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Abstract
Lake Victoria’s highly enriched biodiversity has lately shown a declining trend in both diversity
and abundance, a fact attributed by many scientists as a response to myriad culturally induced
stresses. The stresses have affected both biotic quantity and quality across the trophic chain. Kenya
Marine and Fisheries Research Institute (KMFRI) undertook a survey to assess the impact of the
stresses on fisheries stocks, distribution, composition and diversity and upon the trophic chain
depended upon for improved productivity. Ten stations were sampled across the Kenyan waters
(Nyanza Gulf and Open Lake) to assess both abiotic and biotic variations. The waters’ trophic
status varied between mesotrophic and eutrophic, with all the gulf stations being eutrophic. Algal
structure was predominated by diatoms, with the buoyant Aulacoseira and Cyclotella taxa
dominating the gulf while Nitzschia spp and Synedra cunningtonii taxas were more dominant in
the open lake. Zooplankton populations were more abundant within the gulf stations and in the
northern open lake stations. The zooplankton composition consisted majorly of three groups,
namely: Copepoda, Cladocera and Rotifera. The copepods numerical abundance (> 91%)
dominated the zooplankton composition, followed by Cladocera (< 8%) and Rotifera (< 2%).
Macro-invertebrate taxonomic composition of all the stations combined recorded highest
abundance value in the genera Sphaerium spp. of the order Pelecypoda while the genera
Lumbicululid spp. of the order Oligochaeta recorded the least value (1). As for the fisheries of the
lake, Nile Perch (Lates niloticus) established itself as the most dominant catch species (93%) with
completely no occurrence of Oreochromis niloticus, Protopterus aethiopicus and Clarias
gariepinus during the trawl. Most of the catches (96.4%) comprised of undersize fish. The
population structure of the perch was unimodal and skewed towards the left, meaning that the
fishery is threatened through removal of the breeding stock. Synodontis Victoriae, a pollution
tolerant species and highly armored from predation was the second most dorminant (4%). The
survey recorded a resurgence in some species that had been considered endangered, like: Momyrus
kannume, Barbus profundus, B. jacksonii and Brycinus sadleri. In order to restore and conserve
the fisheries of the lake, Best Management Practices (BMP) needs to be strictly enforced.
Keywords: Trawl survey, Lake Victoria, Stakeholders.
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1 Introduction
Lake Victoria, like many other tropical lakes, is highly enriched in biodiversity. Lake Malawi is
believed to be the most species-enriched in the world, with an estimated 500 to 1000 species of
fish (Bootsma and Hecky, 2003). Likewise, Lake Victoria may have held more than 500 fish
species, but many have either declined in number or become completely extinct over the past
several decades as impacted by cultural shifts. The highly enriched fishery of the lake has over the
years maintained its significant role in the economies of the three riparian countries of Kenya,
Uganda and Tanzania; and as one of the major protein sources to the riparian population. It’s
fishery has also created job opportunities directly or indirectly to over 30 million people within
the lake region.
The fishery of Lake Victoria has undergone dramatic reorganization over the past century due to
multiple stressors (Bootsma and Hecky, 2003; Hecky et al., 2010). Between 1930’s and 1970’s,
increased fishing pressure and steadily decreasing net mesh sizes resulted in declining catches and
a shift toward dominance by smaller haplochromine cichlids and the small cyprinid, Rastrineobola
argentea (Ogutu-Ohwayo 1990). In the late 1950’s and early 1960’s, the Nile perch (Lates
niloticus) and several tilapiine species were introduced to the lake. The Nile perch population
remained small for two decades after its introduction, but exploded between late 1970’s and early
1980s, when it made up well over half of the total fish catch (Ogutu-Ohwayo 1990; Hecky et al.,
2010). The haplochromine cichlid stocks that were already suffering from excessive fishing
pressure were decimated as a result of predation by the Nile perch, and as many as 200 species are
believed to have become extinct or are on the verge of disappearing (Goldschmidt et al. 1993,
Witte et al. 1992). During the 1980’s Nile Perch explosion, the population quadrupled with the
main catches consisting primarily of three species - L. niloticus, the introduced tilapiine
Oreochromis niloticus, and the indigenous cyprinid R. argentea (Ogutu-Ohwayo 1990). The
explosion in the Nile Perch catches led to the development of a valued export fishery on the lake
following a major expansion of fishing effort (Hecky et al., 2010). The annual catches rose to over
500,000 tonnes since the late 1980s and with most recently reported catches exceeding one million
tonnes (Kolding et al., 2008). Today, catch and effort continue to expand on Lake Victoria leading
to concern about the sustainability of this valuable fishery (Kolding et al., 2008). Beside overexploitation, wrong fishing methods, and biotic inversions; population and composition dynamics
are also affected by pollution and climatic variability.
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Kenya Marine and Fisheries Research Institute (KMFRI) undertook a trawl survey between 22 nd
and 26th May 2018 to assess fish stock, distribution, composition and diversity within the Kenyan
portion of Lake Victoria and to elucidate on the probable environmental factors responsible for the
shifts using various abiotic and biotic indicators.

2 Materials and Methods
2.1 Study site
Ten geo-referenced stations were sampled within Nyanza Gulf and in the open waters of Lake
Victoria for limnological observations with nine stations trawled for fisheries identification and
biometric measurements (Fig. 1). The stations were named according to table 1.
Table 1 Showing sampled station codes with their respective names.
STATION CODE

STATION NAME

ST. 1

Off Maboko

ST. 2

Off Asembo

ST. 3

Off Homa-bay

ST. 4

Off Mbita

ST. 5

Off Matara

ST. 6

Off Kuja R.M.

ST. 7

Bridge Island

ST. 8

Off Nzoia R.M.

ST.9

Off Yala R.M.

ST. 10

Off Misori

Only station 7 (ST.7) situated in the open waters immediately opposite Rusinga Channel which is
the entrance to Nyanza Gulf was not trawled.
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Fig. 1. Map showing sampled and trawled stations in Lake Victoria, Kenya.

2.2 Physical/Chemical studies
In situ profile measurements for physico-chemical properties of water were conducted using
Yellow Springs Instrument (YSI Model 650). The meter measured In situ depth profiled variables.
Surface water samples were collected for nutrients using 2.5 Litres Van Dorn water sampler, fixed
with sulfuric acid before being refrigerated at 40C for 4 days. Within the laboratory, the analyses
of various bio-chemical components were conducted using standard methods as outlined in APHA
2005. The following bio-chemical components were analyzed: ammonium (NH4+); nitrite (NO2-);
nitrate (NO3-); Total Nitrogen (TN); Soluble Reactive Phosphorus (PO4-); Total Phosphorus (TP);
Silica (SiO2-); Total Alkalinity (TA); Total Hardness (TH) and Chlorophyll-a (Chl.-a).
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2.3

Phycology studies

Ten stations in Lake Victoria Kenyan waters were sampled in a transect and were composited to represent
the whole Sampling site. Samples for phytoplankton analyses were collected from the surface. A portion
of the sample (25 mls) was preserved using acidic Lugol’s solution. A 2 ml phytoplankton sub-sample was
placed in an Utermöhl sedimentation chamber and left to settle for at least three hours. Phytoplankton
species identification and enumeration were done using a Zeiss Axioinvert 35 Inverted Microscope at 400x
magnification. At least, ten fields of view were counted for the very abundant coccoid cyanobacteria and a
12.42 mm2 transect was counted for the abundant and large algae. The whole bottom area of the chamber
was examined for the big and rare taxa under low (100x) magnification. Phytoplankton taxa were identified
using the methods of (Huber –Pestalozzi 1968) as well as some publications on East African lakes (Cocquyt
et al. 1993). Phytoplankton were estimated by counting all the individuals whether these organisms were
single cells, colonies or filaments.

2.4 Zooplankton studies
Zooplankton samples were collected using a 1.0 m long Nansen type plankton net of 60 μm mesh
size and mouth opening measuring 30 cm diameter. The net was hauled vertically through the
water column noting the depth. The zooplankton samples were preserved in 5% formalin. In the
laboratory each sample was made to a known volume, thoroughly shaken for uniform distribution
and a sub-sample taken and placed in a counting chamber. Identification of the zooplankton was
done using relevant. Estimates of abundance of crustacean zooplankton were made from counts of
sub-samples under a Leica dissection microscope, at a magnification of x 25. The number of
individuals per Litre of lake water was determined by taking into account the, Volume of the
sample, number of organisms in the sub-sample, volume of the lake water filter by the vertical
haul and the depth of the haul
2.5 Macro-invertebrates studies
At each sampling station, a Ponar grab was used to collect triplicate samples which were then
composited, sorted live in a white tray and preserved in absolute (95%) ethanol. The samples were
then transported to the laboratory, sorted, observed and counted under light microscope and
identified to genus level with the aid of different keys ( Cummins and Merritt, 1996, Gerber and
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Gabriel, 2002). The organisms were further examined for stomach contents to assign feeding habits
and where this failed, the feeding guild was assigned according to Gerber and Gabriel (2002) and
Chesire et al. (2005).
The raw data for site replicates for each lake were combined. All branchiopods and copepods were
subsequently removed since they are not benthic organisms. The counts for each site were
weighted to 100 to provide a total count of 100 organisms per site as well as per lake.
Macro- invertebrate community structure and functional composition was described using
descriptive metrics and comparison metrics before conclusion and recommendations for future
consideration options. The results were represented in tables and graphs. Data analysis was done
using excel.
Tolerance values and feeding guilds were largely adapted from Bode et al. (1996), Bode et al.
(1997) and Bode et al. (2002).
Feeding Habit lists the primary feeding habit for each species, using the following abbreviations:
c-f: collector-filterer c-g: collector-gatherer prd: predator scr: scraper shr: shredder par: parasite
omn: omnivore pir: piercer Most of these designations were taken from Cummins and Merritt
(1996). In cases where more than one feeding habit is listed, the first listing was selected.
2.6 Fisheries studies
During trawling, the date and time of the haul, GPS position from of the start and end position of
the haul, depth of the trawling area from the start to the end, warp length, haul duration (30 min.)
and trawling speed and direction were recorded. Where the catch was too large for all the
individual fish to be measured for length, sub-sampling was done. The following procedure was
used for sub-sampling:


First the larger individuals were removed from each taxa, and their lengths and
weights recorded.



The remaining catches were thoroughly mixed and a representative sub-sample of
about 200 specimens taken. (a) Weight of this sub-sample recorded. (b) Weight of
the remaining sample from which the subsample was obtained recorded. The
raising factor for the subsample was then calculated as (a+b)/a.
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Biometrics of the sub-sample were then measured and recorded in great details.

Trophic relations were examined microscopically in the laboratory from the preserved gut
content from the field in order to identify feeding habits.

3 Results and Discussions
3.1 Physical/Chemical studies
Water temperature observations during the study period ranged between 24.7 and 26.0 0C with a
mean of 25.5 0C. Station 1 (off Maboko) recorded the lowest temperature while ST. 8 and 9 (off
Nzoia and Yala respectively) recorded the highest temperatures. Oreochromis niloticus can
survive in a lower and upper lethal temperature of 11 0C and 42 0C respectively, while the preferred
temperature for tilapia growth ranges from 29 to 31 0C when fish are fed to satiation. The optimum
spawning temperatures for O. niloticus ranges from 25 to 30 0C. Because this survey was
conducted during long rainy season when most fishes spawn, the environments provided optimal
temperature for O. niloticus spawning. Dissolved Oxygen (DO) concentrations varied between 5.1
and 6.8 mg.L-1 and a mean of 5.8 mg.L-1. The acceptable DO concentration ranges for fisheries
varied between 5 and 15 mg.L-1. The concentration levels were therefore within the lower limits
of the acceptable ranges a factor attributable to high organic turnover. River mouths exemplified
a generally higher concentrations compared to limnetic stations, a factor attributable to aeration
due to shoaling and intense mixing within the river system. Oxygen depletion in water leads to
poor feeding of fish, starvation, reduced growth and more fish mortality, either directly or
indirectly (Bhatnagar and Garg, 2000). Water conductivity observations varied between 97.6 and
151.9 μS.cm-1 and a mean of 114 μS.cm-1. The gulf’s conductivity was relatively higher compared
to the open lake. This can be explained by the high mineral turbidity and low flushing rate of the
gulf resulting into a build-up of dissolved ions. Waters of the gulf are also mixed to the bottom,
thus resulting into macro- and micro-nutrient remobilization back to the water column. The pH
level observations ranged between 7.6 and 8.4, thus falling within acceptable range of 7 to 9. Fish
have an average blood pH of 7.4, a little deviation from this value, generally between 7.0 to 8.5 is
more optimum and conducive to fish life. pH between 7 to 8.5 is ideal for biological productivity
, fishes can become stressed in water with a pH ranging from 4.0 to 6.5 and 9.0 to 11.0 and death
is almost certain at a pH of less than 4.0 or greater than 11.0 (Ekubo and Abowei, 2011).
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Ammonia is the by-product from protein metabolism excreted by fish and bacterial decomposition
of organic matter such as wasted food, faeces, dead planktons, sewage etc. The unionized form of
ammonia (NH3) is extremely toxic while the ionized form (NH4+) is not. NH4+ observations
constituting total ammonia ranged between 2.3 and 31.5 μg.L-1 and with a mean of 16.0 μg.L-1
(Fig. 2). The recorded levels were generally higher within the sampled open water stations off river
mouth, a fact that is attributable to the fringing wetlands. Unionized ammonia in the range >100
μg.L-1 tends to cause gill damage, destroy mucous producing membranes, “sub- lethal” effects like
reduced growth, poor feed conversion, and reduced disease resistance, osmoregulatory imbalance,
kidney failure. Fish suffering from ammonia poisoning generally appear sluggish or often at the
surface gasping for air (Meade, 1985: Santhosh and Singh, 2007). Various scientists have provided
varying desirable and acceptable ranges for both ionized and unionized NH3 toxicity. According
to Swann (1997) and OATA (2008) the levels below 20 μg.L-1 were considered safe. Stone and
Thomforde (2004) stated the desirable range as Total NH3-N: 0-2000 μg.L-1 and Un-ionized NH3N: 0 μg.L-1 and acceptable range as Total NH3-N: Less than 4000 μg.L-1 and Un-ionized NH3-N:
Less than 400 μg.L-1. Bhatnagar et al. (2004) suggested 10-500 μg.L-1 is desirable for shrimp;
>400 μg.L-1 is lethal to many fishes & prawn species; 50-400 μg.L-1 has sublethal effect and <50
μg.L-1 is safe for many tropical fish species and prawns. The observed concentration levels for
both Ionized and Un-ionized ammonia were within recommendable levels for fisheries. Nitrite
(NO2—N) can be termed as an invisible killer of fish because it oxidizes haemoglobin to
methemoglobin in the blood, turning the blood and gills brown and hindering respiration thereby
damaging the nervous system, liver, spleen and kidneys of the fish. The ideal and normal
measurement of nitrite is zero in any aquatic system. Stone and Thomforde (2004) suggested that
the desirable range 0-1000 μg.L-1 NO2 and acceptable range less than 4000 μg.L-1NO2. According
to Bhatnagar et al. (2004) 20-1000 μg.L-1 is lethal to many fish species, >1000 μg.L-1 is lethal for
many warm water fishes and <20 μg.L-1 is acceptable. Santhosh and Singh (2007) recommended
nitrite concentration in water should not exceed 500 μg.L-1. OATA (2008) recommended that it
should not exceed 200 μg.L-1 in freshwater. The measured NO2- -N levels (Fig. 2), were therefore
safe for fish productivity. Whereas ammonia and nitrite can be toxic to fish, nitrate is harmless.
The measured nitrate values ranged from 2.7 to 66.8 μg.L-1 with a mean of 14.9 μg.L-1. All stations
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within the gulf had concentrations above 10 μg.L-1 while all stations within the open waters had
concentrations below 10 μg.L-1.
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Fig. 2. Graph of ammonium and nitrite species concentrations across sampled sites.

Soluble Reactive Phosphorus (SRP) measurement, the bio-available fraction of phosphorus,
ranged between 12.9 and 84.3 μg.L-1 and with a mean of 42.1 μg.L-1 (Fig. 3). SRP concentrations
were comparatively higher within the gulf stations as compared to the open lake. This may be
explained by low flushing rates of the gulf with probable high remobilization of particle-associated
phosphorus. Total phosphorus measurements varied between 37.1 and 197.1 μg.L-1 and a mean of
82.1 μg.L-1 (Fig. 3). The gulf waters were eutrophic while the open lake waters were generally
mesotrophic.
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Fig. 3 Graph of dissolved and total phosphorus showing trophic status across sampled sites

3.2

Phycology studies

Phytoplankton community composition is largely dominated by diatoms contributing an average
of 67 % of the total bio-volume in all sites ( Fig. 4). There were fewer diatoms in Off Misori 12.6%,
Off Nzoia R.M 33.8% and Off Yala R.M 39.5% than 89% Off Mbita waters followed by Off Kuja
R.M with 77.7%. Except for a few other diatom species like, Aulacoseira and Cyclotella taxa were
clearly the most dominant in the Gulf waters because of their buoyancy in water circulation
whereas Nitzschia spp and Synedra cunningtonii were more abundant taxa in the open Lake.
Within the Cyanobacteria, Anabaena spp and Merismopedia spp were the most abundant in the
inner Gulf especially Off Homabay and Off Maboko were well represented. Euglenophytes was
higher at Off Nzoia with over 60% and represented by phacus sp, Trachelemonous armata and
Euglena acus respectively.
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Fig. 4 Percentage phytoplankton composition (mm3 l-1) assigned to phytoplankton classes or families as
recorded at different sites of the Lake Victoria Kenyan Waters

Species richness showed 58 different species of algae identified from Lake Victoria during this
trawl survey. Of the 20 different species of cyanophytes encountered, Pseudo-anabaena
tanganyikae Cylindrospermopsis sp, Merismopedia spp, Chroococcuss sp and Microcystis sp were
the most common genera. Similarly, there were 23 species of chlorophytes encountered of which
Tetraedron sp, Ankistrodesmus sp, Scenedesmus sp and Oocystis nageri were the most frequent
genera. One species of dinoflagellates namely Glenoridinium pernardii were encountered in the
Gulf but never appeared in open waters. There were 20 different species of diatoms, mainly
represented by Nitzschia, Synedra and Cyclotella genera. The fifth major algal group encountered
was the euglenophytes which were represented by 7 genera of which the dominant one were
Phacus sp, Strombomonous and Euglena spp .The Zygnematophyceae family had 9 species and
was represented by Cosmarium subaurialatum, Crucigenia sp and Closterium navicula taxa.
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Fig. 5 Phytoplankton cell densities in different sampling assigned to phytoplankton classes or families as
recorded at different sites of the lake.

Phytoplankton biovolume showed its maxima at inner Gulf, >5 mm3 l-1, whereas, river mouths
recorded the lowest (< 1 mm3 l-1). In addition, there were lower values generally recorded (< 0.5
mm3 l-1) for inner Nyanza Gulf areas (Fig. 5). In the inner Gulf areas (mostly Nyanza Gulf) and
river mouths especially off Yala R.M, members of the Dinoflagellates were represented by
Glenoridinium pernardii and was common in the Gulf .The Zygnematophyceae family was
represented by Cosmarium subaurialatum and Closterium navicula with the former frequently
observed in Off Misori with over 84% and never appeared in Off Mbita and Off Kuja river mouths
waters. In striking similarity to the biovolume measurements, phytoplankton cells were more in
the open waters, in particular Off Mbita and Bridge Island had the sites with > 3.5 x 106 cells per
litre (Fig. 5).
The high abundance of diatoms, euglenophytes, and cynobacteria are dominant phytoplankton
families with indication of cultural eutrophication. The dominance of Aphanocapsa rivuralis,
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Merismopedia sp and Anabaenopsis tanganyikae amongst others in Lake Victoria is a clear
indication of trophic status of the Lake. This is correlated with the high physio-chemical
parameters recorded in the stations sampled. Turbidity favors the dominance of cyanobacteria like
anabaena spp., which are able to fix nitrogen from the atmosphere. The high nutrients enrichment
seems to enhance growth and is responsible for the increased algal density and more especially
diatoms and green algae which are proportionately high in most of the stations especially river
mouths. This can also be explained by washing effect of the diatoms from the rivers but also input
of nutrients especially soluble reactive silicates (SRSi) for their growth. The greens and blue greens
species are known to prevail in nutrient rich lakes (Wetzel, 1991) and high light intensity areas
and can attain high photosynthetic efficiencies.
In Lake Victoria, it is observed that composition and abundance of phytoplankton fluctuates
between dominance diatoms and cyanobacteria, and to a small extent, green algae which provide
adequate organic matter culminating in the natural fish population. Although no algal blooms were
observed in the open waters during this survey, it should be noted that under high nutrient content
supplied from the nearshore sites (Lungaiya et al., 2001), algae may form the undesired nuisance
blooms, some of which are known for toxin production, which are toxigenic not only to fish but
also man. Thus, the nature and health of aquatic ecosystem is an expression of the limnological
status of water body. Changes in these water quality variables bring about changes in
phytoplankton communities and consequently affect the quantity and quality of food items
available for fish, thus, negatively affecting the lake ecosystem health affecting fish production.
There is need for continuous monitoring of water quality as baseline information to guide
stakeholders and to ensure sustainability for the lake ecosystem healthy.
3.3

Zooplankton studies

Zooplankton Abundance spatial distribution
Mean total zooplankton abundance was relatively high in the gulf (inshore) and at the river mouths
in the northern part of the lake. Abundance in the gulf ranged from 296.61 ± 20.4 Ind.L-1 at Asembo
Bay (ST. 2) to 352.6. ± 8.8 Ind.L-1 at Homa Bay (ST. 3) while abundance in the main lake was
lowest at ST. 5 (Matara Bay) recording 108.3 ± 3.7 Ind.L-1 and off Kuja river mouth (ST.6). Mean
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total zooplankton abundance were however higher off Yala (ST. 9) 383.0 ± 14.6, off Nzoia River
mouth (ST.8) 238.4±4.9 Ind.L-1 and at Misori (ST. 10), 420.4 ±30 Ind.L-1 (Fig. 6).
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Fig. 6. Spatial variation in zooplankton abundance (Mean±S.E.) in Lake Victoria, Kenya, May
2018.
The highest total zooplankton abundance was observed at off Misori (420.4 ± 30 Ind. L-1) followed
by off Yala (383.0 ± 14.6 Ind. L-1), off Homa Bay (352.6 ± 20.4 Ind. L-1 and Kuja River mouth
(114.4 ± 5.2 Ind. L-1). Relatively lower densities were recorded off Matara (ST 5), Kuja (ST6) and
Bridge Island (ST 7).
The zooplankton of Lake Victoria consists of three major groups namely: Copepoda, Cladocera
and Rotifera. Copepods recorded the highest abundance and had a wide distribution all throughout
the Lake (Fig. 7). The highest abundance of copepod group was recorded at ST.10 (Misori), 396.1±
37.5 Ind. L-1 and the lowest were recorded at station 5 (Matara Bay), 100.4± 4.4 Ind. L-1.
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Fig. 7 Spatial variation of different zooplankton group abundance in Lake Victoria, Kenya, May
2018
Abundance and spatial distribution of taxa Cladocera
Taxa Cladocera was represented four families: the medium sized/large sized species Sididae
(Diaphanosoma excisum), Moinidae, (Moina micrura), Daphnidae (Daphnia barbata and
D.lumholtzi) and small sized Bosminidae (Bosmina longirostris. D.excisum was the most abundant
and widely distributed cladoceran species in the entire lake. Its abundance peaked at St. 10 (Misori)
with 15.1 ± 0.7 Ind. L-1 recorded. 11.9 ± 0.8 Ind. L-1 was recorded for the same species off Maboko
(ST.1) and off Mbita (ST.4). Moina micrura was conspicuously present at all the stations except
inshore at Homa Bay (ST.3) and Bridge Island (ST.7), (Fig. 8).
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Fig. 8 Abundance of Cladoceran species in Lake Victoria, May 2018

Daphnia barbata was to some extent confined inshore at Maboko, Asembo Bay while D.lumholtzi
was recorded in relatively higher densities at Mbita (2.5 ± 0.1) Yala (3.0 ± 0.1) and Misori (4.4
± 04 ind.L-1).
Abundance and composition of taxa Rotifera
Rotifers in Lake Victoria were represented by four species belonging to the family Brachionidae
(Brachionus angularis, B. calyciflorus, B. caudatus, B. falcatus, Keratella tropica) Euchlanidae
(Euchlanis sp) and Filinia sp, and Asplanchna sp.
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Fig. 9 Abundance of Rotiferan species in Lake Victoria, May 2018

Generally, there was spatial variation of different rotifer species. Mbita (ST.4) had the highest
concentration of rotifers and was represented by brachionids, Brachionus falcatus, B.caudatus,
B.calyciflorus and Karetella tropica. With the latter having highest abundance. This was followed
by station Yala (ST.9) which on the other hand had more of B. calyciforus (Fig. 9).

Zooplankton composition
The Copepods dominated the zooplankton of Lake Victoria in terms of relative numerical
abundance (>91%) at all the sampling sites throughout the entire lake, Cladocera were relatively
low in abundance (<8%), however, elevated proportions of this group were recorded at Maboko
(ST. 1), 7.0%, Mbita (ST. 4), 5.8%, Matara Bay (ST. 5), 6.7% and off Kuja (ST. 6), 6.8%. Rotifers
were much lower in abundance <2% compared to both copepoda and Cladocera (Fig. 10).
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Fig. 10. Percentage composition of zooplankton in Lake Victoria, May 2018
Copepods in the lake were represented by high percentage of the larvae (nauplii) accounting for
between 26% at Bridge island (ST.7) and 57 % (Maboko, ST.1) of the total copepods. Nauplii
abundance decreased towards the open lake, though they were in relative higher abundance at the
river mouths (Kuja, ST. 6). Nzoia (ST. 8) and Yala (ST. 9). Cyclopoida contribution to the total
zooplankton community increased offshore ranging from 39.4% at Maboko to 68.5% at Bridge
Island (ST. 7). Finally, Calanoids were proportionally small with contribution less than 7% in the
entire Kenyan portion of the lake. However, 6.5% and 6.2% were recorded off Mbita (ST.4) and
Misori (ST. 10) respectively (Fig. 11).
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Fig. 11. Percentage composition of different copepod groups in Lake Victoria
Species diversity
Species diversity is a measurement of species richness combined with evenness, which takes into
account not only how many species are present but also how evenly distributed the numbers of
each species are. Diversity indices provide more information about community composition than
simply species richness (i.e., the number of species present); they also take the relative abundances
of different species into account. Zooplankton assemblages in Lake Victoria during this period
seem to be rather evenly distributed in almost all stations (Table 2). Shannon diversity indices
were higher or equal to 1 at all the stations except station 7 (Bridge Island, 0.85) and off Yala (ST.
9, 0.98). The corresponding values were 1.14 for Maboko, 1.0 for Asembo Bay and Nzoia. The
highest diversity (Shannon) was recorded at ST. 4 (off Mbita) could have been influenced much
by the fact that zooplankton assemblage of large numbers of species compared with others.

Table 2 Diversity indices
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Diversity indices ST.1 ST.2 ST.3 ST.4 ST.5 ST.6 ST.7 ST.8 ST.9 ST.10
0.43
0.45
0.44
0.43
0.45
0.42
0.55
0.45 0.45
0.46
Dominance_D
1.14
1.00
1.05
1.19
1.18
1.16
0.85
1.00 0.98
1.08
Shannon_H
0.28
0.25
0.29
0.25
0.27
0.32
0.26
0.34 0.24
0.25
Evenness_e^H/S
Zooplankton Community analysis (CAP)
Zooplankton community analysis using data on abundance clustered the assemblage and separated
stations into two arms with one arm having Maboko (ST 1), Asembo Bay (ST. 2) Nzoia (ST. 8)
and Homa Bay (ST. 3) on one hand while the other stations were further separated into two, with
the upper one including, off Mbita (ST. 4), off Yala (ST. 9) and Misori (ST.10) put together, while
the lowest arm had Matara Bay (ST. 5), Kuja (ST. 6) and Bridge Island (ST. 7) grouped together
as shown in figure 12.

.
Fig. 12. Zooplankton community analysis with Clustering Average linkage (Euclidian)
This community analysis package reveals the spatial differences in the rivers studied. This is likely
to be as a result differences in biotic and abiotic factors.
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The zooplankton community structure observed was largely a result of both physicochemical and
biotic conditions prevailing in different ecological areas within the lake. The variation in the
structure of zooplankton in Lake Victoria zooplankton have largely been attributed to changes in
water quality and predation pressure. The groups experience high predation pressure are likely to
be low in abundance compared to those that are always not. The larger zooplankters is reportedly
prone to this hyped predation. Competition could also be a factor controlling the zooplankton
structure. Factors such as physical–chemical parameters and eutrophication appear to influence
the zooplankton community structure in Lake Victoria. Eutrophic waters, such as those at inshore
sites and under influence of rivers support the lower species diversity dominated by rotifers with
high numerical abundance and biomass. In contrast, less eutrophic waters in the deeper parts of
the lake support high species diversity, with copepods as a dominant component. These trends
further support the possible use of zooplankton community structure as a means to determine the
trophic status of freshwater systems and habitats. Presence of cyclopoid copepods and cladocerans
are normally indicative of more eutrophic conditions.
3.4

Macro-invertebrate studies

Taxonomic composition and distribution
A total of 7 orders representing 10 families and 11 genera/species (Table 3) were found in the
study sites. During the study period, the genera Sphaerium spp. of the order Pelecypoda recorded
the highest abundance value when all the stations were combined while the genera Polycentrum
spp. of the order Tricoptera, Physa sayi of the order Pulmonata and Lumbicululid spp. of the order
Oligochaeta occurred in the least numbers (2).
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Table 3 Summarized taxonomic list of benthic macro-invertebrates found at the sampling stations of Lake
Victoria during the sampling period.

Order

Family Genus/Species St1 St2 St3 St4 St5 St6 St7 St8 St9 St10

Mes

Hyd

Bit ten

Dec

Pal

Pal palu

Dip

Chi

Spa

Oli

Lum

Lum

Oli

Tub

Tub t

Eph/Pul Tha

Mel t

Bas/Pul

Phy

Phy s

Tri

Pol

Pol

x

Pel/Uni

Uni

Med

x

x

Pel/Uni

Sph

Spha

x

x

Pel/Uni

Uni

Uno

x
x

x

x

x
x

x

x

x

x

x

x
x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

x

x

x

x
x
x

x
x

x

x

x

x

x

x

x

x

x

(x=present; Orders; Mes= Mesogastropoda, Dec= Decapoda, Dip= Diptera, Oli= Oligochaeta,
Eph/Pul= Epheromtera/Pulmonata, Bas/Pul= Basommatophora/Pulmonata, Tri= Trichoptera,
Pel/Uni= Pelecypoda/Unionida, Family; Hyd= Hydrobiidae, Pal= Palaemonidae, Chi=
Chironomidae, Lum= Lumbliculidae, Tub= Tubificidae, Tha= Thairidae, Phy= Physidae, Pol=
Polycentropodidae, Uni= Unionidae, Sph= Sphaeridae, Uni= Unionidae, Genus/Species; Bit ten=
Bithynia tentaculata, Pal palu= Palaemonetes paludosus, Spa= Spaniodoma spp., Lum=
Lumbliculid spp., Tub t= Tubefex tubifex, Mel t = Melanoides tuberculata, Phy s= Physa sayi,
Pol= Polycentropus spp, Med= Medionidus spp., Spha= Sphaerium spp., Uno= Unodonta spp.
Index development
10 metrics were selected as shown in Table 5.
HBI:
HBI was highest in ST 7 (8.40) and lowest in ST 1 (5.99). HBI is an index that is sensitive to
organic pollution and is based on a community’s response to the combination of high organic
loading and decreased dissolved oxygen levels. The table below (Table 4) gives an indication of
the values and what they represent. We see that the water quality ratings for all the stations could
never be described as excellent or good with respect to dissolved organic pollutants.
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Table 4. Water quality ratings for HBI values (from Hilsenhoff, 1987).
HB1

WQR

DOP

≤ 3.30

Excellent Non apparent
Very

Possible

3.51-4.50

good

slight

4.51-5.50

Good

Some

Fairly
6.51-7.50

poor

Significant
Very

7.51-8.50

Poor

significant

Very
8.51-10.00 Poor

Severe

HBI = Hieseldorf biotic index; WQR = Water quality ratings; DOP = degree of organic pollution.

Richness measures
Taxa richness was highest in ST 6 and 8 (8.00) and lowest in ST 5 and 10 (4.00). These metrics
decrease in response to disturbance however, though high taxa richness is generally associated
with good water quality, low taxa richness does not necessarily indicate poor water quality, nor
does high richness always indicate good water quality. In some cases, intermediate or low levels
of disturbance can cause an increase in taxa richness (Townsend et, al. 1997). This could be
obtained either through physical mechanisms (i.e., increased heterogeneity of substrate niches),
biological interactions (i.e., addition of invasive or pioneering species without loss of native
species), or increased nutrients and energy.
Diversity measures
Simpsons (1-D) was highest in ST 5 (0.54) and lowest in ST 3 (0.10). Shannons index was highest
in ST 3 (1.55) and lowest in ST 7 (0.67). In theory, a macroinvertebrate community consisting of
many taxa of even distribution (i.e., relative abundance) is considered more natural than a simple
community dominated by one or few taxa. However, it should be noted that a simple community
can result from natural conditions.
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Table 5. Macroinvertebrate attributes within the study stations
TR

SC

TO

MT

ST1

5.00

0.00

0.00

ST2

6.00

0.00

ST3

6.00

ST4

E/C

DOM C

(H)

1-D

HBI

60.00 0.00

49.57 0.00

1.24 0.34

5.99

0.00

50.00 21.83

52.31 3.08

1.15 0.37

6.04

0.00

16.67

33.33 6.31

57.14 28.57 1.55 0.10

7.00

6.00

0.00

16.67

50.00 0.00

62.30 0.00

0.97 0.46

6.02

ST5

4.00

69.23 0.00

50.00 0.00

69.23 3.85

0.73 0.54

7.38

ST6

8.00

22.31 12.50

50.00 14.64

47.11 12.40 1.43 0.30

6.88

St7

3.00

0.00

33.33

33.33 0.00

60.00 0.00

0.67 0.40

8.40

ST8

8.00

0.00

12.50

50.00 17.23

68.70 3.48

1.11 0.49

6.17

ST9

7.00

54.69 14.29

57.14 40.00

54.69 0.78

1.27 0.36

7.24

ST10

4.00

36.94 50.00

50.00 0.00

61.26 0.00

0.75 0.51

6.76

TR = taxa richness, SC = % scrappers, TO = % tolerant, MT = % moderately tolerant, EPT/C = %
Epemeroptera, Plecoptera and Tricoptera/Chiromonidae, DOM = % dominant, C = %
Chiromonidae, (H) = Shannons index, 1-D = Simpsons index, HBI=Hiesedorfs biotic index.
Functional feeding classes
Scrappers (%)
Highest in ST 5 (68.23) and least in stations 1, 2, 3, 4, 7 and 8 all of which recorded 0 values.
These represent general modes of food acquisition based on an organism’s principal feeding
mechanism. The class scrapers include various herbivores and detrivores that graze periphyton (in
particular diatoms) and attached microflora and fauna on mineral or organic surfaces. A high
proportion of scrapers is indicative of an abundant supply of periphyton. Filamentous algae and
mosses can interfere with feeding by scrapers. Kerans et al. (1992) and Barbour et al. (1996) report
that the proportion of grazers to scrapers decreases with increased human impact. However, Fore
et al. (1996) reports a variable response to human impact. In all the other stations no other
functional feeding group was noted during the sampling period.

28 | P a g e

Ratio Measures
Metrics derived from ratios generally exhibit wider fluctuations than non-ratio metrics (Plafkin et
al. 1989, Barbour et al. 1992), are difficult to interpret biologically (Kerans et al. 1992) and may
have serious statistical shortcomings (Jackson et al. 1990, Berges 1997).
EPT/C
Highest in ST 9 (40) and lowest in stations 1, 4, 5, 7 and 8 (0). In most cases the zero values were
due to the absence of Chironomidae spp.
% Dominance Measures
Highest in ST 5 (69.23) lowest in ST 6 (47.11). The percentage of a dominant organism
(irrespective of the identity) increases with increasing perturbation (Barbour et, al. 1996).
Chironomids are useful in documenting water and habitat quality in many aquatic ecosystems
because of their high diversity and variable pollution tolerance levels (Ferrington et al., 2008).
Tolerance levels
Tolerant species were highest in ST. 10 (50) and lowest in stations 1, 2 and 3 (0) (Fig. 13).
Moderately tolerant species were highest in station 1 (60) and least in stations 3, 7 and 7 (33).
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Fig. 13 Percentage benthic macro-invertebrate tolerance level groups sampled in the different
study sites during the sampling period.
3.5

Fisheries studies

Species richness and diversity
. A total of 10 species were caught, namely; Bagrus docmac, Barbus jacksonii, Barbus profundus,
Brycinus sadleri, haplochromines, Lates niloticus, Momyrus kannume, Rastrineobola argentea,
Schilbe mystus and Synondontis victoriae. The catches had a high species diversity with a
Simpson’s index of diversity (1-D) of 0.7757 and an eveness e^H/S of 0.494. The fish species
composition and abundance has changed in the lake over the last 3 years as summarized in figure
14 in relation to the above results. The current study shows that species composition has changed
over the years. Oreochromis niloticus, Protopterus aethiopicus and Clarias gariepinus did not
occur in any of the trawl catches for May, 2018. The elephant fish, Momyrus kannume, Barbus
profundus, B. jacksonii and Brycinus sadleri occurred in the trawl catches this time round. Lates
niloticus is establishing itself as the most dominant species in Nyanza Gulf. In the current survey,
it contributed the bulk of the catch by weight, by accounting for 93% of the total catch. This is

30 | P a g e

despite of the Gulfs’ environmental challenges of pollution, eutrophication, and over-exploitation.
The fish occupies the highest trophic level in the lake’s food web and seems to lack a natural
enemy in its new environment, after introduction in the 1950’s. The species that seems to benefit
from its introduction is the small silver freshwater sardine, Rastrineobola argentea and the
freshwater prawn Caradina nilotica. Caridina nilotica exhibited an explosion of biomass
registering over 12 folds’ increase (unpublished report, LVEMP 2017). The active removal of
haplochromines from the ecosystem by the ferocious perch seems to favour the sardine. Omena,
currently occurs in all regions of the lake at the upper water column. Fish communities in Lake
Victoria are changing with time and will impact on the lakes’ trophic levels and biodiversity. Fish
landings have been declining over the years and the size of fish caught has also been decreasing
(Fig. 16). This poses a danger in recruitment due to reduction of the breeding biomass.
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Fig. 14 Fish species composition and abundance in Lake Victoria in recent years 2015-2017
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Trawl catches in May, 2018 were dominated by Lates niloticus, contributing 93% of the total fish
landings by weight (Fig. 15). Synodontis victoriae came a distant second, contributing a paltry 4
% of the catch. This suggests that Nile perch is an unrivaled candidate for trawl fishing in the lake.
A clear indication that off-shore fishery almost entirely depends on Nile perch for sustainability.
4%

1%

2%

haplochromines
Lates niloticus
Synodontis victoriae
others

93%

Fig. 15 Catch composition and abundance of trawl catches in May, 2018
Annual fish landings show that Nile perch biomass in the Kenyan portion of the lake has been
declining steadily since the year 2014. The biomass declined by about 31% from 58,374 tons in
2015 to 40,173 tons in 2016. Nyanza Gulf registered the highest decline (50%). Similarly, dagaa
and haplochromines / other species biomass declined by 40% and 72% respectively (LVEMP II
unpublished report). Currently, trawl catches are dominated by Nile perch (93%). Most of the Nile
perch (98%) caught by this gear were undersize i.e. fell below the recommended slot size of 50
cm TL and above. The undersize fish accounted for 96.5% of the biomass for this species. Only
3.5% of Nile perch were over the 50 cm TL mark (Fig. 17).
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Fig. 16 Historical commercial fish landing trends in Lake Victoria, depicting gradual decline
Length-frequency distribution of L. niloticus
A total of 838 individuals of L. niloticus were caught, ranging from 2.4cm to 88.2cm TL. Most
of the fish caught were in the range of 10 to 20 cm length classes with a modal class at 15cm TL.
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Fig. 17 Population structure of L. niloticus
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The population distribution was skewed towards the left, far from the recommended slot size of
50cm TL. Only 3.5% of the catch in the present survey reached 50cm TL and above, the rest 96.4%
were undersize fish. The historical trend in figure 17 shows a gradual decline with some peaks in
2011 and 2014 which were subsequently followed by a fisheries decline in following years. This
could be as a result increased fishing effort which caught a big number of undersize fish leading
to fisheries decline due to reduction of the breeding biomass.

4 Conclusions
The water quality of Nyanza Gulf is slowly shifting to hypertrophic status due to numerous effluent
discharges from the riparian urban developments and run-offs from agricultural fields. The gulf’s
eutrophication has been exacerbated by the low flushing rate and high remobilization rates of the
sediment particle adsorbed nutrients. The open lake water quality is slowly drifting to eutrophic
status. The degenerating water quality has affected the biotic quantity and quality.
Nyanza Gulf algal abundance and diversity were more of cyanobacteria and green algae, which is an
indication of a highly eutrophic lake. There is need for proper integrated management of the
watershed/catchment areas with the aim of reducing inputs of nutrient especially phosphorous and silicates,
which drives the proliferation of phytoplankton hence affecting our lake ecosystem.
The existence of only scrappers and tolerant macro-invertebrate species which are indicators of

increased anthropogenic impacts should be an issue of great concern. This biotic quality would
influence the structure above the trophic chain.
The Nile perch dominated the bottom trawl catch, contributing about 93% of the catch. Most of
the catch (96.4%) comprised of undersize fish. The population structure of the perch was unimodal
and skewed towards the left, meaning that the fishery is threatened through removal of the breeding
stock. Fish composition and bio-diversity has been changing over the years, following the
introduction of the Nile perch.
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5 Recommendations
Existing laws governing pollution and recommended fisheries management practices needs to be
strictly enforced.
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