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Abstract
To understand how eutrophication and pollution impacts zooplankton in the Lake Victoria
waters, zooplankton samples were collected during a 21 days survey conducted from 6th to
27th May, 2013 constituting a total of 71 sampling stations. A net of 60 μm nitex mesh was
used for the purpose. The lake waters were categorized into six ecological zones with the
understanding that, inshore waters are the most highly impacted as compared to nearby and
far offshore. Comparing to the data collected in 2007, it can be concluded that zooplankton
have decreased in abundance. The inshore waters indicated the highest abundance contrasting
the far offshore. Cyclopoids dominated other zooplankton by 73% and were evenly
distributed in all the waters while calanoids (18%) increased towards offshore locations.
Rotifers were the least in abundance (4%), after cladocerans (5%) and were confined in the
inshore waters. In regards to the fact that calanoids and cladocerans dominated the Victoria
waters during 1930s and the fact that predation forces from zooplantivores fish (like
Rastrineobola argentea Pellegrin 1904 (dagaa), haplochromines, and juveniles of Nile perch
(Lates niloticus, L.)) are not responsible for the reversed situation, then the findings imply
that increased eutrophication and pollution impacts the lake zooplankton by favouring the
increase of cyclopoids and some species of rotifers while limiting the calanoids and
cladocerans to mainly offshore locations. The current observed low abundance of
zooplankton does not threaten the pelagic fishery of the lake.
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1. Introduction
The quality of water in Lake Victoria (the largest in Africa and the second largest in the world)
ecosystem has been deteriorating fast, due to mainly increased disturbances in its catchments
(Sitoki et al., 2010; Ngupula et al., 2012). The impacts of the observed deterioration have
been observed mostly on changed composition and abundance of plankton and benthic
macroinvertebrates, leading into dominance of robust and less important species. For
example, phytoplankton community of the lake is dominated by the less important
Bacillariophytes (i.e. Nitzschia acicularis (Kütz.) W. Smith and Lyngbya circumcreta G.S
West) and Cyanobacteria (Microcystis flos aquae (Wittrock) Kirchner) (Kling et al., 2001;
Ngupula et al., 2011). The zooplankton community is currently dominated by small sized
cyclopoids contrasting the past situation where large sized calanoids and cladocerans
dominated (Mavuti and Litterick, 1991; Mwebaza-Ndawula, 1994; Gophen et al., 1995;
Ngupula et al., 2010). Benthic macroinvertebrates have increased in abundance and is
dominated by gastropods and bivalves in favour of the insects and worms (Mbahinzireki,
1994; Muli and Mavuti, 2001; Ngupula and Kayanda, 2010). Possibly, the observed
impacts have magnified to the vertebrates’ composition and abundance too. For example,
when compared to the situation before 1990s, there is a decline in abundance of important
commercial fish while many native fish have almost disappeared (Ogutu-Ohwayo, 1990a, b;
Kayanda et al., 2009, Kishe-Machumu et al., 2008; 2011).
In most aquatic ecosystems, zooplanktons are appreciated as important for the role they play
in the energy flow by linking the primary productions to secondary and tertiary productions.
In Lake Victoria, the appreciated zooplanktivores fish include most reappearing
haplochloromines, Rastrineobola argentea Pellegrin, 1904 (Dagaa), and juveniles of Nile
perch (Lates niloticus L.) (Wanink, 1998; Wanink et al., 2002; Tumwebaze et al., 2007;
Kishe-Machumu et al., 2008; 2011). Currently, as stocks of Nile perch and Nile tilapia
(Oreochromis niloticus, L.) are declining, the stocks of dagaa have been increasing
exponentially, and thus form an important fishery of the lake, second to Nile perch
(Tumwebaze et al., 2007; Kayanda et al., 2009). In this lake, dagaa (named as Mukene in
Uganda and Omena in Kenya) has been caught in high abundance to quench the demand for
local markets and also transported to some countries like Congo, Zambia, Malawi, Rwanda,
and Burundi. In fact, dagaa is the most consumed fish by many people in East Africa,
especially Tanzania as Nile perch fish is unavailable in the local markets (considered as fish
for export) and Nile tilapia has highly declined.
Generally, Lake Victoria is regarded as eutrophied and polluted; however the intensity of the
impact differs depending on time and space. For example, inshore waters (i.e. most bays and
gulfs) are most highly impacted as compared to nearby and far offshore waters (Ngupula et
al., 2012). In this regard, it is quite probable that there are some observable impacts on the
zooplankton of the lake of which have not been stipulated. And, it is possible that those
effects are magnified to its predators (i.e. dagaa) thus dictating their dynamics over the year.
Considering the fact that dagaa constitutes the important fishery of the lake and it is the only
fish that is cheaply available as a source of protein to many, it is worthy understanding some
aspects that may dictate its dynamics. In the history of the Lake Victoria researches, studies
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that cover some aspects of its zooplankton are quite few. And, as regards to Tanzanian waters
(51%) of the lake, the situation is much worse. This study therefore quantifies the abundance,
composition, and distribution of zooplankton in the various ecological zones of the lake and
discusses the findings in relation to water quality and projects on the sustainability of dagaa
fishery. This study’s main hypothesis is: eutrophication and pollution in the lake waters
negatively impacts its zooplankton.
2. Materials and Methods
2.1 Study Area and Characterization of Site
This study was undertaken in the Tanzanian waters of Lake Victoria which comprise an area
of 35,088 km2 out of 68,800 km2 of total lake area. Zooplankton samples were collected
during a 21 days survey conducted from 6th to 27th May 2013 constituting a total of 71
sampling stations (Figure 1).

Figure 1. Distribution of sampling stations (71) in the Lake Victoria (Tanzanian waters) and
illustration of depth strata

Influenced by the climate of Lake Victoria basin region, the Lake Victoria normally
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experiences two sub periods and two important periods: (a) the start of the lake mixing
(partial break of thermocline) during moderate wet and cold June (b) fully lake mixing period
during a dry and windy season in July to September (c) lake thermal reestablishment and
moderate stratification during short rains of October to December (d) lake fully stratification
during the long rains of March to May. This study was undertaken when the lake was fully
stratified.
Assuming that the waters of the lake are differently impacted by what is happening in its
catchments, the implementation of Fisheries Management Plan (IFMP) of the Lake Victoria,
to harmonize the research activities of the riparian countries bordering the lake, decided to
divide it into six depth strata. Thus resulting into three main ecological zones, namely
shallow nearshore (strata I and II) waters, intermediate (strata III and IV), and deep offshore
(strata V and VI) waters. Depth Stratum I was 0-10 m deep and Stratum II was 10.1-20 m
deep. Stratum III was 20.1-30 m deep and Stratum IV was 30.1-40 m deep. Stratum V
was 40.1-50 m deep and Stratum VI was >50 m deep (Ngupula et al., 2011).
2.2 Sampling Strategy and Analysis of Samples
Triplicate samples of zooplankton were collected by vertically hauling 60μm mesh size
(30cm mouth opening and one meter length) plankton net from one meter above the lake’s
bottom to the surface. The samples were preserved with 4% formaldehyde inboard the vessel
for later laboratory analyses. In the laboratory, the samples were washed with water to
remove the formalin, and then diluted to 100mls of which 10mls were subsampled for
counting using an inverted microscope at x 40 magnification. The zooplankton was identified
using keys and manuals as given by Ruttner-Kolisko (1974), Korinek (1984), Maas (1993),
and Korovchinsky (1993). The sex differentiation was not considered in this study and only
adults were counted. The count data (number/subsample) were taken in a computer for
analysis of organisms as individuals per cubic meter of water and as individuals in a given
one liter of water. For example: (i) Number/sample = Dilnvol*number in a sub-sample*split
factor ÷count volume. (ii) Number/m2 = number/sample ÷Area of net mouth opening in m2.
For a net of 30cm opening, Area= 0.0855 m2
(iii) Number/m3 = number/m2 ÷ Depth of
tows in meters (total depth of the sampling site – one meter) (iv) Number/l =
number/m3/1000. The used formulas are as given by the Implementation of Fisheries
Management Plan (IFMP) manuals for limnological studies. The abundance of zooplankton
was expressed as individuals in a litre of water. To safeguard future references, each
counted sample was returned to its original and fixed with 40% formaldehyde and 70%
alcohol and stored.
Parallel with sampling zooplankton, conductivity, dissolved oxygen (DO), temperature, and
turbidity were also measured using a CTD device (Seabird Electronics model SBE 19) and
measurements were averaged over the water column.
2.3 Statistical Analysis
One-Way ANOVA (with Tukey HSD test for multiple comparisons) was used for the test of
spatial variation of zooplankton abundances and environmental parameters. The statistical
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tests were as given by SPSS (Version 17, USA) statistical package.
3. Results
Cyclopoid copepods dominated the zooplankton community by 73% of the total zooplankton
and were uniformly distributed in all the waters. The abundance of calanoid copepods (18%)
increased towards offshore locations. The abundance of cladocerans (5%), which followed
after that of cyclopoids and calanoids indicated no trend with water depth. The least in
abundance, the rotifers (4%) indicated a decreasing trend towards offshore locations (Figure 2
and 3).

Figure 2. Percentage composition of zooplankton taxa in the Tanzanian waters of Lake
Victoria
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Figure 3. Percentage composition of zooplankton taxa in the different depth strata (I–VI) of
the Tanzanian waters of Lake Victoria.

Zooplankton abundance indicated a decreasing trend with depth strata. Depth stratum I had
highest abundance (5.39 ± 4.23 ind.l−1) while depth stratum VI had the lowest (0.79 ± 0.64
ind.l−1) (Figure 4). The One-Way ANOVA test for significance in differences of means of the
different depth strata, returned insignificant results (tested on different zooplankton groups
across all strata, F = 1.65, p = 0.153).
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Figure 4. Average abundances of zooplankton in different depth strata of the Lake Victoria,
Tanzanian waters. Error bars represent SD

A total of 36 zooplankton species (or taxa) were encountered (Table 1); of those 16 species
were rotifers, with Brachionus angularis Gosse 1851 and Brachionus caudatus Barrois &
Daday 1894 as the most abundant. There were 12 taxa of Cladocerans, with Diaphanosoma
excisum Sars 1885 and Bosmina longirostris Müller 1885 as the most abundant. There were 7
cyclopoid taxa with Thermocyclops emini Mrazek 1895, Tropocyclops tenellus Sars 1909,
and Thermocyclops neglectus Sars 1909 as the most abundant. There was only one calanoid
taxon, Thermodiaptomus galeboides Sars 1901.

Table 1. Abundances (ind. m−3) of zooplankton species in the various depth strata of Lake
Victoria (Tanzania waters), recorded in May 2013. 0 = Absent.
Stratum
Calanoida
Thermodiaptomus galeboides Sars 1901
Cyclopoida
Mesocyclops sp.
Eucyclops spp.
Thermocyclops emini Mrazek 1895
Thermocyclops incisus Kiefer 1932
Thermocyclops neglectus Sars 1909
Tropocyclops confinnis Kiefer 1929
Tropocyclops tenellus Sars 1909
Cladocera
157

I

II

III

IV

V

2614

1064

1746

651 880

834

581
326
3131
376
3185
1780
2859

224
156
1212
162
878
853
1448

495
151
1750
398
1254
1523
1677

21
121
487
21
445
401
855

32
40
492
17
331
144
636

118
108
354
21
615
207
667

VI
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Alona sp.
Bosmina longirostris Müller 1885
Ceriodaphnia cornuta Sars 1885
Chydoridae spp.
Daphnia lumholtzi (helmeted) Sars 1885
Daphnia barbata Weltner 1898
Diaphanosoma excisum Sars 1885
Macrothrix sp. Baird 1843
Moina micrura Kürz,1874
Chirocephalus diaphanus Prevost 1803
Moina hutchinsoni Brehm 1937
Ceriodaphnia reticulata Juline1820
Rotifera
Ascomorpha sp.
Asplanchna spp.
Asplanchna sieboldi Leydig 1854
Brachionus angularis Gosse 1851
Brachionus calyciflorus Pallas 1776
Brachionus caudatus Barrois & Daday 1894
Brachionus falcatus Zacharias 1898
Brachionus patulus Müller 1786
Filinia longiseta Ehrenberg 1898
Keratella tropica Apstein 1907
Keratella cochlearis Gosse 1851
Keratella quadrata Müller 1786
Lecane bulla Gosse 1851
Polyarthra vulgaris Carlin 1943
Polyarthra spp.
Trichocerca spp.

47
78
20
153
211
39
156
0
131
70
19
39

10
32
0
11
28
0
119
35
82
44
0
0

0
58
0
0
13
7
79
82
47
0
0
0

11
54
16
0
23
0
25
5
53
0
0
0

0
102
23
0
35
4
75
4
27
0
0
0

0
17
3
3
12
0
3
6
0
0
0
0

0
0
0
231
92
256
22
139
19
0
45
22
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

15
31
16
50
8
8
0
0
0
0
0
0
8
7
8
13

0
0
0
0
0
0
0
0
0
5
0
0
5
0
0
0

4
12
0
12
0
0
0
0
0
8
4
0
0
0
0
0

0
0
0
3
0
0
0
0
0
3
0
0
3
0
0
0

The measured physical and chemical parameters indicated a declining trend with depth,
implying that depth stratum I had highest values of conductivity, dissolved oxygen (DO),
temperature, and turbidity. While conductivity indicated a range (Mean ± SD, depth stratum I
to depth stratum VI) of 107.20 ± 0.56 to 95.52 ± 0.79 µS/cm, DO indicated a range of 6.27 ±
0.18 to 4.91 ± 0.49mgl-1. Temperature indicated a range of 25.36 ± 0.35oC to 25.22 ± 0.49 oC
and turbidity indicated a range of 5.592048 ± 0.262766 to 1.36 ± 0.14 NTU (Figure 5). The
One –Way ANOVA for the test of significance in spatial variations of the physical-chemical
parameters indicated significant results (F=2005.36. DF= 23, p<0.001).
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Figure 5. Average values of conductivity, turbidity, dissolved oxygen, and temperature in
different depth strata (I–VI) of the Lake Victoria, Tanzanian waters. Error bars represent SD

4. Discussion
The results of this study indicate that cyclopoid copepods were the highest in abundance and
corroborates with the studies by Rzoska (1956), Mavuti and Litterick (1991),
Mwebaza-Ndawula (1994), and Ngupula et al., 2010. However, contrast with that by
Worthington (1931) who found the dominance of large bodied calanoids and cladocerans in
the lake zooplankton community contrasting the current situation. The observed change can
be attributed to the increased eutrophication and pollution in the lake waters. This fact is
159
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probably true as calanoids and cladocerans of the Lake Victoria are somehow successful in
the offshore waters which are less eutrophicated and polluted as compared to shallow
nearshore waters (Ngupula et al., 2010, 2012). Sometimes ago it was thought that probably
there was a selective predation preference by most zooplanktivore fish of the lake (i.e. R.
argentea, haplochromines, and juveniles of Nile perch) for calanoids and cladocerans, the
force that provided cyclopoids a predation relief (Gophen et al., 1995). However,
according to Wanink et al., (2002), the said zooplanktivores fish do not have any significant
preferences towards big sized calanoids and cladocerans, implying that other forces an
outcome of the increased degraded quality of the lake waters contribute importantly in
shaping the zooplankton community.
Cyclopoids were evenly distributed in all the waters. Our finding corroborates with the
studies by Ngupula et al., (2010) and contrast with the studies by Rzoska (1956), Mavuti and
Litterick (1991), and Mwebaza-Ndawula (1994) who found that cyclopoids were successful
mostly in the offshore waters. Ngupula et al., (2010) attributed the high success of cyclopoids
with its exceptional tolerance to a range of environmental conditions (Mavuti and Litterick,
1991) and with its grazing as well as its predatory behaviors (i.e. Mesocyclops sp.) (Waya and
Mwambungu, 2004). This study supports that line of reasoning. The success of rotifers in the
inshore waters of the lake (as indicated by this study) could also help show how
eutrophication and pollution shape the zooplankton community as rotifers are known to
flourish well in polluted and eutrofied waters (Mavuti and Litterick, 1991; Ngupula et al.,
2010).
As compared to the situation in 2007 (the last quantification of zooplankton in the Tanzanian
waters), the current abundance of zooplankton in the lake waters has decreased. The observed
decrease can be attributed to the increased abundances of zooplanktivores fish in the lake
(Kishe-Machumu et al., 2008; 2011). This is probably true as the current catches of many of
the resurging haplochromines and dagaa have increased, and the current population of Nile
perch is dominated by mostly juveniles (Katunzi et al., 2006; Kayanda et al., 2009). For
example, dagaa catches has increased in such the fish is considered as second to Nile perch in
terms of its commercial importance (Kayanda et al., 2009; Tumwebaze et al., 2007).
Despite the fact that dagaa fishery in the lake follows moon phases, but the fishery itself has
some dynamics. For example, dagaa usually are caught in highest abundance during the
lake mixing and rainy (warm) periods (Nsinda et al., 2012). Seasonal effects on dagaa are
also observed in its mean sizes and maturity stages (Nsinda et al., 2012). In this regard, it is
quite probable that changes in zooplankton abundance over time have some connections with
the dagaa abundances in the lake.
Depth stratum I (inshore waters) had highest abundance of zooplankton. This finding contrast
with that of Ngupula et al., 2010 which indicated that intermediate waters had highest
abundance as compared to nearshore and deep offshore waters. Our finding agrees with
other African Great Lakes studies in which most of the species richness in these lakes was
confined in the nearshore regions (Moss, 1998). The observed highest success of zooplankton
(mostly cyclopoids and rotifers) in the nearshore waters implies high adaptability to poor
environmental conditions as nearshore are the most polluted (i.e. highly turbid) and eutrofied
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(with abundant phytoplankton blooms) (Mavuti and Litterick, 1991; Mugide et al., 2003;
Ngupula et al., 2012).
This study encountered 7 cyclopoid taxa with T. emini, T.tenellus, and T. neglectus as the
most abundant. The finding concurs with the studies by Mavuti and Litterick (1991) and
Ngupula et al. (2010) who found T. emini, T. neglectus and T. tenellus as the most abundant
species. This study suspects that there some cases where there is occasional discrepancies in
the identification of zooplankton species in the Lake Victoria region mainly due to
inadequacy of the identification keys used. There is, thus, a need for a full description of the
lake’s fauna, especially copepods, as the use of identification keys from other regions may
lead to erroneous identification.
We used a net of 60 μm to quantify zooplankton in the lake. Generally, it is appreciated that
zooplankton are obtained wherever a net of 30 μm and above is used properly. So far, most
unpublished and published studies that have quantified zooplankton in the lake have used
nets with a range of 35 μm-300 μm. Some examples of the published studies and the net
used are as follows: Mavuti and Litterick, (1991):105 μm, Mwebaza-Ndawula (1994):35-300
μm, Waya and Mwambungu (2004): 65 μm, and Ngupula et al. (2010): 67 μm. I think,
while sampling zooplankton, it is proper to use nets with varying sizes for increased
efficiency as used by Mwebaza-Ndawula (1994):35-300 μm. The probability of missing
some big and high speed zooplankton when using a small net is high. And, the probability
of missing some small zooplankton (like some rotifers) when using a big eyed net is high too.
5. Conclusions
The increased eutrophication and pollution in the Lake Victoria waters helps in shaping the
zooplankton community by favouring the increase of cyclopoids and some species of rotifers
while limiting the distribution of calanoids and cladocerans to only offshore locations.
Predation forces from the highly abundance dagaa, juvenile perches, and reappearing
haplochromines negatively impacts the abundance of zooplankton in the lake.
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