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Abstract

This study is a review on the zooplankton of Lake Victoria and its effects on the fishery. A
general introduction on zooplankton is given followed by an overview of Lake Victoria, and
change in zooplankton ecology and their effects on the fishery. Three main groups of
zooplankton communities do occur in the lake: cyclopoids, cladocerans and rotifers. There
has been a shift with cyclopoids dominating from cladocerans. Although the the Nile perch
has been blamed for the decline of the cladocerans due to upsurge of dagaa that saw
predation of the cladocerans, this may not be substantiated because such changes were
witnessed as earlier as 1950s when L. niloticus had not been introduced. Therefore, other
reasons such as eutrophication, predation and/or cannibalism, poor/variability in sampling
protocols and pollution may have been responsible. However, other water bodies within the
basin also support the same zooplankton community structure as that of the lake, which may
confirm that there have been shifts ecologically. From the review, it is also evident that
zooplankton supports the fish composition and distribution in L. Victoria. The paper
recommends for harmonized and standardized study methods for zooplankton in the lake.
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Introduction they are important in energy transfer. They
Zooplankton, also called micro-plankton, is also  regulate  the  population  of
small  secondary  producing aquatic  phytoplankton by grazing on them and thua
organisms ranging between 0 and 1500 um  have cascading effects zooplankton prey
total body length. They live in the water assemblages. Of significance, they act as
column and usually their vertical and/or diel ~ source of protein for fish and some of them
distribution is governed both by abiotic and are good bioindicators of water quality
biotic factors (Mwebaza-Ndawula, 2004). (Hoxmeier & Wahl, 2004).

Zooplankton can be found in both marine
and fresh water systems. They play an
intermediate role between organisms in the
lower and upper trophic levels (Kelly et al.,
2013). They are therefore the main players
when it comes to the functioning and
productivity of these ecosystems because

The occurrence of zooplankton may not
necessarily be uniform in an aquatic system
(Castro et al., 2007; Mulimbwa et al., 2014)
and under several instances they display
both longitudinal and latitudinal patterns
(Yurista and Kelly, 2009). Dietzel et al.
(2013) pointed out that such a behavior by
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zooplankton are important ecologically as
they shape the fish composition, distribution
and abundance, general invertebrates and
phytoplankton (Casper & Thorp, 2007).

The zooplankton structure differ from one
habitat to another (Lévesque et al., 2010)
and this may be as a result of climatic
changes, physico-chemical  parameters
variations, biological interactions (Semyalo
et al.,, 2009; Oyoo-Okoth et al., 2011,
Omondi et al., 2011), depth, transparency
(Semyalo et al, 2009), conductivity,
anthropogenic activities that result into fresh
water degradation and organic pollution via
discharging rivers (Dietzel et al., 2013).
Feeding by fishes and other invertebrates,
and algal blooms may also affect their
distribution (Semyalo et al., 2009).

In Lake Victoria, zooplankton communities
have been studied, but there exists
conflicting  information  about their
distribution and abundance. This is because
some scientists have argued that there have
been some changes in their abundance
whereas others say this has not happened.
There is need also to try to understand their
relationship with the fishery of L. Victoria.
This paper, therefore, try to unearth the
above arguments by reviewing the available
literature through an overview of the Lake
Victoria basin to understand dynamisms that
may have contributed or influenced the state
of environmental ecology of the lake.
Zooplankton occurrence and distribution is
then accounted for as ecological shift is
highlighted. The probable causes of
zooplankton changes are then articulated in
detail. To discern this, the zooplankton
structure in the adjacent water bodies of
Lake Victoria is also given. Lastly, the
effect of zooplankton distribution on Lake
Victory fishery is explored before the
concluding remarks and recommendations.
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Lake Victoria Basin

Lake Victoria is the second largest
freshwater body globally with a total area of
68,800 km?2. It is regarded as a shallow lake
whose depth is 84 m in deep areas and 40 m
in shallow ends (Hutchinson, 1957; Beadle,
1972; Hecky & Bugenyi, 1992). Apart from
the three East African states sharing the lake
(Kenya, Uganda and Tanzania), its
catchment covers part of Rwanda and
Burundi. Most of the surface water ending
up in Lake Victoria come from the Kenyan
rivers followed by rivers from Tanzania. Of
great importance, however, is River Kagera,
traversing through Rwanda and Burundi
thus it is the largest and longest basin in the
region. In spite of all these rivers, the main
contributor to Lake Victoria waters is
precipitation (COWI, 2002).

The L. Victoria basin (Figure 1) has over 50
million people with an annual growth of
over 3% per annum. The lake plays a vital
role in terms of the economics, politics and
the social welfare of the riparian
communities and even beyond through the
Nile which is the mainstay of the Egyptian
agricultural production. It is the leading
freshwater body in terms of fisheries
production globally with annual yield of
more than 500,000 tonnes per year.
However, of late there have been concerns
over the dwindling fish stocks. Some of the
reasons that have been cited to be
responsible for fish declines include:
pollution as a result of intensive agricultural
activities in the catchments, mining,
eutrophication, overfishing, climate change,
hydropower generation and transport. In
addition to the above, the most notorious
challenge is to sustain the lucrative fishery
that emerged out of the Nile perch
introductions, and at the same time restore
and conserve the lost fish diversity. It is
against the aforementioned backdrop that
Lake Victoria is designated a biodiversity
hot spot (Okeyo-Owuor, 1999) having lost
over 300 species in the last eight decades.
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Figure 1: Major Lake Victoria catchment area (Source: Vanderkelen et al., 2018).

Zooplankton Occurrence and
Distribution

There is no much data on the zooplankton in
Lake Victoria (Mavuti & Litterick, 1991)
although it is agreed among scientists from
the region that the system is made up of
three  major zooplankton communities
namely: Copepoda, Cladocera, and Rotifera
although others such as Chaoborus larvae
exist in small numbers (Plate 1). The
Zooplankton species composition is almost
uniform over the lake and among the
cyclopoid copepods, 6 of the 8 species are
common. The Thermocyclops oblongatus
Sars, are not found in Tanzania waters
whereas Thermocyclops decipiens Kiefer is
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found in the Kenyan waters

(Mwebaza-Ndawula, 2004).

only

The calanoid species, T. galeboides Sars
and T. stuhlmanni Mrazek have a global
distribution in the lake. Seven out of 10
Cladocera spp. are found in the entire lake.
Whereas Daphnia barbata is only found in
the Kenya waters, Chydorus sphaericus
O.F.M. and Alona spp. are hardly found in
the Tanzania waters (Mwebaza-Ndawula,
1994). A total of 16 rotiferan spp. out of 24
are distributed lake wide. The remaining 8
spp. are missing in Tanzania portion of the
lake except Platyias patulus, which is also
not encountered in the Ugandan records.
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Plate 1: The three groups of zooplankton of Lake Victoria: Copepoda and Cladocera top left
and right respectively; Rotifera on bottom left; and Chaoborus larva displayed on the bottom
righ (Source: Mwebaza-Ndawula et al., 2004).

Changes in Zooplankton Abundance in

L. Victoria

There has been a pronounced zooplankton
structure in L. Victoria in the recent years
(Ogello et al., 2013; Mwambungu 2004;
Mwebaza-Ndawula, 1994) as illustrated in
Figure 2 below. Although there have been
refuting claims recently that there has not

been any change in the abundance of
zooplankton with a major dominance by the
small-sized copepods, studies conducted by
such authors as Worthington (1931), Rzdska
(1957) documented the dominance of large-
bodied calanoids and cladocerans in the
1930s and 1950s, which started to decline in
the 1950s.
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Figure 2: Shift in percentage composition of zooplankton in Lake Victoria between the
1930s and 1990s (Source: Ogello et al., 2013).

What Caused the Changes?

Introduction of Exotic Invasive Species
Invasive aquatic species are nonnative (from
another geographic region, usually another

AER Journal Volume 3, Issue 2, pp. 45-56, 2019

continent) species that cause ecological
and/or economic harm to a natural or
managed ecosystem (Dukes and Mooney
2004). They are organisms entered and
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manifested in the aquatic environment from
outside of their natural habitat and their
introductions can be either intentional or
unintentional. Invasive aquatic species often
cause both economic and ecological harm.
Their impacts are devastating on native
biota and can cause extinctions thus

impacting  negatively on the local
ecosystems  (Ehrenfeld, 2003). They
reproduce rapidly, out-compete native

species for food, water and space, and are
one of the main causes of global
biodiversity loss.

One of the reasons cited for the ecological
change in zooplankton diversity of L.
Victoria is the introduction of the Nile perch
(Lates niloticus) in the 1980s, which is cited
to have caused many changes in the
ecosystem (Ogutu-Ohwayo, 1990). It is
argued that the L. niloticus predated on the
haplochromines, which led to their decline
and thus the upsurge of the R. argentea that
put much pressure on cladocerans (Mavuti
and Litterick, 1991; Mwebaza-Ndawula,
1994). According to Gophen et al. (1995),
this shift intensified predation pressure on
the large herbivores by the sardinelike
cyprinid dagaa, R. argentea, of which the
abundance increased during the 1980s
(Figure 3). However, this may not be true
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because changes in the distribution and
abundance of zooplankton communities
were reported as early as 1950s
(Worthington, 1931; Rzb6ska, 1957) and as
such the Nile perch had not blossomed
because it was also introduced into the lake
in those years. This therefore means that
other factors may have had the changes.

As much as there may be conflicting claims
on as a factor that may have contributed to
zooplankton shift in Lake Victoria,
scientific evidence has proved that bigger
bodied zooplankton are preferred by
predators in the ecosystem hence there is
more exerted pressure on them. This affects
the general structure of zooplankton such
that smaller bodied ones blossom.
According to Brooks and Dodson (1965),
predation plays a key role in shaping
zooplankton community. This is because
larger zooplankton can easily be seen or
located by their predators hence are most
affected by predation that may result into
their eventual extinction (Hrbacek et al.,
1961; Lazzaro, 1987). It is possible then that
with the upsurge of R. argentea courtesy of
L. niloticus introduction, predation on
bigger bodied cladocerans may have been
intensified resulting into their decline.
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Figure 3: Changes in zooplankton and R. argentea (dagaa) in Lake Victoria between 1927
and 1991. (a-c) The relative abundances of the three groups (d) Annual landing data for
dagaa in Kenyan waters (black bars) and the whole lake (black plus stacked open bars)

(Source: Wanink et al., 2002).

Eutrophication

Eutrophication is another possible reason
for the witnessed changes in zooplankton
community. Mwebaza-Ndawula (1994)
cited eutrophication as the factor
responsible for the changes witnessed in
zooplankton composition which insinuated
unnecessary — competition between the
herbivorous zooplankters, leading to the
disappearance of some species.
Thermocyclops are cyclopoids that are
nutrient loving and therefore thrives in
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nutrient-rich environments as compared to
bigger bodied cladocerans. This has been
confirmed in other studies observed at semi-
arid water systems of Morocco (e.g. Leitédo
et al., 2006). Cyclopoids feed mainly on
rotifers (Rao & Kumar, 2002) whose
composition, distribution and abundance is
highly ~ favoured by eutrophic and
hypereutrophic conditions.

Thermocyclops have been documented to be
more abundant in the waters of Lake
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Victoria, which is experiencing
eutrophication (Sitoki et al., 2014). The
density of nauplii, also a cyclopoid
increases tremendously with the increase in
nutrients at the expense of diatoms.
According to Silva et al. (2009), increased
nutrient concentration favours the growth of
cyclopoids.

Pollution

Zooplankton community structure can be
affected by pollution. In a study conducted
by Uriarte and Villate (2004) in two
estuaries of the Basque coast, Spain
reported that pollution affects zooplankton
abundance and distribution. According to
them, pollution enhances the growth of
cyanobacteria, which acts as food base for
the zooplankton. Such a scenario is evident
in Lake Victoria where rotifers are known to
thrive in poor water quality conditions such
as the Winum Gulf of Lake Victoria (Sitoki
et al., 2012). The nearshore areas of Lake
Victoria are more prone to pollution
emanating form non-point and point sources
of pollution that could account for the
higher turbidity and conductivity, and the
lower pH values and Dissolved oxygen
levels.  Similar trends have been
documented by Badsi et al (2010) in a
polluted lagoon in Southern Morocco.
Calanoids and cladocerans feed on plants
and consequently may be affected by
phytoplankton diversity and abundance due
to eutrophication and sedimentation from
anthropogenic  activities around Lake
Victoria (Sitoki et al, 2014). The
phytoplankton structure in Lake Victoria
has changed due to pollution such that the
once diatom dominated lake is currently
dominated by blue green algae which
cannot be consumed by the calonoids and
cladocerans explaining the reason as to why
cyclopoids are on the increase.

Variability in Sampling Strategies

Zooplankton structure can change in both
season and in terms of the habitat and such
variation is difficult to verify statistically
(Evans & Sell, 1983; Livings et al., 2010).
In such a situation the accuracy and
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precision of the estimation and the
establishment of community shifts in
response to local gradients and temporal
environmental changes. Sampling
approaches that ignore time and space result
to poorly designed surveys that may
significantly underestimate diversity (Vieira
et al., 2017). Zooplankton sampling can be
undertaken using different methods namely
collecting a known volume of sub-surface
water by bucket or by bottle-sampler and
filtration through a plankton net (Peixoto et
al., 2008), collecting with a suction pump
(Santos-Wisniewski & Rocha, 2007),
sampling at several depths using a Van
Dorn  bottle followed by filtration
(Keppeler, 2003), collection by vertical
hauls with a plankton net at specific layers
of the water column (Simdes & Sonoda,
2009), horizontal hauls at surface
(Waichman et al., 2002) or sampling using
a Schindler-Patalas trap (Bezerra-Neto et
al., 2009).

The foregoing protocols may be associated
to personal preferences, system constraints
and the objectives of different zooplankton
community studies (Mack et al., 2012). A
best sampling technique can work for each
group of zooplankton investigated (for
example: macrozooplankton - large mesh
net, microzooplankton - small mesh nets
(Vannucci, 1968), and protozoasurface
collections (Lahr & Lopes, 2006). While
species richness and evenness are usually
dependent on mesh size, diversity indexes
are typically less influenced by mesh
selection (Riccardi, 2010). So, the challenge
is to provide a good sampling method for all
groups at once. However, in most studies
conducted in Lake Victoria have either
knowingly or unknowingly been carried out
using just one method at a given time and
space. Such results may not be accurate.
Kozlowsky-Suzuki and Bozelli (1998)
compared the efficiency of three different
samplers (vertical haul, Schindler-Patalas
trap and suction pump) in a Brazilian
coastal lagoon. The performance of the
vertical haul with plankton net was found to
be the most inefficient, except for the
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copepods, and the sampling with suction
pump was considered the most efficient for
all the taxa analyzed. Therefore, similar
studies conducted in Lake Victoria using
vertical hauls may have reported the
presence of copepods at the expense of
cladocerans hence reporting a
misrepresentation zooplankton
communities.

of

Cannibalism

Another reason for the dynamic changes in
zooplankton abundance in L. Victoria could
be attributed to feeding mechanisms
employed by different groups. Whereas the
feeding of a majority of cladocerans, has
been classified as herbivorous, the nutrition
of copepods is regarded as predaceous.
Consequently, it has been documented
elsewhere that copepods predate on the
cladocerans (Gliwicz, 1994; Gliwicz &
Umana, 1994) a situation that could be
happening in the L. Victoria waters where
the number of copepods is on the rise while
that of cladocerans is on the decline.
However, according to Santer and van den
Bosch (1994), some of the copepod species
and stages feed on protists and algae but
they are very selective when compared with
cladocerans (Ju™ rgens et al., 1996).
Copepods actively select their food, while
most cladocerans are filter feeders. This also
may be the reason as to why copepods are
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on the rise in L. Victoria compared to
cladocerans. The copepods will therefore go
for bigger bodied cladocerans thus depleting
their populations.

How does Zooplankton of L. Victoria
Relate to other Adjacent Water Bodies?
Now that there are reported changes in
zooplankton abundance in L. Victoria, are
there such changes in other lakes within the
same geographical region? Looking at data
from the adjacent L. Kivu, similar trends as
those observed in L. Victoria are evident.
Low proportion of cladocerans, has been
reported (Amarasinghe et al., 2008).
Copepods on the other hand has been said to
constitute over 90% of the existing
zooplankton in the waters of L. Kivu and
this is so during the rainy seasons. Rotifers
were also numerically low in numbers (Fig.
4). During the dry seasons, cladocerans
increase in numbers to about 20% of the
zooplankton population but they do not
supersede the copepods which although
decrease somehow, still remain dominant.

While reviewing data from the Small Water
Bodies (SWBs) within the L. Victoria
catchments, a similar trend is depicted as
that one of L. Victoria as far as the
zooplankton composition, distribution and
abundance is concerned. Copepods are
represented by over 95% dominance as
compared to cladocreans and the rotifers.
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Figure 4: Variation of metazooplankton abundance in the 0—60 m water column of Lake
Kivu (Ishungu basin) from January 2003 to June 2005. Note the different scales on the Y-
axis for a, b and c. The light grey boxes indicate the dry season periods (Adapted from
Descy et al., 2012).

Effects of Zooplankton Distribution on
Fish in L. Victoria

Zooplankton feed on phytoplankton thereby
regulating their population. Phytoplankton
form the main source of energy for the
zooplankton which converts algal food into
quick source of protein for fish. All fish
larvae depend on the distribution and
abundance of zooplankton a source of food
for their survival. This, therefore, means
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that the abundance of fish in L. Victoria is
dependent on the abundance of zooplankton
because it is through fish larvae recruitment
that the fishery of the lake is dependent on.

Taking the food web characteristics that
exist between zooplankton and fishes of L.
Victoria, it is evident that such fish species
as Rastrineobola argentea, Oreochromis
niloticus and the larvae of Lates niloticus.
Ingest its food from zooplankton. It is
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reported that the aforementioned fish
species feed mainly on cyclopoid copepods
and these are the major constituent of
zooplankton communities of L. Victoria
(Oyoo0-Okoth et al., 2011). On the other
hand, fish larvae eat small-bodied rotifers,
mainly distributed along the shallow inshore
areas of the lake. In addition, the young L.
niloticus feed solely on Caridina nilotica
(Semyalo et al. 2009). In the absence of
zooplankton in L. Victoria, it therefore,
means that L. niloticus, which is of
commercial importance will collapse.

Mature L. niloticus is a predator that feed
majorly on R. argentea and other pelagic
haplochromines which derive their food
from the zooplankton. Some copepod
species such as Mesocyclops spp. and
Chaoborus spp. predate on cladocerans.
These species are in turn eaten by fish thus
affecting their distribution and abundance
(Irvine and Waya, 1995). In a nutshell,
zooplankton distribution, composition and
abundance in L. Victoria is, therefore, a key
connection in terms of energy flow
integrating carnivorous invertebrates and
pelagic fishes for production of major
commercial fishes such as O. niloticus and
L. niloticus.

Conclusion

Going by the reported studies, L. Victoria is
dominated by three main groups namely
Cyclopoids, Cladocerans, and Rotifers.
There have been changes in relative
abundance from large bodied calonoids and
Cladocerans to the smaller bodied
Cyclopoids. This is supported by the same
occurrence in other adjacent SWBs within
the basin. The changes in zooplankton
community has been attributed to the
introduction  of the  Nile  perch,
eutrophication, pollution, poor or variability
in sampling methods and cannibalism.

Although it is argued that so much research
in zooplankton community of Lake Victoria
has been undertaken especially since the
1990s (Mbahinzireki, 1994; Okedi, 1990;
Mavuti & Litterick, 1991; Mwebaza-
Ndawula, 1994; Mwebaza-Ndawula et al.,
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2003a), in our opinion, the studies
conducted lack consistence. There are no
regular or periodic studies that have been
conducted to provide reliable data that could
give predictable trends in zooplankton
structure. The same scenario is depicted in
earlier studies as well where very little
inconsistent research was carried out
(Worthington,  1931; Rzoska, 1957;
Akiyama et al., 1977; Hoogenboezem,
1985; Macdonald, 1956). This then means
that the lake has been covered sparingly in
both littoral and inshore. To some extent the
picture reflected in the studies so far carried
out may not be true: no wonder the refuting
claims on the reasons of the current
zooplankton  structure in  the lake.
Consequently, we are also persuaded to
conclude that lack of capacity may be
another contributor to unclear reporting of
the zooplankton of Lack Victoria. Not all
the limnologists who have studied
zooplankton of Lake Victoria are specialists
in zooplankton ecology. Further to this,
Lake Victoria is a transboundary resource
shared by the three East African countries:
Kenya, Uganda and Tanzania. Research by
scientists from each country is not
conducted uniformly. There is therefore, a
difference in terms of standards and
protocols employed that may lead into
several biasness in terms of equipment use
(i.e. different sampling net sizes),
identification keys and to some extent
professional judgement during
identification. It is also, concluded that the
abundance of zooplankton influences the
distribution of fishes in the lake although
there is scanty data to support this.

Recommendations

There is need for more studies on the
zooplankton of L. Victoria and its impacts
on the fishery. It is also, recommended that
capacity building in zooplankton ecology be
enhanced in the region. There is need for
harmonized sampling protocol in the three
East African countries to enhance collection
of reliable data that could be able to depict
the real picture in the lake ecosystem.
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