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Abstract
Identification and mapping of critical fish breeding areas in Lake Victoria, Kenya, was undertaken
by Kenya Marine Fisheries Research Institute (KMFRI) from 2009-2012 and demarcated until
March 2017. The sites were demarcated for protection after stakeholder participation and
validation. In this financial year, KMFRI undertook to monitor the status of the demarcated and
protected fish breeding sites of Nyakach and Karungu bays. The monitoring programme
anticipated to reflect the impacts of this research driven conservation initiative, using biotic,
abiotic, and socioeconomic indices. Results showed that DO ranged from 4.2 to 8.6 mg/L with a
mean of 5.7± 1.7 mg/L where Nyakach Bay had the lowest. Temperature had a mean of
25.6±0.60C. The highest phytoplankton abundance was recorded at Nyakach Bay 2 (133.8mm3 l1

) in the protected area. Zooplankters were less abundant in the demarcated areas than the

unprotected areas. Eight fish species were recorded at Nyakach Bay. Lates niloticus was the most
abundant species accounting for 47.8% followed by Brycinus sadleri (24.3%) and Synodontis
victoriae (16.2%) and Barbus profundus (7.4%), while in Karungu Bay 94.4% of the fish were
haprochromines and 5.6% comprised juvenile Nile perch and S. victoriae. Socioeconomic survey
among 60% fishermen and 29.7% fish traders, revealed that 89.2% are aware of the demarcated
areas within their beaches while 10.8% are not. 70.3% of fishers were positive about the future of
the demarcated areas. This study recommends continued monitoring and gazettment of the
breeding sites to upgrade them from experimental status to legal protection to ensure compliance.

Key words: Monitoring, Fish breeding, protection, Lake Victoria.
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1.0 Introduction
Lake Victoria with a surface area of over 68,500 km2 is the world’s second largest
freshwater lake and supports one of the largest freshwater fisheries in the world. It lies at an altitude
of 1134 m above sea level and is relatively shallow, with a maximum depth of about 84 m, and an
average depth of about 40 m. It is shared by three East African countries, Tanzania, Uganda and
Kenya. Kenya has the least portion of the lake approximated at 4,128 km2 with a shoreline of about
550 km (Hamilton, 2017, Nyamweya et al., 2016). It comprises the Nyanza Gulf (Kavirondo Gulf
or Winam Gulf) which is joined to the main lake via Rusinga channel. Intriguingly the 6% (Kenyan
portion) is a critical bellwether for the lake as a whole. Whereas the Kenyan waters, in particular
Nyanza Gulf was the first area to experience overfishing of the Nile perch population, it is the
purported area of initiation of the rapid increase in Nile perch population in Lake Victoria (Pringle,
2005).
The lake had high fish species diversity of over 500 species of fish most of which were
endemic but following the introduction of Nile perch and tlapiine cichlids, coupled with over
exploitation and environmental degradation, many native species have since disappeared from the
lake (El-Sayed, 2016).
The rapid increase in human population within Lake Victoria catchment and changes
induced by direct human impacts and changing trends in global climate, coupled with unabated
pressure on the dwindling fisheries resources have had significant impacts on the dynamics of the
lake water resources in the last few decades (Hecky et al., 2010, Hecky 1993). The dwindling
nature of the fish stocks is attributable to destruction of fish breeding grounds by pollution and
illegal fishing methods. As big fish disappear from the lake, fishermen are forced to catch small
fish thereby wiping out the small fish that have not had time to reproduce, hence threatening the
1

fish species for survival. It in this regard that KMFRI embarked on activities to identify, demarcate,
and monitor the specific fish breeding areas in Lake Victoria, Kenya.
Limnological conditions of a water body directly affect the conditions of fish stocks like,
abundance, species composition, stability, productivity and physiological conditions of indigenous
populations of aquatic organisms (APHA, 1985). Physical-chemical attributes like temperature
regimes and dissolved oxygen (DO) concentration directly influence the distribution and behaviour
of fish and hence their breeding. Measurements of limnological conditions not only provides clear
understanding of habitat quality and its spatio-temporal variations but also, may indicate how such
characteristics influence reproduction, survival and distribution of fish and fish stocks (Laevastu
and Hayes, 1981, Laevastu, 1993).
Benthic macroinvertebrates are the most commonly used group of freshwater organisms for the
biological assessment of water quality (Wiederholm, 1980; Rosenberg and Resh, 1993; Thorne
and Williams, 1997), because they offer many advantages as continuous biological indicators of
the waters they inhabit. They are ubiquitous, diverse, and abundant and represent a wide range of
pollution sensitivity (Cairns and Dickson, 1971; Modde and Drews, 1990; Battegazzore et al.,
1994). The importance of biological monitoring of water quality is recognized in many countries
worldwide (Spellerberg, 1991; Barbour et al., 1996; Ndaruga et al., 2004). The resident biota of
aquatic systems indicates the quality of their environments because they are sensitive to the
changes or stresses which occur within them (Bis et al. 2000; Shostell and Williams, 2007). As a
tool in ecological monitoring, biomonitoring can reveal both short-term and cumulative effects
(Rosenberg and Resh, 1993), effectively complementing chemical monitoring procedures that may
miss sporadic or unpredictable events (Spellerberg, 1991).
1.1 Problem statement
The main resource in Lake Victoria, the fisheries, are currently threatened by declining fish
stocks and diversity, environmental degradation due to increased input of pollutants, industrial and
2

municipal waste, infestation by aquatic weeds especially water hyacinth, de-oxygenation and a
reduction in the quantity and quality of water. It is estimated that 200 species of fish in the lake
have disappeared following introduction of a large predator Nile perch (Lates niloticus) and other
tilapiine species in the early 1960. This alarming trend is contributed to by many natural and
anthropogenic factors, among them, the destructive fishing habits including harvesting juveniles
and brood stock within the known fish breeding and nursery grounds.

1.2 Rationale and scope
The main basis for this study is out of concern over declining fish stocks and consequent
conflicts from the resource users and managers. The high rate of species loss and decline in fish
stocks are attributable to overexploitation; bad fishing practices; introduction of exotic species and
general environmental degradation from pollution; eutrophication; and other human related
activities. Other factors contributing to the general loss of resources in the lake include: climate
change; the open access policy; inadequate policies, and regulation in addition to weak, or nonexistence enforcement systems. Sustainable utilization of fisheries in Lake Victoria calls for a
balance between protection of critical habitats such as breeding areas and exploitation by fishes
who are generally poor and have low income. This study monitored Nyakach and Karungu bays
which are some of the areas ( Kiwa, Goye, Anyanga and Ogal beaches) previously identified,
demarcated and mapped as critical fish breeding areas to reduce resource use conflicts in Lake
Victoria, Kenya.
1.4 Objective
The Overall Objective was to monitor the already demarcated critical fish habitats and
evaluate the impacts on the fisheries at Nyakach and Karungu Bays in Lake Victoria.
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Specific objectives:


To collect fisheries and environmental data at demarcated sites at Nyakach and Karungu
bays



To determine the trends in water quality at demarcated sites at Nyakach and Karungu bays



To determine, abundance, distributions, and composition of phytoplankton in demarcated
sites at Nyakach and Karungu bays



To determine, abundance, distributions, and composition of zooplankton in demarcated
sites at Nyakach and Karungu bays



To assess the socioeconomic perception on effectiveness of demarcated sites at Nyakach
and Karungu bays

2. Materials and methods
2.1. Study area
Fish breeding areas, often located along the littoral zones of the water system, are critical
habitats of the lake ecosystem where these critical development stages of fishes normally occur.
The sites for experimental fishing and measuring of the environmental variables followed the
priory demarcated and protected fish breeding areas of Lake Victoria at Nyakach and Karungu
bays, in order to monitor changes in the fish habitat. Similar transects to the ones followed at the
time of demarcation were laid and sampling stations located. The monitoring stations occurred at
GPS coordinates, S 00° 29.166’ E S 00° 29.166’ for Nyakach Bay, and S 00.74963° E 34.03633 °
for Karungu Bay. The study involved monitoring of both physical and biological parameters at
Nyakach and Karungu fish breeding sites. (Fig.1)
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Fig. 1. Fish breeding and nursery grounds in Lake Victoria, Kenya. The circled regions represent
the demarcated regions in Nyakach and Karungu bays

5

2.2. Physical and chemical water quality monitoring
The observations for water quality and general aquatic environmental conditions and
sample collection, handling, and chemical analyses followed published standard methods for
aquatic environmental studies (APHA, 2012).
In-situ profiling of water depth, pH, Dissolved Oxygen (DO), temperature, turbidity, conductivity,
salinity, and ORP were measured using a HANNA HI9829 multi-parameter system, after
calibration. Electronic data logging of these parameters within the water column started from
approximately 0.2 m from the surface (surface) and ended just about 0.2 m above the lakebed
(bottom).
Water samples for Total Alkalinity, Total Hardness, and major plant nutrient species, (Total
Nitrogen (TN) and Total Phosphorous (TP)) were collected using 1- liter capacity Van Dorn
sampler, preserved in nutrient bottles under ice and later analysed at KMFRI laboratories following
photometric methods according to APHA (2012).
Total alkalinity and total hardness were determined immeaditely by titration of 50ml water sample
with a standardized HCl to a pH of 4.5, using a mixed indicator of 0.2g Methyl red and 1g of
Bromocresol green in 95% ethanol, for total alkalinity. For total hardness, a portion of the water
sample was titrated with a Di-Sodium EDTA 0.02M, with addition of a small amount of indicator
(Eichrome Black T dye).
Total Nitrogen (TN) and total phosphorous (TP as PO4+ -P) were analyzed in the lab using
potassium persulphate digestion method and the ascorbic-acid method respectively. For soluble
reactive forms GF/C filter papers were used to filter samples and analysed for dissolved nutrients
(NH4+-N, NO3--N, NO2--N and SRSi) using spectrophotometric. NH4+-N was analyzed using
manual phenate method, NO2+, NO3

-

-N by cadmium reduction method and SRSi using

colorimetric method.
Data was compiled in comprehensive electronic datasheets, the main summaries, and statistical
computing done using R Studio.
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2.2.2. Phytoplankton sampling procedure
Water samples for phytoplankton analysis were collected with a 2-litre Van Dorn sampler.
A portion of the sample (25mls) was preserved in acidic Lugol’s solution. A 2 ml sub-sample was
placed in Utermöhl sedimentation (Utermöhl technique) chamber and left to settle for three hours.
Phytoplankton cells were identified to species level where possible and counted using a Zeiss
Axioinvert 35 inverted microscope at 400x magnification. Ten fields of view were counted for the
coccoid cyanobacteria while a 12.42 mm2 transect was counted for the larger algae. The whole
bottom area of the chamber was examined for the big and rare taxa under low (100x)
magnification. The taxa were identified using the methods of Huber – Pestalozzi (1942) and from
publications on East African lakes such as by Talling (1987). Counts were made on all individual
cells, colonies or filaments. Biovolume determinations were made based on individual cell
dimensions with respect to their geometrical shapes. The geometrical models used were:
(i)

Spherical (4/3)*r*r*r

(ii)

Rotational ellipsoid with circular cross-section (4/3)*a*b2

(iii)

Rotational ellipsoid with ellipse-shaped cross-section (4/3)*a*b*c

(iv)

Cylindrical, *r2*h

(v)

Cone, (/3)*A*h
Where:
r is the radius
a is the 1st dimension (length)
b is the 2nd dimension (width)
c is the 3rd dimension (thickness)
h is the height or length of the cell

The biovolume of the total phytoplankton was calculated from the abundance and volume
approximation for each species, standard units of conversion were used, 109 µm3/l = 1 mm3/l (Rott
1981). Results are presented as percentage composition per site and as biovolume estimates in one
litre.
2.2.3. Zooplankton sampling
Samples were collected in triplicates using a 1 m long conical-Nansen plankton net, mesh
size 60 µm with mouth diameter 0.30 m towed vertically through the water column. In the
7

laboratory, each sample was made to a known volume, thoroughly shaken for uniform distribution
and a sub-sample taken, placed in a counting chamber and examined under inverted microscope
at X100 magnification for taxonomic determination, and at X40 for counting. Zooplankton was
identified to possible taxonomic level using published identification keys (Edmondson 1959). The
group copepod was only identified to group level as nauplii, cyclopoda and calanoida while the
other two groups were identified to species level. The number of individuals per litre of lake water
was calculated from the count data, taking into account, the volume of the sample, number of
organisms in the sub-sample, volume of the lake water filtered by the vertical haul derived from
the depth of the haul. Zooplankton abundance were summarized and presented graphical form as
mean ± SE
2.2.4. Macro-invertebrates sampling procedure
Sampling of macroinvertebrates was done using Ekman grab and a 500µm steel sieve was
used to trap and collect the organisms. The samples collected were washed at the site, sorted live
and then preserved in 70% alcohol. The macroinvertebrates were transported to the laboratory and
identified to genus level. The identified macroinvertebrates were then analyzed for taxon diversity
(Shannon- Wiener, H’), evenness, relative abundance and Hilsenhoff Biotic Index (HBI) for each
sampling station. The data was represented in frequency tables, bar graphs, and pie charts.
2.2.5. Fish composition and abundance
A range of different mesh sized multifilament and monofilament nets were used to catch
fish from the 2 critical sites, Nyakach and Karungu Bays. Each fish specimen was weighed and
lengths (TL, SL and FL) recorded. Average fishing time was about 2 hours for monofilament
gillnet and 6 hours multi filament of a range of mesh sizes for each sampling site. Sorting of the
fish was done and individuals isolated from the catch using morphological examination. Length
and weight measurements were for each fish specimen were recorded and stomach content
extracted for laboratory examination. In this study, the frequency of occurrence was employed
where the stomach contents were examined and the individual food items sorted and identified.
The number of stomachs where the food item occurred was recorded and expressed as a percentage
8

of all the stomachs being analyzed. The index of occurrence (Io): Io = Na/Nt * 100 (%), (Hyslop,
1980) (Na = the number of stomachs where a food category is recorded, Nt = a total number of
stomach).
2.2.6. Socio-economics
The information gathered for this study was obtained through a structured questionnaire.
Interviewees included various groups of people living in various fishing villages and beaches
around the lake. A random sampling method was used to select fishermen, traders, processors and
hoteliers. Field observations and field notes were also included in this report. The entries were
made in SPSS software (IBM Corp, 2013) . Because of the small number of respondents’
frequency distribution and percentages were run for comparing variations in attitude and
knowledge on the state of fisheries and environment.
2.2.7. Data analysis
Data collected from various aspects of the study were subjected to descriptive statistics.
Shannon and Simpson indices were used to describe biodiversity in the sampled stations where as
regressions were used to establish relationships between biological parameter (e.g. length and
weight of fish). All analyses were carried out on either Microsoft Excel 2010 or R statistics
software (R Core Development Core Team, 2017).
3. Results and discussion.
Data from three sampling points (stations) within the transects laid in the two study sites
were summarised for each of the stations and sites. For each site station, there were two stations
within the demarcated site (1 and 2) and one reference station falling outside the demarcation (3).
3.1 Environmental parameters
3.1.1 Physico-chemical attributes
The demarcated sites at Sango Rota lie within the Nyanza Gulf, which is generally shallow
while the Karungu bay falls in the deeper open waters of Lake Victoria Kenya. The sampling
stations at Sango Rota had a mean depth of 2.50±0.43 while at Karungu Bay the stations’ mean
depth was 5.15±1.07 m.
9

Results of the major physcal and chemical attributes measured have been summarised in Tables 1
and 2. DO values ranged from 4.2 to 8.6 mg/L with a mean of 5.7± 1.7 mg/L where Nyakach Bay
had the lowest while Karungu Bay had the highest value. Temperature had a mean of 25.6±0.60C
while. Values of pH indicated alkaline conditions in all the stations where a range of 1.0 with a
mean of 10.0 ± 0.4 showing high levels of water pH above the recommended limit of 6.5 to 8.5
that adversely affects the aquatic life. The conductivity value was below 100µS/cm in Karungu
Bay but well above 100µS/cm in Nyakach Bay showing water can transmit electrical impulses to
the body of organisms to send information to the surroundings. Total dissolved solids mean was
68.2± 21.5 mg/L showing water less turbid.
Table 1
Summaries (mean ±SD) of the water column physical and chemical attributes of the demarcated
sites
Site

TEMP

DO

Secchi

Karun
gu

25.90±
0.55

7.18±1.
23

0.79±0.1
5

Nyaka
ch

25.32±
0.85

4.36±0.
55

0.00±0.0
0

ORP
174.61±13
.73
189.13±7.
75

TDS

PH

COND

SAL

ALK

HARD

48.88±0
.70

10.24±0
.36

97.47±1.1
8

0.04±0.
00

54.35±4.
14

26.59±0
.94

87.42±7
.30

9.71±0.
18

175.00±1
5.05

0.08±0.
01

110.00±
7.82

66.67±3
.94

The shallow waters enable thorough mixing hence ranged from 2.2 to 6.1m, the nutrients were
high in all stations sampled. Total nitrogen mean was 365.09± 78.37µg/L and total phosphorous
mean was 175.33± 60.75µg/L an indication of anthropogenic pollution of the water body.
Table 2
Summaries (mean ±SD) of the concentration of nutrient species of the demarcated sites
Site
Karung
u
Nyakach

SiO2
4.02±0.24
22.24±1.1
2

SRP
16.70±2.56
133.91±2.5
4

NO3
3.82±1.50
61.71±12.4
9

NO2
1.98±0.8
9
2.21±2.2
4

10

NH4
2.35±0.31
30.67±12.6
3

TP
46.96±5.00
303.43±66.5
4

TN
205.36±14.76
524.18±107.5
3

3.1.2 Phytoplankton abundance and dynamics
3.1.2 1 Algal abundance
The highest algal abundance was recorded at Nyakach Bay, 133.8 mm3 l-1, followed by Nyakach
Bay 2 with 82.8 mm3 l-1. Lower biovolume values were recorded in all the stations at Karungu Bay
with values ranging from 6.3 to 11.7 mm3 l-1
160
133.8

Biovolume (mm3 l-1)

140
120
100

82.8

80
60

40
20

11.0

6.3

11.7

8.4

0
Nyakach 1 Nyakach 2 Nyakach 3 Karungu 1 Karungu 2 Karungu 3
Sampling site

Fig. 2. Phytoplankton abundance (Biovolume mm3 l-1) assigned to phytoplankton classes or
families as recorded at different sites of the lake.
There was spatial variation abundance in different algal taxa (Fig 2). Chlorophytes (green
algae) dominated at Nyakach Bay 1 (80.2 mm3 l-1) and Nyakach Bay 2 (125.4 mm3 l-1) while
values were comparatively very low in the other four sites (Nyakach Bay 3 and sori sites).
3.1.2.2. Algal taxa composition and distribution
Chlorophytes were the most dominant group in Nyakach Bay, contributing an average 95.3
% to the total phytoplankton biovolume in sites 1 and 2, while site 3 of the same bay was dominated
by Cyanophytes or blue-green algae (93.0%) similar to site 2 of Karungu Bay which had another
Cyanophyte, Microcystis aeruginosa (91.4%). The species in similar taxa included Pediastum
boryanum contributing over 90% and Anabeana-flos aqua, 77.2% for the former and the latter
respectively. There were very few diatoms in Nyakach bay (e.g. 0.1-0.3 % in Nyakach Bay 1 and
2 and 5.1 % in Nyakach Bay 3 than in the open waters of Karungu bay 56.3%, and site 3 (11%).
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Fig. 3. Algal abundance and composition by taxa
Despite the low occurrence of diatom species in the gulf, Nitzchia dissipata, Aulacoseira ambigua,
Navicula sp, Cymbella cistula and Cyclotella ocellata were represented in Nyakach Bay whereas
Alulecoseira sp (27.5%), Diatoma hemiale (26.9%) were abundant taxa in Sori stations which is
outside of Nyanza Gulf. Amongst the Cyanobacteria, Microcystis aerogunosa, Planktolyngbia
limnetica 11.73% and Anabaena flos aqua were the most abundant algal species in Sori 1 by 51.2%
while in Nyakach Bay, the same taxa (Cyanobacteria) occurred albeit in different proportions.

% Composition

100.0
80.0
60.0
40.0
20.0
0.0

Nyakach 1 Nyakach 2 Nyakach 3 Karungu 1 Karungu 2 Karungu 3
Sampling site

CHLO

CYN

DIAT

DINO

EUG

ZYG

Fig. 4. Percentage composition (mm3 l-1) of phytoplankton taxa (families) at the sampling sites
of the lake
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3.1.2.3. Species richness and diversity indices
The species richness and diversity indices values for the two sampled bays are displayed
(Fig.5). Richness ranged from 9 to 14 while the latter ranged from 0.14 to 0.93 in Nyakach Bay
and between 0.20 to 0.92 in Karungu sites. The values for the former (species richness) were lower
in waters outside the demarcated area compared to within the sites. The values of diversity index
displayed a rather narrow spatial variation.
Species richness

Species richness/Diversity indices

14

Species Diversity 'H'

12
10
8
6
4
2
0
Nyakach 1

Nyakach 2

Nyakach 3

Karungu 1

Karungu 2

Karungu 3

Sampling sites

Fig. 5. Species richness and Shannon Weiner diversity index in fish breeding areas (Karungu &
Nyakach Bays).
Generally, phytoplankton was more abundant at sites sampled in Nyakach Bay which is
sahllower and more enclosed compared to sites located in Karungu Bay which is located in the
open waters of the lake. Results show spatial variation in species composition and distribution.
The variations observed can be attributed to variation in both abiotic and biotic factor which affect
phytoplankton communities different resulting to different over served aquatic productivity levels.
High H’ value suggests a healthier ecosystem while the low H’ value suggests poor diversity in a
community and a less healthy ecosystem. Diversity variation of algal communities can be used to
compare and classify the water quality of the aquatic systems.
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3.1.3 Zooplankton community structure and dynamics
3.1.3.1. Zooplankton Abundance
Mean total zooplankton densities (Abundance) were much higher at the sites sampled in
Karungu Bay compared to those within Nyakach Bay. In the former bay (Karungu), the mean total
abundance ranged from 90.0 ± 5.6 to 117.7 ± 6.4 Individuals/L-1 at stations 1 and 2 respectively
while in the latter; it ranged from 27.1± 3.1 to 47.0± 3.6 Individuals/L-1. The highest abundance
of 117.7 ± 6.4 Individuals/L-1 which recorded at Karungu 2. This was followed by Karungu 3
where the abundance was 116 ± 8.0 individuals/L-1 and the least abundance was at site1, 90.0 ±
5.6 individuals/L-1. In conclusion zooplankton was comparatively less abundant in Nyakach Bay
as compared to sites in Karungu Bay (Fig.6)
140.0

Abundance (Idiv.L-1)

120.0
100.0
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60.0
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20.0
0.0

Nyakach I Nyakach 2 Nyakach 3 Karungu I Karungu 2 Karungu 3
Sampling stations

Fig. 6. Spatial variation in zooplankton abundance (Mean±S.E.) in Nyakach and Karungu Bays
The abundance of various Copepoda groups at all the sampling sites in was dominated by the
young (i.e Copepop nauplii). Nauplii 12.3 ± 0.6 indiv.L-1, cyclopoid copepods (9.0 ± 0.6 indiv.L1

), and Calanoid copepods (0.8 ± 0.2) indiv.L-1 at Nyakach 3. Generally, no calanoid copepods

were record at both stations 1 and 2 of Nyakach Bay with very few recorded in station 3. In
Karungu Bay stations, both cyclopoids and calanoids took the same trend (Fig. 7).
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Fig. 7. Abundance of different Copepod groups.
Abundance of different zooplankton groups (Copepoda, Cladocera and Rotifera)
Cladocera abundances were much than those of copepods. 7.0 ± 1.1 indiv.L-1 of different
zooplankters were recorded at Karungu 1, 5.7 ± 0.5 and 6.9 ± 1.0 at Karungu 3. Relative high
abundance of cladocerans was recorded at Nyakach Bay 3 which a station outside the demarcated
area (11.2 ± 1.1). Lower densities were recorded for rotifer species (Fig. 8).
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Cladocera
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Fig. 8. Abundance of different zooplankton groups (Mean±S.E.) in Lake Victoria
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Diaphanosoma excisum was the most abundant and widely distributed cladoceran recorded at all
the sampled sites, Highest at Nyakach Bay 3 (7.3± 0.5), 5.0 ± 0.4 at Karungu 2 and 5.7 ± 0.6
indivL-1 at Karungu 3. While Daphnia lumholtzi was not recorded in all the sites in Nyakach Bay
it was encountered at all the sites in Karungu Bay. D.barbata on the other hand, was recorded in
all sites in Nyakach Bay and only at Karungu Bay 1 (Fig.9).

9.0

Anundance (Indiv.L-1)
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4.0
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Nyakach 3

Karungu I

Karungu 2

Diaphanasoma excisum

Moina micrura

Daphnia lumhorltzi

Daphnia barbata

Karungu 3

Fig. 9. Abundance of cladoceran species (Mean±S.E.) in Lake Victoria
3.1.3.2. Zooplankton composition and distribution
The zooplankton of Lake Victoria consists of three major groups namely: Copepoda,
Cladocera and Rotifera. Group Copepoda accounted for between 74.4 to 78.3 % and 87.5 to 90.1
% of the total zooplankton in Nyakach and Karungu Bays respectively (Fig. 10).
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Fig. 10. Spatial composition and distribution of zooplankton taxa in Nyakach and Karungu Bays.
Cladocerans were proportionally higher in Nyakach Bay which is inshore compared to open waters
(Karungu Bay). Rotifers were generally very low in occurrence at all the sites sampled but were
comparatively higher offshore in Karungu stations than Nyakach Bay. It is worth noting that rotifers were
probably underestimated because the mesh size (60μm) used (Figure 4). Note the urban nature of Karungu
Bay could have influenced the occurrence of rotifers which are normally considered as indicators of water
quality and genus Brachionus is connected with
Eutrophic waters (Sládeček, 1983).

3.1.2.3. Zooplankton composition and distribution of copepod groups
Nauplii (immature copepods) were high at all the sites sampled. However, proportionally
they were >50% the inner shallow Nyakach Bay (stations 1 & 2) constituting 57.8%. At Karungu
Bay, composition ranged between 36.8-46.1% of the total copepod population with an average of
45.2%. Cyclopoid copepods comprised between 42.2-64.4% with an average of 52.5% (Fig.5).
Calanoids were not recorded in Nyakach Bay 1 and 2 but low abundance of the same category
were also recorded elsewhere (Nyakach Bay 3 and all the station in the open waters) Fig.6.
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Fig.11. Percentage composition of copepod groups.
Cyclopoid copepoda occurred in higher proportions compared to Calanoida.
3.1.3.4. Taxonomic composition and species diversity
Copepoda were not identified to species level to due to limitation of identification
techniques, but earlier work in Lake Victoria recorded 10 species, 8 belonging to the taxa
Cycolopoida and

dominated by Thermocycops neglectus and 2 species belonging to taxa

Calanoida Thermodiaptomus galeboides and Tropodiaptomus stuhlmani (Mavuti and Literrick
1989 and Mwebaza-Ndaula 1994).
Cladocerans were represented by four species belonging to three zooplankton families, Daphnidae,
Sididae and Moinidae. The family Daphnidae was represented by two species Daphnia lumholtzi
and D. barbata, Sididae and Moinidae by were represented by one species each Diaphanosoma
escisum and Moina micrura respectively. Rotifera contributed least among the three taxa. They
were represented by five species Brachionus calyciflorus, B.angularis, Asplanchna sp,
Trichocerca sp and Keratella tropica. Ostracods were also recorded two bays albeit in very low
abundance.

18

3.1.4 Macro-invertebrates
A total of five orders, six family and six genera were found during the November
sampling expedition (Table 3). Three of these genera were found in all sampling stations except
in Karungu Bay 1, where only one genus was present that was common to all other stations.
Table 3
Macroinvertebrates community characteristics in the sampled stations during the 8-11 November
2017 expedition
Evenness
HBI
Station
H'
Nyakach-1

1.21

0.88

Nyakach-2

0.82

0.75

Nyakach-3

1.20

0.87

Karungu-1

0.00

0.00

Karungu-2

1.25

0.90

Karungu-3

1.20

0.86

5.8
6.8
4.8
8
5
5.9

Out of the orders identified, Pelecypoda and Palmonata had the highest number of genus species
with 38 and 26 respectively (Table 4).
Table 4
Macroinvertebrate taxa sampled within the demarcated breeding areas during the 8-11 November
2017

Order

Family

Genus

No.

Pelecypoda

Sphaeridae

Sphaerium spp

38

Palmonata

Physidae

Physa sayi

1

Palmonata

Thiaridae

Melanoides tuberculata

26

Trichoptera

Leptoceridae

Nectopsyche spp

15

Diptera

Chironomidae

Spaniodoma spp

1

Prosobranchiata

Viviparidae

Viviparus viviparus spp

3
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In terms of relative abundance, the family Sphaeridae and Thiaridae were the most abundant while
Physidae and Chironomidae were the least abundant (Fig. 12). This is an indication that
macroinvertebrates live in microhabitat depending on their pollution tolerance values avoiding the
composite stressor gradients. According to HBI values, the areas sampled ranged from poor to
good water quality, low HBI values reflect higher abundance of sensitive groups thus a lower level
of pollution. Conversely, high HBI values reflect low abundance of sensitive groups of organisms
and high tolerance to pollution (Table 3). Due to these factors, macro-invertebrates have been used
to predict water quality status of water bodies (Masese et al., 2009; Aura et al., 2010).
50

45.2

Ralative Abundance (%)

45
40
35

31.0

30
25
17.9

20
15
10
5

1.2

1.2

3.6

0

Sphaeridae

Physidae

ThiaridaeFamily
Leptoceridae

Chironomidae

Viviparidae

Fig. 12 Relative abundance of macroinvertebrates families within demarcated fish breeding areas
in Lake Victoria Kenya
Feeding guilds found according to literature were collector- filters 34%, predators 23%,
Scrapers 18%, shredders 14%, collector- gatherers 11% (Fig. 13.)
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predators
23%
scrapers
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Fig. 13 Proportion of functional feeding groups of the macroinvertebrates in the sampled areas
on 8-11 November 2017period
3.2. Fish abundance and composition
3.2.1 Fish composition and diversity
Eight fish species were recorded at Nyakach Bay during the sampling survey (Table 4).
Lates niloticus was the most abundant species accounting for more than 47.8% of the specimens
collected in Nyakach Bay. This was followed by Brycinus sadleri (24.3%) and Synodontis
victoriae (16.2%) and Barbus profundus that accounted about 7.4% of the number the sampled
fish. Other remaining species all contributed less than 3%. Karungu bay on the other had about
94.4% specimen collected were haprochromine of different species and remaining 5.6% comprised
Nile perch (Lates niloticus) juveniles and Synodontis victoriae.

Table 4.
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Fish composition and species richness

Fish species

Number

Percentage composition

Lates niloticus

65

47.8

Brycinus sadleri

33

24.3

Synodontis victoriae

22

16.2

Barbus profundus

10

7.4

Labeo Victorianus

1

0.7

Brycinus jacksonii

3

2.2

Oreochromis niloticus

1

0.7

Pollimyrus nigricans

1

0.7

Total

136

100

Plate 1 Rare species (Pollimyrus nigricans) captured in Nyakach Bay 8.11.2017
Table 5 shows the length-weight relationships for the most abundant fish species in Nyakach bay.
The b exponent value of the relationship shows the type of growth exhibited by the species
concerned. For example, Lates niloticus and Synodontis victoriae. had b < 3, an indication that the
species exhibit positive allometry while Brycinus sadleri showed (> 3) negative allometry which
is indicative poor health condition (thin e.t.c).
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Table 5
Length-weight relationships of three dominant species in sampling sites in Lake Victoria

Fish species

a

b

N

TL (cm)

Total Weight RCF

R2

Brycinus sadleri

0.0023

3.692

33

8.4 (7.5-9.8)

6.2 (3.2-16.3)

1.013 (0.662-1.553)

0.74

Lates niloticus

0.0185

2.793

65

12.0 (6.2-25.3)

23.7 (3.2-209.3)

1.010 (0.500-1.370)

0.94

Synodontis victoriae

0.0823

2.153
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14.8 (11.5-18.3)

27.9 (12.9-49.6)

1.012 (0.627-1.562)

0.61

3.2.2. Gut content
Most of the Lates niloticus caught during this survey were juveniles and their diet consisted of
Caridina nilotica accounting for 75-100% and fish remains up to 25% of food items analysed.
Synodontis victoriae on the hand consumed insects and detritus (Table 6). Out of the 38 specimens
of Lates niloticus examined examined for diet, 37% consumed Caridina nilotica, 18% fish remains
and the remaining 45% had empty stomachs. Of the specimens with ingested food, 67% ingested
Caridina nilotica and 33% consumed fish. Synodontis victoriae ingested insects and detritus
(Table 6).
Table 6
Diet composition by percentage for other fish species in Nyakach Bay

Food item

Fish species
Lates niloticus (%)

Synodontis victoriae (%)

Insect remains

0

100, 40

Fish remains

33

0

Caridina nilitica

67

0

Detritus

0

60
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3.2.3. Sex and Maturity
Majority of Lates niloticus specimens were juveniles or immature fish. Out of 16
specimens analysed for sex and maturity, 7 individuals were female while 10 were males, thus
Male: Female ratio 1:1.4.
3.3. Socioeconomics
3.3.1 Demographics of respondents
A total number of 37 fishers were interviewed. About 60% were active fishers while 29.7%
were fish traders. Results shows that the fishing activities were male dominated (70.3%) while
females made 29.7% (Table 7).

Table 7. Gender and occupation of respondent
Frequency Tables
Occupation of
respondent
Fisherman
Fish Trader
Fisheries Officer
Fish trader/Committee
BMU
BMU Secretary
Boat Owner
Total

Frequency
22
11
1
1

Percent
59.5
29.7
2.7
2.7

1
1
37

2.7
2.7
100.0

Valid Percent
59.5
29.7
2.7
2.7
2.7
2.7
100.0

On awareness of existence of demarcated fish breeding areas, majority of the fishers (89.2%)
indicated they had knowledge of the existence of the sites while 10.8% were not aware. The survey
further revealed some level of compliance as 70.3% of the interviewees indicated that they did not
fish within the demarcated areas with a smaller group 18.9% continued fishing in these areas. Two
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main reasons given by the fishermen why they did not fish in demarcated areas (Table 8) included;
adherence to regulations (62.2%) and fish breeding ground (40.5 %).
Table 8
Reasons why fishermen do not fish in demarcated area

Why fishermen do not fish in demarcated area

Frequency

Percent

Fishes omena in open lake
Left for fish breeding
Fish in abundance in other areas
Adherence to rules
Total
System

1
15
1
6
23
14
37

2.7
40.5
2.7
16.2
62.2
37.8
100.0

Valid
Percent
4.3
65.2
4.3
26.1
100.0

Omena fishers do not fish in these areas since they fish offshore in the open lake. Fishermen
indicated that there were increased fish catches since the demarcation was undertaken.
Majority of respondents, 83.8% (Table 10) indicated that use of illegal fishing gears was the
main reason for changes in fish catches (decline), 27% felt protection of breeding areas while
18.9% indicated existences of a diverse fish species population.
Table 10. Reasons for changes in fish catch since demarcation

Reasons for changes in fish catches since demarcation
Seasonal difference
Protection of breeding areas
Good BMU management and law enforcement agents
Tilapia is available
Diverse fish species available e.g. Adel
Fish migrate to maturity
More illegalities
Total
25

Frequency Percent Valid
Percent
1
2.7
3.2
10
27.0
32.3
6
16.2
19.4
2
5.4
6.5
7
18.9
22.6
1
2.7
3.2
4
10.8
12.9
31
83.8
100.0

System

6
37

16.2
100.0

About half (51.4%) of the respondents supported the upscaling/expansion of the demarcation
programme to include more areas, 24.3% of the fishers felt areas already demarcated are enough
and no more is needed.
3.3.2 Fishers’ perception on the future of demarcated grounds
A majority (70.3%) of the respondents foresee the future of demarcated areas to be bright
or positive perception with just a paltry 2.7% thinking otherwise (negative). Positive perception
were based on a number of factors as indicated in (Table 10). The would be benefits accruing
from this conservation initiative and any other positive outcomes to the fishers community in
general.

Table 10. Benefits received due to demarcated areas
Benefits received due to the demarcated area
A lot of fish catches
High profits from fish business
BMU and other community members happy
No fishing in demarcated area
A lot of illegalities in breeding areas
Total
System

Frequency Percent Valid
Percent
26
70.3
81.3
1
2.7
3.1
3
8.1
9.4
1
2.7
3.1
1
2.7
3.1
32
86.5
100.0
5
13.5

All the benefits expected by the fishermen due to the demarcation and protection of fish breeding
areas, majority (70.3%) of fishermen interviewed indicated expected increased fish catches as the
most important benefit to them.
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CONCLUSIONS
There were no notable changes in limnological conditions at the Nyakach and Karungu
demarcated sites between the baseline and this follow up study. Data on fisheries biological studies
does not indicate any positive ecological changes within the demarcated sites, which could be
attributed to non-withdrawal of fishing activities within the bays. In spite of the relatively short
period of monitoring, it is noteworthy that there was evidence of uninterrupted fishing activites
within the breeding/ nursery areas since demarcation, including wanton illegalities. The
socioeconomic survey data corroborates these observations by noting that the fishers of are not
disciplined enough to follow recommendations.
RECOMMENDATIONS FOR MANAGEMENT


There is need for continous monitoring of fish breeding sites in order to understand the
temporal trophic dynamics of the ecosystems and to come up with the better and informed
management strategies



This study recommends that these breeding and nursery grounds need to be gazetted to
upgrade them from experimental status to legal protection.
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Appendix 2: List of field participants
(i) SAMPLING AT NYAKACH BAY= NYAKACH BAY insert photo

Attendance
Present
1. Dr. Chrispine Nyamweya
2. Mr. Collins Ongore
3. Ms. Monica Owili
4. Mr. George Basweti (RO)
5. Mr. Reuben Omwenga
6. Mr. Francis Odira- Seaman
7. Mr. Fredrick Mwanzala
8. Mr. Abrahams Ochieng’- Treasurer, Sango Rota BMU
9. Mr. Ogik Rao
10. Mr. James Omolo
11. Mr. John Ouko
.
Prepared by;
Monica Owili – Task Leader__________________________________________________
Confirmed by– Team leader ___ _______________

(ii) SAMPLING AT KARUNGU BAY

Attendance
Present
1.
2.
3.
4.
5.
6.
7.

Dr. Chrispine Nyamweya
Mr. Collins Ongore
Ms. Monica Owili
Mr. George Basweti (RO)
Mr. Reuben Omwenga
Mr. Francis Odira- Seaman
Mr. Fredrick Mwanzala
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8. Mr. Abrahams Ochieng’- Treasurer, Sango Rota BMU
9. Mr. Ogik Rao
10. Mr. James Omolo
11. Mr. John Ouko
Prepared by;
Monica Owili – Task leader__________________________________________________
Confirmed by Dr. Chrisphine Nyamweya – Team leader ___ _______________
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Appendix 3 Minutes of the protocol presentation workshop
Protocol Report presentations on Performance Contract Target Protocols during the
Scientific Meeting of Researchers held on 6th November 2017 at Kisumu Conference hall.
Meeting opened with welcoming remarks from the chair and a word of prayer by one of the
members at 2.00 pm.
Members Present:
NAME

DESIGNATION

Dr. Christopher Aura Mulanda

A/CD (Chairman)

Dr. Chrispine Nyamweya

AD

Dr. Cyprian Ogombe

RO I (Secretary)

Ernest Yongo

RO I

Jared Miruka

ARO

Monica Owili

RO I

Job Mwamburi

RO I

Fredrick Guya

RO II

Caleb Ogwai

RO I

Hilda Nyaboke

ARO

Metobo Kiyuka

RO I

Collins Ongore

ARO

Peter Wawiye

RO II

Reuben Omwega

RO II

Horace Owiti

RO II

Nicholas Gichuru

RO I

Veronica Ombwa

ARO

George Morara

ARO

Venny Mziri

ROII
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Agenda
1. C. 2.7: Demarcation of fish breeding grounds
Activity (i): Demarcation of fish breeding grounds.
Monitor the status of the demarcated fish breeding grounds in Lake Victoria, prepare and
share the reports by 31st March 2018.
Activity (ii): Demarcation of fish breeding grounds.
Assess the impacts of the open Mbita channel on the environment and fisheries and prepare
a report to inform decision making by 31stMarch 2018.
2. C. 1.10: Testing the formulated Quality Fish feeds to support fish Production.
Activity (i): Monitor cage culture in Lake Victoria and determine the effects of various
commercial and locally formulated diets on fish growth and performance; prepare a report
by 31st March 2018 and share the findings with stakeholders in all the quarters.
3. C. 1.7: Assess the fisheries status of River Nzoia to guide management of its fisheries.
Activity (i): Assess the fisheries status of River Nzoia to guide management of its fisheries
and prepare a report of the assessment by 31st March 2018.

PRESENTATIONS
Agenda 1.
PC TITLE: DEMARCATION OF FISH BREEDING GROUNDS.
PRESENTERS: Fredrick Guya and Monica Owili.
ROLES: The presenters divided their teams into those working on demarcation of fish breeding
grounds, and those assessing the impacts of the open Mbita channel on the environment and
fisheries. Duties were assigned to the team members of the two teams accordingly. They further
presented before the researchers what was expected from each team in terms of the data collection
procedures and results presentation and discussions. The team that assessed the Mbita Rusinga
channel would use KMFRI’s RV Uvumbuzi.
Agenda 2.
PC TITLE: TESTING THE FORMULATED QUALITY FISH FEEDS TO SUPPORT
FISH PRODUCTION.
PRESENTER: Veronica Ombwa.
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ROLES: The presenter spelled roles and duties of her team members accordingly. She further
presented before the researches what was expected from each team member in terms of the data
collection procedures and results presentation and discussions. This activity was to be carried out
in conjuction with Kegati and Sangoro stations.
Agenda 3
PC TITLE: ASSESSMENT OF THE FISHERIES STATUS OF RIVER NZOIA TO GUIDE
MANAGEMENT OF ITS FISHERIES.
PRESENTER: Dr. Cyprian Odoli.
ROLES: The presenter spelled roles and duties of his team members accordingly. He further
presented before the researches what was expected from each team member in terms of data
collection procedures and results presentation and discussions.
AOB
The Assistant Director underscored the importance of the PC activities and emphasized that each
team leader should compile a complete report and attach the following documents.





Letter of approval of the field activities
Minutes of the meetings pertaining to the activities.
Letter to the KeFS, for those going out using the boat.
All receipts used for purchases.

There being no other question the meeting closed with a word of prayer from one of the members
at 5.00 pm.

CHAIRMAN

SECRETARY

Date: 06/11/2017

Date: 06/11/2017
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Appendix 4: Attendance list
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Appendix 5: A fieldwork requisition for Monitoring of demarcated of fish breeding
grounds
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Appendix 6: Typical examples of receipts for monitoring demarcated areas exercise
material
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Appendix 7: Work ticket
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Appendix 8: Further dissemination
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