market dynamics of fish.

Current market distribution channels

Lake Naivasha fish market is controlled by a few 
individual players who have established them-
selves as almost monopolistic forces, exerting 
control over the market dynamics and pricing. 
The dominant players in the market distribution 
channels include retailers (38.3%), wholesalers 
(23.3%), fish mongers (19.3%) and the rest re-
spectively (Table 5).  The wholesalers act like 
middlemen between the fishermen and the 
retailers and fish mongers. The dominance of 
this few powerful players has significant impli-
cations for market dynamics. Their control over 
capital, and distribution channels gives them an 
advantage in terms of pricing, market access, 
and market influence. 

Table 5. Main players in the fish market in Lake 
Naivasha.

Market player % Respondents

Wholesalers 23.3

Restaurants 7.8

Retail 38.3

Fish mongers 19.3

Others 11.2

Small-scale traders pro-
vide an opportunity for 
market diversification 
and wider market reach. 
Their role in distributing of 
fish to various towns and 
facilitating regional trade 
contributes to food secu-
rity, income generation, 
guaranteed livelihoods 
and economic develop-
ment. Small scale trad-
ers (63.8%), long distance 
traders (32.8%) cover re-
gions beyond the county 
at and the rest, respec-
tively (Table 6).

Table 6. Key distribution channels in the region.

Channels % Respondents

Small traders 63.8

Export traders 1.7

Long distance traders 32.8

Others 1.7

  100

This study established that fish harvested in 
Lake Naivasha is sold fresh at the five landing 
sites with a larger proportion being transported 
to market destinations like Gikomba and City 
Market in Nairobi, Top Market in Nakuru and 
Narok Main Market. Processed (deep fried) fish 
are destined for distance markets like Busia, 

Homabay among others (Fig. 6).

Challenges in the Lake Naivasha fisheries 
market  

Challenges experienced included low supply of 
fish as a result of low catch, theft of fishing gears 
and catch, rampant illegal unreported and un-
regulated fishing (IUU)and low demand for 
non-target fish species. These need to be ad-
dressed to enhance the sustainable exploitation 
of the resource and maximize the socio-eco-
nomic benefits for local communities.
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Figure 6.  Market destinations of Lake Naivasha 
fish.

Fish sourced from L. Nakuru, which was banned 
is illegally harvested and floods the markets 
in the county. This affects the pricing of fish in 
the market due to the high supply and low de-
mand effect. The fish is also mostly larger in size 
than the tilapia fish caught from Lake Naivasha, 
hence unsuspecting consumers end up pur-
chasing it at a lower price, affecting the pricing 
of fish from Lake Naivasha in the market (Fig. 7). 

Opportunities in 
Lake Naivasha 
fisheries market  
Investing in infra-
structure improve-
ment at the fish ban-
das’ and the markets 
(cold storage chain, 
transportation net-
work and internet 
and other market in-
frastructure) are key 
opportunities. Estab-
lishing a hatchery for 
fingerling production 
within the county 

to enable restocking of the lake at a reason-
able cost, and enhance the competitiveness of 
BMUs and traders through training and facilitat-
ing market access. Implementing and promot-
ing regulations that promote fair competition, 
transparency, and market access for all market 
participants (Table 7). Providing training and 
support to fishers in areas such as value addi-
tion, business management, financial literacy, 
and market intelligence to facilitate market ac-
cess for the fish traders is an area to be looked 
into and can help fishers and traders navigate 
market challenges more effectively.

Figure 7. Cited challenges by respondents.
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Table 7. Opportunities in the fish market

Opportunities % Respondents

Value addition 17.6

Construction of cold storage 9.9

Ecotourism 6.5

Hatchery 10.8

No idea 41.4

Improvement of infrastructure 11.1

Mobile banking 2.8

Measures to improve marketing and 
management of the industry

The study recommends that improvement of 
the following measures will improve the market-
ing of the fish from Lake Naivasha and strength-
en the management of the resource. Some of 
the measures cited include strengthening mon-
itoring control and surveillance, restocking and 
improvement of market infrastructure (Fig.7).

Strategies for investment and policy

Figure 8 shows some of the strategies and pol-
icies suggested by the respondents. Policies 
strengthening the regulatory framework and 
enforcing the existing policies will promote mar-
ket access for all participants and fair compe-
tition. Some of the regulations to be strength-
ened include increased patrols, closed seasons 
and limiting fishing hours. Infrastructural devel-
opment at the markets and fish landing sites 
will enhance the competitiveness of the fish  
sourced from L. Naivasha. These include acqui-
sition of cold storage facilities, development of 
road networks and market infrastructure. Pro-
moting value added products will create addi-
tional revenue streams, improve livelihoods and 
increase the competitiveness of the fish from 
Lake Naivasha. This therefore calls for capaci-
ty building of the fish traders for skill acquisition 
and exploring niche markets. Development of a 
clear restocking programme and lake cleanup 
will aid in increasing fish production, translating 
to increased supply and more revenues.

Figure 8. Suggested measures by respondents (%) to improve marketing and 
management of the fish industry.
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Conclusions and 
recommendations 
This study concluded that Lake Naivasha fishery 
is dominated by species like C. carpio, O. niloticus, 
and C. gariepinus, with retailers being the main 
players.  Fish harvested in Lake Naivasha are sold 
fresh at the five landing sites, with a larger pro-
portion being transported to market destinations 
in Nairobi and Nakuru. Major factors influencing 
market dynamics in the Lake Naivasha fishery are 
demand/supply and variation in climatic con-
ditions. Challenges faced include  infrastructur-
al limitations, low supply of fish as a result of low 
catch. Some of the strategies that can be em-
ployed to improve the fisheries market are in-

vesting in infrastructure improvement at the fish 
bandas and the markets, construction of hatch-
erfes for fingerling production within the county to 
enable restocking of the lake and training of BMU 
members and traders and  facilitating market 
access. Implementing and promoting regulations 
that promote fair competition, transparency, and 
market access for all market participants is also 
recommended to improve market performance.
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Abstract 

In Kenya, cage farming has expanded along the shores of Lake Victoria, primarily focusing on 
the monoculture of tilapia (Oreochromis niloticus). Despite the global growth of aquaculture, 
infectious diseases, particularly bacterial infections are a significant source of economic losses 
in this sector, especially for cultured tropical freshwater species. There is limited information 
regarding bacterial communities, prevalence, and patterns of antimicrobial resistance (AMR) 
in bacteria isolates from caged tilapia on the Kenyan side. This study aimed to give a descrip-
tive and quantitative approach on an investigation of the bacterial communities in caged fish 
in Lake Victoria and their antibiotic susceptibility. The approach uses examples of study sites of 
the five riparian counties along Lake Victoria - Migori, Homa Bay, Kisumu, Siaya, and Busia. Cur-
rently, there are over 5,635 cages in these counties, with dimensions varying from 8 m² to cir-
cular cages of 20 m in diameter. A total of 100 fish samples were collected across the counties 
as follows: Busia (30), Homa Bay(20), Kisumu (20), Migori (10), and Siaya (20). In the approach, 
the fish samples underwent clinical examination for disease signs, while parasitological assays 
were performed on gill biopsies and skin swabs. A bacteriological assay was conducted us-
ing aseptically taken kidney swabs, and internal organs were inspected for infectious lesions. 
Molecular identification of the isolates was conducted at the International Livestock Research 
Institute (ILRI) in Nairobi, Kenya, using Matrix-Assisted Laser Desorption Ionization–Time of Flight 
(MALDI-TOF) mass spectrometry (MS). Antimicrobial susceptibility testing (AST) followed stan-
dard disk diffusion method as outlined by the Clinical and Laboratory Standards Institute (CLSI). 
Statistical analysis was conducted to achieve the aim of the objective.   

Keywords: cage farming, Lake Victoria, Kenya, infectious diseases, antimicrobial resistance, 
antimicrobial susceptibility 
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Introduction

Aquaculture has the potential to significantly 
contribute to food security, especially as capture 
fisheries have stagnated over recent decades 
(Obirikorang et al., 2024). The consumption of 
fish remains to be essential in the human diet 
globally and it is a source of important nutrients 
that are necessary for good health (Wang et al., 
2022). Forecasts suggest that the future growth 
of fish food production will largely stem from 
aquaculture. For instance, according to FAO 
(2020), aquaculture production is expected to 
increase from 60 million metric tonnes in 2010 
to 100 million metric tonnes by 2030, and further 
increase to 140 million metric tonnes by 2050 
(Aura et al., 2024). 

Food security is recognized as a major global 
challenge. Despite progress in ensuring safe and 
nutritious food for all and addressing malnutri-
tion, FAO (2024) estimated that 713 to 757 mil-
lion people (8.9-9.4% of the global population) 
faced undernourishment in 2023. According to 
FAO (2023), as we confront escalating global 
challenges such as food shortages, limited ac-
cess to food, and rising food costs - exacerbat-
ed by the climate crisis, biodiversity loss, eco-
nomic slowdowns, worsening poverty, and other 
overlapping issues - put us at a critical stage. 
With global populations projected to increase to 
over 9.7 billion by 2050, seafood in general and 
fish in particular will continue to play a vital role 
in providing nutrition and food security globally, 
especially in developing countries (Obirikorang 
et al., 2024).

In Africa, fisheries and aquaculture support 
around 6 million people, a number that contin-
ues to rise. In Sub-Saharan countries like Ken-
ya, aquaculture relies mainly on extensive and 
semi-intensive practices, which hinder produc-
tion and do not meet the demands of a growing 
population (Aura et al., 2024). In Kenya, fresh-
water fish accounts for close to 95% of report-
ed aquaculture production, of which 90% are 
from Lake Victoria (Orinda et al., 2021). Lake Vic-
toria is revealed to produce more fish than all 
five Laurentian Great Lakes combined, triple the 

production of Lake Tanganyika, and more than 
quadruple the harvest of Lake Malawi (Nyam-
weya et al., 2023). Tilapia represents about 75% 
of the total fish produced from aquaculture, fol-
lowed by African catfish (18%), common carp 
(6%), and trout (<1%) (Opiyo et al., 2018). 

Cage farming has sporadically expanded 
throughout the shores of Lake Victoria, primarily  
involving the monoculture of Nile tilapia, Oreo-
chromis niloticus, and it has been considered as 
a game-changer (Obiero et al., 2022). Currently, 
cage farming is being practiced in five riparian 
counties including Migori, Siaya, Homabay, Bu-
sia and Kisumu, with Siaya County leading with 
the highest number of cages (Opiyo et al., 2018).  
The stocking density in the cages ranges be-
tween 60 and 250 fish m-3, with cage sizes rang-
ing from 8 to 125 m3. Oreochromis niloticus is the 
only fish cultured in the lake, with a production 
of 12 million kg of fish every cycle annually (Opi-
yo et al., 2018).  

Despite the global expansion of aquaculture, 
diseases significantly contribute to economic 
losses in the aquaculture industry, with bacterial 
diseases being the most common and primary 
cause of mass mortality in fish, particularly af-
fecting cultured tropical freshwater species (Si-
amujompa et al., 2023). Worsenning the situa-
tion, antimicrobial resistance (AMR) in cultured 
fish has emerged as a major challenge in aqua-
culture (Preena et al., 2020). AMR is known to 
arise from mutations or the spread of antibiotic 
resistance genes (ARGs) and mobile genetic el-
ements (MGEs), largely due to the widespread 
use of antibiotics (Wang et al., 2022). The AMR 
is an unavoidable evolutionary phenomenon 
where by microorganisms including bacteria, 
viruses, fungi and parasites have the ability to 
thrive and grow in the midst of drugs designed 
to kill them, mainly as a result of genetic mu-
tations (Salam et al., 2023). However, long-term 
overuse of antibiotics in aquaculture has led to 
acceleration and acquisition of drug resistance 
(Wang et al., 2022). This AMR can transfer to im-
portant strains in nature, impacting the ecosys-
tem (Preena et al., 2020). 
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Many cultured fish, including ornamental types, 
carry diverse pathogens with multiple antibiot-
ic resistance (Preena et al., 2020). Studies have 
also shown that there is a continuous increase in 
resistance of bacteria to antibiotics due to their 
widespread use and misuse in fish farming in the 
treatment of specific and non-specific infections 
and as growth promoters, resulting in emer-
gence of resistant bacterial strains (Gousia et al., 
2011). This makes farmed animals including fish, 
which are reared majorly for human consump-
tion to become reservoirs of antibiotic resistant 
bacterial strains. Interestingly, in human beings, 
AMR has been listed as number one global threat 
and a significant concern for public health as by 
the global health security (Velazquez-Meza et 
al., 2022). Although bacteria intrinsically develop 
resistance against particular antimicrobials, the 
significant key factor in the selection of resistant 
bacteria is probably the use of antibiotic-type 
and antimicrobial agents for the treatment of 
diseases and infections in human and animals 
(Onjong et al., 2021). 

According to Onjong et al. (2021), AMR is great-
ly associated with antimicrobials being incor-
porated into commercial livestock, poultry, and 
aquaculture production at sub-therapeutic 
doses to promote growth, improving the feed-
ing efficiency, metaphylaxis and prophylaxis. 
However, this is immensely unregulated in de-
veloping countries. Consequently, due to un-
regulated use of antibiotics, human beings are 
indirectly exposed to AMR bacteria through the 
food chain. Antibiotic resistance determinants 
found in food and water can be transferred to 
bacteria of human clinical significance (Onjong 
et al., 2021). 

Numerous studies have been conducted on 
cage farming in Lake Victoria, Kenya. For in-
stance,  Aura et al. (2018) reviewed the integra-
tion of mapping and socio-economic indicators 
of fish cage culture in the lake. Njiru et al. (2019) 
reviewed the establishment of cages in the lake 
and the need for coming up with a decision-sup-
port tool for efficient management of the lake. 
Mwainge et al. (2021) conducted a study in de-
termining the fish disease and parasite occur-
rence in cage culture system. Mboya and Ouko 

(2023) reviewed the economic aspects of fish 
cage farming in the lake and Mawundu et al. 
(2023) conducted a study on the effect of stock-
ing density on growth performance, and sur-
vival of Nile tilapia (O. niloticus) in cage culture 
system in the lake. Aura et al. (2024) did a case 
study to evaluate the sustainability features of 
a community-based cage aquaculture that 
included socio-economic, physical, chemical, 
biological, production and risks variables that 
were aimed at identifying and proposing po-
tential mitigation measures for the challenges 
the cage culture industry may experience. How-
ever, there is paucity of information on the bac-
terial community, prevalence, approach and 
pattern of AMR- bacterial isolates from caged 
tilapia (O. niloticus) on the Kenyan side of the 
Lake Victoria. Therefore, the present study tar-
geted to give a detailed or coherent discussion 
on the approach that is required in investigating 
the level of bacterial community in caged fish in 
Lake Victoria and their antibiotic susceptibility. 
The information from this study is of significance 
in addressing proper use of antibiotic-type and 
antimicrobial agents in cage farming in an 
aquatic environment.  

Discussion

The methodology followed in this study is ex-
plained in the schematic diagram indicating 
the flow of processes from sample collection in 
the field, to the final processes in the laboratory. 

Study identification

The review of the approach was based on the  
five riparian counties along Lake Victoria, Ken-
ya i.e., Migori, Homa Bay, Kisumu, Siaya and 
Busia counties where cage farming is being 
practiced (Obiero et al., 2022). Lake Victoria is 
ranked to be the second largest freshwater lake 
globally and Africa’s largest by surface area 
and it is being shared by Kenya (6%), Uganda 
(43%), and Tanzania (51%) (Nyamweya et al., 
2023). Currently, the lake is revealed to hold a 
little over 5,635 cages in the five riparian coun-
ties of the Kenyan side with dimensions rang-
ing from 8 m2 to circular cages of 20 m diame-
ter (Mwainge et al., 2021).
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Sample collection and sizing

A total of five healthy fish 
samples, each weighing ap-
proximately 200 g or more, 
were randomly collected 
from selected cages using a 
sweep net. The cages from 
which the samples were 
taken were also chosen ran-
domly, with consideration 
given to the distance be-
tween the selected cages to 
ensure diversity. In total, 100 
fish samples were collected 
for analysis from five ripari-
an counties. The distribution 
of samples included 30 from 
Busia, 20 from Homa Bay, 20 
from Kisumu, 10 from Migori, 
and 20 from Siaya. Addi-
tionally, water samples for 
metagenomic analysis were 
collected from the same 
cages where the fish sam-
ples were obtained (Noguei-
ra and Botelho, 2021). 

External fish health assessment	

The collected fish samples were first exam-
ined clinically for signs of infectious diseases 
(Mwainge et al., 2021). This assessment in-
volved checking for lesions, ulcerations, de-
formities such as eye opacity, and skin dis-
colorations on the external parts of the fish. In 
case of any observations, they were recorded.

Parasitology examination of fish gills and skin

Precise fish gill samples were taken using 
dissecting scissors and placed on a micro-
scope slide to check for the presence of par-
asites in the gill area. Two to three drops of 
distilled water were added to the gill samples 
to keep the contents fresh and improve vis-
ibility during microscopy. Additionally, skin 
swabs were obtained using coverslips, which 
were positioned parallel to the gill samples. 
Both samples were then observed under a 
compound microscope, and any observable 
parasites were recorded, noting their number 
and species (Mwainge et al., 2021).

Figure 1. A schematic descriptive approach of the entire process 
showing the various processes from the sample collection to final 
laboratory analyses.

Figure 2. A map illustrating the five riparian 
counties around Lake Victoria in Kenya where 
cage farming is practiced and their respective 
density (Source: KMFRI-ABDP Unpublished 
Report, 2022).
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Bacterial culture sample collection

A bacteriological assay was performed by tak-
ing kidney swabs aseptically (Jia et al., 2023). The 
fish samples were dissected on the dorsal side to 
expose the internal organs. They were then ex-
amined for internal lesions except the kidney to 
avoid contamination of the site for possible cul-
tures. The swim bladder membrane was careful-
ly dissected to access the kidney, located along 
the backbone. A sterile hot wire loop was used 
to puncture the kidney. To avoid contamination, 
special care was taken to prevent the wire loop 
from contacting any part of the fish or external 
objects other than the internal part of the kid-
ney. The swabs were then streaked aseptically 
onto sterile tryptose agar plates. The inoculated 
plates were sealed with parafilm and transport-
ed to the KMFRI microbiology laboratory. In the 
laboratory, the plates were incubated at 30°C 
for 24 to 48 hours, after which bacterial growth 
was observed. A negative control, consisting of 
a medium without an inoculum, was also incu-
bated to confirm the sterility of the medium. Only 
bacterial growth along the streaking pattern was 
considered. The cultures of interest were sealed 
with parafilm and preserved in the refrigerator at 
2°C as a backup until the process was complet-
ed, after which they were discarded aseptically.

Broth culture and glycerol stocks preparation

Colonies of interest were picked from the culture me-
dium and inoculated into sterile broth in sterile test 
tubes using sterile toothpicks, held with flamed for-
ceps to maintain aseptic conditions. The inoculated 
broth was then incubated at 30°C for 24 to 48 hours 
to allow for sufficient growth, which was determined 
by the turbidity intensity. A negative control, consist-
ing of broth containing only a sterile toothpick, was 
also incubated to ensure the sterility of the broth. To 
prepare glycerol stocks, 600 µl of 50% glycerol was 
pipetted into sterile cryovials, followed by an equal 
amount of broth culture, and the mixture was ho-
mogenized. The vials were labeled according to the 
various bacterial isolates, with one as a backup. The 
stock solutions were then preserved in a freezer at 
-35°C for further analysis.

Molecular identification of the isolates 

Molecular identification was performed at the 
International Livestock Research Institute (ILRI) 
in Nairobi, Kenya, using Matrix-Assisted La-
ser Desorption Ionization–Time of Flight (MAL-
DI-TOF) mass spectrometry (MS) (Jia et al., 
2023). Spectra acquired from the test isolate 
were compared with spectra in the reference 
library and an identification match score was 
provided based on the similarity to reference 
library entries. Identification match scores for 
MALDI-TOF were categorized based on the 
manufacturer’s guidelines

Antimicrobial susceptibility testing (AST)

Antimicrobial susceptibility testing (AST) 
against various antibiotics was conducted 
using the disk diffusion assay in accordance 
with the Clinical and Laboratory Standards In-
stitute (CLSI) standard methodology for bac-
terial isolates from the fish samples (Siamujo-
mpa et al., 2023). 

Data processing

The data analysis for this study was con-
ducted using a combination of statistical 
methods to assess the bacterial commu-
nities and their antimicrobial susceptibility 
profiles in caged tilapia from Lake Victoria. 
The analysis aimed to identify patterns of 
parasite and bacterial prevalence, diversity, 
and bacterial resistance, providing a com-
prehensive overview of the health status 
of the fish populations. Statistical analyses 
were performed using both Excel and R v.4.3.1 
(R Core Team, 2023). Descriptive statistics, 
including means, standard deviations, and 
frequencies, were calculated to summarize 
the data collected from the fish samples.

Prevalence and intensities of infection

This section focused on examining the preva-
lence and intensity of parasites and the prev-
alence of bacterial infections affecting caged 
tilapia (O. niloticus) in Lake Victoria. 
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Prevalence and intensity of parasites
•	 Prevalence: The prevalence of parasitic 

infections was determined as the pro-
portion of infected fish relative to the to-
tal number of fish examined. The formula 
used was:

Prevalence = 
(Total number of fish examined ÷  
Number of infected fish​) ×100.

•	 Intensity assessment: The intensity of 
infection was calculated as the average 
number of parasites per infected fish. 
This provided insight into the severity of 
parasitic infestations.

Prevalence of bacteria
•	 Bacterial prevalence: The prevalence of 

each bacterial species was calculated 
as a percentage of the total number of 
samples tested. This was done by dividing 
the number of positive samples for each 
species by the total number of samples 

collected and multiplying by 100.

Antimicrobial susceptibility testing (AST): The 
results from the disk diffusion method were in-
terpreted according to the Clinical and Labo-
ratory Standards Institute (CLSI) guidelines. The 
diameters of inhibition zones were measured 
in millimeters, and bacteria were classified as 
susceptible, intermediate, or resistant based on 
these measurements.

Diversity analyses

The diversity of both bacterial and parasite 
communities was assessed using the Shan-
non-Wiener index (H’) and Simpson’s index (D). 
These indices provide insights into both species 
richness and evenness within the samples:

•	 Shannon-Wiener Index (H’): This was 
calculated using the formula:

where pi​ is the proportion of each species 
of bacteria or parasite in relation to the 
total number of species.

•	 Simpson’s Index (D): This index was 
computed using the formula: 

D=∑(pi2)D=∑(pi2​).

The results from these indices help in 
understanding the ecological balance within 
the caged fish populations and can indicate 
potential impacts on fish health.

Multivariate analyses

A principal coordinate analysis (PCA) was em-
ployed to visualize differences in bacterial and 
parasite communities among samples from 
different counties. This multivariate approach 
allows for an assessment of how geographical 
variations may influence the parasite and mi-
crobial diversity and antibiotic resistance pat-
terns.

Conclusions and 
recommendations

This study provides insights on the approach re-
quired during the investigation of the parasitic 
and bacterial communities in caged tilapia fish 
(O. niloticus) and their antibiotic susceptibili-
ty in a lacustrine environment. This is because 
there is limited information about the bacterial 
communities and the prevalence and patterns 
of antibiotic-resistant bacteria (AMR) isolated 
from caged tilapia in the lake. Despite the glob-
al growth of aquaculture, infectious diseases, 
especially bacterial infections pose a significant 
economic challenge in this sector, particular-
ly for cultured tropical freshwater species. An-
timicrobial resistance in cultured fish presents 
a major obstacle, with antibiotic use largely 
unregulated in developing countries. The ap-
proach of this study will provide crucial insights 
into the responsible use of antibiotics and an-
timicrobial agents in cage farming practices in 
the region, in accordance with legal and envi-
ronmental standards.
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