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Chapter 1

General introduction and outline of the thesis



Chapter 1

LAKE VICTORIA AND ITS HISTORY
Lake Victoria is the largest tropical lake in the world (Fryer & lles 1972) and has a
surface area of 68,800 km?. It is located between latitudes 00° 20'N - 03° 00'S and
longitudes 31°39'E - 34° 53'E (Fig. 1.1) and situated at an altitude of 1134 m above
sea level (Hecky & Bugenyi 1992). Its waters are shared by three East African
riparian states; Tanzania (51%), Uganda (43%) and Kenya (6%) (Fig. 1.1). The
shape of the lake resembles a rectangular of 400 x 320 km. The lake has a shoreline
of 3300 km (Greenwood 1974) and a catchment area of almost 200,000 km?2
extending to Rwanda and Burundi through the Kagera River, and lies at the head of
the Nile River basin system. A great part of the lake is relatively shallow with a
mean depth of 40 m and a maximum depth of about 70 m (Stager & Johnson
2008). Lake Victoria is shallow compared to other African Great Lakes —
Malawi/Nyassa (704 m deep) and Tanganyika (1470 m deep). The lake receives
nearly 80% of its water inputs from rain directly to the surface; a similar amount is
lost through evaporation (Bootsma & Hecky 1993). The lake bottom is mainly
covered by a thick layer of organic mud with patches of hard substrate, sand,
shingle or rock (Scholz et al. 1990). The shoreline is extremely irregular with
numerous bays and gulfs, and many of the bays end in dense papyrus swamps.
Lake Victoria came into existence as a result of tectonic uplifting 400,000
years ago (Johnson et al. 2000). A period of drought that occurred between 18,000
and 14,000 years ago caused a serious drop in lake water and according to the latest
data, the lake dried up and started to fill up again ca. 15,000 years ago (Johnson et
al. 1996), an observation disputed by Fryer (2004). It is unclear whether the lake
was completely dry during this desiccation event or if some remnant waters were
present (Fryer 2001; Seehausen 2002; Fryer 2004; Stager & Johnson 2008).
Among the African Great Lakes, Lake Victoria is the youngest. Lake Tanganyika
which has been estimated to be 9-12 million years old (Cohen et al. 1993) is
considered to be the oldest, while Lake Malawi is the second with an estimated age
of 1-2 million years (Fryer & lles 1972).
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Fig. 1.1 Map of Africa showing the location of Lake Victoria and the study area in the

Mwanza Gulf, with the main fish taxa featuring in this thesis: a, detritivorous
haplochromine; b, zooplanktivorous haplochromine; c, Nile perch.
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Chapter 1

FISH FAUNA, FISHERIES AND FISH INTRODUCTIONS

Lake Victoria supports one of the world’s most productive inland fisheries with a
total catch of about 1million tonnes per annum. It supports about 30 million
lakeshore inhabitants (Ntiba et al. 2001) and the catch is valued at more than US$
400 million which includes US$ 250 million in exports contributing 3-5% of the
total Gross Domestic Product (G.D.P.) of the three riparian countries (Ogutu-
Ohwayo & Balirwa 2006).

The most distinctive feature of Lake Victoria’s fish fauna was the high
diversity of endemic haplochromine cichlids, of which 500+ species have been
found (Kaufman et al. 1997; Witte et al. 2007a). Those fish dominated the lake
during the pre-Nile perch period, but the upsurge of Nile perch in the mid 1980s
had a dramatic effect on them. Their numbers were greatly reduced and many
species had apparently been driven to extinction (Barel et al. 1985; Witte et al.
1992a, 2007b). The apparent destruction of the endemic haplochromine species-
flock in Lake Victoria was one of the most controversial aspects of the species
introductions and invasions into the ecosystem that attracted widespread criticism
(Ribbink 1987; Bruton 1990).

Haplochromines have been very successful ecologically and showed an
extreme level of adaptive radiation. They occupied most habitats in the lake and
utilised almost all available food sources (Greenwood 1974; Witte & van Oijen
1990; Seehausen 1996). Trophic specializations encompassed by the
haplochromines included among others detritivory, zooplanktivory, insectivory,
molluscivory, phytophagy and piscivory in various forms. Within each of these
broad trophic divisions, there were further sub-divisions of specialization. For
instance, the mollusc eaters may crush their prey between hypertrophied
pharyngeal bones and teeth, or between the oral jaws, or they may lever the snail’s
body from its shell before ingesting the soft parts. One group of piscivores, the
paedophages, had specialised in feeding on haplochromine embryos and larvae
removed from the buccal cavity of brooding female fishes. The great majority of
piscivores, however, were predators on free-living haplochromines. In the 1970s, at
least 15 (sub)-trophic groups had been identified among the Lake Victoria
haplochromines. Each trophic specialization was represented by several species
and the number of species per trophic group differed considerably (Greenwood
1974; Witte & van Oijen 1990; Seehausen 1996). Before the 1980s, piscivores and
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General introduction

insectivores were the most common groups in terms of the number of species
whereas, concerning  biomass, the  detritivores/phytoplanktivores  and
zooplanktivores were most important, at least in the sub-littoral habitat (6-20 m
deep) and probably also in the open waters of the lake (Witte et al. 2009a). By that
time, detritivores/phytoplanktivores comprised about 13 species making up about
50% of the haplochromine biomass in the sublittoral waters followed by the
zooplanktivores (12+ species) comprising about 25% (Goldschmidt et al. 1993).

The cichlids have become of particular interest to biologists as suitable fishes
for evolutionary and ecological studies. However, it was not until recently that the
Lake Victoria haplochromine cichlids have been extensively studied focusing on
their diversity and the controlling factors (Kaufman 1992; Witte et al. 1992b, 2005,
2007a,b, 2008; Goldschmidt et al. 1993; Kaufman & Ochumba 1993; Kaufman et
al. 1997; Seehausen et al. 1997a,b, 2008b; Wanink & Witte 2000a; Katunzi et al.
2003; Kishe-Machumu et al. 2008 [Chapter 3]).

Graham (1929) was the first person to report a lake-wide description of the
fishery in Lake Victoria. At the beginning of the 20" century, the lake was sparsely
fished with a variety of simple traditional methods (Graham 1929). The
introduction of gill nets in 1905 (Graham 1929), beach seines in the early 1920’s
and outboard motors in 1950s, increased the fishing pressure (Garrod 1960). The
main target species was Oreochromis esculentus (Graham). The improved
technology and developments in transport systems opened inland markets and
further developments in the fishing industry. Fishing accelerated in the 1950s and
1960s and a number of authors have recorded the effects of overfishing from the
decline of some species to the virtual disappearance of others (Garrod 1960). The
history of the fishery in Lake Victoria has been briefly reviewed by Barel et al.
(1991) and Witte et al. (2009b). Increased fishing pressure in Lake Victoria
resulted in decreases in catch per fishing effort, especially for the endemic tilapiine
species and Labeo victorianus Boulenger in the 1950s (Fryer & lles 1972; Ogutu-
Ohwayo 1990a). Other species including Barbus altianalis Boulenger and
Mormyrus kannume Forskall were also becoming rare in the catches (Garrod
1960).

To improve the dwindling catches, the Nile perch, Lates niloticus (Linnaeus),
a large centropomid piscivore, was introduced in Lake Victoria from lakes Albert
and Turkana during the 1950s and 1960s (Pringle 2005). At the same period, Nile
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Chapter 1

tilapia, Oreochromis niloticus (Linnaeus), O. leucostictus (Trewavas), Tilapia zillii
(Gervais) and T. rendalli Boulenger were also introduced to the lake for the same
purpose. After its introduction, Nile perch remained a relatively insignificant fish
species in terms of the fish biomass in Lake Victoria until the late 1970s, when it
started dominating the catches. The first major ecosystem shift only became
noticeable in the 1980s (Reynolds & Greboval 1988) when the very diverse and
complex haplochromine-based ecosystem was replaced by a system dominated by
only four species; the exotic Nile perch and Nile tilapia, the native dagaa
Rastrineobola argentea (Pellegrin) and the atyid shrimp Caridina nilotica Roux
(Kaufman 1992; Witte et al. 1992a,b; Goudswaard et al. 2008). The haplochromine
cichlids in the sub-littoral and offshore areas vanished almost completely (Barel et al.
1985; Witte et al. 1992b). It was estimated that some 200 of the endemic
haplochromine species may have gone extinct (Witte et al. 1992b). However, other
perturbations including: excessive fishing effort, destruction of fish breeding and
nursery habitats, water pollution and eutrophication have also contributed to the
declining fish diversity (Hecky et al. 1994; Seehausen et al. 1997a; Witte et al.
2005). Nile tilapia displaced the two native tilapiines, O. variabilis Boulenger and
O. esculentus, mainly through competition and possibly hybridization (Ogutu-
Ohwayo 1990a; Goudswaard et al. 2002). The other introduced tilapiine species,
have remained at low levels and do not appear to have had major impacts on the
lake. An explosion of dagaa possibly was a result of the release of competition by
haplochromines (Wanink 1991).

EUTROPHICATION AND OTHER ENVIRONMENTAL CHANGES

During the 1980s, eutrophication of the lake strongly increased. However, data
derived from sediment cores indicated that eutrophication had already begun in the
1920s and 1930s (Hecky 1993; Verschuren et al. 2002). Eutrophication ran parallel
with human population growth, industrialization and agricultural activities in the
Lake Victoria drainage-basin (Verschuren et al. 2002). The effects of
eutrophication included a change in the composition of the phytoplankton with a
shift from diatoms to cyanobacteria, blue-green algae, along with an increase in
algal biomass (Ochumba & Kibaara 1989; Hecky 1993; Mugidde 1993).
Decomposition of the increased amount of phytoplankton resulted into low oxygen
concentrations near the bottom and consequently leads to occasional mass fish Kills
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(Hecky et al. 1994). The transparency of water was also declined due to algal
biomass and silt carried in by rivers (Seehausen et al. 1997a; Witte et al. 2005). A
further consequence of eutrophication was an explosion of the invasive water
hyacinth, Eichhornia crassipes (Martias) Solms. The infestation was brought under
control through biological control methods (Albright et al. 2004), whereby in 1996
South American weevils (Neochetina eicchorniae Warner and N. bruchi Hustache)
were introduced into the lake and water hyacinth strongly declined. However, it is
disputed whether this decline was due to the weevils alone or to the effects of El
Nifio in 1997/1998 as well (Williams et al. 2005, 2007).

At the same period, increases in densities of invertebrate species such as
midge larvae and molluscs were observed (Kaufman 1992; Witte et al. 1995). Most
striking was the enormous increase of the detritivorous shrimp, Caridina nilotica
(Goldschmidt et al. 1993; Goudswaard et al. 2006; Budeba & Cowx 2007), which
became an important prey item of the Nile perch (Ogari & Dadzie 1988; Hughes
1992; Mkumbo & Ligtvoet 1992; Katunzi et al. 2006). An increase of small-bodied
predatory cyclopoid copepods and a decrease in the abundance of the large-bodied
herbivorous calanoids and cladocerans was also reported (Mwebaza-Ndawula
1994; Wanink et al. 2002). According to Hecky et al. (2010), transition to the new
ecosystem state “may have been triggered by a period of low wind stress and then

generally warming climate since the 1970s”.

THE AIM OF THE THESIS

In the course of the 1990s, after a decline in Nile perch in Lake Victoria due to
intensive fishing (Pitcher & Bundy 1995; Ntiba et al. 2001), a slow resurgence of
some haplochromine species was observed (Witte et al. 1995, 2000, 2007b;
Seehausen et al. 1997b; Balirwa et al. 2003). However only two trophic groups,
zooplanktivores and detritivores, recovered successfully and the ratio between
them  reversed (Witte et al. 2007ab). Before the  1980s,
detritivores/phytoplanktivores (further referred to as detritivores) made up about 75
to 85% of the total number of haplochromines in the bottom trawl catches and
zooplanktivores contributed between 10 and 20% (Table 2.2 [Chapter 2]; Witte et
al. 2007b). By 2005, detritivores along the research transect constituted only 26%
and zooplanktivores more than 70% (Witte et al. 2007a). The majority of other
specialized trophic groups have not recovered to the same extent as the detritivores

15



Chapter 1

and zooplanktivores (Witte et al. 2007a). The resurgent haplochromine species had
changed their diet hence we further put them in double quotation marks throughout
this thesis (see section Identification of haplochromines below).

The resurgence of some haplochromine cichlids in the Mwanza Gulf triggered
guestions as to why some trophic groups and species recovered successfully and
others not (Witte et al. 2000, 2007a,b). The available data on the recovery of
haplochromines in the Mwanza Gulf however, was mainly based on occasional
samples. The lack of detailed sampling, covering long time-series in the same area,
turned out to be a drawback for answering questions about differential recovery.
The main objective of this thesis is to provide an insight into the inter-guild
differences in the recovery of haplochromines along the research transect across
the Mwanza Gulf in Lake Victoria (Tanzania). The two key research questions are:
(1) what is the recovery rate and the current level of abundance of haplochromine
trophic groups and species in the lake? (2) what are the main factors determining
differential resurgence? To answer these questions, the following hypotheses have
been coined:

(i) Due to the shift in phytoplankton composition from a dominance of diatoms to a
dominance of cyanobacteria (Mugidde 1993), digestibility and nutrient quality of
detritus may have decreased. This might have an impact on the condition of
“detritivorous” cichlids.

(i1) “Detritivorous” species could be more susceptible to Nile perch predation than
“zooplanktivorous” species, because of a greater habitat overlap with Nile perch.
“Zooplanktivorous” haplochromines lived partly pelagic (Goldschmidt et al. 1990),
whereas “dertritivorous” species were predominantly bottom dwellers
(Goldschmidt et al. 1993). It is assumed that Nile perch preferably hunts near the
bottom (Hamblyn 1966).

(iii) Decreased oxygen concentrations near the bottom and elevated levels of heavy
metals in bottom sediments and fish have been reported for various locations in
Lake Victoria, including the Mwanza Gulf (Campbell et al. 2003; Kishe &
Machiwa 2003). Through the dominant food pathway (Hall et al. 1997), heavy
metals may have a stronger impact on “detritivores” than on “zooplanktivores”, as
bioaccumulation into “zooplanktivores” is thought to be prevented by molting of
zooplankton (A. Schaffer & H.T. Ratte, unpublished data). Negative synergy
between hypoxia and heavy metal contamination produces stronger contamination
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General introduction

effects (Yediler & Jacobs 1995; Vosyliena & Kazlauskiena 1999), and since
“detritivores” were living closer to the bottom they might be more affected than
“zooplanktivores”.

(iv) The recovering “zooplanktivores” revealed ecological and morphological
adaptations to the new environmental conditions (van Oijen & Witte 1996; Wanink
& Witte 2000a; Katunzi et al. 2003; Witte et al. 2008; van der Meer et al. 2012). If
the potentials for adaptive responses in “detritivores” would be less than in
“zooplanktivores” this might explain the difference in recovery rates.

This thesis mainly focuses on the first two of the above hypotheses. The
knowledge on the status of the haplochromines in Lake Victoria and the underlying
causes of differential resurgence that are gathered in this thesis are of paramount
importance for sound management of biodiversity and the fishery as a whole.

THE STUDY AREA

The study area of this thesis was the research transect situated in the northern part
of the Mwanza Gulf between Butimba Bay and Kissenda Bay (Fig. 1.2). The
Mwanza Gulf is one of the largest gulfs at the southern end of Lake Victoria (van
Densen & Witte 1995). The research transect is approximately 5 km long and six
sampling stations (E, F, G, H, | and J) with depths ranging from 5.5 to 13 m were
sampled. The bottom of these stations is covered with a thick deposit of organic
mud (Witte 1981). Additional samples of some haplochromine species from the old
ecosystem were caught in Butimba Bay at stations A and B. These stations have a
sandy bottom with depth ranges of respectively 2-4 and 4-6 m.

I limited my study to the transect across the Mwanza Gulf because it is the
area in which the most extensive and comprehensive researches has been
undertaken in past decades. Among others, from 1977 for 25 vyears, the
Haplochromis Ecology Survey Team (HEST) of Leiden University, in co-operation
with the Tanzania Fisheries Research Institute (TAFIRI) has been studying the
cichlid community, ecology and fishery biology of Nile perch and the abundant
pelagic cyprinid Rastrineobola argentea in the Mwanza Gulf. In addition, this area
is among the most affected areas in terms of overfishing and environmental
degradation. In the period between 1979 and 1982, these stations used to be
inhabited by more than 72 species, divided into 12 different trophic groups (Witte
et al. 1992b), whereas for the period between 1987 and 1988, only few individuals
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of “zooplanktivorous” species (Haplochromis laparogramma Greenwood & Gee
and H. pyrrhocephalus Witte & Witte-Maas, one individual of H. ‘argens’) and one
individual of a “detritivorous” species (Witte et al. 1992b) could be found. Thus, it
is the only area where the species composition prior to and during the

environmental changes in the lake has been monitored in detail.
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Fig. 1.2 Map of Lake Victoria showing the sampled stations in the northern part of Mwanza
Gulf.
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IDENTIFICATION OF HAPLOCHROMINES

Species

Intraspecific variation, including ontogenetic changes, sexual dimorphism,
phenotypic plasticity and colour polymorphism, has been found in the
haplochromine cichlids of Lake Victoria (Witte et al. 1997), at the same time inter-
specific differences in morphology are often extremely small (Greenwood 1974;
Barel et al. 1977). Male colouration appears to play an important role in mate
recognition (Seehausen & van Alphen 1998), and was in most cases also used for
species identification (Witte et al. 1997; Seehausen et al. 1998), however, this
applies only to sexually active males.

For reference purposes, representative fish specimens of the most common
species were photographed in a small perspex tank soon after being caught, to
avoid discoloration. Specimens were then fixed in 5% formalin and later preserved
in 70% ethanol for identity confirmation and morphometric measurements. To
confirm the identification, fish specimens were compared with the preserved
specimens that were collected before the ecological changes and stored in the
Netherlands Centre for Biodiversity, Naturalis, Leiden.

Following Witte et al. (1992b), species that are not yet formally described
were given nicknames enclosed in single (° *) quotation marks.

Trophic groups

A trophic group consists of species using the same food category. Though many
species feed on several food types, the dominant food category was taken as an
important aspect for the trophic classification (Witte 1981; Witte & van Oijen
1990). Generally, species within a trophic group share morphological characters
that are related to the uptake and processing of their dominant food (Greenwood
1974; Witte & van Oijen 1990). In some cases, subgroups can be identified based
on feeding techniques, location of prey in the environment, and on the part of the
prey that is eaten. For instance, within molluscivores, one can distinguish
pharyngeal mollusc crushers, crushing the shell with the pharyngeal jaws and oral
mollusc shellers, wrenching the snail from the shell (Greenwood 1974; Witte &
van Oijen 1990). Identification of haplochromine trophic groups was made
possible with the help of the keys in Witte and van Oijen (1990) and in Seehausen
(1996).
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The diet of most of the recovering haplochromine cichlids differed from that of the
past (Katunzi et al. 2003; Kishe-Machumu et al. 2008 [Chapter 3]; Chapter 4).
However, the trophic group classification used in this thesis corresponds with that
based on morphological features as presented by Witte and van Oijen (1990) and
by Seehausen (1996), and consequently, corresponds with the diet in the past, and
not with the current diet. To indicate that the name of the trophic groups not really
represent their diets in both periods we used double (“**) quotation marks.

THESIS OUTLINE

Chapter 2 forms the backbone of this thesis; it addresses the key research question
1. The chapter provides a general overview of the recovery of haplochromine
cichlids along the transect in the Mwanza Gulf. It also gives an insight into the
differential rate of resurgence and the spatial distribution of the trophic groups and
their main species. Chapters 3 to 7 address the key research question 2. They
assess potential ecological factors (listed above) for the differential recovery and
the shift in dominance between the two haplochromine trophic groups;
“detritivores” and “zooplanktivores”. Differences in foraging adaptability between
the two groups were expected to provide a contribution to their differential
recovery. Chapter 3 specifically assesses the diets of “detritivorous”
haplochromine species in the modern ecosystem in comparison with those
collected in the past, using gut content analysis. Chapter 4 on the other hand
assesses the diets of the recovered “zooplanktivorous” species and also compares
their current diets with the past ones. The issue of diet in “detritivorous” and
“zooplanktivorous” species as a potential factor for the differential resurgence of
the two groups is discussed. In chapter 5, stable isotope analysis techniques on
formalin/alcohol-preserved “detritivorous”, phytoplanktivorous and
“zooplanktivorous” species are used mainly to assess the differences in stable
isotope signatures between the three trophic groups (and their constituent species)
in the periods before (old) and after (modern) the environmental changes.

In the 1960s and 1970s, the first two decades after the introduction of the Nile
perch, haplochromine cichlids were the major prey of this predator (Hamblyn
1966; Gee 1969; Okedi 1971). When the density of haplochromines in the sub-
littoral and offshore waters declined in the course of the 1980s, Nile perch switched
to other food items (Ogari & Dadzie 1988; Ogutu-Ohwayo 1990b; Mkumbo &
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Ligtvoet 1992; Katunzi et al. 2006). In chapter 6, it is examined whether the Nile
perch in the Mwanza Gulf switched back to haplochromines as their major food
source after the resurgence. Chapter 7 quantifies the impact of Nile perch
predation on the “detritivores” and the “zooplanktivores”. Differences in predation
pressure by Nile perch on the “detritivores” and “zooplanktivores”, one of the
potential factors for the differential recovery of the two groups, is verified.

In chapter 8, the main findings and conclusions presented in this thesis are
summarized. | discuss the implications of my findings for our understanding of
haplochromine resurgence and briefly indicate how these findings may guide future
research, conservation and fisheries management in the Lake Victoria basin.
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Chapter 2

Resurgence and distribution patterns of haplochromine
cichlids in southern Lake Victoria

Mary A. Kishe-Machumu, Frans Witte, Jacco C. van Rijssel, Jan H.
Wanink
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Chapter 2

ABSTRACT

Lake Victoria’s fauna comprised a large endemic flock of more than 500
haplochromine cichlid species that made up more than 80% of the demersal
ichthyomass. After the Nile perch boom in the 1980s, the haplochromines had
almost vanished. During 1990s, after heavy exploitation of Nile perch, a resurgence
of some haplochromine species was observed. Though morphologically these
species could be allocated to the former trophic groups, their diets had become
similar; all dominated by macro-invertebrates. To establish the status of the
recovering haplochromines, we studied their resurgence rate and distribution
pattern in the northern part of Mwanza Gulf.

The study revealed a strong resurgence of few “detritivorous”,
“zooplanktivorous” and “oral mollusc shelling” haplochromine species. In 2006,
the “zooplanktivores” along the transect reached and even outnumbered their level
of abundance reported at the end of 1970s. Their densities were also much higher
than those of the “detritivores”, whereas the reverse was observed in 2008. Before
the environmental changes in the 1980s, “detritivores” were the dominant guild,
followed by “zooplanktivores” which conforms to the observation in 2008.
Qualitative observations in March and April 2011 confirmed the “detritivores” being
dominant again. The resurging species revealed extensions of their former habitats,
and in contrast to the past not only “zooplanktivores”, but also the “detritivores”
migrated towards the surface during the night.

Reduced Nile perch predation seems to be one of the main causes of the
recovery of the haplochromines, though adaptive ecological and morphological
responses of the resurging species to the environmental changes may also have
contributed. Based on their current contribution to the diet of Nile perch, the
resurgence of haplochromine cichlids in the lake could boost the fishery.
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Resurgence and distribution of haplochromines

INTRODUCTION

Lake Victoria is among the world’s well known examples of fish species rich
lacustrine ecosystems. Prior to the expansions of exotic fish species, Lake Victoria
supported a multispecies fishery comprising several families (Garrod 1960). More
than 90% of the species in Lake Victoria belonged to a single family, the cichlids
(Cichlidae, Perciformes; Snoeks 2000). This family was represented by a few
tilapiine species and more than 500 endemic haplochromine species, all female
mouth brooders (Greenwood 1974; Kaufman & Ochumba 1993; Seehausen 1996;
Witte et al. 2007a). They made up more than 80% of the demersal ichthyomass
(Kudhongania & Cordone 1974). It is of particular interest to note that almost all
haplochromines in Lake Victoria are endemic and belong to either a monophyletic
group or derived from just a few ancestral species (Seehausen et al. 2003;
Verheyen et al. 2003).

In the 1960s, Nile perch, Lates niloticus (Linnaeus), was introduced into the
lake to boost the fishery after the decline of indigenous fish species. In the same
period, four tilapiines; Tilapia zillii (Gervais), T. rendalli Boulenger, Oreochromis
leucostictus (Trewavas) and O. niloticus (Trewavas), Nile tilapia, were also
introduced into the lake to support the fishery (Welcomme 1988). During the first
25 years following its introduction, Nile perch catches were insignificant. In the
second half of 1980s, an explosive increase of the catches of Nile perch took place
(Goudswaard et al. 2008). Concurrently, stocks of many other fish species declined
in several areas of the lake (Hughes 1983; Ogutu-Ohwayo 1990a; Witte et al.
1992a,b). Most prominent was the decline of about 40% of the 500+ species of
endemic haplochromine cichlids (Witte et al. 1992b). Many haplochromine species
virtually disappeared from the sub-littoral (6-20 m deep) and offshore (> 20 m)
waters and were thought to be extinct (Barel et al. 1985, 1991; Witte et al. 1992Db).
At the same period, blooms of cyanobacteria (blue-green algae) greatly increased
due to eutrophication (Ochumba & Kibaara 1989; Hecky 1993; Mugidde 1993).
This resulted in decreased levels of dissolved oxygen (Hecky et al. 1994; Wanink
et al. 2001) and decreased water transparency (Seehausen et al. 1997a; Witte et al.
2005).

In the course of the 1990s, after a decline of Nile perch due to intensive
fishing, a resurgence of some haplochromine species was observed in the sub-
littoral area of the Mwanza Gulf (Seehausen & Witte 1995; Witte et al. 1995, 2000,
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2007a,b; Seehausen et al. 1997b). Similar observations had been made in other
areas of the lake without specifying species or trophic groups that recovered (CIFA
1990; Balirwa et al. 2003; Getabu et al. 2003).

The decline and resurgence of the haplochromines was best studied on a
research transect in the northern part of the Mwanza Gulf. The transect was
sampled frequently from 1979 till 2002, and it is one of the most affected areas,
especially with respect to overfishing and environmental degradation. Actually, it
is the only area where the species composition prior to and during the
environmental changes in the lake has been monitored in detail. The data showed
dramatic changes in composition of trophic groups and in composition of species
within these groups (Witte et al. 1992a,b, 2000, 2007a,b). Only a restricted number
of “zooplanktivorous” and “detritivorous” species recovered and, notably, the
“zooplanktivores” had become the dominant group instead of the “detritivores”. To
update the ongoing changes, year round sampling along the transect was repeated
in 2006 and 2008. This chapter presents the results of these surveys, focusing on:
(1) the differential rate of resurgence of the trophic groups and species (2) the
spatial distribution of trophic groups and species.

MATERIALS AND METHODS

Study area

The offshore part of a 5-km long transect across the Mwanza Gulf (Fig. 1.2
[Chapter 1]) was used for this study. Six sampling stations (E, F, G, H, | and J) on
this transect were sampled during 2006 and 2008. Depths of these sub-littoral
stations with a muddy bottom ranged from 5.5-13 m.

Fish sampling

Trawling: In order to assess the abundance and horizontal distribution of
haplochromine trophic groups and species in the northern part of the Mwanza Gulf,
trawling was performed during day time. A small boat powered by a 20- or 25 hp
outboard engine, towing a bottom trawl of 4.6 m head-rope and 5 mm cod-end
mesh (Goudswaard et al. 1995) was used to sample fish from all stations. Stations
were sampled monthly in 2006 (except for station F in January, due to technical
problems), and every two months in 2008. Trawl shots at each station lasted 10
minutes.
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Gillnetting: Day and night gillnet sampling sessions were performed at stations E
(5.5-6 m deep) and G (12.5-13 m deep) once per three months in 2006 and every
two months in 2008. These sessions were conducted to assess vertical migration of
fish at day and night. Vertical gillnets measured 5 m in length and were as high as
the water column (viz. 6 m at station E and 13 m at station G). Monofilament
(knotless) webbing with a stretched mesh size of 2.5 cm was used for these nets,
which were marked vertically every meter. An extensive description of vertical
gillnets is given in Goudswaard et al. (1995). The nets were set for 3 hours duration
each during day time and during the night. In 2006, a single gillnet was used at
each station, while in 2008 two gillnets were used per station in order to increase
the number of fish. In order to further increase the fish samples, in 2008,
conventional nylon gillnets measuring 60 m in length, 1.5 m in height and with a
stretched mesh size of 2.5 cm, were also used to sample fish at stations E and G.
Three conventional gillnets of the same size were set each at the surface, in mid-
water and at the bottom (Goudswaard et al. 1995) concurrently with the vertical
monofilament gillnets. After each haul, fish were packed in plastic bags with labels
of their respective station and depth, stored on ice and afterwards identified to
species and trophic group levels. For both trawling and gillnetting, day fishing was
performed between 07.00 and 13.00 hour and night fishing between 20.00 and
01.00 hour.

Fish identification

Among the Lake Victoria haplochromine fish, so far, 15 (sub)-trophic groups have
been identified (Witte & van Oijen 1990). Only four of these trophic groups were
frequently encountered on the research transect during the present study. The
remaining fish were allocated to the category rest group.

Only adult fish (= 4.0 cm standard length [SL]) were used to identify species
and/or trophic composition. Individuals belonging to “detritivores”, to
“zooplanktivores”, and to “oral mollusc shellers” were identified to the species
level and those individuals that could not be identified to the species level, but
could be allocated to a trophic category, were recorded as others within the trophic
group to which they belong, e.g. other “detritivores”.

The morphology of a number of haplochromine species has changed during the
past decades (Witte et al. 2008; de Zeeuw et al. 2010). In case of doubt as to
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whether a species was identical to a species known from the past, the name was
followed with the word like. All species, of which the identity was uncertain or
unknown, were included under the rest species.

Habitat segregation

Habitat segregation among the haplochromine species was studied by determining
their spatial distribution (both horizontally and vertically) along the research
transect. Catches of the small bottom trawler during the day in 2006 and 2008 were
used, and data from each year were analyzed separately. Gillnet catches were used
to determine the vertical distribution of fish during day and night hours. Due to
small catches collected by gillnets, fish from 2006 and 2008 were combined.

Comparison with data from 1979/80

A comparison of the trophic and species distribution was made with those in
1979/80, when the research transect was sampled for the first time. During that
period, the stations were sampled monthly from February 1979 to January 1980
with the same type of bottom trawl as in the present study. No samples were taken
at stations H, I and J in April and November 1979 and at station | in February
1979. To enable a proper comparison we re-analysed the data in the same way as
those of 2006 and 2008, with the exception that in 1979/80 all fish > 5 cm were
considered adults, as both mean adult size and size at first maturity were larger at
that time than in 2006 and 2008 (Witte et al. 1995). Further we focused our
comparison on the trophic groups and species that were common in 2006 and 2008.

Data analysis

The catch data (numbers) at different stations were tested for normal distribution
with the Kolmogorov-Smirnov test. Our data deviated from normal distributions,
so the Kruskall-Wallis test (KW) was used to compare the number of fish at
different stations within each year, and when significant, Dunn’s Multiple
Comparisons Test (further referred to as Dunn’s test) was used to trace the
differences in number of fish among the stations. To test if the catches of 2006 and
2008 differed significantly, the Mann Whitney U-test was employed. All tests were
done by using the Instant statistical software, version 3.06 (GraphPad Instat 2003).
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RESULTS
Abundance and spatial distribution of trophic groups prior to and after
the environmental changes

Haplochromines in general

In 2006 and 2008, a total of at least 27 haplochromine species belonging to nine
trophic groups were encountered on stations E-J along the research transect. In
1979/80 the number of species was more than 72 belonging to 12 trophic groups:
prawn eaters, scale scrapers and parasite eaters were not present in 2006 and 2008
(Table 2.1). The strongest reduction in species number occurred in the piscivores
and the paedophages, the smallest in the “zooplanktivores” and in the “oral mollusc
shellers".

Table 2.1 Total number of haplochromine species per trophic group collected at stations E
to J in the northern part of the Mwanza Gulf before the environmental changes (1979-1982;
source: Witte et al. 1992b), and after the recovery (2006 and 2008; source: present study).

1979-1982 2006-2008

“Detritivores/phytoplanktivores” 12 5+
Phytoplanktivores

Epiphytic algae grazers 2
Molluscivores (phar. crush.) 4+ 1+
“Molluscivores” (oral shell.) 5+ 4
“Zooplanktivores” 13+ 8
Insectivores 7+ 4+
Prawn eaters 1+ 0
Piscivores 16+ 2
Paedophages 6+ 1
Scale eaters 0
Parasite eaters 0
Unknown 1+ 0
Total 72+ 27+
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“Zooplanktivores”

In 1979/80 the “zooplanktivorous” haplochromines were the largest group on the
transect, with an average of 159 individuals per trawl of 10 minutes duration,
making up 20% of all haplochromines in the catches (Table 2.2). In 2006, they
were by far the largest trophic group, with an average of 594 individuals,
constituting 71% of the total number of haplochromines. In 2008, the mean number
of “zooplanktivores” decreased to 270 individuals, constituting 33% of all
haplochromines (Table 2.2). Due to the great variation in the catches, especially in
2006 and 2008, the differences among the three years were not significant (KW =
5.0, P =0.08).

Although “zooplanktivorous™ cichlids occurred at all stations, they were
significantly unequally distributed (KW 1979/80 = 12.8, P = 0.025; KW 2006 =
19.6, P = 0.002; KW 2008 = 12.5, P = 0.028). In 1979/80, the number of
“zooplanktivores” was significantly higher at station E than at station I (Dunn’s
test, P < 0.05). In 2006, the mean number of “zooplanktivores” was significantly
lower at station E than at stations F, G and H (Dunn’s test, P < 0.05 for E versus F
and G, and P < 0.01 for E vs H), and in 2008 the mean number of
“zooplanktivores” at station E was significantly lower than at station J (Dunn’s
test, P < 0.05).

“Detritivores”

In 1979/80, the average number of “detritivorous” haplochromines per catch
comprised 602 individuals and they made up 75% of all haplochromines. With an
average of 175 individuals per catch, “detritivorous” haplochromines were the
second most abundant group at the transect in 2006, comprising 21% of the total
catch (Table 2.2). In 2008, “detritivorous” haplochromines were the dominant
group again, whereby they increased to an average of 422 individuals per catch,
making up 52% of the catch (Table 2.2). The differences in densities of
“detritivores” among the years were significant (KW = 56.0, P < 0.001). Dunn’s
test showed that significant differences were only present between 1979/80 and
each of the two recent years (P < 0.001 in each case) and not between 2006 and
2008 (P > 0.05).
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There was no significant difference in mean number of “detritivores” among the
sampling stations in 1979/80 (KW 9.0, P = 0.108), but significant differences were
present in 2006 (KW 2006 = 14.0, P = 0.016); the mean number was significantly
lower at station G than at station J (Dunn’s test, P < 0.05). In 2008, the Kruskall-
Wallis test also indicated differences among the sampling stations (KW = 12.6, P =
0.028). However, the Dunn’s test revealed no significant differences among any
pair of individual stations (P > 0.05).

“Oral mollusc shellers”

On average, only 1.1 individual of “oral mollusc shellers” per haul was caught
along the transect in 1979/1980, which was 0.1% of the total catch (Table 2.2). The
average number of “oral mollusc shellers” in 2006 was 27 individuals, constituting
3% of the number of haplochromines in the catch (Table 2.2). In 2008, the average
number increased to 49 individuals per haul making up 6% of the catch (Table 2.2).
The difference in mean number of “oral mollusc shellers” among the years was
significant (KW = 18.9, P < 0.001). Both in 2006 and 2008, the catches of “oral
mollusc shellers” were higher than in 1979/80 (Dunn’s test, P < 0.001 in each
case), but no significant difference was present among 2006 and 2008 (Dunn’s test,
P > 0.05). The differences in mean numbers of “oral mollusc shellers” among the
sampling stations were significant (KW 1979/80 = 18.4, P = 0.002; KW 2006 =
20.7, P < 0.001; KW 2008 = 24.5, P < 0.001). In 1979/80, the mean number of
“oral mollusc shellers” was significantly higher at station F than at station H
(Dunn’s test, P < 0.05); in 2006, the mean numbers were significantly higher at
stations E and J than at stations G and H (Dunn’s test, P < 0.05 in each case), and

in 2008 the mean number was significantly higher at stations E and J than at
stations F and H (Dunn’s test, P < 0.05 for Evs F, Evs Hand J vs F, and P < 0.01
for Jvs H).

Piscivores

On average, five piscivorous individuals were caught per haul in 1979/80, 1.5 and
2.2 in 2006 and 2008 respectively. In each year they made up < 1% of the trawl
catch (Table 2.2). The difference in mean number of piscivores among the years
was significant (KW = 24.9, P < 0.001), but only for 1979/80 and each of the two
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recent years (Dunn’s test, P < 0.001 in each case) and not for 2006 and 2008
(Dunn’s test, P > 0.05). In 1979/80, the mean number of piscivores did not differ
significantly among the sampling stations (KW = 6.3, P = 0.259), but in 2006 the
difference was significant (KW = 11.1, P = 0.049). The mean number was
significantly lower at station G than at station E (Dunn’s test, P < 0.05, Table 2.2).
In contrast, the mean numbers of piscivores in 2008 were not significantly different
among the sampling stations (KW = 7.0, P = 0.223).

Rest group

The mean numbers of individuals in the rest group were 37, 43 and 67 per trawl
catch, constituting 5%, 5% and 8% of all haplochromine cichlids in 1979/80, 2006
and 2008 respectively (Table 2.2). This group mainly comprised unknown fishes
and further some unidentified insectivores and pharyngeal crushers. The difference
in mean numbers of the rest group among years was significant (KW = 32.6, P <
0.001), with significantly lower numbers in 1979/80 than in 2006 and 2008
(Dunn’s test, P < 0.001 in each case) and not for 2006 and 2008 (Dunn’s test, P >
0.05).

The difference in mean numbers of the rest group among the sampling stations
was not significant in 1979/80 (KW = 8.8, P = 0.076), but in 2006 and 2008 the
differences were significant (KW 2006 = 30.8, P < 0.001; KW 2008 = 245, P <
0.001). In 2006, the mean numbers were significantly higher at station E than at
stations F, G and H (Dunn’s test, P < 0.05 for E vs F and P < 0.001 for E vs G and
H). In 2008, the mean number of the rest group was significantly higher at station
E than stations F, G and I (Dunn’s test, P < 0.05 for E vs F and G, P < 0.01 for E
vs 1) and at station | the number was significantly lower than at station J (P < 0.05).
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Abundance and spatial distribution of the main recovering species
“Zooplanktivorous” species

Of the “zooplanktivorous™ species that were abundant in 2006 and 2008, only
Haplochromis (Yssichromis) pyrrhocephalus Witte & Witte Maas was common at
the sub-littoral part of the transect in 1979/80. The mean number per haul of H.
pyrrhocephalus in 1979/80 was 27 and those of H. tanaos van Oijen & Witte and
H. (Yssichromis) laparogramma Greenwood & Gee were 0.1 each (Table 2.3). In
2006, the densities of the three species had increased strongly; H. pyrrhocephalus
constituted by far the most abundant species, with a mean number of 551
individuals per trawl catch (Table 2.3). It was followed by H. tanaos (mean 29
individuals) and H. laparogramma (mean 17 individuals). Apart from these three
species, occasionally, an individual of H. ‘argens’ or an unidentified
“zooplanktivorous” species was caught. In 2008, the densities of H.
pyrrhocephalus and H. laparogramma seemed lower than in 2006. However,
though Kruskall-Wallis tests revealed significant differences among the three years
for each of the three species (KW ranging from 33.0-52.9, P < 0.001), differences
were only significant among 1979/80 and each of the two recent years (Dunn’s test,
P <0.001) and not among 2006 and 2008 (Dunn’s test, P > 0.05).

The mean number of H. pyrrhocephalus was significantly different among the
sampling stations (KW 1979/80 = 38.2, P < 0.001; KW 2006 = 25.3, P < 0.001;
KW 2008 = 14.4, P = 0.013). In 1979/80 the mean number of H. pyrrhocephalus
was significantly lower at stations E, F and J than at stations G (Dunn’s test, P <
0.001) and also significantly lower at station E than at station H (Dunn’s test, P <
0.05). In 2006, the mean number of H. pyrrhocephalus was significantly lower at
station E than at stations F, G and H (Dunn’s test, P < 0.05 for E vs F and P < 0.01
for E vs G and H) as well as lower at station | than at station H (P < 0.05). In 2008
the mean number of H. pyrrhocephalus was significantly lower at station E than at
station | (Dunn’s test, P < 0.05).
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The distribution of H. tanaos was not significantly different among stations in
1979/80 (KW 1979/80 = 9.0, P = 0.112) but it was in 2006 and 2008 (KW 2006 =
18.8, P = 0.002; KW 2008 = 19.9, P = 0.001). In 2006, the mean number was
significantly lower at station G than at stations | and J (Dunn’s test, P < 0.05 for G
vs | and P < 0.01 for G vs J) and in 2008 the mean number was significantly lower
at stations F, G and H than at station J (Dunn’s test, P < 0.05forJvs Fand G, P <
0.01 for J vs H). There were no significant differences in the mean numbers for H.
laparogramma among the sampling stations (KW 1979/80 = 3.2, P = 0.666; KW
2006 = 10.8, P = 0.055 and KW 2008 = 5.6, P = 0.350).

“Detritivorous” species

With average, catches of 102 and 105 individuals in 2006 and 2008 respectively,
H. (Enterochromis) ‘paropius-like’ was the dominant “detritivorous™ species and
the second most abundant species of all haplochromine cichlids on the transect
(Table 2.3). In 1979/80, this species was caught only twice (two individuals per
haul) at station J (Table 2.3). Densities among the three years were significant for
H. ‘paropius-like’ (KW = 98.7, P < 0.001), but differences were only significant
among 1979/80 and each of the two recent years (Dunn’s test, P < 0.001) and not
among 2006 and 2008 (Dunn’s test, P > 0.05).

In 1979/80, the difference in mean numbers of H. ‘paropius-like’ among the
stations was just significant (KW = 11.2, P = 0.048). However, the Dunn’s test
revealed no significant differences among any pair of individual stations (P >
0.05). In both 2006 and 2008, the differences in mean numbers of H. ‘paropius-
like’ among the sampling stations were not significant (KW 2006 = 7.9, P = 0.163;
KW 2008 = 8.0, P = 0.159).

Apart from H. ‘paropius-like’, many other unidentifiable “detritivorous”
species were found in 2006 and 2008, including individuals that resembled H.
(Enterochromis) antleter Mietes & Witte and H. (E.) cinctus Greenwood & Gee
and some individuals resembling H. (E) katunzii Ter Huurne & Witte and H. (E)
coprologus Niemantsverdriet & Witte.
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“Oral mollusc shelling” species

Among the “oral mollusc shellers”, Platytaeniodus degeni Boulenger and
Haplochromis (Ptyochromis) xenognathus Greenwood were abundant in 2006 and
2008 (Table 2.3). However, in 1979/870 they were absent or extremely rare at the
studied stations. In 2006 and 2008, P. degeni was the most abundant “oral sheller”
along the transect, with average numbers of 18 and 43 individuals per haul
respectively (Table 2.3). Haplochromis xenognathus was only common at station E
both in 2006 and 2008. A few individuals were caught in 2006 at stations F and J
(Table 2.3) and on average, 7 and 4 individuals of H. xenognathus were caught per
haul in 2006 and 2008 respectively. Densities among the years differed
significantly for both P. degeni (KW = 20.7, P < 0.001) and for H. xenognathus
(KW = 8.6, P = 0.014). However, for P. degeni differences were only significant
among 1979/80 and each of the two recent years (Dunn’s test, P < 0.001) and not
among 2006 and 2008 (Dunn’s test, P > 0.05). For H. xenognathus differences
were only significant among 1979/80 and 2006 (Dunn’s test, P < 0.05) and not
among 2008 and 1979/80 and 2008 and 2006 (Dunn’s tests, P > 0.05).

The mean numbers of P. degeni were significantly different among the
sampling stations (KW 1979/80 = 18.8, P = 0.002; KW 2006 = 15.1, P = 0.010;
KW 2008 = 21.1, P < 0.001). In 1979/80, the mean number per haul was
significantly lower at station G than at station F (Dunn’s test, P < 0.01). In 2006,
the mean number was significantly lower at station H than at station J (Dunn’s test,
P < 0.05) and in 2008 mean numbers were significantly lower at stations F, G and
H than at station J (Dunn’s test, P < 0.05 for stations J vs F and G; P < 0.01 for H
vs J).

The differences in mean numbers of H. xenognathus were significant among
sampling stations in 2006 and 2008 (KW 2006 = 32.8, P < 0.001; KW 2008 = 21.8,
P < 0.001). In both years, the mean numbers were significantly higher at station E
than at the other five stations (Dunn’s test, P < 0.01 for E vs F and P < 0.001 for E
vs G, H, I and J for 2006; P < 0.01, in all cases for 2008).

Apart from P. degeni and H. xenognathus occasionally a few individuals of H.
(Ptyochromis) fischeri Seegers and H. (Paralabidochromis) plagiodon Regan &
Trewavas were caught in 2006 and 2008 at station E.
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Diel vertical distribution in vertical and conventional gillnets

“Zooplanktivores”

Among the zooplanktivorous species,

only H. pyrrhocephalus and H.

laparogramma were caught with gillnets. Gillnet catches of each of these closely
related species were too low to analyse them separately. However, as in the past
both of them migrated towards the surface at night (Goldschmidt et al. 1990), we
analysed them together. During day time, a few individuals of H. pyrrhocephalus
and H. laparogramma were caught in mid-water only at station E (Fig. 2.1). At
night they dominated in the surface part of water column at both stations E and G.
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Catch depth (m)
I

Day StE Night
"Zooplanktivores" "Detritivores" "Zooplanktivores" "Detritivores”
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H. laparogramma
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EZ32 Other "detritivores”

Fig. 2.1 Vertical distribution in mean number (and standard deviation) of “detritivorous”
and “zooplanktivorous” haplochromine species caught with vertical gillnets during the day
and night at stations E and G in 2006 and 2008. Number of catches at station E = 10; at
station G = 10

39



Chapter 2

In total, only five individuals of H. pyrrhocephalus were caught with conventional
gillnets; all were caught during the day, in the bottom net at station G (not shown
in Fig. 2.2).

“Detritivores”

During the day, H. ‘paropius-like’ was caught at both stations mainly near the
bottom and in mid-water in both vertical and conventional gillnets (Figs 2.1, 2.2).
During day time, other “detritivorous” species were caught at station E near the
bottom and a few higher in the column (Figs 2.1, 2.2), but they were absent in the
catches of both net types at station G. At night, both H. ‘paropius-like’ and other
“detritivorous” species were caught at stations E and G all over the water column
with relatively high numbers near the surface (Figs 2.1, 2.2).

Day Night
St. E St.G St. E St. G
:Surface- %_' }I
E D~ p— [ -
Bottom-z_‘ -]_| L
T 3 T
0 1 2 00 0.5 100 1 2 3 41030 0 5 2070

Mean number of fish
I H. 'paropius-like’ ZZ3a Other "detritivores”

Fig. 2.2 Vertical distribution in mean number (and standard deviation) of “detritivorous”
haplochromine species from surface-, mid- and bottom-set gillnets. Conventional nets were
set at stations E and G during day and night in 2008. Number of catches at station E = 6; at
station G =6

DISCUSSION

During field work to collect live fish in March and April 2011, bottom trawl
catches along the transect were made by JCVR and FW. Observations made during
these catches are used to confirm some of the results described above.
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Haplochromine recovery in other areas of the lake

The resurgence of haplochromine cichlids in the northern part of the Mwanza Gulf
was not unique. Since the 1990s, reappearance of haplochromine species has been
reported in various areas of Lake Victoria (CIFA 1990; Witte et al. 1995, 2000;
Seehausen et al. 1997b; Balirwa et al. 2003; Getabu et al. 2003). Data on fish
landings along the Speke Gulf, at Nyamikoma, Kalemera and Igombe at the end of
1990s, showed a strong resurgence of haplochromines (Witte et al. 2000).
Consequently, a corresponding expansion in the haplochromine fishery has already
been noted in several parts of the lake especially in Tanzania (M. A. Kishe-
Machumu pers. obs.). In Ugandan waters, haplochromines were the second most
abundant fish after Nile perch in the trawl catches, with a significant increase from
6% to 22% between 2005 and 2006 (NaFIRRI report 2007).

Abundance of trophic groups prior to and after the environmental

changes

During the period of the study, there was a distinct difference in the composition of
the main haplochromine trophic groups. At the end of the 1970s, before the
environmental changes in the Mwanza Gulf, the mean number of “detritivores”
along the transect (stations E-J combined) was more than three times as high as that
of the “zooplanktivores” (Table 2.1; Witte 1981). In contrast, in 2006, the
abundance of “zooplanktivores” was more than three times as high as that of the
“detritivores”, whereas in 2008, the abundance of “detritivores” was almost twice
higher than that of the “zooplanktivores” (Table 2.2). Based on the present data and
those from Witte et al. (2007a,b), a review of the composition of “detritivorous”
and “zooplanktivorous” haplochromines over the past three decades has been made
(Fig. 2.3). It should be noted that only stations G to J were included in this figure,
as stations E and F were not sampled throughout the whole period. Figure 2.3
shows that the originally dominant “detritivores” declined faster than the
“zooplanktivores” and that in 1986 just before the complete collapse of the
haplochromines, “zooplanktivores” were the most common group. From the start
of the resurgence of haplochromines on the transect in the early 1990s until 2006,
“zooplanktivores” remained the dominant group and their densities became even
higher than at the end of the 1970s. Only in 2008, a sudden reverse in the
composition was observed, back to a dominance of “detritivores” (Table 2.2; Fig.
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2.3). As for both “zooplanktivores” and “detritivores”, differences in abundance
among 2006 and 2008 were not significant; this reverse may just be a matter of
chance. However, the bottom trawl catches in March and April 2011 confirmed
that the shift to a dominance of “detritivores” was not just temporarily. In most
catches, “detritivores” (especially H. ‘paropius-like’) dominated, mainly at the
deeper stations G, H and I. However, the “detritivores” dominated the shallower
stations E and J as well. A sample from two catches at station J on 3 March 2011
contained 73% “detritivores”, 16% “zooplanktivores”, and 11% “oral shellers” (n
= 113). The relative densities of “zooplanktivores” and “detritivores” in 2011 were
very similar to those in 1979/80 and in 2008, and seem to support the suggestion of
Witte et al. (2000), that the dominance of “zooplanktivores” in the first years of
this millennium was only an intermediate stage in the process of resurgence of
haplochromine cichlids.

The abundance of “mollusc shelling” individuals at the transect was higher in
2006 and 2008 than at the end of 1970s, which was mainly caused by the increased
densities of P. degeni (see below). This increase was still present in 2011. In the
past, “mollusc shelling” species mainly occurred in relatively shallow water over
sand (Witte 1981; Witte et al. 1992b) while in 2006 and 2008 they were common at
mud stations (see below). The number of piscivorous individuals decreased
significantly between 1979/80 and 2006/08. As far as we could identify them, they
represented only two species (H. ‘big teeth’ and H. ‘green dentex’) in the recent
period, whereas in 1979-1982, a total of 16 species was caught at stations E —J of
the transect (Witte et al. 1992b). The same two species were observed in the
catches made in 2011.

The rest group, though higher in number in 2006 and 2008 than in 1979/80,
the higher number of individuals especially at station E like in 2011, was mainly
due to the high number of individuals that could not be accommodated in one of
the species or trophic groups known from the past. This partly may have been
caused by hybridization due to the environmental changes (De Zeeuw et al. 2010).
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Fig. 2.3 Mean number of haplochromine cichlids (and standard deviation) in catches of 10
minutes duration with the small bottom trawler at stations G-J in the Mwanza Gulf in 1979-
2008. Sources: Witte et al. 2007a (1979-2005) and present study (2006 and 2008). Note that
the numbers in this figure differ from those in Table 2.2; this figure shows the mean
number of fish at stations G-J whereas Table 2.2 shows the mean number of fish at station
G-J.

Spatial distribution of trophic groups and main recovering species over

the stations

In 1979/80, depth related distribution patterns of trophic groups at stations E to J
seemed hardly present, except for the “oral mollusc shellers”, which were more
common at shallow stations close to the shore (Table 2.2; Witte 1981; Witte et al.
1992b). Though the numbers of “oral mollusc shellers” had strongly increased in
2006 and 2008 compared to the late 1970s, the same distribution pattern was
observed. For the rest group, in 2006, 2008 and 2011, relatively high numbers were
also found at stations E and J, which was mainly due to a high number of unknown
haplochromines at these shallow stations.

Though the abundance of “zooplanktivores” was significantly higher at deeper
stations than shallow stations, they were not showing consistent patterns related to
depth over the years 1979/80, 2006 and 2008. For “detritivores”, almost no
significant depth related differences in densities could be found whereas for the
“oral mollusc shellers”, the same distribution pattern related to depth was observed
over the three periods of the study.
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Depth related distribution patterns at haplochromine species level used to be more
distinct than at trophic group level. Within each trophic group, the distribution per
species seemed to be determined by bottom type and water depth, which suggested
that species were (partly) excluding each other (e.g. Witte 1981; Goldschmidt et al.
1990; Witte et al. 1992b). In 1979/80, H. pyrrhocephalus mainly occupied the
deeper stations of the transect especially station G (Table 2.3; Goldschmidt et al.
1990). At shallower stations it was displaced by H. (Astatotilapia) piceatus
Greenwood & Gee, whereas H. (Yssichromis) heusinkveldi Witte & Witte-Maas, a
species closely related to H. pyrrhocephalus (Witte & Witte-Maas 1987),
dominated at station H (Goldschmidt et al. 1990). Haplochromis laparogramma
another close relative of H. pyrrhocephalus (Witte & Witte-Maas 1987) mainly
occurred outside the Mwanza Gulf, at depths > 20 m (Goldschmidt et al. 1990).
After its resurgence, H. pyrrhocephalus was still more common at the deeper
stations (e.g. station H) than at the shallower stations (e.g station E; Table 2.3).
However, the densities increased and it also occupied station E that in the past was
dominated by H. piceatus (Goldschmidt et al. 1990; Witte et al. 1992b).

No significant differences were found for H. laparogramma among stations in
2006 and 2008, though in 2011 most H. laparogramma were caught at station I,
and its densities were much lower than those of H. pyrrhocephalus. However, it
also increased in numbers after resurgence and showed a similar trend in depth
distribution as H. pyrrhocephalus. Densities of both H. pyrrhocephalus and H.
laparogramma seemed lower in 2008 than in 2006, but as these differences were
not significant they are not conclusive. In 2011, H. pyrrhocephalus was mainly
caught at station F and it has been suggested that it is currently flourishing, in spite
of low light intensities and low DO levels compared to those in past, because of its
eyes that were already suitable for low light conditions (van der Meer et al. 1995,
2012) and the strong increase (64%) in size of its gill surface (Witte et al. 2008).

Before the environmental changes, H. tanaos mainly occurred at the shallow
sand stations in Butimba Bay (see H. ‘double stripe’ in Witte et al. 1992b; van
Oijen & Witte 1996), but after its resurgence it became common at the shallow
mud stations, especially those on the western side of the transect (stations | and J;
Table 2.3; van Oijen & Witte 1996; Seehausen et al. 1997b). In 2011, H. tanaos
was more common at station J. After the resurgence, H. pyrrhocephalus and H.
tanaos had approximately complementary distribution patterns along the transect,

44



Resurgence and distribution of haplochromines

the latter partly having the same distribution pattern as H. piceatus before the
environmental changes. The retina structure of H. tanaos seems to have become
adapted to the relatively low light conditions over mud and in deeper water (Witte
et al. 2005; van der Meer et al. 2012).

The “detritivorous” H. ‘paropius like’ was only caught twice at station J in
1979/80, whereas in 2006 and 2008 it was abundant at all stations, without a clear
distribution pattern within the studied area. In 2011, the species dominated
especially at the deeper stations G, H, I.

Of the five oral “mollusc shellers” species that were caught on the transect in
1979-1982, three (H. (Ptyochromis) granti Boulenger, H. fischeri, Macropleurodus
bicolor Boulenger) were predominantly sand dwellers occurring in shallow water
(2-4 m), and each of them was only caught once at station E (Witte 1981; Witte et
al. 1992b). Haplochromis xenognathus was also a typical sand dweller, however, in
2006, 2008 and 2011 it was common at station E and occasionally caught at station
F, which both have a mud bottom. In contrast, P. degeni, in 1979-1982 was caught
over both sand and mud at stations up to 10 m depth (Table 2.3; Witte et al.
1992b). In 2006, 2008 and 2011, the number of P. degeni had increased strongly
and they were caught at all stations, but their densities tended to be higher at the
shallow stations E, | and J, and especially at the latter station.

It has been suggested that relatively high light intensities are important for
successful oral shelling, hence their occurrence in shallow sandy habitats (Witte et
al. 2005). However, it should be noted that the diet of P. degeni in the Mwanza
Gulf only comprised a small amount of snails (ca. 10%) and a relatively large
amount of detritus (ca 40%; Katunzi 1980). In 2005/06 the amount of snails in its
diet had not changed, but detritus decreased and insects and other macro-
invertebrates increased (E. van Reenen, unpublished data). Thus, P. degeni was not
really dependent on oral shelling which may have facilitated its extension into
deeper water. We have no information on the diet of H. xenognathus before and
after the environmental changes.

Vertical distribution

Active fish have a greater chance being caught by gillnets than passive fish, while
the reverse is true for trawl nets (Goudswaard et al. 2004). During day time,
gillnets had relatively low catch rates compared to the same nets at night, which
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may be due to the nets being better visible during day time. Nevertheless, the
gillnet catches suggest that “zooplanktivorous” species are at least active in the
upper half of the water column during the night. Haplochromis tanaos was never
caught in gillnets during the present study, which could be caused by its slender
body providing opportunity to pass through the nets.

In the past, upward migration of “detritivorous” species during the night was
restricted to a few meters only, and they were mainly caught in the lower half of
the water column (Goldschmidt et al. 1993; Goudswaard et al. 2004). However, in
2006 and 2008 a major part of H. ‘paropius-like’ and the other “detritivores”
migrated up to the surface, where they were even more abundant than the
“zooplanktivores”. In spite of this, they were also caught at the other depths, so that
at night the “detritivores” covered the whole column, in contrast to the
“zooplanktivores”. It should be noted here that due to their relatively shallow body
depth, the catch efficiency of “zooplanktivores” in gillnets was probably lower than
that of “detritivores”, especially in 2006 and 2008, when the size of adult
haplochromines was reduced compared to that at the end of the 1970s (Witte et al.
1995, 2007b).

Diel migration of “zooplanktivorous” and “detritivorous™ haplochromines
could be driven by factors related to feeding, to predation or to diel variation in
abiotic factors (Goudswaard et al. 2004). According to Goudswaard et al. (2004),
the distinct upward migration of “zooplanktivorous” haplochromines during the
night was likely due to the upward migration of their main prey items (zooplankton
and Chaoborus larvae) at night. The fact that the “detritivorous” species, which
before the environmental changes mainly fed on bottom debris, did show little
vertical migration seemed to support food as a causal factor. In 2006/08 the former
“detritivorous” species changed their diet mainly to midge larvae (chaoborids and
chironomids), zooplankton, insects and shrimps (Kishe-Machumu et al. 2008
[Chapter 3]). In the Mwanza Gulf, all these prey types seemed to migrate upward
during the night (Goldschmidt et al. 1990, 1993; Goudswaard et al. 2004). So, the
shift in diet of the “detritivorous” haplochromines after the environmental changes
might explain their upward migration during the night. Though the resurging
“zooplanktivores” also showed a shift in diet, they still took a considerable amount
of their old prey types (zooplankton and midge larvae) and, apart from molluscs,
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most of the prey items they added to their diet probably also moved upward by
night.

In addition, an upward migration could be an adaptive response to the changed
environmental conditions, i.e. lower light conditions and lower dissolved oxygen
concentrations. Moreover, it may reduce habitat overlap with Nile perch, which
generally stay closer to the bottom (Goudswaard et al. 2004).

Potential causes of (differential) resurgence of haplochromine trophic

groups and species

Impacts of Nile perch predation: From the trophic relationship that exists between
the Nile perch and cichlids, it seems likely that the former is responsible for the
loss of the cichlid diversity through excessive predation pressure. The catches of
the Nile perch started rising sharply in the 1980s and concomitantly the
haplochromines declined; resurgence of the latter started in the beginning of 1990s
when the former declined (Witte et al. 2007b). Indeed, Nile perch predation could
be among the major factors as the continuing decline of the Nile perch stock since
the turn of the century coincided with a further resurgence of the haplochromines
(Fig. 2.3).

At the beginning of its disruption, Nile perch was predicted to have less
impact on the “zooplanktivores”, which were partly pelagic, than on the bottom-
dwelling “detritivorous” haplochromines. The latter would be more susceptible to
predation by the bottom dwelling Nile perch due to habitat overlap (Witte &
Goudswaard 1985). The “zooplanktivores” were indeed the last haplochromines
surviving in sub-littoral areas, but in 1987 they also had almost vanished (Witte et
al. 1992a). It is interesting to note that most of resurging “detritivorous™ species are
no longer fulltime bottom dwellers, but also partly pelagic-dwelling
haplochromines.

In Lake Nabugabo, where Nile perch had been introduced as well (Pringle
2005), the haplochromines also declined strongly with increasing Nile perch
densities (Ogutu-Ohwayo 1993; Chapman et al. 1996) and haplochromine
resurgence coincided with a decline of Nile perch (Chapman et al. 2003; Paterson
& Chapman 2009). Hence, the resurgence of some species on the transect across
the Mwanza Gulf as a potential response to a decline of Nile perch is not a unique
phenomenon.
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Further, in satellite lakes around Lake Victoria and Kyoga, where Nile perch was
absent, haplochromines generally remained abundant (Ogutu-Ohwayo 1993;
Mwanja et al. 2001; Mbabazi et al. 2004; Katunzi et al. 2010). These observations
suggest that reduction in predation pressure may play a major role in resurgence of
the haplochromines.

Adaptive responses: Concomitant to the explosive population of the introduced
Nile perch and disappearance of the dominating haplochromine cichlids in the
ecosystem of Lake Victoria in the 1980s, eutrophication and algal blooms
increased (Ochumba & Kibaara 1989; Hecky 1993; Muggide 1993). The survival
and extinction of haplochromines may also depend on how the species respond to
these environmental changes.

Ecological and morphological changes were indeed observed in some of the
resurging haplochromine species in Lake Victoria. Ecological changes comprised
increased fecundity (Wanink & Witte 2000a), changes in diet (van Qijen & Witte
1996; Katunzi et al. 2003; Kishe-Machumu et al. 2008 [Chapter 3]; Chapters 4, 5)
and habitat extension (Table 2.3). It is striking that habitat extension also occurred
in the direction from shallow sand bottoms towards deeper mud bottoms, which
normally have lower light conditions and DO levels. Both, habitat extension (this
Chapter) and changes in diet (Kishe-Machumu et al. 2008 [Chapter 3]; Chapters 4,
5) might be the result of competitive release. Morphological changes included:
changes in body shape which might enhance escaping Nile perch predation
(Chapman et al. 2008; van Rijssel & Witte 2012); in jaw structures facilitating
eating of tougher prey (Witte et al. 2008); an increase gill surface, which is
beneficial to low DO levels (Witte et al. 2008); and a change in retina structure,
facilitating vision in murky water (van der Meer et al. 2012). These morphological
changes may be the result of phenotypic plasticity, natural selection or a
combination of both (Witte et al. 2008; van der Meer et al. 2012).

CONCLUSION AND RECOMMENDATIONS

This study reveals a strong resurgence of haplochromines which reflects a lake
wide phenomenon. The study further concludes that a decline in Nile perch
densities may have played a role in resurgence, but only those species that could
cope with the changed environmental conditions e.g. low water transparency and
low oxygen concentration recovered.

48



Resurgence and distribution of haplochromines

As mentioned in this chapter, Lake Victoria currently contains some
haplochromine species which were hard to identify. A thorough study still has to be
done as these species seem to represent a range of intermediate forms that could
well represent the hybrids. Thus, for management of the lake and for evolutionary
studies, trophic and species composition of the recovering haplochromine species
should be monitored in the future years.

Management strategies should also put in place to control sub-littoral areas
from destructive fishing gears e.g beach seines, as they seem to accommodate some
of resurging haplochromine species as well as other fishes. The resurgence of
haplochromine cichlids in the lake could boost the fishery based on their current
contribution on the diet of the Nile perch (Kishe-Machumu et al. 2012 [Chapter
6]). Moreover, measures against aspects leading to eutrophication and other
pollution related activities of the lake should also put in place as they could play an
important role both for the maintenance and restoration of haplochromine diversity
and the fishery at large.
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ABSTRACT

Cichlid fishes of Lake Victoria are well known for their trophic specializations. In
our study area, the sub-littoral waters of the Mwanza Gulf (Tanzania), at least 12
trophic groups coexisted in the 1970s. After the Nile perch upsurge and
eutrophication in the 1980s, most cichlids disappeared from the area. During the
1990s, heavy exploitation of Nile perch reduced the abundance of this predator.
Subsequently, some cichlid species, mainly “zooplanktivores” and “detritivores”,
recovered. To establish their ecological role in the changed environment, among
other factors we studied their diet.

Stomach contents of fish caught before and after the ecological changes were
compared. The “detritivores” shifted from a diet dominated by detritus and
phytoplankton, supplemented with small quantities of midge larvae and
zooplankton, to a diet of invertebrate preys of larger sizes. Currently, the diet
includes zooplankton, midge larvae, shrimps and molluscs, and a very small
amount of detritus and phytoplankton.

Apparently, the recovering “detritivores” have a more carnivorous than a
herbivorous diet. Concomitantly, the ratio of intestine length to standard length of
the “detritivores” decreased with 30% and the average stomach fullness decreased
as well. The observed dietary shifts may be due to (1) the changed availability of
food types and a decline of the nutritious quality of detritus and phytoplankton due
to the strong increase of cyanobacteria in the lake, (2) the decline of the former
trophic specialists, and (3) the reduced water clarity. The diet of the former
“detritivores” 1is currently very similar to that of the ‘“zooplanktivores”.
Consequently, if diet plays a role in the relatively slow recovery of the
“detritivores” compared to the “zooplanktivores”, this would only hold if they are
relatively poorly adapted to their new diet.
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INTRODUCTION

Until the 1980s, Lake Victoria, the second largest lake in the world, had an
extremely rich fish fauna that was dominated by more than 500 species of
haplochromine cichlids (Greenwood 1981; Witte et al. 1992b; Kaufman &
Ochumba 1993; Seehausen 1996; Witte et al. 2007a). At the middle of the last
century, the commercial fishery in Lake Victoria, which started after the
introduction of gill nets in 1905, resulted in overfishing of some target species,
especially the tilapiine cichlids (Ogutu-Ohwayo 1990a). To improve the fishery,
exotic fish species were introduced into the lake in the 1950s. Those included the
Nile perch, Lates niloticus (Linnaeus), a large-growing predator, and the
phytoplanktivorous/detritivorous Nile tilapia, Oreochromis niloticus (Linnaeus)
(Welcomme 1988).

At the beginning of the 1980s, the Nile perch population suddenly increased.
Simultaneously, about 200 haplochromine cichlid species in the sub-littoral and
off-shore areas vanished (Barel et al. 1985; Witte et al. 1992b). The contribution of
haplochromine cichlids to the demersal ichthyomass in the Mwanza Gulf decreased
from more than 80% in 1969-1970 (Kudhongania & Cordone 1974) to less than
1% in 1987 (Witte et al. 2000). A similar situation was observed in all other parts
of the lake that have been studied like Napoleon Gulf, Nyanza Gulf, Speke Gulf,
Emin Pasha Gulf and several off-shore areas (e.g. Okemwa 1981; Ogutu-Ohwayo
1990a; Okaranon 1994; Goudswaard et al. 2008). Simultaneously with the decline
of haplochromines, many other ecological changes occurred in the lake. Among
them were the increase of algal blooms (Ochumba & Kibaara 1989; Hecky 1993;
Mugidde 1993), decreased levels of dissolved oxygen (Hecky et al. 1994; Wanink
et al. 2001), decreased water transparency (Seehausen et al. 1997a; Witte et al.
2005), and the increase of the cyprinid Rastrineobola argentea (Pellegrin) (Wanink
1991, 1999; Wanink et al. 1999) and of the shrimp Caridina nilotica (Roux)
(Goudswaard et al. 2004; Budeba & Cowx 2007).

In the 1990s and 2000s, after a decline of the Nile perch population due to
heavy fishing (Pitcher & Bundy 1995; Ntiba et al. 2001; Kayanda et al. 2009), a
resurgence of some haplochromine species was observed (Witte et al. 1995;
Seehausen et al. 1997b; Witte et al. 2000; Balirwa et al. 2003; Witte et al. 2007b;
Witte et al. 2007a). Of more than 71 species originally found at six stations along a
research transect in the Mwanza Gulf, about 27 species recovered (Table 2.1
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[Chapter 2]; Witte et al. 1992b; Witte et al. 2007b). Originally, the “detritivores”,
formed the most important trophic group in the sub-littoral waters of the Mwanza
Gulf, with more than 12 species and making up ca. 75% to 85% of the number of
haplochromines in the bottom trawl catches (Table 2.2 [Chapter 2]; Goldschmidt et
al. 1993; Witte et al. 2007b). They were followed by more than 13
“zooplanktivorous” species, contributing between 10% and 20% to the total
number of individuals (Table 2.2 [Chapter 2]; Goldschmidt et al. 1993; Witte et al.
2007b). However, the decline of the “detritivores” went faster, and their recovery
much slower than that of the “zooplanktivores” (Fig. 2.3 [Chapter 2]). From the
1990s till 2006 “zooplanktivores” dominated the catches and the total number of
“zooplanktivorous” individuals became even higher than in the 1970s (Table 2.2
[Chapter 2]; Witte et al. 2000; 2007a,b). Only in 2008, the “detritivores” became
dominant by numbers again (52% versus 21% “zooplanktivores”); almost reaching
their former densities.

The Nile perch upsurge, the dramatic decline of the haplochromine cichlids,
and other ecological changes in Lake Victoria, triggered many studies and debates
on the extent of these changes and their causes (Barel et al. 1985; Acere 1988;
Ogutu-Ohwayo 1990a; Kaufman 1992; Witte et al. 1992b; Hecky et al. 1994;
Seehausen et al. 1997a,b; Verschuren et al. 2002; Goudswaard et al. 2008). It was
noted that a careful study of the differential decline and recovery of haplochromine
trophic groups and species may help unravelling the causes (Witte et al. 2007b;
Witte et al. 2007a). Among other ecological factors, changes in food availability
may have played a role. It might have contributed to both the disappearance and
recovery of some haplochromine species. Before the ecological changes, several
studies (Greenwood 1974; van Oijen 1982; Hoogerhoud et al. 1983; Goldschmidt
et al. 1990; Goldschmidt et al. 1993) on the diet of haplochromine species
concluded that they could be classified into rather distinct trophic groups.
However, studies on the diet of two recovering “zooplanktivorous” species,
revealed a shift from a diet dominated by zooplankton to a diet including large-
sized food items like shrimps, insect larvae and bivalves (van Oijen & Witte 1996;
Katunzi et al. 2003). Shifts in diet after the ecological changes in Lake Victoria
were also observed in other fish species, e.g. the tilapiine cichlid Oreochromis
niloticus (Gophen et al. 1995; Balirwa 1998; Njiru et al. 2004; Bwanika et al.
2006), the cyprinid R. argentea (Wanink 1998), the catfishes Bagrus docmak
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(Forskall) and Schilbe intermedius (Linnaeus) (Olowo & Chapman 1999) and the
characid Brycinus sadleri (Boulenger) (Wanink & Joordens 2007). In this paper,
we compare the feeding habits of the “detritivorous” haplochromines from the
Mwanza Gulf in the modern ecosystem with those in the past, and we explore
whether changes in diet may account for the relatively slow recovery of this trophic

group.

MATERIALS AND METHODS

Samples of “detritivorous” species were collected by bottom trawling during the
day at six sampling stations (E, F, G, H, I and J) in the Mwanza Gulf (Fig. 1.2
[Chapter 1]) in both 1977-1982 (old ecosystem) and 2005-2006 (modern
ecosystem). In both study periods, the structural aspects of the habitats at the
sampling stations were the same, though during the latter period water clarity was
lower and longer periods of hypoxia were prevalent. During the latter study period,
the abundances of several macro-invertebrates were generally higher. Sampling
stations had depths between 6-14 m in the past (Witte 1981; Goldschmidt et al.
1993), but were 5.5-13 m deep in 2005-2006 due to the low water level in the lake
(M. A. Kishe-Machumu, unpublished data). In the latter period and a part of the
former (1979-1980), sampling was conducted once every month at each station. In
both periods a small trawler, powered by a 20-30 hp outboard engine, was used for
bottom trawling (trawl head-rope 4.6 m, cod-end mesh 5 mm). Trawl shots at each
station lasted 10 minutes. For the period 1977-1982 also some fish were included
that were caught near the research transect (hatched area in Fig. 1.2 [Chapter 1]).

Catches were stored on ice and in the laboratory sorted by trophic group and,
where possible, by species. After identification, fishes were labelled and preserved
in a formaldehyde (5%) solution. Before further analyses, fish samples were
transferred in steps (30%, 60%, and 70%) to alcohol. Only adult fish (> 4 cm
standard length) were used for identification and diet analysis.

Before the Nile perch upsurge, the “detritivores™ at the research transect used
to comprise some taxonomically complicated species, of which particularly the
females were hard to identify. For that reason, in earlier ecological studies, several
species were pooled as the curved head group (e.g. Goldschmidt et al. 1993).
Though after the recovery, based on general morphological features fish could still
be identified as belonging to the same group, identification to the species level
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became even more difficult due to morphological changes that may have resulted
from phenotypic plasticity, natural selection and/or hybridization (Seehausen et al.
1997b). Similar morphological changes were observed in species from other
trophic groups (Chapman et al. 2008; Witte et al. 2008). Therefore, we pooled the
“detritivores” in this study, with the exception of Haplochromis (Enterochromis)
‘paropius-like’. This species, with its distinct mid lateral band in both males and
females, used to be rare at the research transect before the Nile perch upsurge
(Witte et al. 1992b), but is currently one of the most common species. The species
has been referred to as H. ‘broken bar’ by Seehausen et al. (1997b) and is possibly
the same as H. paropius Greenwood & Gee from the northern part of the lake.
However, until this has been confirmed by a proper taxonomic study we prefer
using the cheironym H. ‘paropius-like’ that was used by Witte et al. (1992b). The
pooled “detritivores” comprised fish that showed features of H. (E.) cinctus
Greenwood & Gee, H. (E.) antleter Mietes & Witte, H. (E.) coprologus
Niemantsverdriet & Witte, H. (E.) ‘purple head’ and H. (E.) katunzii Ter Huurne &
Witte. We studied 50 pooled “detritivores” collected in 2005 and 2006 (the modern
ecosystem) and 26 “detritivores” from the same area collected in the period 1977-
1982 (the old ecosystem), comprising eight H. antleter, six H. katunzii, four H.
cinctus, four H. ‘purple head’ and four H. coprologus. Of H. ‘paropius-like’, 14
specimens from the old and 26 specimens from the modern ecosystem were
investigated. Specimens collected in the period 1977-1982 had been stored in the
Natural History Museum, Naturalis, Leiden. Of all studied specimens, the standard
length (SL) and length of the intestine (IL) were measured. Dissection microscopes
(maximum magnifications 50x and 63x) were used for diet analysis. Intestines
were divided into four equal parts, each of which was studied separately, thus
keeping the amount of food that had to be sorted manageable. The results of the
four parts were finally combined for each fish. Food items were classified in the
following ways: (1) as pooled groups or taxa: viz. detritus, phytoplankton (mainly
containing diatoms and cyanobacteria), zooplankton (mainly copepods and
cladocerans), ostracods, midge larvae (chaoborids and chironomids), insects (parts
of unidentifiable species), leeches, molluscs (bivalves and snails), shrimps and fish;
(2) according to the size of the smallest diameter of individual items (following
Katunzi et al. 2003): small (< 0.5 mm), intermediate (c. 0.5-1 mm), intermediate-
large (c. 1-2 mm), large (> 2 mm); (3) according to plant and animal material.
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Frequency of occurrence and the volume percentages were used in assessing the
contribution of a particular prey item to the diets of the pooled “detritivores” and
H. ‘paropius-like’. The frequency of occurrence of food items in the total gut
(stomach plus intestine) was scored for individuals from a period and expressed as
percentage of the total number of investigated fishes containing food in that period.
Volume per food type was estimated as a percentage of the total volume of
ingested food per stomach or intestine part. This was done by estimating the
percentage of surface covered by each food type in a petri dish. Stomach and
intestine fullness were also estimated by eye, and classified as 25, 50, 75 or 100%
full. In the beginning, estimates of fullness and food volumes were performed
independently by two persons on the same fish to check the reliability of the
estimates. Corrections on volumes per food type were made for the percentage of
fullness. Empty stomachs and intestines, and those estimated to be less than 25%
full were discarded.

The Kolmogorov-Smirnov test was used to test data for normal distribution.
To test for differences in standard length of the studied fish from the old and
modern ecosystem we used the t-test. Ratios between intestine length and standard
length were also tested with the t-test. Differences in percentages of frequency of
occurrence per prey item between the two periods were tested with the Fisher’s
Exact Probability test. Volume percentages of food items in fishes were not
normally distributed, therefore, the nonparametric Mann Whitney U-test was used
to test for differences between the modern and old ecosystem. In case of multiple
comparisons, sequential Bonferroni corrections were performed. All tests were
done in SPSS 15.0 for Windows.

RESULTS

Fish size

The standard lengths of the investigated pooled “detritivores” ranged from 47-70
mm (61.4 £ 5.9 mm, n = 26) and 48-71 mm (57.5 £ 6.2 mm, n = 49) in respectively
the old and modern ecosystem. The sizes of H. ‘paropius-like’ from the old and
modern ecosystem were 54-68 mm (60.5 + 4.0 mm, n = 14) and 45-71 mm (58.3 =
8.5 mm, n = 19) respectively. Though the fish of the latter period seemed slightly
smaller, the difference was not significant (pooled “detritivores” t-test, P = 0.085;
H. ‘paropius-like’ t-test, P = 0.335).
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Ratio between intestine length and standard length

For the two groups of investigated fish, the ratios of intestine length and standard
length were significantly higher in specimens collected in the old ecosystem than in
those from the modern ecosystem. The pooled “detritivorous” species had ratios
ranging from 1.2-4.0 (2.3 £ 0.6, n = 26) and 0.7-2.1 (1.5 £ 0.3, n = 49) in the old
and modern ecosystem, respectively (t-test, P < 0.001). The ratios for H. ‘paropius-
like’ ranged from 1.4-2.1 (1.8 £ 0.2, n = 14) in the old ecosystem and 0.8-1.6 (1.0 £
0.3, n = 19) in the modern ecosystem (t-test, P < 0.001).

Stomach fullness

The average stomach fullness in the pooled “detritivores” was significantly lower
in the modern than in the old ecosystem (69 + 21% modern vs 98 + 7% old, Mann
Whitney U-test, P < 0.001). The same held for the intestine fullness (78 £ 20%
modern vs 90 £ 20% old, Mann Whitney U-test, P < 0.001). A similar trend was
present in H. ‘paropius-like’, where stomach fullness decreased from 82 + 23% in
the old to 62 + 25% in the modern ecosystem (Mann Whitney U-test, P = 0.026)
and intestine fullness from 83 = 15% to 77 + 21% (Mann Whitney U-test, P =
0.545), but after Bonferroni corrections both differences in H. ‘paropius-like” were
not significant.

Frequency of occurrence of prey items

Pooled “detritivores”: The diet of the pooled “detritivores” in the modern
ecosystem differed considerably from that in the old ecosystem (Table 3.1). The
frequency of occurrence of phytoplankton and detritus was significantly lower. On
the other hand, the pooled “detritivores” were found to feed more frequently on
midge larvae (chironomids and chaoborids), insects, molluscs and shrimps in the
modern ecosystem. Molluscs, shrimps and leeches were new prey items for the
pooled “detritivorous” species, but the increase in frequency of occurrence of
leeches was not significant; it occurred in only one fish (Table 3.1).
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H. ‘paropius-like’: Similar diet changes were found for H. ‘paropius-like’;
phytoplankton, detritus and ostracods were less often present in the modern
ecosystem (Table 3.1). However, the decrease for detritus was not significant after
Bonferroni correction. The same held for the increase in frequency of occurrence
of molluscs, which were new prey items for H. ‘paropius-like” (Table 3.1).

Table 3.1 Frequency of occurrence (Foo, in percentages) of food items in the diet of
“detritivorous” species in the old and modern ecosystems and P-values of two-tailed
Fisher’s exact tests (significant values after sequential Bonferroni corrections are in bold).

Pooled “detritivores” H. ‘paropius-like’
Old Modern Old Modern

Prey (n=26) (n=49) P (n=14) (n=19) p
Detritus 100 38 <0.001 93 42 =0.009
Phytoplankton 100 2 <0.001 100 0 <0.001
Zooplankton 80 92 =0.259 79 95 =0.283
Ostracods 24 27 =1.000 64 11 =0.002
Midge larvae 60 98 <0.001 79 95 =0.283
Insects 8 44 =0.002 36 21 =0.704
Leeches 0 2 =1.000 0 0

Molluscs 0 48 <0.001 0 32 =0.031
Shrimps 0 48 <0.001 7 32 =0.198
Fish 0 0 14 0 =0.162
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Volume percentages of prey items

Changes in the diet of the pooled “detritivores” and H. ‘paropius-like’ were also
observed when using the volume percentage method.

Pooled “detritivores” (Fig. 3.1): The stomachs and intestines of pooled
“detritivores”, in the modern ecosystem contained significantly less detritus
(stomachs: 36 = 12% old, 4 £ 10% modern; intestines: 33 + 16% old, 4 + 8%
modern) and phytoplankton (stomachs: 49 + 13% old, 0% modern; intestines: 46 +
20% old, 0.01 £ 0.1% modern) than in the old ecosystem (Mann Whitney U-tests
in all cases P < 0.001). In contrast, significantly higher percentages were found for
midge larvae (stomachs: 5 + 10% old, 31 + 27% modern; intestines: 3 + 6% old, 34
+ 22% modern), shrimps (stomachs: 0% old, 10 + 18% modern; intestines: 0% old,
10 + 15% modern) and remains of unidentified insects (stomachs: 0% old, 5 + 16%
modern; intestines: 0.1 £ 0.5% old, 3 £ 7% modern) (Mann Whitney U-tests for
midge larvae and shrimps P < 0.001, for insect remains P = 0.009 for stomachs,
and P = 0.017 for intestines). Zooplankton and molluscs were significantly more
abundant in the intestines only, in the modern ecosystem (zooplankton: 8 + 14%
old, 16 £ 17% modern; molluscs 0% old, 9 + 16% modern; Mann Whitney U-test,
P = 0.010 and P < 0.001 respectively). Ostracods were eaten in low quantities in
both periods. The occurrence of leeches in the stomach of one fish in the modern
ecosystem did not change the diet significantly.

H. ‘paropius-like’ (Fig. 3.2): The results for H. ‘paropius-like’ resemble those for
the pooled “detritivores”. Detritus comprised 24 + 17% and 29 = 16% of the
stomach and intestine volumes in the old ecosystem and 4 + 6% and 8 + 12%
respectively in the modern ecosystem (Mann Whitney U-test, P < 0.001 in both
cases), while phytoplankton dropped from 38 + 17% in stomachs and 31 + 21% in
intestines to 0% (Mann Whitney U-test, P < 0.001, in both cases). Midge larvae in
the diet of H. ‘paropius-like’ increased from 11 + 11% to 36 + 24% and from 13 +
15% to 42 + 19% in stomachs and intestines respectively (Mann Whitney U-test, P
= 0.005 and P < 0.001). Zooplankton only increased significantly in the intestines
(4 £ 4% old, 15 £ 13% modern; Mann Whitney U-test, P = 0.007). Other prey
items including ostracods, remains of unidentified insects, shrimps and fish were
eaten in low percentages in one or both periods (Fig. 3.2). Molluscs, a new food
item of which the frequency of occurrence was significantly higher in H. ‘paropius-
like’ from the modern ecosystem (Table 3.1), on average only comprised 2 + 5%

60



Diet change in "detritivores"

and 2 + 8% of the volume in stomachs and intestines respectively. In contrast to the
frequency of occurrence, the differences in volume between old and modern
ecosystem were not significant.

Prey type diversity

Both the pooled “detritivores” and H. ‘paropius-like’ included new prey types in
their diet (Table 3.1; Figs 3.1, 3.2). The number of prey types per individual of the
pooled “detritivorous” species ranged from two to six (mean 3.7) in the old, and
from two to seven (mean 4.4) in the modern ecosystem; the increase in the mean
number of prey types was significant (t-test, P = 0.025). For H. ‘paropius-like’, the
number of prey types per individual in the old and modern ecosystem ranged from
three to six (mean 5) and from two to six (mean 3.6) respectively. In this case the
mean number of prey types decreased significantly (t-test, P < 0.001).
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Fig. 3.1 Diet composition (mean volume percentages) by day in stomachs of the pooled
“detritivores” in the Mwanza Gulf (a) in the old ecosystem (1977-1982; H. cinctus, H.
antleter, H. coprologus, H. ‘purple head’) (b) in the modern ecosystem (2005-2006).

Prey size

In stomachs of the pooled “detritivores”, the volume percentage of small-sized
preys decreased from 93% to 19%, whereas intermediate-sized preys increased
from 5% to 31%. Intermediate-large and large prey items that did not occur in the
diet in the old ecosystem also increased significantly in volume percentage. For the
intestines, the results were similar (Table 3.2).
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Fig. 3.2 Diet composition (mean volume percentages) in stomachs and intestines of H.
‘paropius-like’ by day in the Mwanza Gulf (a) in the old ecosystem (1977-1982); (b) in the
modern ecosystem (2005-2006).

For H. ‘paropius-like’ small-sized prey items in stomachs decreased from 70% to
18% and intermediate preys increased from 11% to 36%. There were no significant
differences between the two periods for intermediate-large and large prey items
(Table 3.2). Similar results were obtained for the intestines of H. ‘paropius-like’
(Table 3.2).
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Table 3.2 Abundance of prey sizes (mean volume percentages + standard deviation) of
pooled “detritivorous” species and H. ‘paropius-like” in the old and modern ecosystems and
P-values of Mann Whitney U-test (significant values after sequential Bonferroni corrections
are in bold).

Pooled “detritivores” H. ‘paropius-like’
% %
Prey size Part % Old  Modern P % Old  Modern P
Small Stomach 93+11 19+18 <0.001 70+19 18+16 <0.001

Intestine  87+22 22+18 <0.001 6523 26+21 <0.001

Intermediate  Stomach 5+10 31+27 <0.001 11+11 36+24 =0.005

Intestine 3%+6 34+21 <0.001 13+x14 42+19 <0.001

Intermediate- Stomach 0 6+18 =0.009 1%£3 4+16 =0.984
large Intestine 0.1+05 37 =0017 3%6 4+12 =0.762
Large Stomach 0 13+20 <0.001 1+3 4+6 =0.200

Intestine 0 18+21 <0.001 1+3 511 =0.343

Plant and animal prey types

Pooling of prey items into plant and animal prey types, revealed a shift from a diet
in which plant material dominated (detritus excluded) to a mainly carnivorous diet.
In the pooled “detritivores” volume percentages of plant material, in stomachs and
intestines, decreased from 49% to 0% and from 46% to 0% respectively (Table
3.3). In contrast, animal materials increased from 14% to 65% and from 11% to
74% in stomachs and intestines respectively (Table 3.3). H. ‘paropius-like’ showed
similar changes (Table 3.3).
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Table 3.3 Abundance of plant and animal preys (mean volume percentage + standard
deviations) of pooled “detritivorous” species in the old and modern ecosystems and P-
values of Mann Whitney U-test (significant values after sequential Bonferroni corrections
are in bold).

Pooled “detritivores” H. ‘paropius-like’
Prey
material Part % Old % Modern P % Old % Modern P
Plant Stomach 49 +13 0 <0.001 38+17 0 <0.001
Intestine 46 + 20 0.1+ 0.1 <0.001 3121 0 <0.001

Animal Stomach 14 + 15 65 * 23 <0.001 20+18 58 + 25 < 0.001

Intestine 11+ 18 74+21 <0.001 23+17 69 +21 <0.001

DISCUSSION

The diet composition in the old ecosystem (1977-1982) found in the present study
for the pooled “detritivores” (H. cinctus, H. katunzii, H. antleter, H. coprologus
and H. ‘purple head’) showed similarities to that reported by Goldschmidt et al.
(1993) for H. coprologus and the curved head group (mainly H. cinctus and H.
katunzii) at station G during 1981-1982. Note that in contrast to Goldschmidt et al.
(1993), we included the category “empty”, in the pie charts. This slightly reduced
our food volume percentages compared to those in Goldschmidt et al. (1993).
Nevertheless, in both cases detritus and phytoplankton together, made up more
than 75% of the diet, whereas the remaining food consisted mainly of zooplankton
and midge larvae. The only difference was that in the study of Goldschmidt et al.
(1993) the diet during daytime comprised more detritus (about 75% of the volume)
than phytoplankton (about 10%), whereas we found 36 and 33% detritus and 49
and 46% phytoplankton in stomach and intestine respectively. The difference may
be due to the fact that a wider range of species, years and stations were included in
our study of the old system than in that of Goldschmidt et al. (1993). The difficulty
to discriminate between phytoplankton and detritus could also be a source of the
observed difference. Greenwood & Gee (1969) reported on the gut content of one
H. cinctus specimen that was collected in the northern part of the lake; the stomach

and intestine were “filled with colonial blue green algae (cyanobacteria), diatoms
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and other algaceous material”. For H. paropius they investigated 20 individuals,
which all contained “large quantities of blue-green algae and diatoms, and smaller
amounts of other plant material”. Eight of these guts contained in addition,
“fragmentary remains of larval Diptera (probably chironomids)” (Greenwood &
Gee 1969).

Obviously, all studies, including ours, show that in the past the “detritivores”
in the sub-littoral and off-shore areas were mainly feeding on bottom debris and
phytoplankton, whereas currently they feed mainly on invertebrates such as
zooplankton, midge larvae, molluscs and shrimps.

Shifts in diet after the ecological changes in the lake were observed in several
fish taxa. (1) “zooplanktivorous” haplochromines, which formerly fed mainly on
zooplankton (copepods), currently are including shrimps, fish, molluscs, midge
larvae and insects in their diet (van Oijen & Witte 1996; Katunzi et al. 2003;
Chapter 4). (2) Wanink (1998) observed a similar shift from a diet dominated by
zooplankton to one including larger prey (like midge larvae, shrimps and small
fish) in the cyprinid R. argentea (3) The introduced tilapiine cichlid O. niloticus,
originally had a predominantly phytoplanktivorous/detritivorous diet (Welcomme
1967) and currently includes considerable amounts of macro-invertebrates in its
diet (Gophen et al. 1995; Balirwa 1998; Njiru et al. 2004; Bwanika et al. 2006). (4)
Of two investigated catfish species, Bagrus docmak exhibited a shift from a
primarily piscivorous diet dominated by haplochromine cichlids to a broader diet
including a significant proportion of invertebrates and the cyprinid R. argentea,
while Schilbe intermedius showed a shift from a piscivorous diet dominated by
haplochromines to an insectivorous diet (Olowo & Chapman 1999) (5) A dietary
shift was recorded for the characid Brycinus sadleri, which originally mainly fed
on plant material during daytime and surface insects at night. After the ecological
changes midge larvae and pupae, shrimps, odonata nymphs and fish were included
in the diet (Wanink & Joordens 2007).

In all cases the shifts comprised an increase in macro-invertebrates. There are
several possible explanations for these shifts in diet (1) Availability of suitable food
types: Although, with the increased algae blooms after the ecological changes
(Ochumba & Kibaara 1989; Hecky 1993; Mugidde 1993), bottom debris and
phytoplankton are unlikely to have decreased in abundance or to be limiting
resources in the lake, a shift in algae composition may have reduced the nutritional
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quality of these food types. Diatoms were the dominant taxa of phytoplankton
(Hecky 1993; Mugidde 1993) and the main phytoplankton taken by the
“detritivores” in the past (Goldschmidt et al. 1993) and contributed most to the
bottom debris in the lake (Verschuren et al. 2002). Currently, they are replaced by
cyanobacteria (Verschuren et al. 2002), which are notorious for being difficult to
digest (Bowen 1988). The current dominance of cyanobacteria in the lake may
have lowered the quality of phytoplankton and detritus and made them less suitable
for fish, though Moriarty et al. (1973) showed that both O. niloticus and H. (E.)
nigripinnis Regan from Lake George are able to digest cyanobacteria. A switch to
more profitable prey, when these become abundant, is a common ecological
phenomenon (Krebs & Davies 1978). Densities of shrimps, molluscs, insects and
midge larvae in the lake increased after the ecological changes (Kaufman 1992;
Goldschmidt et al. 1993; Witte et al. 1995; Goudswaard et al. 2006; Budeba &
Cowx 2007). As these potential prey all have high energy content per item in
comparison to phytoplankton and detritus, they could all be profitable to the
“detritivores” if the handling times are not too long. Molluscs will probably be less
profitable than midge larvae and shrimps because of a relatively low ratio of
energy and handling time and the disadvantage of swallowing large amounts of
relatively heavy indigestible material (Hoogerhoud 1987; Slootweg et al. 1994).

(2) Decline of the trophic specialists: In addition to the increase of certain prey
types, the formerly common insectivorous, molluscivorous and piscivorous
haplochromines are currently rare (Seehausen et al. 1997b; Witte et al. 2000; Witte
et al. 2007b; Witte et al. 2007a). Thus, the increase of profitable prey items in the
lake and the absence of efficient competitors may have resulted in a competitive
release, which possibly gave the former “detritivores” an opportunity to include
new prey types in their diet. (3) Decrease in water clarity: For successful prey
selection, a visual predator is dependent on the optical characteristics of the water
and the conspicuousness of the prey (Seehausen et al. 2003). Seehausen et al.
(2003) argued that, due to reduced water clarity in the modern ecosystem, fish
might become less choosy, as their encounter rate with preferred prey types
decreases. In that case one would expect an increase in prey type diversity, because
the fish will include less preferable prey in their diet. However, though we found a
small increase in mean prey type diversity in the pooled “detritivores”, this
appeared to decrease in H. ‘paropius-like’. Alternatively, it has been found that
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cichlids that grew up under low light conditions increased their light sensitivity by
giving up some of their visual resolution (van der Meer 1993), making it difficult
to spot small-sized prey items. Research on retina structures of the old and modern
populations should be carried out to check if the resolution in the latter decreased.
So far, we have no indication which of the above potential explanations is the most
likely; possibly more than one is involved.

In the past, the diet of the “detritivores” and “zooplanktivores” in the sub-
littoral area of the Mwanza Gulf differed considerably. During daytime 70-90% of
the stomach contents of the “zooplanktivores” (with exception of the bottom
dwelling H. ‘reginus’) consisted of zooplankton (mainly copepods), while some
midge larvae where generally also present (Goldschmidt et al. 1990). In contrast, in
the “detritivores” similar percentages were made up by detritus and phytoplankton
(Figs. 3.1a, 3.2a; Goldschmidt et al. 1993). Due to the dietary shifts of the
recovering “detritivores” and “zooplanktivores”, their diets presently show a
considerable overlap, both groups including zooplankton, midge larvae, insects,
molluscs and shrimps in their diet (Figs. 3.1b, 3.2b; van Oijen & Witte 1996;
Katunzi et al. 2003; Chapter 4). In the past, morphological differences in Lake
Victoria haplochromines used to correlate with differences in their natural diet
(Greenwood 1974; Barel et al. 1977, Witte & van Oijen 1990). However,
laboratory and field studies on functional morphology and ecology provided
evidence that many cichlids could potentially feed more broadly on available
resources than their specialised feeding apparatus did suggest (Liem 1980; Barel
1983; Mckaye & Marsh 1983; Ribbink 1990). This may hold particularly for the
“detritivores” with their rather generalized morphology. Moreover, recent studies
on the “zooplanktivorous” Haplochromis (Yssichromis) pyrrhocephalus Witte and
Witte-Maas and the cyprinid R. argentea before and after the ecological changes
revealed some morphological changes that are probably related to the larger prey
types they currently consume (Wanink & Witte 2000b; Witte et al. 2008). Detailed
morphological comparisons between the feeding apparatuses of the “detritivores”
of past and present still have to be made. However, relative intestine length has
been included in this study. In both, the pooled “detritivores” and H. ‘paropius-
like’ the average relative intestine length in 2006 was approximately 33% shorter
than before the ecological changes. The current average IL/SL ratios of
respectively 1.5 and 1.2 fall within the range of 1.1-1.7 that was most common in
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“zooplanktivores” before the ecological changes (Witte & van Oijen 1990). It is
not clear whether these changes are the result of natural selection or of phenotypic
responses. The lower stomach fullness observed in the modern ecosystem also
agrees with the current carnivorous diet of the “detritivorous” species.

If diet indeed would contribute to the relatively slow recovery of the
“detritivores”, this would only hold if they are relatively poorly adapted to their
new diet in comparison to the “zooplanktivores”, which currently use the same
food sources. A follow up study should focus on this.
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ABSTRACT

Until some decades ago, haplochromine cichlids in Lake Victoria comprised over
500 species, which occupied virtually all trophic levels. As a result of Nile perch
introduction and other ecological changes, populations of haplochromine species
declined and many of them became rare.

In the 1990s, some “zooplanktivorous” species reappeared. In this study gut
contents of the “zooplanktivores” H. pyrrhocephalus and H. tanaos caught prior to
and after the ecological changes are compared. In the old ecosystem zooplankton,
midge larvae and remains of unidentified insects dominated the diet of both
species. In the modern ecosystem, the contribution of zooplankton declined and the
diet became more diverse due to the addition of new prey items, viz. ostracods,
molluscs and shrimps. In general there was a shift towards larger prey items, even
including small fish. The two species still segregate to some extent because H.
tanaos includes more benthic prey than H. pyrrhocephalus. Shifts in diet in the
modern ecosystem towards macro-invertebrates were also found for former
“detritivorous” species and for several other fish taxa. This indicates that currently
there is more overlap of food items among different fish species than in the past.
The factors that caused these changes in diet are discussed.
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INTRODUCTION

Prior to the Nile perch introduction, the fish fauna of Lake Victoria comprised a
presumably monophyletic flock of more than 500 endemic haplochromine cichlid
species (Meyer et al. 1990; Seehausen 1996; Witte et al. 2007a). This species flock
showed an extreme level of adaptive radiation; virtually all habitats and food types
were exploited (Witte & van Oijen 1990).

During the 1980s, the haplochromines from the sub-littoral and offshore areas
(estimated at more than 200 species) vanished almost completely (Witte et al.
1992b; Witte et al. 2007b). Commercial trawl fishery, the upsurge of the
introduced Nile perch, Lates niloticus (Linnaeus) (Ogutu-Ohwayo 1990a;
Goudswaard et al. 2008) and an increase of eutrophication (Hecky 1993) were
possible causes of this decline. The rate at which the trophic groups declined
differed; the relatively large piscivores, insectivores and molluscivores were the
first to disappear from the catches. The small-sized group; “detritivores” and
“zooplanktivores”, declined at lower rates (Witte et al. 2007b). During the 1970s,
“detritivorous” species formed the most important guild with at least 12 species
making up ca. 75% to 85% of the number of haplochromines in the catches. They
were followed by more than 13 species of “zooplanktivores”, comprising 10-20%
of the number of individuals (Witte 1981; Witte et al. 2007b).

From the beginning of the 1990s, a resurgence of some “detritivorous” and
“zooplanktivorous” species was observed (Seehausen et al. 1997b; Witte et al.
2000; Getabu et al. 2003; Witte et al. 2007a,b), but during the first years the
relative abundance of the two groups reversed. Up to 2006 the “zooplanktivorous”
haplochromines were even far more abundant than previously and made up more
than 70% of the number of haplochromines, whereas the former dominant
“detritivores” generally constituted less than 25% (Witte et al. 2007a,b). However,
in 2008, the “detritivores” became dominant by numbers again (52% versus 21%
“zooplanktivores™; Table 2.2 [Chapter 2]).

Among other factors, feeding habits might play a role in differential recovery.
Gut contents of recovering “detritivores” from the years 2005 and 2006 have been
studied by Kishe-Machumu et al. (2008) and revealed a shift in diet from detritus
and phytoplankton towards macro-invertebrates. In the present paper we
investigate the diets of the resurging “zooplanktivores” H. (Yssichromis)
pyrrhocephalus Witte & Witte-Maas and H. tanaos van Oijen & Witte, which are
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now common species in the lake (Witte et al. 2007a) and are major prey items in
the diet of Nile perch (Chapter 7). Preliminary studies on diets of resurging H.
tanaos and H. pyrrhocephalus were made by van Oijen & Witte (1996) and by
Katunzi et al. (2003) respectively. However, these studies were not comparable to
that of the “detritivores”, because the methods and the time spans over which the
diets were studied differed. Of H. tanaos combined stomach and intestine contents
(expressed as volume percentages) of only ten specimens collected in 1993 were
compared with diets of fish from the pre-Nile perch era. The diet of H.
pyrrhocephalus has only been studied by comparing the frequency of occurrence of
prey items in pre-Nile perch specimens with those in specimens collected between
1991 and 2001 (Katunzi et al. 2003).

In the present study we use both frequency of occurrence and volume
percentages to assess the diets of the two recovered “zooplanktivorous” species and
we compare diets in 2005 and 2006 with those from the past. The issue of diet as a
potential factor for the differential resurgence of “zooplanktivores” and
“detritivores” is discussed.

MATERIALS AND METHODS

All samples were collected during day time using bottom trawls in the northern
part of the Mwanza Gulf, between Nyamatala Island and Hippo Island (Fig. 1.2
[Chapter 1]). Sampling was conducted in the periods 1977-1981 and 2005-2006,
and the collected material is referred to as samples from the old and modern
ecosystem respectively.

Samples of H. pyrrhocephalus and H. tanaos from the modern ecosystem
were collected at sub-littoral stations (E to J, Fig. 1.2 [Chapter 1]) with mud
bottoms on a research transect across the Mwanza Gulf. Due to fluctuations in
water level, depths ranged from 5.5 t013 m in the period 2005-2006 and from 6
tol4 m in the period 1977-1981. As we had no sufficient H. pyrrhocephalus from
the transect in the old ecosystem, we added specimens that were collected in
catches over mud bottoms near the transect at similar depths (hatched area in Fig.
1.2 [Chapter 1]).
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In the old ecosystem, H. tanaos was only caught in Butimba Bay at stations A and
B (Fig. 1.2 [Chapter 1]). These stations have a sand bottom with depth ranges of
respectively 2 to 4 and 4 to 6 m. They form the eastern end of the research transect
and were not sampled in the modern ecosystem.

During sampling, immediately after hauling, catches were stored on ice and in
the laboratory they were sorted by trophic groups and by species. Only adult fishes
(> 4 cm standard length) were used for identification and diet analysis. After
identification, the visceral cavity was opened by a cut from the anus to the shoulder
girdle and the specimens were preserved in a 5% formaldehyde solution. Before
diet analysis, fish samples were transferred in steps (30%, 60%) to 70% alcohol. Of
H. pyrrhocephalus, 31 specimens from the old and 63 specimens from the modern
ecosystem were analyzed and of H. tanaos 32 and 25 specimens from the old and
modern ecosystem respectively. Samples from the old ecosystem had been stored
in the National Museum of Natural History (Naturalis) in Leiden.

Standard length (SL) of the specimens was measured to the nearest 0.1 mm
and length of the intestine (IL) to the nearest mm. Dissection microscopes
(maximum magnifications 50x and 63x) were used for diet analysis. The stomach
was separated from the intestine and its content was examined. Each intestine was
divided into four equal parts, which were checked separately. Results of the four
intestine parts for each fish were finally combined. Food items were classified as
follows: (1) as pooled groups or taxa: viz. detritus, phytoplankton (mainly
containing diatoms and cyanobacteria), zooplankton (mainly copepods and
cladocerans), ostracods, midge larvae (mainly chaoborids and chironomids),
insects (parts of un-identifiable species of insects), leeches, molluscs (bivalves and
snails), shrimps, fish and others (mainly oligochaeta and un-identified materials);
(2) by size/diameter of individual food items following Katunzi et al. (2003): small
(<0.5 mm), intermediate (c. 0.5-1 mm), intermediate-large (c. 1-2 mm), large (> 2
mm).

Frequency of occurrence and the volume percentages were used in assessing
the contribution of a particular prey item to the diets of H. pyrrhocephalus and H.
tanaos. The frequency of occurrence of food items in the total gut (stomach plus
intestine) was scored for individuals from a period and expressed as percentage of
the total number of investigated fishes containing food in that period. VVolume per
food item was estimated as a percentage of the total volume of ingested food per
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stomach or intestine. This was done by estimating the percentage of surface
covered by each food type in a petri dish. Stomach and intestine fullness were also
estimated visually and classified as 25%, 50%, 75% or 100% full. To establish the
average diet of a species, corrections on volumes per food type were made for the
percentages of fullness of each fish. Empty stomachs and intestines and those
estimated to be less than 25% full were discarded.

The Kolmogorov-Smirnov (KS) test was used to test data for normal
distribution. The t-test was used for testing the differences in standard length of the
investigated fish from the old and modern ecosystems. Differences in percentages
of frequency of occurrence per prey item between the two periods were tested with
the Fisher’s Exact Probability test. Volume percentages of food items in fishes
were not normally distributed; therefore, the non-parametric Mann Whitney U-test
was used to test for differences between the modern and old ecosystems. In case of
multiple comparisons, sequential Bonferroni corrections were performed. The
Mann Whitney U-test was also used to test for differences in fullness of stomachs
and intestines between the modern and old ecosystem. All tests were performed by
SPSS 15.0 for Windows.

RESULTS

Fish size

The standard lengths of H. pyrrhocephalus selected for diet analysis ranged from
50.3-82.1 mm (64.7 £ 6.2, n = 31) in the old ecosystem and from 46.0-69.3 mm
(56.8 £ 5.1, n = 65) in the modern ecosystem. The difference in standard lengths
between the two periods was significant (t-test, P < 0.001). The sizes of H. tanaos
ranged from 48.1-70 mm (62.4 = 5.8, n = 25) and from 52—77 mm (61.6 + 6.6, n =
38) in the old and modern ecosystem respectively and were not different (t-test, P =
0.609).

Ratio between intestine length and standard length

The mean ratio of intestine to standard length of H. pyrrhocephalus was 1.3 + 0.2
both in the old and modern ecosystem. Similarly, the ratio of intestine to standard
length for H. tanaos collected in the old ecosystem was not different from that in
the modern ecosystem (1.2 £ 0.2 old, 1.2 + 0.3 modern).
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Stomach and intestines fullness

There was no significant difference for the average fullness of H. pyrrhocephalus
between the two periods for the stomachs (71.7 + 22.8% old; 73.5 + 21.3%
modern; Mann Whitney U-test, P = 0.842) and intestines (67.9 + 23.3% old; 66.4 £
20.4% modern; Mann Whitney U-test, P = 0.727)

Similarly, in H. tanaos, there was no difference in stomach fullness (71.7 +
28.1% old; 71.9 + 26.0% modern; Mann Whitney U-test, P = 0.962) between the
old and modern population. This also held for the intestines, whereby the average
fullness was 79.4 + 20.0% in the old ecosystem and 77.9 + 13.7% in the modern
ecosystem (Mann Whitney U-test, P = 0.478).

Frequency of occurrence
H. pyrrhocephalus

The frequency of occurrence of detritus, ostracods and shrimps increased in
modern H. pyrrhocephalus (Table 4.1). However, after Bonferroni correction, the
difference for ostracods was not significant. Ostracods and shrimps were not
encountered in the old population of H. pyrrhocephalus. Leeches and molluscs
were also new prey items in the modern population, but their increases were not
significant. Zooplankton, midge larvae (Chaoborus and chironomids) and
unidentified insects, which were present in most old H. pyrrhocephalus, did not
change in frequency of occurrence in the modern population (Table 4.1).

The mean number of prey items per individual for H. pyrrhocephalus
increased significantly from 2.7 + 1.0 in the old to 3.7 £ 1.3 in the modern
population (t-test, P < 0.001).

H. tanaos

The frequency of occurrence of zooplankton, the main prey item of old H. tanaos,
was significantly lower in the modern population (Table 4.1). Phytoplankton,
which was consumed by 16% of the old population, was not encountered in
modern H. tanaos; however, its decrease was not significant after the Bonferroni
correction. Modern H. tanaos were found to feed more frequently on ostracods,
shrimps and fish. Only the differences for the two new prey items; ostracods and
shrimps were significant after the Bonferroni correction. Though molluscs were
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also a new prey item in the modern ecosystem, their increase was not significant.
The mean number of prey items per individual increased significantly from 3.0 +
1.0 in the old ecosystem to 3.9 + 1.4 in the modern ecosystem (t-test, P < 0.001).

Table 4.1 Frequency of occurrence (Foo, in percentages) of food items in the diet of
“zooplanktivorous” species in the old and modern ecosystems and P-values of two-tailed
Fisher’s exact tests (significant values after sequential Bonferroni corrections are in bold).

H. pyrrhocephalus H. tanaos

Old Modern Old Modern
Prey (n=31) (n=63) P (=25 (n=32) p
Detritus 10 49 <0.001 44 69 =0.104
Phytoplankton 23 19 =0.786 16 0 =0.032
Zooplankton 97 86 =0.157 100 56 <0.001
Ostracods 0 19 =0.007 0 44 <0.001
Midge larvae 74 71 =1.000 56 78 =0.092
Insects 52 41 =0.383 72 66 =0.775
Leeches 0 3 =1.000 0 0
Molluscs 0 13 =0.049 0 9 =0.248
Shrimps 0 22 =0.004 0 34 =0.001
Fish 13 32 =0.077 4 28 =0.032
Others 7 13 =0.488 12 6 =0.645
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Volume percentages of prey items
H. pyrrhocephalus

Zooplankton, which formed the most important prey item for old H.
pyrrhocephalus significantly decreased in the modern population. The decrease
also held for the intestines, but was not significant after Bonferroni correction
(Table 4.2).

Shrimps (a new prey type) and detritus were more common in modern H.
pyrrhocephalus, however after Bonferroni corrections, the differences were only
significant for the intestines. Increases in volume percentages of the new food
items ostracods, leeches and molluscs, were not significant after Bonferroni
corrections (Table 4.2).

In 15 stomachs and 19 intestines H. pyrrhocephalus from the old ecosystem
and 49 stomachs and 50 intestines from the modern ecosystem, zooplankton was
subdivided into copepods and cladocerans. In the stomachs of old H.
pyrrhocephalus, cladocerans made up 2% of the food and copepods 47%; in the
intestines, it was 1% for cladocerans and 38% for copepods. In the modern
population, the fractions of cladocerans and copepods in the stomachs were 3% and
26% respectively, and in the intestines they were 3% and 27%.

From the same sub-samples, midge larvae were subdivided into Chaoborus
and chironomids. In old H. pyrrhocephalus, Chaoborus comprised 1% of the food
in stomachs, whereas chironomids were absent; the intestines contained 8%
Chaoborus and 4% chironomids. In the modern population, the food comprised 6%
Chaoborus and 4% chironomids in the stomachs, and 9% Chaoborus and 4%
chironomids in the intestines.

When prey items were categorized by size it was found that in the stomachs of
H. pyrrhocephalus the volume percentage of small sized prey items decreased
significantly from 62% to 32% (Table 4.2). However, in the intestines the decrease
was not significant. Intermediate and intermediate-large sized preys did not change
significantly between the two periods, but for the large sized prey items, a
significant increase was found both in stomachs (3% to 26%) and intestines (0.1%
to 15%; Table 4.2).
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H. tanaos

The contribution of phytoplankton in the diet of H. tanaos dropped from 5% in the
stomachs and 2% in the intestines in the old to 0% both in stomachs and intestines
in the modern population, however, after Bonferroni correction, the differences
were not significant (Table 4.3). The volume percentages of zooplankton, the main
prey item of H. tanaos in the old ecosystem, decreased significantly in the modern
ecosystem, both in the stomachs (41% to 5%) and intestines (45% to 7%; Table
4.3). The volume percentages of midge larvae were higher in the modern than in
the old population, but after Bonferroni correction the increase was only significant
for the intestines (6% to 24%; Table 4.3). Ostracods and shrimps, new prey items
in the diet of H. tanaos in the modern ecosystem, only increased significantly in the
intestines (from 0% to 7% for ostracods and 0% to 12% for shrimps; Table 4.3).

Like in H. pyrrhocephalus, zooplankton in the diet of H. tanaos was sub-
divided into cladocerans and copepods (in this case all specimens could be used).
In contrast to H. pyrrhocephalus, in the old ecosystem, cladocerans formed a larger
proportion in the diet of H. tanaos than copepods, both in stomachs (cladocerans
30%, copepods 11%) and intestines (cladocerans 35%, copepods 11%). In the
modern ecosystem, the fractions did not differ; cladocerans and copepods in the
stomachs were 2% and 4% respectively, and in the intestines they were 4% for
both groups.

A subdivision of midge larvae into Chaoborus and chironomids revealed that
in the old ecosystem both groups contributed low and similar percentages to the
diet of H. tanaos (stomachs: 2% Chaoborus, 3% chironomids; intestines: 2%
Chaoborus, 4% chironomids). In the modern ecosystem, Chaoborus contributed
only 0.1% to the food in the stomachs and 1% to that in the intestines, whereas
chironomids contributed 19% and 23% in the stomachs and intestines respectively.
Small sized prey items, which formed the main prey size group for H. tanaos in the
old ecosystem decreased significantly from 54% to 8% and from 50% to 18% in
stomachs and intestines respectively (Table 4.3). The volume percentages of
intermediate sized prey items increased, but after Bonferroni correction the
increase was only significant for intestines (6% to 24%). No significant difference
was found for intermediate-large sized prey items between the two periods, but
large prey items increased significantly in both stomachs (0% to 33%) and
intestines (1% to 18%; Table 4.3).
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Table 4.2 Volume percentages (mean + standard deviation) of the food items in the diet of
H. pyrrhocephalus in the old and modern ecosystems in Mwanza Gulf of Lake Victoria

(significant values after sequential Bonferroni corrections are in bold).

STOMACHS INTESTINES

Old Modern Old Modern
Prey category (n=23) (n=49) P (n=30)  (n=50) P
Detritus 04+1 2+4 =0.133 0.04+0.2 36 <0.001
Phytoplankton 6+13 1+7 =0.143 2+8 05+15 =0.553
Zooplankton 55+ 25 29+29 <0.001 42 £21 31+26 =0.025
Ostracods 0 05+4 =0.329 0 13+43 =0.033
Midge larvae 38 10+20 =0.237 17 +19 13+19 =0.232
Insects 5+20 5+15 =0.975 79 4+7 =0.041
Leeches 0 04+£2 =0.329 0 0
Molluscs 0 0.1+£0.7 =0.493 0 04+2 =0.114
Shrimps 0 4+12 =0.021 0 3+9 =0.004
Fish 3+7 22+36 =0.059 0.04+03 9+x19 =0.033
Others 0 01+7 =0493 0.04+0.2 2+8 =0.572
Prey size
Small 62 + 23 32+28 <0.001 44 £+ 23 36+£25 =0.114
Intermediate 38 10+20 =0.237 17 +18 13+19 =0.232
Intermediate-large 5+19 5+15 =0.678 7+8 4+7 =0.041
Large 37 26+36 =0.001 0.1+0.4 15+£20 <0.001
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Table 4.3 Volume percentages (mean + standard deviation) of the food items in the diet of
H. tanaos in the old and modern ecosystems in Mwanza Gulf of Lake Victoria (significant
values after sequential Bonferroni corrections are in bold).

STOMACHS INTESTINES

Old Modern Old Modern
Prey category (h=15) (n=32) P (h=25) (n=32) P
Detritus 8+19 2+4 =0.728 36 34 =0.077
Phytoplankton 5+12 0 =0.010 2+8 0 =0.018
Zooplankton 41+£35 5+12 <0.001 45+35 7+13 <0.001
Ostracods 0 1+2 =0.157 0 7+12 <0.001
Midge larvae 5+11.2 19+26 =0.030 6%13 24+25 =0.001
Insects 13+258 12+28 =0577 22%23 19+ 26 =0.333
Leeches 0 0 0 0
Molluscs 0 1+3 =0.494 0 03+12 =0.127
Shrimps 0 12+28 =0.053 0 11+21 =0.005
Fish 0 17+33 =0.037 1+£2 7+16 =0.059
Others 0 4+33 =0.328 1+£3 0 =0.042
Prey size
Small 54 + 30 8+13 <0.001 50+32 18+£19 <0.001
Intermediate 5+11 19+26 =0.030 6+13 24+25 =0.001

Intermediate-large 13+26 12+28 =0577 22+23 19+26 =0.333

Large 0 33+£39 =0.001 05%2 18+25 =0.004
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Comparison of the diets of H. pyrrhocephalus and H. tanaos

In the old ecosystem, where H. pyrrhocephalus was mainly caught in sublittoral
waters (6-20 m deep) over mud bottoms and H. tanaos occurred over littoral (1-6
m) sand bottoms, there were some significant differences in diet (Table 4.2, 4.3).
Though present in low quantities, detritus was more common in the intestines of H.
tanaos than in those of H. pyrrhocephalus (3% vs 0.04%, Mann Whitney U-test, P
= 0.001) and the reverse held for midge larvae (6% vs 17%, Mann Whitney U-test,
P =0.002). Further, the composition of zooplankton was different; H. tanaos had
significantly more cladocerans in its diet than H. pyrrhocephalus (stomachs, 30%
vs 1%; intestines, 35% vs 1%; Mann Whitney U-tests, P < 0.001), whereas
copepods were more important in H. pyrrhocephalus than in H. tanaos (stomachs,
47% vs 11%; intestines, 38% vs 10%).

Comparison of the diets of H. pyrrhocephalus and H. tanaos in the modern
ecosystem, where habitat overlap was considerable, revealed the following
significant differences in volume percentages. Zooplankton was more common in
H. pyrrhocephalus than in H. tanaos (Table 4.2, 4.3; stomachs 29% vs 5% and
intestines 31% vs 7%; Mann Whitney U-test, P < 0.001 in both cases). Ostracods
and insect remains were more common in the intestines of H. tanaos than in those
of H. pyrrhocephalus (Table 4.2, 4.3; ostracods 7% vs 1.3% Mann Whitney U-test,
P =0.002; insects 19% vs 4% Mann Whitney U-test, P = 0.001). Chaoborus larvae
were more common in the intestines of H. pyrrhocephalus than in those of H.
tanaos (6% vs 0.1% in stomachs, Mann Whitney U-test, P = 0.089; 9% vs 1% in
intestines, Mann Whitney U-test, P = 0.001). The reverse was true for chironomids;
they were less common in H. pyrrhocephalus than in H. tanaos (4% vs 19% in
stomachs; 4% vs 23% in intestines, both Mann Whitney U-tests, P <0.001).

DISCUSSION

Comparison of H. pyrrhocephalus populations

Comparison of the diets of old and modern H. pyrrhocephalus, revealed a distinct
change in prey composition. Diet of the old population of H. pyrrhocephalus
showed similarities to that reported by Goldschmidt et al. (1990) for volume
percentages, and by Katunzi et al. (2003) for frequency of occurrence. Zooplankton
was the most abundant prey type, followed by midge larvae and other insects. In
contrast to both other studies, we found phytoplankton (23% frequency of
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occurrence, 6% of stomach volume) contributing to the diet of the old H.
pyrrhocephalus. However, it should be noted that it is not easy to discriminate
between phytoplankton and detritus, and the latter was found in a greater quantity
by Goldschmidt et al. (1990) than in the present study. Other differences are the
absence of leeches and ostracods in post-Nile perch H. pyrrhocephalus studied by
Katunzi et al. (2003). This may be partly related to sampling period; Katunzi et al.
(2003) used fish collected between 1991 and 1999 to represent the modern
ecosystem, while we used fish from 2005 and 2006. Between 1999 and 2005
changes in the ecosystem have been observed, among others including an increase
of haplochromine densities at the research transect (Witte et al. 2007a,b). In spite
of these differences, both Katunzi et al. (2003) and our study reveal that modern H.
pyrrhocephalus ate larger prey items (comprising shrimps, fish and molluscs) than
the old population, while the amount of zooplankton was reduced. The increase in
prey size cannot be explained by a larger size of the investigated fishes, as their
average size was even smaller than in the past.

Comparison of H. tanaos populations

Like in H. pyrrhocephalus, the diet of H. tanaos changed after its resurgence in the
1990s. In old H. tanaos, zooplankton was making up more than 50% of the diet,
followed by insects and midge larvae, whereas in the modern population midge
larvae, insects, shrimps and fish were about equally dominant and zooplankton
contributed less than 10%. The diet shift from zooplankton to larger invertebrates
and fish agrees with that observed by van Oijen & Witte (1996), who studied 10
fish collected between October and December 1993 in Kissenda Bay. However, in
the diet of 1993, insects made up more than 50% followed by midge larvae, fish,
ostracods and zooplankton (van Qijen & Witte 1996), whereas in our study insects
contributed less than 25%. Shrimps and molluscs that were contributing to the diet
in 2005 and 2006 were not present in 1993, but ostracods were found in both
periods.

The differences in diet between 1993 and 2005/6 may be explained by the
difference in sampling years, though the relatively low number of fish that were
collected in 1993 from a smaller area and during shorter time period than in 2005/6
may also have contributed. Nevertheless, like for H. pyrrhocephalus, both studies
on H. tanaos revealed a shift from a diet dominated by zooplankton to one
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dominated by macro-invertebrates. In contrast to the case of H. pyrrhocephalus,
however, the shift in diet of H. tanaos went together with a habitat shift from
littoral sand bottoms of 2 to 6 m deep to sub-littoral mud bottoms with depths of 6
to 12 m (van Oijen & Witte 1996; Seehausen et al. 1997b; Chapter 2).
Consequently, this habitat shift could play a major role in the diet shift.

Comparison of the diets of H. pyrrhocephalus and H. tanaos

The original segregation of H. pyrrhocephalus and H. tanaos by habitat might
explain the differences in zooplankton composition in their diets in the past, viz.
cladocerans dominating in H. tanaos and copepods in H. pyrrhocephalus.
However, in the modern ecosystem, there is a considerable overlap in habitat and
in this case the differences in diet may tell something about food preferences or
microhabitat segregation. The relatively low contributions of Chaoborus and
zooplankton and the high contributions of chironomids and ostracods to the diet of
H. tanaos compared to that of H. pyrrhocephalus suggest that H. tanaos is feeding
closer to the bottom than H. pyrrhocephalus. Chironomid larvae and ostracods are
mainly bottom dwellers, whereas zooplankton and, by night, Chaoborus larvae as
well, are more pelagic.

In the past, Chaoborus larvae were major food items for H. pyrrhocephalus at
night, when zooplankton, Chaoborus larvae and fish migrated to the surface
(Goldschmidt et al. 1990; Goudswaard et al. 2004). Migration towards the surface
of H. pyrrhocephalus has also been observed in the modern ecosystem (Chapter 2).
Since H. tanaos were only caught with bottom trawls both during day and night
(Chapter 2), they apparently are bottom dwellers rather than pelagic or vertical
migrant species and consequently there is habitat segregation between the two
species.
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Dietary shifts in other fish species after the ecological changes

Shifts in the diet following the ecological changes in the lake were observed in
several fish species. A shift from a diet dominated by zooplankton to large
invertebrates such as midge larvae and shrimps was also observed in the cyprinid
Rastrineobola argentea (Pellegrin) (Wanink 1998; Wanink & Witte 2000a,b). The
“detritivorous” haplochromines in Lake Victoria shifted from a diet dominated by
detritus and phytoplankton, supplemented with small quantities of midge larvae
and zooplankton, to a diet of invertebrate preys including zooplankton, midge
larvae, shrimps and molluscs and very small amounts of detritus and phytoplankton
(Kishe-Machumu et al. 2008 [Chapter 3]). Oreochromis niloticus (Linnaeus), an
introduced tilapiine cichlid, originally had a diet dominated by
phytoplankton/detritus (Welcomme 1967), but currently includes considerable
amounts of macro-invertebrates in its diet (Balirwa 1998; Njiru 2003). A dietary
shift was also reported for Brycinus sadleri (Boulenger), which originally fed
mainly on plant material during day time and insects on the surface water column
at night. After the ecological changes they included midge larvae and pupae,
shrimps, Odonata nymphs and fish in their diet (Wanink & Joordens 2007). Bagrus
docmak (Forsskall) and Schilbe intermedius (Linnaeus) exhibited shifts from
predominantly piscivorous diets, dominated by haplochromine species, to broader
diets; B. docmak included significant proportions of invertebrates and the cyprinid
R. argentea in its diet, whereas S. intermedius became mainly insectivorous
(Olowo & Chapman 1999).

All these diet shifts in the modern ecosystem concern increases of macro-
invertebrates. As discussed by Kishe-Machumu et al. (2008), potential factors for
these shifts could be: (1) the increased availability of profitable food items; (2) the
loss of competitors and (3) the increased water turbidity in the modern ecosystem.
It is possible that more than one of these factors is responsible for the observed
changes.

In the old ecosystem, diets of the former “detritivores” comprised mainly
detritus and phytoplankton (Goldschmidt et al. 1993; Kishe-Machumu et al. 2008
[Chapter 3]), whereas in the “zooplanktivores”, zooplankton and midge larvae
dominated (Goldschmidt et al. 1990; this chapter). As a consequence, both groups
were well separated by diet. Currently, the former “detritivores” do not take plant
material anymore, and a higher proportion of macro-invertebrates than in the past
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is found in both “zooplanktivores” and “detritivores” (Kishe-Machumu et al. 2008
[Chapter 3]). As a consequence there is a greater overlap of food items between the
“zooplanktivores” and the former “detritivores”. An increase in overlap was also
found for the average ratios in intestine lengths and standard lengths between the
two groups; in the “zooplanktivores” they were 1.2 (H. tanaos) and 1.3 (H.
pyrrhocephalus) in both the old and modern ecosystem and in the former
“detritivores” they were 1.8 (H. ‘paropius-like’) and 2.3 (pooled “detritivores™) in
the old ecosystem and 1.0 and 1.5 respectively in the modern ecosystem (Kishe-
Machumu et al. 2008 [Chapter 3]). These observations, suggest, that unless the
former “detritivores” are less well adapted to their new diet than the
“zooplanktivores”, diet is not likely to explain the relatively slow recovery of
“detritivores” compared to that of “zooplanktivores”. Therefore, other possible
causes for these differences, like differential predation pressure by Nile perch or
differential impacts of environmental changes should be considered in further
studies.
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ABSTRACT

Lake Victoria once hosted a diverse fish community dominated by a large species
flock of haplochromine cichlids. After the Nile perch upsurge and eutrophication in
the 1980s, most haplochromines became either extinct or extremely rare. During the
1990s, some haplochromines reappeared with new diets and overlap of food items
among species. However, the information on dietary changes and trophic
relationships mostly relied on traditional gut content analysis. In this study, stable
carbon and nitrogen isotope analyses were used to investigate how these stable
isotopes differ among “detritivorous” and “zooplanktivorous” species before and
after the environmental changes.

The study revealed a significant distinction along the 5"°C and 3N signatures
among all species collected from the old ecosystem. In contrast, there was a
remarkable similarity in 8**C and 8N signatures among species in the modern
ecosystem. The above mentioned results can be explained by the different diets
among the species of the old ecosystem whereas in the modern ecosystem they
shared a similar diet. Two out of three modern species showed higher "N
signatures than the same species in the former ecosystem which concurred with a
diet shift towards fish and invertebrates. Moreover, based on gut content analysis,
we found evidence of one “zooplanktivorous” species which partly shifted its diet
back to zooplankton and this was reflected in the 5*°C signature as well. This study
revealed that significant differences in 8°C and &N values exist among
haplochromine trophic groups and among species. This is one of the first studies
that successfully applied a stable isotope analysis on formalin preserved cichlids
and it confirmed that preserved museum material still can provide useful stable
isotope data.
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INTRODUCTION

During the past three decades, Lake Victoria has been subject of many ecological
studies as its ever changing limnology provides a unique opportunity to study the
effects of environmental changes on fish species. The population boom of the
introduced predatory Nile perch in the 1980s (Ogutu-Ohwayo 1990a; Pringle 2005;
Goudswaard et al. 2008) together with the increased eutrophication of the lake
(Ochumba & Kibaara 1989; Hecky 1993; Verschuren et al. 2002) resulted in
increased phytoplankton blooms, particularly cyanobacteria which caused low
water transparency and low dissolved oxygen (DO) levels (Mugidde 1993; Hecky
et al. 1994; Seehausen et al. 1997a; Witte et al. 2005). Concurrent with higher
phytoplankton productivity and a rapid increase in Nile perch abundance, a higher
abundance of shrimps, molluscs, insects and small cyprinid fish (dagaa) were
observed (Hecky 1993; Witte et al. 1995, Wanink & Witte 2000a; Goudswaard et
al. 2006) while there was a dramatic decline in the density of haplochromines and
their diversity in the late 1980s (Ogutu-Ohwayo 1990a; Kaufman 1992; Witte et al.
1992a; Seehausen et al. 1997a).

During the 1990s, some haplochromines recovered (Witte et al. 2000).
However, the recovering “detritivorous” and “zooplanktivorous” cichlids species
had shifted their diet from detritus/phytoplankton and zooplankton to larger sized
and more robust prey such as insects, shrimps, molluscs and small fish (van Oijen
& Witte 1996; Katunzi et al. 2003; Kishe-Machumu et al. 2008 [Chapter 3];
Chapter 4). In addition, it was found that there is currently more overlap of food
items among haplochromine species and among the trophic groups than in the past
(Kishe-Machumu et al. 2008 [Chapter 3]; Chapter 4). These studies were based on
dietary gut content analyses. Though such analyses are the only means of
establishing details of the types and amounts of prey taken, they do not show from
where the diets originate (Gearing 1991). If dietary studies are complemented by
analyses of stable nitrogen (8"°N) and carbon (5"3C) isotopes, they can provide a
clearer understanding of diets because stable isotopes reflect the actual assimilation
of organic matter into consumer tissue rather than merely its consumption.
Furthermore, they provide an average of the diet over periods of weeks to months
(Gearing 1991). Therefore, 8"*C and 8°N values can estimate long-term dietary
patterns of fish species.
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Stable isotope analysis has been successfully applied to analyse the diets, feeding
patterns, food web structure and energy flow in fish species of the Lake Victoria
basin (Campbell et al. 2003). Fish were studied from the Napoleon Gulf (Uganda;
Campbell et al. 2003) and the Winam Gulf (Kenya; Campbell et al. 2003; Ojwang
et al. 2004, 2010) of Lake Victoria. Other studies have focused on Lake Kyoga and
some of the satellite lakes of Lake Victoria (Mbabazi et al. 2004; Schwartz et al.
2006), as well as on some smaller Ugandan lakes Mburo and Kachera (Mbabazi
2004) and on riverine fish from the Lake Victoria watershed (Ojwang et al. 2007).
All studies were done on material collected after the mid 1990s and covered
relatively short time scales. Nothing is known, however, about the degree to which
stable isotope signatures (8°C and 3"°N) differ among the haplochromine trophic
groups and species before and after the environmental changes that occurred during
the 1980s in Lake Victoria. Moreover, as far as we know, no attempts have been
made to apply stable isotope techniques on preserved museum specimens of
haplochromines from Lake Victoria. This study uses formalin/alcohol-preserved
haplochromine tissue from the Mwanza Gulf (Tanzania) to answer the following
questions: 1) is there an impact of formalin/alcohol preservation on tissue 8**C and
8N signatures 2) are there significant differences in stable isotope signatures
between “detritivorous” and “zooplanktivorous” trophic groups and species of
haplochromines within the old and within the modern ecosystem 3) are there
significant differences in stable isotope signatures between trophic groups (and
species) collected in the old and those collected in the modern system.

Concerning questions two and three, we expect that differences in stable
isotopes between and within species will reflect differences (changes) in diet. Over
the time period sampled in this study, there were substantial changes in the
productivity, abundance and composition of phytoplankton, especially in the
inshore regions of Lake Victoria in Uganda (Mugidde 1992; Hecky 1993; Kling et
al. 2001; Hecky et al. 2010). Phytoplankton biomass increased five to six-fold and
shifted to cyanobacterial dominance by filamentous N fixers such as Anabaena and
to colonial Microcystis. There was also a profound species shift in the diatoms
from heavily silicified Aulacoseira to thinly silicified Nitzschia as dissolved Si
concentrations plummeted. These changes were accompanied by an increase by as
much as 2% in the "*C (Suess corrected) recorded in the organic matter deposited

in inshore areas of the lake. In contrast, there was little change in 8N in
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sediments. The increase in 8**C would be expected as the increased phytoplankton
biomass raised the demand for CO, and reduced isotopic fractionation (Hecky &
Hesslein 1995).

If similar changes in basal signature occurred in the Mwanza Gulf, which also
experienced increased phytoplankton biomass, then we would expect that
consumers in this area would reflect this change at the base of the food web and
shift to heavier 8°C signatures. In contrast, sedimentary 8"°N did not change
substantially (R.E. Hecky, unpublished data), and so any shift of *°N in consumers
is most likely reflecting a change in the diet.

MATERIALS AND METHODS

Study area and periods

Haplochromines were caught in the northern part of the Mwanza Gulf between
Nyamatala Island and Hippo Island (Fig. 1.2 [Chapter 1]; Appendix 1) in 1977-
1982 (old ecosystem) and 1993-2007 (modern ecosystem). The division in old and
modern ecosystem is based on the following observations in the Mwanza Gulf: 1) a
strong decline of haplochromines in the period between 1983 and 1988 and a slow
recovery since 1990 (Witte et al. 2007b); 2) phytoplankton blooms that were first
observed in 1986 (Witte et al. 1992a); 3) low DO concentrations and low Secchi
values observed in 1987/88 (Wanink et al. 2001; Witte et al. 2005).

Most samples were collected at seven stations (B, E, F, G, H, I, J) on a
transect crossing the Mwanza Gulf from Butimba to Kissenda Bay (Fig. 1.2
[Chapter 1]). Additional samples were collected in the sublittoral area (6-18 m
deep), north and south of the transect (Appendix 1). Except for the littoral station B
(4-6 m deep), which has a sand bottom, all other stations have a soft muddy
bottom.

Fish sampling

Haplochromine species were collected by trawling (bottom and surface) and
gillnetting. After each haul, the specimens were stored on ice, species and trophic
groups were identified in the laboratory. Specimens collected between 1977 and
2001 were stored in the Netherlands Centre for Biodiversity, Naturalis, Leiden.
They had been preserved in formaldehyde (5% solution) and were afterwards
transferred to 70% alcohol. The time that the fish were kept in formaldehyde
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depended on the moment of shipment to the Netherlands (where they were stored
in alcohol) and varied from several weeks to several years. The standard length
(SL) of each specimen was measured. A part of the epaxial muscle (dorsal to the
lateral line) was dissected and the skin was removed from the sample. Individuals
>5 c¢m SL collected in 2005 and 2007 were dissected in the same way, however,
smaller individuals (4-5 cm TL) were filleted and a part of the hypaxial
musculature was included.

For the samples collected in 2005 and 2007, only muscle tissue from one side
was preserved in formaldehyde and later transferred to alcohol 70%. This
preservation treatment was similar to the preservation procedures that have been
applied to museum specimens. In this way, materials collected in 2005 and 2007
became comparable with the museum material in terms of preservation treatment,
though the duration of preservation in formaldehyde and alcohol was shorter
(several weeks to a year). The muscles from the other side of the fish collected in
2007 were oven-dried at 60°C for 24-48 hours and stored in vials before being
transported to Canada for analysis. All samples were analyzed in the
Environmental Isotope Laboratory (University of Waterloo, Canada).

Species studied

Three ‘“zooplanktivorous” species, three “detritivorous” species and one true
phytoplanktivorous species were studied. The three ‘“zooplanktivores” were
Haplochromis (Yssichromis) pyrrhocephalus Witte & Witte-Maas, H. (Y.)
laparogramma Greenwood & Gee and H. tanaos van Oijen & Witte, which were
relatively easy to identify, both before and after the environmental changes in the
lake. The “detritivores” comprised H. (Enterochromis) cinctus Greenwood & Gee,
H. (E.) coprologus Niemantsverdriet & Witte, and H. (E.) ‘paropius-like’ of
which it is uncertain whether it is conspecific with H. (E.) paropius Greenwood &
Gee. The phytoplanktivorous species was H. bwathondii Niemantsverdriet &
Witte.

Before the environmental changes, the “detritivorous” trophic group in the
northern part of the Mwanza Gulf used to comprise several morphologically and
ecologically similar species (mainly differing in depth distribution) with a curved
dorsal head profile, of which sexually active males could be easily identified, but
females and non-active males were hard to identify (de Zeeuw et al. 2010). For that
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reason, in earlier ecological studies, these species were pooled as the 'curved head'
group (Goldschmidt et al. 1993). The three most common species of this group
were H. cinctus, H. (E.) antleter Mietes & Witte and H. (E.) katunzii Ter Huurne &
Witte. After the recovery, based on general morphological features, specimens
could still be identified as belonging to the ‘curved head’ group. However, specific
identification (even of sexually active males) in the modern ecosystem became
more difficult due to changes in breeding colour and morphology that may have
resulted from hybridization (Seehausen et al. 1997; de Zeeuw et al. 2010).
Therefore, we treated them as the ‘curved head’ group, just like Goldschmidt et al.
(1993). This modern ‘curved head’ group comprised individuals that showed
features of the three above mentioned species, but we cannot exclude introgression
of H. coprologus in this group. Only two modern individuals could be identified as
H. cinctus with some certainty.

We compared the stable isotopes (5'3C and &N) of “detritivorous” and
“zooplanktivorous” species collected in the modern ecosystem with those collected
in the old ecosystem. In the case of H. pyrrhocephalus, the fish from the modern
ecosystem comprised a relatively large sample (h = 16) over a long period (1993-
2007). Therefore, we divided the modern group into two subgroups referred to as
H. pyrrhocephalus 1990s (1993, 1999 and 2001, n = 7) and H. pyrrhocephalus
2000s (2005 and 2007, n =9).

Stable isotope analysis

Small sub-samples of fish tissue were freeze-dried and ground into fine powder for
8"N and 8"*C analyses using a Micromass VVG-Isochrom Continuous Flow Isotope
Ratio Mass Spectrometer (CF-IRMS) at the Environmental Isotope Laboratory,
University of Waterloo. The ratios of the stable isotopes were then measured
against the reference standards PeeDee belemnite for 5'°C and the nitrogen gas in
ambient air for 8°N (see equation). The delta notation (8), the difference (%o, or
parts per thousand) between the isotopic ratio of the sample and the standard, was
calculated as:

8°C or 6"°N = (Rsample* Rstandard)/ (Rstandard) x 1000
where R="CO, / *CO; for §"*C or R=""N; / *N, for §"°N
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Working standards used to determine inter- and intra-run variation and accuracy of
the results included the International Atomic Energy Agency (IAEA) standards
CH6 (8"3C = —10.4%0), N1 (3"°N = 0.36%0) and N2 (3'°N = 20.3%o), and the in-
house standards: EIL-70 (powdered lipid-extracted Lake Ontario walleye; §°C = —
19.34%o, 8N = 16.45%0) and EIL-72 (powdered Whatman cellulose fiber; §°C =
—25.4%0). The food web structure was graphically represented by plotting 5°N
against 8'°C for all fish.

The standard lengths, sampling stations and year of sampling of specimens
used in analysis are given in Appendix 1. Over the past 30 years, due to
deforestation and fossil fuel burning, CO, levels containing the low natural
concentrations of 8'°C in the atmosphere have risen over 20% (Francey et al.
1999). This change of carbon isotopes due to anthropogenic effects is also known
as the Suess effect (Keeling 1979) and has been most dramatic as the present day is
approached (Verburg 2007). As atmospheric and aquatic CO, equilibrate, it was
necessary to apply a Suess correction for the 8"°C according to the following
formula:

7.7738118 * 107 * Y® - 12222044 * 10 * Y° + 7.1612441 * 10® * Y* -
2.1017147 * 10" * Y3 + 3.3316112 * 101 * Y? - 273.715025 * Y + 91703:261,

with Y as year since 1700, as recommended by Verburg (2007), to compare fish
specimens collected as much as 30 years apart.

Data analysis
All fish species (H. ‘paropius-like’, H. cinctus, H. pyrrhocephalus, H. tanaos, H.
laparogramma) collected in 2007 were included in a test for the overall differences
in stable isotope signatures of 5"°C and 5"°N between preserved and dried samples
from the same individuals. The 8**C values of the dried and preserved muscles
were not normally distributed (Shapiro-Wilk-test), therefore, a paired Wilcoxon
test was employed whereas for the 8N, values were normally distributed
(Shapiro-Wilk-test), thus, a paired student t-test was used.

A linear regression was performed on stable isotopes which had a significant
Pearson correlation with SL. The grouped residuals of this regression were used to
test for normality with the Shapiro-Wilk test. Residuals of non-correlated stable
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isotopes were calculated by subtraction of the average stable isotope values from
the raw data. We used the residuals of the linear regression and the residuals which
were calculated manually for further analysis. In this way, stable isotopes which
had significant correlation with SL were corrected for the SL. A One-way ANOVA
was performed on both residuals to test for inter-specific differences in the same
period and for intra-specific differences among periods. A Bonferroni correction
was used for the P-values. Although the two modern specimens of H.
laparogramma were shown in the figures, they were not included in the statistical
analysis due to their small number. Also two specimens of the ‘curved head’ were
not included in the analysis because their stable isotopes strongly deviated from
other specimens of the same sample and species identification was uncertain. All
statistical tests were performed with SPSS 16.0 for Windows.

RESULTS

Effects of preservation

The dried and the formalin/ethanol preserved samples of the same individual
showed small though significant differences in their stable isotope values
(Appendix 2). This is illustrated by the preserved and dried samples of H.
‘paropius-like’, which show small differences and generally into the same direction
(Fig. 5.1). The preserved samples of all species combined had significantly lower
8"°C values than the dried samples (preserved -18.88%o. + 2.71, dried -18.22%o *
2.78: Z = -2.975, P = 0.003), and significantly higher 8"°N values than the dried
samples (preserved 9.07%o + 1.59, dried 8.73%0 + 1.52; t = -2.307, P = 0.028).
Although the differences were significant, the magnitudes are small relative to the
changes observed among species and over time in the same/similar species (see
below).
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Fig. 5.1 Isotopic composition of dried and preserved samples of H. ‘paropius-like’.

Effects of fish size

Old (1977-1982) and 1990s H. pyrrhocephalus had a significant negative Pearson
correlation between 8°C and SL (P < 0.05; Table 5.1). A significant positive
Pearson correlation with SL for 8°N was found for old H. pyrrhocephalus
specimens as well as for modern H. ‘paropius-like’ specimens (P < 0.05; Table
5.1). All residuals of the sequential linear regression were normally distributed
(Shapiro-Wilk test, P > 0.05).
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Table 5.1 Pearson correlations per species and period between §°C, 8"°N and SL.
Significant values are depicted in bold.

813C 515N

old n R P R P
H. bwathondii 10 0.265 0.46 0.291 0.415
H. cinctus 10 0.301 0.399 -0.366 0.299
H. coprologus 10 -0.11 0.976 0.371 0.291
H. pyrrhocephalus 10 -0.741 0.014 0.705 0.023
H. tanaos 5 0.324 0.595 0.4 0.505
Modern

H. ‘curved head’ 12 0.045 0.879 -0.229 0.43
H. ‘paropius-like’ 15 -0.303 0.273 0.611 0.015
H. pyrrhocephalus '90s 7 -0.766 0.045 0.220 0.636
H. pyrrhocephalus '00s 9 0.395 0.292 -0.340 0.370
H. tanaos 6 0.417 0.411 -0.143 0.787

Old populations

The stable isotope analysis of the old species resulted in a distinct clustering by
species (Figs 5.2A, B). Significant differences between 6°C and between 5N
values of old species were found (P < 0.001). A strong distinction was found along
the 3"*C axis with all species differing significantly from each other (P < 0.01)
except for the “detritivore” H. coprologus and the “zooplanktivore” H. tanaos (P =
1.000). The 3"*C and 3"N values of the “detritivore” H. cinctus were significantly
lower than those of the other four species (P < 0.001). Of these four species, the
phytoplanktivore H. bwathondii had significantly higher 8"*C values, and lower
8N values compared to the other three species (P < 0.01). Of the two
“zooplanktivorous™ species, H. pyrrhocephalus showed significantly higher 8**C
values compared to H. tanaos (P = 0.002). The "N values of the “detritivore” H.
coprologus and the “zooplanktivores” H. pyrrhocephalus and H. tanaos were the
highest and did not differ significantly from each other.
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Fig. 5.2 Isotopic composition of different species of different trophic groups. Filled
symbols represent old species, unfilled symbols represent modern species. A. old
“detritivores” and a phytoplanktivore; B. old “zooplanktivores”; C. “modern detritivores”;
D. modern “zooplanktivores”; E. old and modern ‘curved head’ group; F. old and modern
“zooplanktivores”. No statistics were performed on modern specimens of H. laparogramma
and are shown for illustration only. Two aberrant ‘curved head’ specimens with low 615N
values were excluded from the analysis.
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Modern populations

The analysis of the modern populations showed a clustering per species as well
(Figs 5.2C, D), but it was less clear than in the old populations. Both, the §°C and
the 8N values differed significantly among species (P < 0.001; P = 0.010
respectively). Pair wise comparison of 8**C values between species showed higher
values for H. pyrrhocephalus 2000s compared to the other species (P < 0.05).
Haplochromis pyrrhocephalus 1990s had significantly higher 5'°N values than H.
tanaos (P = 0.038), but did not differ from the H. pyrrhocephalus 2000s, the
“detritivorous” ‘curved head’ group and H. ‘paropius-like’ (P = 1.000, P = 0.239,
P = 1.000 respectively). The 8**C and the 8"°N values of the “zooplanktivorous” H.
laparogramma showed overlap with those of the H. pyrrhocephalus 2000s
population.

Old and modern populations

Modern ‘curved head’ populations had significantly higher *3C and 8°N values
than the old H. cinctus (P < 0.001; Fig. 5.2E). The population of H. pyrrhocephalus
1990s showed significantly lower 8°C and higher 8"°N values than the old
population (respectively P = 0.002; P = 0.003; Fig. 5.2F). The H. pyrrhocephalus
2000s population did not differ from the old population in **C values (P = 0.868),
but had significantly higher 8*°N values (P = 0.006). The two modern populations
did not differ in 8"°N values (P = 1.000), but the population of H. pyrrhocephalus
2000s did have significantly higher §'°C values than H. pyrrhocephalus 1990s (P =
0.003). Old and modern H. tanaos populations did not show significant differences.
As mentioned above, the 8°C values of the old populations of H. pyrrhocephalus
and H. tanaos did differ significantly from each other, while there was no
difference in 8N values. The 5"°C of both modern populations did not differ
significantly, while 5°N values of modern H. pyrrhocephalus (‘90s and '00s) were
significantly higher compared to those of modern H. tanaos (P = 0.001; P = 0.001
respectively).
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DISCUSSION
Problems with species identification and the effects of outliers

Since it was difficult to identify the “detritivorous” species after the environmental
changes, we grouped them as the ‘curved head’ group as in Goldschmidt et al.
(1993). According to the latter authors, the ‘curved head’ group was mainly made
up of H. cinctus and H. katunzii. In our case, this group may have also contained
hybrids of these two species and of H. antleter. Two modern ‘curved head’
specimens were so similar to H. cinctus that we allocated them to that species. As
expected, their 8°C and the 8"°N values fell in the range of the other ‘curved head’
specimens.

Two outliers of the modern ‘curved head’ group were excluded from our
dataset. The effect of outlier exclusion was explored by comparison of statistical
outputs of the two datasets (with and without outliers). The inclusion of the outliers
resulted in a non-normal distribution of the modern ‘curved head” group. To avoid
discrepancy between statistical analyses, we assumed a normal distribution for this
group (with outliers). Results of the dataset with outliers deviated slightly from the
dataset without outliers. Although P-values differed, relative differences between
species remained the same. So, although there are some slight interspecific
differences between datasets, the exclusion of the two outliers did not affect
differences in time between “detritivorous” populations and our major conclusions
(see below).

Preserved and dried samples

The observed depletion of 8**C in formalin/alcohol-preserved samples was small
(3.5%) and may have occurred due to hydrolysis of proteins by formalin (Arrington
& Winemiller 2002 and Sarakinos et al. 2002, and references therein). The
depletion could be also due to uptake of formalin and alcohol into the tissues as
both preservatives are carbon-based chemicals with characteristic 3"*C signatures.
Once preserved samples are immersed, their signatures may shift toward that of the
preservative (Arrington & Winemiller 2002 and Sarakinos et al. 2002, and
references therein). Our findings indicated that formalin/alcohol preservation leads
to a small increase in 8"°N (3.7%). The specific mechanism that leads to the
observed increase in 8"°N is unknown, however, nitrogen enrichment has been also
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observed by many other studies of preservation effects, e.g. Arrington &
Winemiller (2002) and Sarakinos et al. (2002).

Nevertheless, when we look at the order of magnitude, the differences found
between periods are much larger than the differences found between dried and
preserved samples. For instance, the differences in 8"*C (Suess corrected) and §"°N
values between old H. pyrrhocephalus and H. pyrrhocephalus 1990s are 19% and
17% respectively which is much higher compared to the above mentioned
differences between dried and preserved specimens (Figs 5.1, 5.2; Appendices 1,
2). Moreover, the samples used in this study have all been preserved the same way
in order to avoid discrepancies in the dataset due to different preservation
treatments.

Old populations

Though the specimens from the old populations were collected in different years
and, for H. pyrrhocephalus, at different locations in the northern part of the
Mwanza Gulf (Appendix 1), they revealed distinct and well separated conspecific
clusters. Moreover, as expected, the two “zooplanktivorous” species had higher
8N values than two of the three “detritivorous” species. These observations
suggest that this formalin/alcohol-preserved museum material still provides
ecologically meaningful stable isotope data, or at minimum that preservation did
not impose a common signal arising from the formalin/ethanol preservative (Table
5.2).
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The distinction along the §°C and 8N axes can partly be explained by the
different diets of the species. The bottom dwelling detritivore H. cinctus, which
mainly fed on detritus and phytoplankton and included some copepods and midge
larvae, had the lightest 5°C and §"°N values. Unexpectedly, the other detritivore,
H. coprologus, had the heaviest 8°N values. Haplochromis coprologus fed mainly
on detritus and phytoplankton during the day, but also included some copepods in
its diet. Apart from detritus, H. coprologus also fed on the diatom Aulacoseira,
especially at night, when it occurred a little higher in the water column
(Goldschmidt et al. 1993), but this does not explain the relatively high 8"°N values.
The overlap of §"3C and 8"N values between H. coprologus and H. tanaos may be
due to habitat overlap between these two species during a part of the life cycle of
H. coprologus. Juveniles of H. coprologus occurred in the same sheltered bays
(e.g. Butimba Bay), and fed mainly on zooplankton (F. Witte, pers. obs.) like H.
tanaos, which in the old ecosystem used to occur in this habitat throughout its life
(Goldschmidt et al. 1993; van Oijen & Witte 1996). The “zooplanktivorous” diet of
H. coprologus juveniles might have contributed to their heavy 8°N values.

The pelagic phytoplanktivore, H. bwathondii, had relatively heavy 8"°N values
compared to H. cinctus, while §*C values were the heaviest of all species; the
latter may be due to its phytoplanktivorous habits. Haplochromis bwathondii fed
mainly on Cyanophyta (Microcystis and Anabaena) and diatoms such as
Aulacoseira and occasionally Nitzschia. Larger phytoplankton such as colonial or
filamentous species, like the ones that contribute to diet of H. bwathondii, are
subject to boundary layer effects which might explain why the larger
phytoplankton species have heavier *C values compared to the smaller species
(France 1995; Hecky & Hesslein 1995). At night, H. bwathondii also consumed
considerable amounts of adult insects and Chaoborus larvae and pupae as well as
some copepods (Goldschmidt et al. 1993). The uptake of insects and zooplankton
seems to have resulted in relatively heavier 8°N values compared to H. cinctus,
however, 5"°N values were much lighter than those of H. coprologus.

The high "N values of the “zooplanktivores” H. pyrrhocephalus and H.
tanaos is consistent with their diet, mainly cyclopoid/calanoid copepods and
cladocerans respectively (Goldschmidt 1989; van Oijen & Witte 1996). The higher
8"°C values of H. pyrrhocephalus compared to those in H. tanaos might be the
result of a difference in habitat of both species. Haplochromis pyrrhocephalus
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occurred in open water while H. tanaos was mainly caught in bays. This habitat
difference might have resulted in different plant food for the zooplankton, which
could result in different 8**C values.

Modern populations

The clustering of the stable isotopes of the modern populations showed less species
distinction than the clustering of the old populations. This stable isotope overlap
confirms the findings of earlier diet studies of these species; reporting a dietary
shift to a more carnivorous diet, with overlap between the former “detritivores” and
“zooplanktivores” (Kishe-Machumu et al. 2008 [Chapter 3]; Chapter 4). After their
resurgence, both trophic groups included zooplankton, midge larvae, insects,
molluscs and shrimps in their diet (van Oijen & Witte 1996; Katunzi et al. 2003;
Kishe-Machumu et al. 2008 [Chapter 3]; Chapter 4). The 5N values of the
‘curved head’ group and H. ‘paropius-like’ had a very broad range. The broad
range of the latter species might be explained by the large variation in SL
(Appendix 1), as smaller fish might have a different diet than larger fish. Diet
analysis revealed that in the modern ‘curved head’ group, prey diversity was higher
than in the pooled old “detritivores” (four ‘curved head’ species and H. coprologus
Kishe-Machumu et al. 2008 [Chapter 3]). However, it should be noted that prey
diversity does not necessarily reflect the range of 8N, as some prey types have
similar values and others may differ greatly. The ‘curved head’ group did not differ
from H. pyrrhocephalus 1990s in stable isotope composition, which agrees with a
shift of the diet of this group in the modern ecosystem towards insects,
zooplankton, shrimps and molluscs instead of detritus and phytoplankton (Kishe-
Machumu et al. 2008 [Chapter 3]). As expected, the two modern H. laparogramma
specimens, collected in 2007, fell in the range of the closely related H.
pyrrhocephalus 2000s population (Fig. 5.1D). Their relatively high 3**C and low
8N can probably be explained by the relatively small size of the two H.
laparogramma individuals (Appendix 1). Analyses of H. laparogramma collected
in 1998 by Campbell et al. (2003) revealed means of -19.9 and 7.9 for §**C and
8N respectively in the Napoleon Gulf and values of -26.7 and -24.7 for §'°C and
10.1 and 10.5 for "N in the Winam Gulf. Ojwang et al. (2004) found mean values
of -21.4 and 11.9 respectively for 8*°C and N in H. laparogramma collected in
2002 in the Winam Gulf. The 5"°C values of modern H. laparogramma and closely
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related H. pyrrhocephalus 2000s in the Mwanza Gulf were much heavier (H.
laparogramma 8*3C = -6.2 and -8.0; H. pyrrhocephalus mean 8**C = -8.9.) than
those of H. laparogramma from the Napoleon and Winam Gulf. This can mainly
be attributed to the Suess correction that was not applied by Campbell et al. (2003)
and Ojwang et al. (2004). Our uncorrected values of both species in the 2000s
ranged from -18.8 to -14.5 (Table 5.2). In addition, the 8C values of H.
pyrrhocephalus 1990s, a sampling period similar to those in Campbell et al. (2003)
and Ojwang et al. (2004), were again closer to the results reported for H.
laparogramma in these studies (Table 5.2). The 5°N values (8.5 and 9.8) of our
modern H. laparogramma were in-between those found in the Napoleon Gulf and
Winam Gulf. The §°N values of the modern H. pyrrhocephalus were close to those
of H. laparogramma from the Winam Gulf. It should be noted that no information
on size (correction) is given for H. laparogramma in the papers of Campbell et al.
(2003) and Ojwang et al. (2004).

Old and modern species

The higher 8"°N values of the modern ‘curved head’ group compared to the old
population were in agreement with the diet change towards more insects,
zooplankton, shrimps and molluscs (Kishe-Machumu et al. 2008 [Chapter 3]). The
higher 8**C values in the modern ‘curved head’ group agrees with the hypothetical
changes at the base of the food web, leading to a shift to heavier "*C signatures, as
described in the introduction. However, the lower &2C values of H.
pyrrhocephalus in the 1990s do not agree with this hypothesis and suggest an
impact of the changed diet. The higher 8N values of H. pyrrhocephalus 1990s
(compared to the old population) may have been caused by the higher intake of
insects and midge larvae in their diet during the 1990s (Katunzi et al. 2003;
Chapter 4). The H. pyrrhocephalus 2000s population retained high 8"°N values,
however, 8"3C values increased again to the level of the old population. In 2005
and 2006 the diet of H. pyrrhocephalus contained again relatively more
zooplankton than in the 1990s, though still less than in the 1970s (Table 5.3),
which may explain the reversal to heavier 8"°C values of the 2000s if C in
zooplankton is based on a different phytoplankton source than in insects and midge
larvae. Stable isotopes of modern H. tanaos did, surprisingly, not differ from the
old population, whereas they did shift their diet towards more insects, and midge
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larvae in the 2000s (Table 5.3). Comparison with the above described shifts in H.
pyrrhocephalus is hampered, as currently no data on stable isotopes of H. tanaos
from the 1990s are available. Future stable isotope analysis on specimens from
1993 used in the study of van Oijen & Witte (1996) may give definitive
conclusions on this matter.

Table 5.3 Mean volume percentages (x standard deviations) of stomach and gut contents of
H. pyrrhocephalus and H. tanaos throughout time.

H. pyrrhocephalus H. tanaos
n=32 n=13 n=48 n=47 n=10 n=31

1977-82! 1999-20017 2005-06° 1977-81* 1993° 2005-06°
Detritus 42+178 12.6 +16.8 46+79 2972 08+2.6 49+64
Phytoplankton 3.6+94 48+11.6 11+£27 14+7.1 0 0
Zooplankton*  63.9 +30.8 29.9+27.3 46.9+336 57.1+39.3 57+89 10.7+21.1
Ostracods 0 08+17 1.7+5 0 6.1+15.2 71+121
Chironomids 2.1+59 16.5+29 5.3+ 14.4 7.7£22.8 13.4+29.1 30.5+33
Chaoborus 15.6+20.7 123+25.9 10.9+ 184 4.6+14.8 0 13+54
Insects 6.8+9.8 85+178 48+8.7 243+30.1 646+378 20.4+£30
Molluscs 0 114+21 06+27 0 0 05+1.4
Shrimps 0 15+53 6.4+15 0 0 13.6+25.4
Fish 04+14 06+12 15+ 16 0 8.9+19.3 10.8 +22.7
Others 35+94 11+23 27+12 22+87 05+16 01+07

* H. pyrrhocephalus mainly fed on copepods, H. tanaos mainly fed on cladocerans. Data derived from: ! Katunzi
et al. 2003, Chapter 4; 2 Katunzi et al. 2003;  Chapter 4; * van Oijen & Witte 1996, Chapter 4; ° van Oijen & Witte
1996; ® Chapter 4
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CONCLUSION

The findings under this study suggest that preserved specimens may be used for
stable isotope analysis as preservation only affected "°C and 8"°N values by three
to four percent while the magnitude of changes over time and among species were
much larger. This confirms the conclusions of Campbell et al. (2003) explaining
that stable isotope analyses are a robust tool to study trophic positions and dietary
sources in Lake Victoria. Many museums have substantial historical archives of
preserved fish specimens. Therefore, this study supports the possibility of using
archived collections to characterize food-web structures of aquatic ecosystems at
scales of tens to hundreds of years.

This study revealed that significant differences both in 8**C and 3N values
exist among haplochromine trophic groups as well as among species in agreement
with their diets. Stable isotope changes in time were observed for several species
which were likely the result of diet changes towards prey of higher trophic levels
and different C sources and a partly reversal of diet change in H. pyrrhocephalus.
However, further studies on the reverting to former diets for some resurgent
species are recommended.
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Appendix 1 Fish species used in stable isotope analysis

Period Trophic Species SL  Station  Yearof Un- Suess 3N

group (cm) sampling  corrected  corrected
613(: 613(:

Oold Phytoplank  H. bwathondii 6.5 G 1982 -17.4 -9.9 6.8

-tivores H. bwathondii 69 G 1982 -17.1 -9.6 74

H. bwathondii 72 G 1982 -17.2 -9.7 8.0

H. bwathondii 71 G 1981 -16.9 -9.4 7.8

H. bwathondii 68 G 1981 -15.5 -8.0 7.3

H. bwathondii 72 G 1982 -15.5 -8.0 7.7

H. bwathondii 67 G 1981 -16.4 -8.9 8.4

H. bwathondii 65 G 1982 -17.5 -10.0 7.0

H. bwathondii 65 G 1982 -17.5 -10.0 7.3

H. bwathondii 73 G 1982 -17.4 -9.9 6.9

Mean 6.9 -16.8 9.4 7.5

St. dev 0.3 0.8 0.8 05

“Detriti- H. cinctus 62 G 1981 -22.9 -15.4 6.8

vores” H. cinctus 61 G 1981 -24.9 -17.4 54

H. cinctus 5.7 G 1982 -23.6 -16.1 7.0

H. cinctus 6 G 1981 -22.6 -15.1 6.7

H. cinctus 58 G 1982 -25.0 -17.5 6.5

H. cinctus 62 G 1981 -22.8 -15.4 6.4

H. cinctus 61 G 1982 -22.9 -15.4 7.3

H. cinctus 61 G 1981 -23.1 -15.6 6.4

H. cinctus 59 G 1982 -23.6 -16.1 6.7

H. cinctus 64 G 1981 -23.7 -16.3 6.1

Mean 6.1 -235 -16.0 6.5

St. dev 0.2 0.8 0.8 05

H. coprologus 6.1 G 1982 -19.3 -11.8 8.8

H. coprologus 59 G 1982 -18.4 -10.9 9.4

H. coprologus 5.2 G 1981 -19.0 -11.5 9.4

H. coprologus 58 G 1982 -18.7 -11.2 9.7

H. coprologus 6.3 G 1982 -18.8 -11.3 10.2

H. coprologus 556 G 1981 -18.7 -11.2 9.0

H. coprologus 5.8 G 1982 -18.8 -11.3 9.3

H. coprologus 54 G 1981 -18.9 -114 9.0

H. coprologus 5.8 G 1982 -19.2 -11.7 10.3

H. coprologus 5.7 G 1982 -19.1 -11.6 9.6

Mean 5.8 -18.9 -114 9.5

St. dev 0.3 0.3 0.3 0.5

“Zooplank-  H. pyrrhocephalus 6.6 Mz G? 1978 -17.0 -9.6 8.7

tivores” H. pyrrhocephalus 6.3 Mz G? 1978 -16.4 -9.0 8.8

H. pyrrhocephalus 6.8 Mz G? 1977 -16.8 -9.4 8.7

H. pyrrhocephalus 6.5 Mz G 1978 -16.2 -8.8 9.0

H. pyrrhocephalus 7.3 Mz G 1977 -17.5 -10.2 9.5

H. pyrrhocephalus 6.2 Mz G 1978 -14.7 -7.3 7.9
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Appendix 1 continued

H. pyrrhocephalus 6.9 Mz G 1977 -17.8 -10.4 9.6
H. pyrrhocephalus 6.8 Mz G 1978 -17.1 -9.7 9.7
H. pyrrhocephalus 6.7 Mz G 1978 -16.9 -9.5 8.9
H. pyrrhocephalus 6.7 Mz G? 1977 -18.1 -10.7 9.6
Mean 6.7 -16.8 -9.5 9.0
St. Dev 0.3 1.0 1.0 0.6
H. tanaos 6.2 B 1979 -19.2 -11.8 9.8
H. tanaos 7 B 1979 -18.8 -11.3 10.3
H. tanaos 6.7 B 1979 -18.8 -11.4 9.7
H. tanaos 6.9 B 1979 -18.5 -11.0 9.5
H. tanaos 6.3 B 1979 -18.4 -11.0 9.5
Mean 6.6 -18.7 -11.3 9.7
St. Dev 0.4 0.3 0.3 0.3
Modern “Detriti- ‘Curved head’ 5.7 E 2005 -19.4 -11.2 9.4
vores” ‘Curved head’ 6.1 F 2005 -21.3 -13.1 10.5
‘Curved head’ 55 H 2005 -21.0 -12.8 10.5
‘Curved head’ 55 G 2005 -215 -13.2 10.5
‘Curved head’ 6.1 F 2005 -21.1 -12.9 10.7
‘Curved head’ 6 H 2005 -21.2 -12.9 10.8
‘Curved head’ 5.3 | 2005 -19.4 -11.2 10.3
‘Curved head’ 66 G 2007 -22.0 -13.6 9.9
‘Curved head’ 6.5 G 2007 -22.1 -13.7 8.0
‘Curved head’ 75 G 2007 -215 -13.1 8.8
‘Curved head’ 71 G 2007 -18.8 -10.5 10.3
‘Curved head’ 6 G 2007 -22.4 -14.1 8.1
‘Curved head’
(cinctus) 68 G 2007 -215 -13.2 9.0
‘Curved head’
(cinctus) 6.6 G 2007 -21.9 -13.6 9.7
‘Curved head” 67 J 2007 -14.4 -6.1 6.6
‘Curved head” 59 J 2007 -14.9 -6.6 5.8
Mean 6.2 -20.3 -12.8 9.3
St. dev 0.6 24 11 15
H. ‘paropius-like’ 5.8 E 2007 -21.6 -13.3 9.1
H. ‘paropius-like’ 4.7 E 2007 -20.0 -11.6 8.8
H. ‘paropius-like’ 5 E 2007 -13.8 -55 5.6
H. ‘paropius-like’ 6.2 E 2007 -19.7 -11.4 11.0
H. ‘paropius-like’ 6 E 2007 -21.3 -13.0 10.5
H. ‘paropius-like’ 5.8 E 2007 -19.4 -11.1 12.1
H. ‘paropius-like’ 52 G 2007 -18.6 -10.3 8.2
H. ‘paropius-like’ 48 G 2007 -17.8 -9.5 7.4
H. ‘paropius-like’ 5.7 J 2007 -18.4 -10.1 9.3
H. ‘paropius-like’ 4.7 J 2007 -21.3 -13.0 8.0
H. ‘paropius-like’ 4.6 J 2007 -21.8 -135 7.7
H. ‘paropius-like’ 8 G 2007 -21.4 -13.1 10.4
H. ‘paropius-like’ 51 G 2007 -22.1 -13.8 9.8
H. ‘paropius-like’ 45 G 2007 -17.3 -9.0 8.0
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Appendix 1 continued

H. ‘paropius-like’ 51 G 2007 -16.9 8.6 7.2
Mean 54 -19.4 -11.1 8.9
St. dev. 0.9 2.3 2.3 17
“Zooplankti  H. laparo-

vores” gramma® 44 J 2007 -145 -6.2 8.5
H. laparo-
gramma® 43 J 2007 -16.3 -8.0 9.8
Mean 4.4 -15.4 -7.1 9.2
H. pyrrhocephalus 69 T 1999 -20.2 -12.1 111
H. pyrrhocephalus 56 G 2001 -18.8 -10.7 10.5
H. pyrrhocephalus 68 T 1999 -19.5 -115 11.3
H. pyrrhocephalus 5.6 | 1993 -18.8 -11.0 10.5
H. pyrrhocephalus 6.6 T 1999 -19.0 -11.0 10.1
H. pyrrhocephalus 6.6 T 1999 -20.3 -12.3 11.3
H. pyrrhocephalus 59 G 2001 -18.9 -10.8 11.6
Mean 6.3 -19.3 -11.3 10.9
St. dev. 0.6 0.6 0.6 0.6
H. pyrrhocephalus 5.5 F 2005 -18.1 -9.9 11.6
H. pyrrhocephalus 52 F 2005 -18.1 -9.9 10.6
H. pyrrhocephalus 51 F 2005 -18.3 -10.0 11.3
H. pyrrhocephalus 43 E 2007 -18.8 -10.5 12.0
H. pyrrhocephalus 5.8 E 2007 -14.8 -6.5 9.1
H. pyrrhocephalus 4.7 ] 2007 -16.7 -8.3 9.41
H. pyrrhocephalus 44 ] 2007 -16.7 -8.3 10.1
H. pyrrhocephalus 51 J 2007 -17.2 -8.9 10.5
H. pyrrhocephalus 4.9 J 2007 -16.6 -8.3 11.4
Mean 5.0 -17.3 -9.0 10.7
St. dev. 0.5 1.2 13 1.00
H. tanaos 6.5 G&H 2005 -19.4 -8.0 9.6
H. tanaos 6.5 G&H 2005 -20.3 -11.1 8.8
H. tanaos 6.1 G 2005 -19.1 -12.1 9.1
H. tanaos 63 G&H 2005 -20.3 -10.9 9.0
H. tanaos 67 G&H 2005 -19.0 -12.0 8.9
H. tanaos 6.1 J 2007 -20.8 -10.8 9.1
Mean 6.4 -19.8 -10.8 9.1
St. dev. 0.2 0.7 0.7 0.3

? Northern part of the Mwanza Gulf between Nyamatala Island and Hippo Island.

® Specimens were not included in analysis.

T = Transect
Mz G = Mwanza Gulf
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Appendix 2 The values of °C and 8N in formalin/alcohol-preserved and dried fish

muscle tissues.

Trophic group Species 3N
Formalin/alcohol Dried Formalin/alcohol Dried
“Detritivores” H. ‘paropius-like’ -21.58 -17.91 9.07 10.09
-19.96 -19.07 8.80 8.22
-13.79 -13.27 5.63 5.22
-19.73 -19.25 11.01 10.15
-21.30 -20.47 10.45 10.00
-19.39 -18.77 12.13 11.48
-18.64 -20.85 8.21 8.10
-17.80 -21.34 7.39 10.71
-18.42 -17.03 9.34 9.05
-21.29 -20.54 8.03 743
-21.79 -17.53 7.73 8.30
-21.45 -21.36 10.37 9.79
-22.09 -20.29 9.84 8.98
-17.29 -16.50 7.96 7.32
-16.87 -16.37 7.23 6.55
H. cinctus -21.50 -21.11 9.01 8.79
-21.96 -21.42 9.92 9.50
-22.06 -21.40 7.96 7.70
-21.88 -21.50 9.73 9.52
-21.46 -21.05 8.80 8.62
-18.79 -21.30 10.32 8.69
-22.38 -21.72 8.07 7.72
-14.41 -13.97 6.58 6.30
-14.92 -14.26 5.80 5.56
“Zooplanktivores” H. pyrrhocephalus -18.78 -17.93 11.99 11.04
-14.81 -17.81 9.11 10.01
-16.65 -15.97 941 8.77
-16.65 -15.83 10.13 9.35
-17.17 -16.55 10.51 9.80
-16.59 -15.98 11.41 10.81
H. tanaos -20.80 -13.80 9.05 8.01
H. laparogramma -14.51 -13.58 8.49 7.42
-16.31 -15.49 9.78 9.17
Mean -18.88 -18.22 9.07 8.73
St. dev. 271 2.78 1.59 1.52
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ABSTRACT

Haplochromine cichlids used to be the main prey of the introduced Nile perch,
Lates niloticus, in Lake Victoria. After depletion of the haplochromine stocks at the
end of the 1980s, Nile perch shifted to the shrimp Caridina nilotica and to a lesser
degree to its own young and the cyprinid Rastrinecbola argentea. In the present
study we investigated the Nile perch diet in the northern Mwanza Gulf after
resurgence of some of the haplochromine species and compare it with data
collected in the same area in 1988/89. It became clear that haplochromines are
again the major prey of Nile perch. The dietary shift from invertebrate feeding
(shrimps) to feeding on fish (haplochromine cichlids) occurs at a smaller size than
it did when Nile perch were taking primarily dagaa and juvenile Nile perch as their
fish prey. The apparent preference for haplochromines as prey has reduced the
degree of cannibalism considerably, which may have a positive impact on Nile
perch recruitment.
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INTRODUCTION

Nile perch, Lates niloticus (Linnaeus), was introduced into Lake Victoria in the
1950s and early 1960s from lakes Turkana (Kenya) and Albert (Uganda) where it
is native (Pringle 2005). A dramatic increase of the Nile perch in the 1980s (Ogutu-
Ohwayo 1990a; Goudswaard et al. 2008) coincided with the disappearance of
about 40% of the 500+ endemic haplochromine cichlid species (Witte et al. 1992b).
Concomitant with the disappearance of haplochromine species, increases of the
cyprinid Rastrineobola argentea (Pellegrin), locally called dagaa, and of the
shrimp Caridina nilotica (Roux) were noted (Wanink 1999; Goudswaard et al.
2006). About a decade later, Nile perch yields declined due to intense fishing and
resurgence of some haplochromine species was observed in the lake (Seehausen et
al. 1997b; Balirwa et al. 2003; Getabu et al. 2003; Witte et al. 2007a).

During the period of the 1970s, when haplochromine cichlids were the
dominant fish in the lake (Kudhongania & Cordone 1974), they were the major
prey of the Nile perch (Hamblyn 1966; Gee 1969). In the course of the 1980s,
when the density of haplochromines in the sub-littoral and off-shore waters
declined to almost zero (Ogutu-Ohwayo 1990a; Witte et al. 1992b), Nile perch
switched to shrimps, dagaa and to its own young (Ogari & Dadzie 1988; Ogutu-
Ohwayo 1990b; Mkumbo & Ligtvoet 1992; Katunzi et al. 2006). A similar shift in
diet was noted in Lake Kyoga, where Nile perch had been introduced as well
(Ogutu-Ohwayo 1990b). In the Mwanza Gulf (Fig. 1.2 [Chapter 1]) the switch
from haplochromines to shrimps, juvenile Nile perch and dagaa, was rather abrupt,
and occurred between September 1986 and June 1987 (Mkumbo & Ligtvoet 1992).
In absence of haplochromine cichlids, shrimps seemed to be the preferred prey of
Nile perch up to 30 cm TL in the sub-littoral areas of the Mwanza Gulf in 1988/809.
Even when juvenile Nile perch and dagaa were abundant, shrimps were eaten
almost exclusively by this size class (Katunzi et al. 2006). However, it has been
suggested that, with their recovery, haplochromines would take over the role as key
prey again (Katunzi et al. 2006).

During the past 15 years, the abundance of some haplochromine species in the
sub-littoral waters of the Mwanza Gulf has increased again and currently the total
number of individuals of haplochromines is about the same as in the 1970s (Witte
et al. 2007a; Chapter 2). Studies by Budeba & Cowx (2007) and by Ngupula &
Mlaponi (2010) showed that after their resurgence in the Tanzanian waters of the
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lake, haplochromines became important prey of Nile perch again. However, these
studies were mainly aimed at the role of the shrimp C. nilotica in the Nile perch
diet and did not make comparisons with Nile perch diets in the past from the same
areas of the lake. To examine explicitly whether Nile perch from sub-littoral waters
in the Mwanza Gulf switch back to haplochromines as their major food source after
the resurgence of some of some species, we first quantified the diet of Nile perch
on a research transect in the Mwanza Gulf between Butimba Bay and Kissenda
Bay (Fig. 1.2 [Chapter 1]). We then compared these data to a subset of data that
were collected in 1988-1998 by Katunzi et al. (2006) from an area that partially
overlapped with the transect. To enable comparisons with earlier studies, we used
both the frequency of occurrence method and the volumetric percentage method to
characterize the Nile perch diet.

MATERIALS AND METHODS

Study area

The Nile perch samples were collected in the sub-littoral (6-20 m) waters on a
research transect across the Mwanza Gulf, between Butimba Bay and Kissenda
Bay (Fig. 1.2 [Chapter 1]). The research transect is approximately 5 km long and
six sampling stations (E, F, G, H, | & J) with depths ranging from 5.5 to 13 m were
sampled.

Sampling techniques
A small trawler, used for sampling haplochromine cichlids, was powered by a 25
hp outboard engine and towed a bottom trawl net with a 4.6 m head-rope and a 5
mm cod-end mesh. It only caught small-sized Nile perch (up to ca 30 cm TL).
Therefore, large trawlers (165-215 hp) using nets with a head rope of 22-27 m and
a wider stretched cod-end mesh (50-100 mm) were used to catch large-sized Nile
perch. Trawl shots lasted for 10 minutes and 30 minutes with the small and large
trawlers respectively. Sampling in 2006 and 2008 was mostly conducted in the
morning hours between 08.00 and 12.00. The only exception was 7 March 2008,
when 25 Nile perch with food in their stomachs were collected with a large trawler
between 14.50 and 18.00 hours.

With the small trawler, a trawl-shot was made at each station once per month
in 2006 and once per two months in 2008. The large trawlers were used in January,

118



Diet change in Nile perch

March, May and December 2006 and in March, August, October and December
2008. In each month three to four hauls were made on one day, and each trawl shot
covered 2-3 stations on the transect. For data analysis the Nile perch samples from
the small and large trawlers were combined.

Biotic data and stomach examination

Total length (TL) of Nile perch was measured to the nearest cm (digits ending at >
0.5 were rounded to the nearest cm above). Depending on the size of the catch,
stomach contents of all Nile perch < 20 cm TL, or of a sub-sample, were analysed,
while all fish > 20 cm TL were all analysed. When using a large trawler
identification of stomach contents was performed on board, immediately after each
haul. In case of the small trawler, fish were kept on ice and analysis was
performed in the laboratory on the same day. The entire stomach of each fish was
removed. Before opening the stomach, its fullness was estimated at five levels; 0,
25, 50 75 and 100%. The prey items were identified to the lowest possible
taxonomic level. Small prey items like zooplankton and midge larvae that could
only be observed with the aid of a microscope were discarded in this study, as we
were mainly interested in the contribution of haplochromines and other large prey
items to the diet. Moreover, Katunzi et al. (2006) showed that they were relatively
unimportant prey types for Nile perch at the research transect (their station 3).
Zooplankton was only eaten by fish < 5 cm TL (frequency of occurrence < 15%),
and midge larvae mainly by fish < 10 cm (frequency of occurrence < 30%).

The frequency of occurrence of each food item was expressed as the
percentage of fish containing that food item out of the total number of fish
containing food. Volume per food type was estimated for each fish separately as a
percentage of the total volume of food it had ingested and then a correction on
volume per food type was made for the percentage of fullness of the stomach. This
implied that the sum of the volume percentages of all food types, together with the
empty part added up to 100%.

For calculating frequencies of occurrence and volume percentages of prey
items, fish with empty stomachs were discarded and those filled less than 25%
were discarded for calculating volume percentages. In total, 1073 fish (2.5-114 cm
TL) from 2006 and 2008 with food in their stomachs were used for calculating
frequencies of occurrence of prey items, whereas 1070 were used for volume
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percentages. Fish were grouped into size classes of 5 cm. The minimum number of
individuals per length class was 11 (46-50 cm TL) and maximum number was 242
(11-15cm TL).

Comparison with data collected in 1988/89

For a comparison of Nile perch diets in 2006/2008 with those in 1988/89, we used
fish up to 30 cm TL, as this was the size range studied by Katunzi et al. (2006).
From the latter study we only used Nile perch containing food (n = 1392) that were
collected at station 3 (12-16 m deep), whereas from the present study we used Nile
perch containing food (nh = 639) from the deeper stations of the transect (F, G, H
and I; 9.5-13 m), as these stations roughly overlapped with station 3 in Katunzi et
al. (2006). Data collected by Katunzi et al. (2006) for 1 cm classes of Nile perch
were lumped as 5 cm classes to make them comparable with those in the present
study.

Data analysis

A Pearson correlation coefficient was calculated between the percentages of empty
stomachs and fish size classes (5 cm) for all stations combined. The Jonckheere-
Terpstra test was used to test for trends of prey items among size classes. A Chi-
Square test was used for testing if differences in frequencies of occurrence of food
items between 1988/89 and 2006/2008 were significant. Sequential Bonferroni
corrections were applied in case of repeated tests. Statistical tests were performed
with SPSS 17.0 for Windows.

RESULTS

Frequency of occurrence of prey items

On average, 28.4 = 11.5% of all studied stomachs were empty. The average
percentage of empty stomachs was positively correlated with Nile perch length
class (Pearson correlation coefficient, R = 0.868; P = 0.001; n = 11). The average
percentage of empty stomachs in Nile perch from 1 to 30 cm was 21.1 + 8.7%.

The shrimp C. nilotica and haplochromine cichlids were the most common
prey types in Nile perch (Table 6.1). With increasing size of Nile perch, the
frequency of occurrence of shrimps decreased significantly (98-0%; Jonckheere-
Terpstra test, P < 0.001; n = 1073), whereas that of haplochromines increased
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significantly (0-60%; Jonckheere-Terpstra test, P < 0.001; n = 1073). Dagaa was
eaten by a relatively small proportion of all size-classes of Nile perch. Juveniles of
its own species were found in low proportions of Nile perch > 11 cm TL. For dagaa
and juvenile Nile perch the frequency of occurrence increased significantly with
Nile perch size (Jonckheere-Terpstra test, P < 0.001; n = 1073 for both prey
types), especially for the size classes > 26 cm TL, reaching maxima of about 20%
in fish > 50 cm (Table 6.1). Other fish taxa were rather rare in the Nile perch diet
and mainly comprised juvenile Oreochromis niloticus (Linnaeus) and Barbus spp.
A relatively large percentage of Nile perch contained fish remains that could not be
further identified as they were too far digested (Table 6.1). The frequencies of
unidentifiable fish also increased significantly with Nile perch size (Jonckheere-
Terpstra test, P = 0.011; n =1073). The highest frequencies (10-11%) of dragonfly
nymphs (Odonata) and molluscs were occurring in the intermediate size classes
(Table 6.1). Two large fish (one of 46-50 cm and one > 51 cm) contained crab and
plant remains in their stomachs, listed as other prey.

Table 6.1 Frequency of occurrence (percentages) of prey types in Nile perch per 5 cm
length class in the Mwanza Gulf in 2006 & 2008 (h = number of fish with food).

Sizeclass (cm, TL) 1-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51+

n 44 205 242 201 110 81 65 46 26 11 42
Odonata 0 1 4 10 11 7 11 4 4 0 2
Molluscs 0 0 3 2 5 10 11 7 0 0

Shrimps 98 80 71 62 32 25 26 11 0 0 0
Dagaa 2 1 1 2 4 5 9 4 15 9 21
Nile perch 0 1 1 2 2 6 11 4 18 19
Haplochromines 0 12 19 25 51 57 57 85 73 64 60
Other fish 0 0 0 1 2 0 0 0 0 9 5
Unidentified fish 0 10 14 13 26 36 35 20 27 27 45
Other prey 0 0 0 0 0 0 0 0 0 9 2

Volume percentages of food items

With the volume percentage method, similar results as with the frequency of
occurrence were obtained (Table 6.2). Shrimps dominated the diet (40-86%) in
Nile perch up to 20 cm TL, whereas haplochromines dominated (33-46%) in Nile
perch from 21 cm onwards. The contribution of juvenile Nile perch to the diet
increased slowly with predator length, but was never more than 9%; the
unidentifiable fish species reached a maximum of 12% in size class 46-50 cm TL.
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Insects, molluscs, dagaa and other fish taxa never contributed more than 9% to the
diet of each size class. The volume percentages of other prey were negligible.

Table 6.2 Nile perch diet composition (mean volume percentages) per 5 cm length class in
the Mwanza Gulf in 2006 and 2008 (n = number of fish of which the stomach fullness was
> 25%).

Sizeclass (cm, TL) 1-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51+

n 44 205 242 200 109 81 64 46 26 11 42
Odonata 0 0 2 5 3 1 1 1 0 0 0
Molluscs 0 0 1 1 1 2 1 1 0 0 0
Shrimps 86 64 48 40 15 7 6 1 0 0

Dagaa 2 1 1 1 2 2 3 0 3 1 2
Haplochromines 0 8 15 18 33 37 34 46 43 34 34
Nile perch 0 0 0 1 1 1 2 4 6 9

Other fish 0 0 0 0 1 0 0 0 0 9

Unidentified fish 0 9 6 5 12 11 6 4 9 11 12
Other prey 0 0 0 0 0 0 0 0 0 1 0
Empty 11 18 27 30 33 38 47 44 39 34 42

Comparison of data collected in 1988/89 and 2006/2008

The proportion of Odonata in the diet of Nile perch was independent of time
period for all size classes, except for Nile perch of 11-15 cm, where the proportion
was higher in 2006/2008 (Fig. 6.1; Chi-Square, P = 0.009). For the other size
classes the difference in the frequency of occurrence of Odonata was not
significant (Chi-Square, P ranging from 0.102 to 0.777). However, all other food
items showed striking differences amongst both periods. In 2006/2008, Nile perch
up to 20 cm TL ate shrimps more frequently than in 1988/89 (Chi-Square, P <
0.009), whereas the reverse was true for Nile perch of 21-30 cm TL (Chi-Square, P
< 0.004; Fig. 6.1). After Bonferroni corrections the frequencies of occurrence of
dagaa in Nile perch from 16-30 cm TL were strikingly lower in 2006/2008 than in
1988/89 (Chi-Square, P = 0.032-0.191 for size range 1-15 cm and P < 0.006 for
size range 16-30 cm; Fig. 6.1). Moreover, for Nile perch ranging from 1-30 cm
TL, in1988/89, the frequency of occurrence of dagaa increased significantly with
Nile perch size (Jonckheere-Terpstra test, P < 0.001; n = 1392), but this was not
the case in 2006/2008 (Jonckheere-Terpstra test, P = 0.373; n = 639). In 1988/89
juvenile Nile perch were present in 25-30% of the stomachs of their conspecifics
larger than 6 cm, whereas in 2006/2008 this had declined to less than 3% (Fig. 6.1;
Chi-Square, P <0.001 for all Nile perch classes between 6 and 30 cm).
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Fig. 6.1 Frequency of occurrence of the main prey types of Nile perch up to 30 cm TL (per
5-cm size class) in 1988/89 (n = 1392) and 2006/2008 (n = 639): (a) shrimps, (b) dagaa, (c)
Odonata nymphs, (d) haplochromines, (e) Nile perch. For 2006/2008 only Nile perch were
used collected at stations F, G, H and I, which approximately cover station 3 sampled by
Katunzi et al. (2006) in 1988/1989.
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In 1988/89 haplochromines were virtually absent in sub-littoral waters in the
northern part of the Mwanza Gulf and consequently also absent in Nile perch
stomachs. Molluscs were not encountered in the diet of Nile perch from 1988/89.
The average percentage of empty stomachs in Nile perch from 1 to 30 cm in 2006-
2008 (21.1 + 8.7%) was similar to that found during the non-haplochromine diet
regime (viz. 21.2 = 5.6%) in 1988/89 by Katunzi et al. (2006).

DISCUSSION

Obviously, shrimps and haplochromines were the key preys of Nile perch in the
northern part of the Mwanza Gulf in 2006/2008. In Nile perch up to 20 cm the
dominant prey items were shrimps and in the larger size classes they were
haplochromines. Though unidentified fishes also contributed significantly to the
frequency of occurrence of prey types, their contribution to the volume percentages
was much smaller (Tables 6.1, 6.2). Moreover, it should be noted that most likely a
major part of the unidentified fishes were haplochromines that were too far
digested to be identified. During a survey in the entire Tanzanian sector of the lake
in November 2006, it was found that shrimps dominated in the diet of Nile perch <
50 cm TL by contributing 54% by volume, whereas haplochromines made up 41%
of the diet of Nile perch > 50 cm TL (Ngupula & Mlaponi 2010). Our data indicate
that in the northern part of the Mwanza Gulf the switch from shrimps to
haplochromines as dominant prey occurred already at the size of about 20 cm TL.
Similar results were found in 1999-2002 by Budeba & Cowx (2007) for their zone
A, which included the Speke Gulf, the Mwanza Gulf and the offshore area between
Kome Island and Ukerewe Island. In the other two zones (zone B near Musoma
and zone C covering the south-western part of the Tanzanian waters)
haplochromines only became the dominant prey in Nile perch > 50-60 cm TL. As
there is no information on haplochromine and shrimp densities in these areas, the
cause of this delayed switch is not clear.

In September 1986, when haplochromine catches in the Mwanza Gulf had
decreased to ca 60 kg h™ (from ca 1500 kg h™ in the 1970s), haplochromines still
were the most frequently occurring prey (> 60%) in Nile perch of 15-40 cm TL
(Mkumbo & Ligtvoet 1992). Between June 1987 and August 1988, when
haplochromines had virtually vanished from the trawl catches (Goudswaard et al.
2008), the frequency of occurrence of haplochromines in Nile perch of 15-40 cm
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TL had decreased to less than 5% (Mkumbo & Ligtvoet 1992). Finally, in the
period of September 1988 to September 1989, no haplochromines at all were found
in Nile perch up to 30 cm TL (Fig. 6.1, Katunzi et al. 2006). The shift from
haplochromines to shrimps as the main prey between 1986 and 1989 in the
Mwanza Gulf was clearly due to the decline of the haplochromines (Witte et al.
1992b; Goudswaard et al. 2008) and the concomitant increase of shrimps
(Goudswaard et al. 2006).

Katunzi et al. (2006) found that in 1988/89 at station 3 in the Mwanza Gulf,
Nile perch up to 30 cm TL, in addition to shrimps (the most common prey), fed on
juvenile Nile perch (< 5 cm TL), and with lower frequency on dagaa. However, it
appeared that in seasons with high abundance of shrimps, juvenile Nile perch and
dagaa were neglected, even if their abundance was high. Though the biomass of
dagaa increased in the lake during the past decade (Tumwebaze et al. 2007; Witte
et al. 2009b), their contribution to the Nile perch diet in 2006/2008 was much
lower than in 1988/89 and never exceeded 3% by volume percentage (Table 6.2).
Our current observations suggest that Nile perch > 20 cm TL prefer
haplochromines over shrimps. From 40 cm TL onwards, no shrimps at all were
present in the diet, whereas during the second half of the 1980s, when
haplochromines were absent, shrimps were eaten by Nile perch up to 60 cm TL
(Ogutu-Ohwayo 1990b; Mkumbo & Ligtvoet 1992) and in the Nyanza Gulf
(Kenya) even by fish of more than one metre (Hughes 1986; Ogari & Dadzie
1988). Concordantly, the frequency of occurrence of shrimps in the diet of Nile
perch up to 30 cm TL did not show a trend across size classes in 1988/89 when
haplochromines were absent, but a significant negative trend was found after the
recovery of the haplochromines in 2006/2008 (Fig. 6.1).

In Lake Kyoga, where the upsurge and decline of the Nile perch occurred
about a decade earlier than in Lake Victoria (Ogutu-Ohwayo 1990a, 2004), a
similar pattern was observed as in the Mwanza Gulf; shrimps were more important
than haplochromines in the diet of Nile perch < 20 cm and of 20-59 cm TL in
1978-1980. However, in 1991-1993, haplochromines dominated in the diet of Nile
perch of these two size classes, as well as in the size class of 60-100 cm TL
(Ogutu-Ohwayo 2004).

In Lake Nabugabo, where shrimps appeared to be absent, dagaa and juvenile
Nile perch were the main prey types before the mid-1990s, when haplochromines
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were extremely rare in the lake (Ogutu-Ohwayo 1993; Schofield & Chapman
1999). After the mid-1990s, when haplochromines were resurging in Lake
Nabugabo, the diet of the Nile perch changed and in 2000 and 2007 it was
dominated by haplochromine cichlids (Paterson & Chapman 2009). Notably, the
shift from invertebrates to fish occurred at a smaller size (between 10 and 15 cm
TL) in case of haplochromines than in case of dagaa and juvenile Nile perch
(between 30 and 35 cm TL; Paterson & Chapman 2009). This agrees with our
observations in the Mwanza Gulf, where in 1988/89 shrimps were eaten more
frequently than fish by Nile perch up to at least 30 cm TL, while in 2006/2008
haplochromines became the most frequently eaten prey from 21 cm onwards. In
conclusion it seems that haplochromines are the preferred prey of Nile perch that
are large enough to feed on them.

Between 1987 and 1989, when haplochromines had virtually vanished from
the Mwanza Gulf (Witte et al. 1992b; 2007a), cannibalism became important in
Nile perch > 5 cm TL (Mkumbo & Ligtvoet 1992; Katunzi et al. 2006), whereas it
strongly decreased after resurgence of the haplochromines. Also in other parts of
Lake Victoria and in Lake Kyoga, Nile perch began feeding on their young only
when haplochromine species were depleted (Ogutu-Ohwayo 1993). Hopson (1972)
stated that cannibalism in Lake Chad may have resulted partly from the scarcity of
preferable prey items. During the past years there has been some worry that the
resurging haplochromines may do harm to the Nile perch stocks by feeding on Nile
perch eggs and larvae (Kolding et al. 2008). Though this may be the case
(Goudswaard et al. 2008), the data of our study indicate that the preference of Nile
perch for haplochromines instead of for their own young, reduces cannibalism.
This may counterbalance the loss of eggs and larvae or even enhance rates of
recruitment of Nile perch, which is of great importance for a sound fishery.

126



Diet change in Nile perch

CONCLUSION

Based on a modelling study by Kaufman & Schwarz (2002), indicating that Nile
perch prefer and grow fastest on a haplochromine prey base, it has been suggested
that conservation of biodiversity and fishery sustainability may not have to be
antitheses in the management of Lake Victoria (Balirwa et al. 2003). The observed
reduction of cannibalism by Nile perch when haplochromines are available seems
to support this suggestion.

Since haplochromines are now taken as a by-catch in the dagaa fishery,
management measures in dagaa fishery should take haplochromines into account.
If the recovery of the haplochromine cichlids will continue, high dependence of the
Nile perch on haplochromines and low rates of cannibalism, may contribute to
another round of the Nile perch success in Lake Victoria.
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ABSTRACT

The introduced Nile perch in Lake Victoria is considered to have been a major
contributor to the decline in species and trophic diversity of haplochromines in
Lake Victoria. In the second half of the 1990s, the abundance of Nile perch
declined due to heavy over-fishing and some haplochromines, mainly
“detritivores” and “zooplanktivores”, started to recover. However, the resurgence
of “detritivores” was much slower than that of “zooplanktivores”. Some studies
suggested differential Nile perch predation is the primary cause for the differential
recovery of these two dominant groups. To confirm this, the frequency of
occurrence (FOO) of the “detritivores” and “zooplanktivores” in the stomachs of
the Nile perch and their FOO in the lake were compared. Further, we investigated
the potential impacts of the differences in body shape between “detritivorous” and
“zooplanktivorous” haplochromines on their vulnerability to predation. In the Nile
perch stomach 13.7% “detritivores” and 86.3% “zooplanktivores” occurred,
whereas in trawl catches the FOOs were 24.3% and 75.7% respectively. The FOO
of “detritivores” in the Nile perch diet was significantly lower than in the
environment. The same holds for the FOO of juvenile haplochromines (13% in the
diet and 45% in the environment). There was no significant difference between
average lengths of “detritivores” and “zooplanktivores” retrieved from Nile perch
stomachs. In contrast, body depth of “detritivores” in the diet of the studied Nile
perches was significantly larger than that of the “zooplanktivores™, but based on
their mouth gape size only Nile perches smaller than 13 cm TL would not be able
to swallow the largest “detritivores”. Even if this would have a significant impact
on prey selection it would imply that “detritivores” would be less vulnerable to
predation. Thus, relatively slow resurgence of “detritivores” cannot be explained
by selective predation on this trophic group by Nile perch.
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INTRODUCTION

In the late 1950s and early 1960s, the predatory Nile perch, Lates niloticus
(Linnaeus), was introduced into the Lake Victoria basin (Pringle 2005) to improve
the declining fishery (Ogutu-Ohwayo 1990a). A lake-wide survey in 1969-1970
revealed that 80% of the demersal fish mass consisted of haplochromine cichlids
(Kudhongania & Cordone 1974). In the 1980s, the Nile perch suddenly increased
in Lake Victoria and, concomitantly, the haplochromines in the sub-littoral and off-
shore areas vanished almost completely (Barel et al. 1985, 1991; Ogutu-Ohwayo
1990a; Witte et al., 1992b). The dramatic decline of haplochromines cichlids in
Lake Victoria triggered many studies and debates about the possible causes and
consequences of their decline (e.g. Barel et al. 1985; Acere 1988; Witte et al.
1992a,b; Goldschmidt et al. 1993; Hecky 1993; Seehausen et al. 1997a,b).
Although environmental changes and local overfishing played a role in the decline
of the haplochromines (Hecky 1993; Hecky et al. 1994, 2010; Seehausen 1997a;
Balirwa et al. 2003), Nile perch is thought to have been a major cause of the faunal
collapse in Lake Victoria (Witte et al. 1992b).

Since the 1990s, the Nile perch population in the lake has declined due to
over-exploitation (Pitcher & Bundy 1995; Ntiba et al. 2001) and a concomitant
resurgence of some haplochromine species was observed (Seehausen et al. 1997b;
Witte et al. 2000, 2007b; Balirwa et al. 2003; Getabu et al. 2003). However, the
rate at which the trophic groups recovered differed. “Detritivores” and
“zooplanktivores” that previously dominated the ichthyomass were more
successful in recovering than other trophic groups in the Mwanza Gulf (Witte et al.
2007b; Chapter 2). Prior to the Nile perch upsurge, “detritivores” in this area made
up ca. 75% to 85% of the total number of haplochromines in the bottom trawl
catches and “zooplanktivores” contributed between 10% and 20% (Table 2.2
[Chapter 2]; Goldschmidt et al. 1993; Witte et al. 2007b). Between 1990 and 2006,
“zooplanktivore” numbers increased faster than those of “detritivores” (Witte et al.
2007b; Chapter 2). In 2006, “detritivores” comprised about 21% of the number of
haplochromines and “zooplanktivores” made up about 71%, but since 2008, the
former is the dominant group again (Chapter 2).

Some papers discussed the possible factors of the differential recovery and
shift in dominance between these two groups (Witte et al. 2007b; Kishe-Machumu
et al. 2008 [Chapter 3]). Kishe-Machumu et al. (2008) showed that the slower
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recovery of “detritivores” is unlikely to be a result of their diet as they switched to
one that was similar to that of the “zooplanktivores” (Kishe-Machumu et al. 2008
[Chapter 3]; Chapters 4, 5). In recent years, the density of Nile perch has further
decreased (Matsuishi et al. 2006; Kayanda et al. 2009), but it is still more abundant
than in the 1970s (Goudswaard et al. 2008) and haplochromines once again became
a considerable part of its diet after their resurgence (Kishe-Machumu et al. 2012
[Chapter 6]). Differential predation by Nile perch might cause differences in
resurgence rate between haplochromine trophic groups. Based on the slower
recovery of “detritivores”, we hypothesized that the impact of predation by Nile
perch was higher on “detritivores” than on ‘“zooplanktivores”. To test this
hypothesis, we compared the ratio of both trophic groups in the environment to
their ratio in stomach contents of Nile perch. Further, we investigated the potential
impacts of the differences in body shape and length between “detritivorous” and

“zooplanktivorous” haplochromines on their vulnerability to predation.

MATERIALS AND METHODS

Study area and fish sampling

Fish samples were collected at the research transect between Butimba and
Kissenda Bay in the Mwanza Gulf (Fig. 1.2 [Chapter 1]) from January to
December in 2006. The water depths of the transect ranged from 5.5 to 13 m and
the bottom consisted of soft organic mud (Witte 1981).

A small bottom trawler powered by a 25 hp outboard engine towing a bottom
trawl net with a 4.6 m head-rope and a 5 mm cod-end mesh was used for sampling
at six sampling stations (E, F, G, H, | and J) along the research transect. As this
trawler caught only small-sized Nile perch (up to ca. 30 cm TL), larger individuals
were collected from the same area with a large trawl net (24 m head-rope, cod-end
mesh 50 mm), mounted on the R.V. Lake Victoria Explorer (250 hp).
Haplochromines were only collected with the small trawler because they were too
small to be caught in the wider cod-end meshes of the large trawl net.

After each haul, haplochromines were sorted into trophic groups and species.
The total length (TL, to the nearest cm) of each Nile perch was recorded, the gut
was opened and the gut contents were visually identified.
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All haplochromine prey from the Nile perch stomachs were sorted and preserved in
a 5% formaldehyde solution and later transferred to 70% alcohol for identification.
With the small trawler, a trawl-shot was made at each station once per month,
whereas the large trawler was used in January, March, May and December.

Identification of “zooplanktivorous” and “detritivorous”
haplochromines

Intact “detritivores” and “zooplanktivores” from the Nile perch stomachs were
classified according to their morphological differences. Of these two groups,
“zooplanktivores” are generally more slender-bodied than “detritivores” (Witte &
van Oijen 1990), so we used depth/length ratios to distinguish the two groups. The
body depth/standard length (BD/SL) ratio in “zooplanktivores” is < 33% but >
33% in “detritivores” (Witte & van Oijen 1990). Since haplochromine individuals
from Nile perch stomachs were often partly digested with part of the head or the
tail missing, it was not always possible to measure SL or BD. Therefore, alternative
morphometric ratios were established and used to discriminate between the two
groups. The alternative ratios had to meet two main criteria: (1) they should be
significantly different in “detritivores” and “zooplanktivores”, and (2) they should
be applicable to most haplochromines obtained from Nile perch stomachs.

From a so called ‘control group’ of 57 individuals of which 30 were
“zooplanktivores” and 27 “detritivores” (Table 7.1), BD/SL and 17 alternative
depth/length (D/L) ratios fulfilling the above two criteria were selected as reference
measures for trophic group identification of haplochromines from Nile perch
stomachs (Table 7.2).

Table 7.1 The number of Haplochromis species in the ‘control group’.

“Zooplanktivores” Number “Detritivores” Number
H. pyrrhocephalus 13 H. ‘paropius-like’ 10
H. tanaos 12 H. ‘straight head dusky’ 10
H. laparogramma 5 H. ‘cinctus-like’ 4

H. antleter 3
Total 30 Total 27
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It should be noted that the definitions of BD and head length (HL) (Fig. 7.1)
differed from those given in Barel et al. (1977), because it was not always possible
to find the exact landmarks used by them in fish taken from Nile perch stomachs.
The haplochromines from the Nile perch stomachs were placed on graph paper
with a ruler as reference measure next to it. Seven landmarks that were least
affected by Nile perch digestion (Fig. 7.1) were put on the left side of the fish with
a permanent marker pen. Digital photographs were taken with a Nikon Coolpix
E990 camera and distances between landmarks were measured with ImageJ. The
D/L ratios (Table 7.2) were used to determine to which of the two trophic groups
the individuals belonged.
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Fig. 7.1 Positions of landmarks used to measure the lengths of each haplochromine.
Abbreviations are as follows: SL = standard length (snout to origin of caudal fin), HL =
head length (snout to base of pectoral fin), DPL = rostral insertion of dorsal fin to dorsal
insertion of pectoral fin, BD = body depth (rostral insertion of dorsal fin to rostral insertion
of pelvic fin), DAL = rostral insertion of dorsal fin to rostral insertion of anal fin, DCL =
rostral insertion dorsal fin to origin of caudal fin, SDAL = base of last spinous dorsal fin
ray to rostral insertion of anal fin, PVVCL = rostral insertion of pelvic fin to origin of caudal
fin and PCL = dorsal insertion pectoral fin to origin of caudal fin.
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Nile perch and prey size

To test if the whole size range of Nile perch analysed in the present study was able
to swallow the available “zooplanktivores” and “detritivores”, the maximum body
depth (BD) of these two groups (from the Nile perch stomachs) was compared to
the mouth gape (MG) of the Nile perch. The mouth gape of Nile perch was related
to its total length by MG = 0.112 * TL + 0.43 (both MG and TL in cm; Ligtvoet &
Mkumbo 1990). In addition, we compared the maximum TL of “detritivores” and
“zooplanktivores” with the TL of the studied Nile perch. Nile perch can feed on
prey up to 25-30% of its own length in Lake Victoria (Hamblyn 1966; Gee 1969;
Oguto-Ohwayo 1985), although Hopson (1972) suggested that in Lake Chad, “Nile
perch of all lengths are capable of eating fish up to approximately half their own
length”. In this study, the TL of many haplochromines from Nile perch stomachs
could not be measured because the caudal fin was damaged. However, for those
specimens of which SL could be measured, TL could be determined since TL = SL
* 5/4, as the caudal fin length is generally 25% of the SL in both trophic groups
(Witte & Witte-Maas 1987; de Zeeuw et al. 2010). Both haplochromine groups
mature at about 4 cm SL (Witte et al. 2007b), so the percentage of haplochromine
prey smaller than 4 cm SL was calculated to establish the frequency of juveniles in
the diet.

Prey selectivity

Prey selectivity of Nile perch was determined by comparing the frequency of
occurrence (FOO) of haplochromines in the environment with their frequency of
occurrence in the stomachs of Nile perch. The FOO of haplochromine trophic
groups in the environment was calculated from every small trawl catch of 10
minutes at the research transect from which the Nile perch were used and the
haplochromines could be identified in their stomachs. For those Nile perch which
were collected with the large trawl, all catches at all six stations made with the
small trawl on that particular month were used. This is because we did not make
representative haplochromines catches with the large trawler and the large trawl
catches covered all stations. Except for seven individuals from three night catches
(between 09.30 and 11.30 pm) with the small trawler, all Nile perch were collected
at day hours.

135



Chapter 7

Data analysis

Depth/Length ratios of “detritivores” and “zooplanktivores” in the ‘control group’
were not normally distributed (Shapiro Wilk test); therefore, the non-parametric
Mann-Whitney U-test was used to test for differences between the D/L ratios of
“detritivores” and “zooplanktivores”.

A discriminant analysis was used to determine to which trophic group each
haplochromine obtained from the Nile perch stomachs belonged. Ungrouped fish
from Nile perch stomachs (out-group) were compared to the grouping variable, the
trophic groups (“detritivores” and ‘“zooplanktivores”) defined in the ‘control
group’. It was rarely possible to obtain all 18 ratios for each individual
haplochromine and because a discriminant analysis cannot analyse cells with
missing values, it was not possible to run the analysis for all individuals together.
Therefore, individuals having the same kind of ratios were analysed together.

Univariate general linear models (GLM) with haplochromine trophic group
(“detritivores” versus “zooplanktivores™) as factor and Nile perch length (TL) as
covariant were used to test for differences in BD and TL of the “detritivores™ and
“zooplanktivores” eaten by Nile perch.

A Chi-square test was performed to test if the frequencies of occurrence of
“detritivorous” and ‘“‘zooplanktivorous” haplochromines in Nile perch stomachs
were significantly different from the frequencies that were found in the trawl
catches. The statistical packages SPSS 15.0 and 16.0 for Windows were used for
all tests.

RESULTS

Control group

In the ‘control group’, there were 18 D/L ratios that were significantly different
between “detritivores” and “zooplanktivores” (Mann Whitney U-test, P < 0.001 in
all cases). The ranges of ten ratios however, overlapped in which the minimum
value(s) for “detritivores” were lower than the maximum value(s) for
“zooplanktivores” (Table 7.2).
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Table 7.2 Mean (z standard deviation) and range of morphometric ratios in “detritivores”

and “zooplanktivores”. Abbreviations are defined in Fig. 7.1.

Measurements “Detritivores” (n = 27) “Zooplanktivores” (n = 30)
ratios Mean Range (min.-max.) Mean Range (min.-max.)

BD/SL* 0.35+0.015 (0.32-0.37) 0.28 £ 0.021 (0.24-0.32)
BD/PCL* 0.53 +£0.025 (0.48 - 0.58) 0.42 £ 0.033 (0.36 - 0.48)
BD/DCL* 04940021  (0.46-053)  040+0025  (0.36-0.45)
BD/PVCL 054+0.028  (0.50-0.60)  044+0036  (0.37-0.51)
DAL/SL 0.46+0015  (0.42-048)  041+0018  (0.36-0.45)
DAL/PCL 0.70 £ 0.027 (0.63-0.74) 0.61 £ 0.028 (0.54-0.67)
SDAL/SL 0.27 £0.015 (0.24 - 0.30) 0.22 £ 0.013 (0.19-0.25)
SDAL/PCL 04140025  (0.37-0.46)  033+0019  (0.28-0.37)
SDAL/PVCL 0.43 +£0.027 (0.38-0.48) 0.34 £0.022 (0.28 - 0.39)
SDAL/DCL* 0.39£0.021 (0.35-0.43) 0.31+0.014 (0.28 - 0.34)
DPL/SL* 0.22 £ 0.009 (0.21 - 0.25) 0.17 £0.015 (0.14 - 0.20)
DPL/PCL* 0.34+£0.014 (0.31-0.37) 0.26 £ 0.023 (0.22-0.31)
DPL/PVCL*  035£0017  (0.32-0.39)  0.27+0024  (0.23-0.32)
BD/HL 1.00 £ 0.048 (0.92 - 1.09) 0.82 £ 0.069 (0.69-0.97)
SDAL/HL 0.79 £ 0.046 (0.70 - 0.88) 0.65 + 0.043 (0.56 - 0.73)
DAL/PVCL 0.72 £ 0.032 (0.66 - 0.77) 0.64 £ 0.031 (0.56 - 0.71)
DAL/DCL 0.65 £ 0.021 (0.61 - 0.68) 0.59£0.017 (0.56 - 0.62)
DPL/DCL* 03240012  (0.30-0.35)  0.25+0018  (0.21-0.28)

* Indicates ratios that do not overlap in the two groups.

Frequency of haplochromine trophic groups in Nile perch stomachs

A total of 344 identifiable haplochromines was collected from the Nile perch
stomachs of which 105 (31%) were intact enough to be measured. Of 95 (28%) of
these haplochromines, the trophic group could be identified with a probability >
90% in which 82 specimens were identified as ‘“zooplanktivores” and 13 as
“detritivores” (Table 7.3). The remaining 10 individuals, eight of them were
identified as “zooplanktivores” and two “detritivores”, but the probability of
correct identification was < 90%, so they were not included in the ratio of
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“detritivores” and “zooplanktivores” in the Nile perch stomachs. The identifiable
haplochromines were obtained from 60 Nile perch arranging in size range from
13.6-43.2cm TL.

Nile perch size and haplochromine body depth

The body depth of “detritivores” from the Nile perch stomachs ranged from 0.8-1.9
cm (n = 11) and those of “zooplanktivores” from 0.6-1.7 cm (n = 50). The GLM
for BD of the “zooplanktivores” and “detritivores” in Nile perch stomachs, showed
that there was a slight increase in prey BD with increasing Nile perch size (BD =
1.296 + 0.009 TL for <“detritivores” and BD = 0.97 + 0.009 TL for
“zooplanktivores”; P = 0.042). Body depth of the “detritivores” in the stomachs
was significantly larger than that of the “zooplanktivores” (estimated marginal
means: 1.53 £ 0.08 versus 1.23 £ 0.04 respectively; P = 0.001). The smallest Nile
perch in the present study (TL 13.6 cm, MG 2.0 cm) swallowed a detritivore of 1.3
cm BD (Fig. 7.2a). The “detritivore” with the largest body depth (1.9 cm) had been
eaten by a relatively small Nile perch of 20.2 cm TL, with a MG of 2.7 cm.

Nile perch size and haplochromine length

The size of the “detritivores” eaten by Nile perch ranged from 5.3-7.2 cm TL (4.2-
5.8 cm SL, n = 5) while “zooplanktivores” ranged from 3.4-7.7 cm TL (2.7-6.1 cm
SL, n = 18; Fig. 7.2b). The GLM for total length of the “detritivores” and
“zooplanktivores” in the Nile perch diet revealed no significant increase in length
of “detritivores” and “zooplanktivores” in relation to Nile perch size. There was
also no significant difference in total length between the two groups. None of the
“detritivores” and only three of the “zooplanktivores” had a SL < 4 cm, which
implies that the number of juvenile haplochromines eaten was only 13% of all the
juveniles collected in the samples. The longest haplochromine (7.7 cm TL) in the
stomach contents was a “zooplanktivore” eaten by the largest Nile perch (43.2 cm
TL). The smallest Nile perch that had eaten a haplochromine in the present study
had a TL of 6.8 cm, but the trophic group and size of this prey could not be
identified. The TL of the two relatively largest prey in the present study were
37.8% and 35.6% of the Nile perch length that swallowed them; a “zooplanktivore”
of 5.6 cm in a Nile perch of 14.8 cm and a “detritivore” of 7.2 cm in a Nile perch
of 20.2 cm respectively (Fig. 7.2b).
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Fig. 7.2 Relationships between Nile perch size and its prey size: (a) Body depth (BD) of
haplochromines against total length (TL) of Nile perch (b) TL of haplochromines against
TL of Nile perch. Filled circles represent detritivores and open circles zooplanktivores. In
case of a significant effect of the TL of Nile perch, regression lines as estimated by the
general linear model are depicted. Shaded areas represent Nile perch features that restrict
prey sizes: (a) haplochromine BD > Nile perch mouth gape (MG); (b) haplochromine TL >
30 - 50% Nile perch TL. Vertical dotted lines indicate smallest Nile perch that had eaten a
haplochromine; horizontal dotted lines indicate measure of largest prey in this study. The
corner of the dark shaded area enclosed by the dotted lines indicates the Nile perch size
range that (theoretically) cannot eat the maximum prey size of haplochromines (for further
explanation see text).

Prey selectivity

The total numbers of “detritivores” and “zooplanktivores” in 36 bottom trawl
catches of 10 minutes in 2006 (from the same days and stations as the Nile perches
with identifiable haplochromine prey), were 7,108 and 22,148 respectively. By
comparison, “detritivores” accounted for 24.3% of haplochromines in the catches
and “zooplanktivores” 75.7% and in the Nile perch stomachs 13.7% and 86.3%
respectively (Table 7.3). There was a significant difference between the FOO of
“detritivores” and ‘“zooplanktivores” in the environment (indicated in their
proportion in trawl catches) and in the Nile perch stomachs; the “detritivore”:
“zooplanktivore” ratio was about two times lower in Nile perch stomachs than in
the environment. This suggests that “detritivores” occurred less frequently than
expected in the diet of Nile perch while “zooplanktivores” were more frequent.
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Table 7.3 Frequency of occurrence (total numbers and percentages) and ratios of
“detritivorous” and “zooplanktivorous” haplochromines in Nile perch stomachs and in
trawl catches of 10 minutes duration.

“Detritivores” “Zooplanktivores” Ratio D:Z

Nile perch stomachs (n = 60) 13 (13.7%) 82 (86.3%) 1:6.3
Trawl catches (n = 36) 7108 (24.3%) 22,148 (75.7%) 1:3.1
X*5.8,df 1, P < 0.025

The total number of adult “detritivorous” and “zooplanktivorous” individuals in the
trawl catches was 29,256 and they made up 95.1% of the total number adult
haplochromines (30,758). The total number of juvenile haplochromines in the
same catches was 23,757. Assuming that for juveniles, the percentage of
“zooplanktivores” and “detritivores” was about the same as for adults, this would
result in 0.95 x 23,757 = 22,569 juvenile “zooplanktivores” and “detritivores”.
Thus, in the environment the percentage of juveniles (< 4 cm SL) was about 45%
(Table 7.4). The FOO of juvenile haplochromines in the Nile perch stomachs (13%)
was significantly lower than in the trawl catches (Table 7.4).

Table 7.4 Frequency of occurrence (total numbers and percentages) and ratios of juvenile
and adult “detritivorous” + “zooplanktivorous” haplochromines in Nile perch stomachs and
in trawl catches of 10 minutes duration.

Juveniles Adults Ratio
JA
Nile perch stomachs (n = 60) 3 (13.0%) 20 (87.0%) 1: 6.7
Trawl catches (n = 36) 22,569 (45.0%) 29,256 (55.2) 1:1.3

X?=8.7,df 1, P <0.005
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DISCUSSION

The hypothesis that the slow recovery of “detritivores” was a result of Nile perch
predation appears to have been refuted as the data suggest the Nile perch
selectively preyed upon “zooplanktivores”. Some possible factors which could
have affected the outcome of our study are discussed below.

Problems with trophic group identification

Although there were several morphological differences between “detritivorous”
and “zooplanktivorous” haplochromines especially in D/L ratios, separating these
trophic groups in Nile perch stomachs was a complex matter. In many cases fish
were too far digested to enable the measurements necessary for their identification
to be made. Only 28% (95) of the haplochromines from the Nile perch stomachs
were intact enough to establish their trophic group with a certainty of 90%.
Nevertheless, since the rate of digestion of “detritivores” and “zooplanktivores” is
unlikely to differ, this sample probably gave a reasonable impression of the ratio of
the two trophic groups in the Nile perch diet.

Vulnerability of “detritivores” and “zooplanktivores” to Nile perch
predation

Body shape differences

As the body depth of “detritivorous” haplochromines was significantly greater than
that of “zooplanktivores” of the same size (Table 7.2; Witte & van Oijen 1990),
they were to be less vulnerable to predation by relatively small Nile perch. The
greater body depth of “detritivores” did not seem to determine predation by Nile
perch in the studied size range, since their mouth gape was always large enough to
allow them to ingest these haplochromines. There was an increase in body depth
with increasing Nile perch size, but it should be stressed that the increase was
extremely small, and only just significant. This may be an artefact caused by the
small size of the sample. Nile perch < 13 cm TL could find it more difficult to
ingest “detritivores” than °
However, as only a relatively small fraction of Nile perch < 13 cm included
haplochromines in their diet (Table 6.1, Kishe-Machumu et al. 2012 [Chapter 6]),
the effect of differential predation by these small Nile perch may not be large.

‘zooplanktivores” owing to their deeper bodies.
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Moreover, if there is any relationship between body depth and prey selectivity then
predation pressure on the deeper bodied “detritivorous” haplochromines would be
expected to be lower than on the “zooplanktivores”.

In this study, the maximum length of prey was 38% of the Nile perch total
length (a Nile perch of 14.8 cm TL). This is between the values of 25-30% reported
for Lake Victoria (Hamblyn 1966; Gee 1969; Ogutu-Ohwayo 1985) and the
maximum of 50% in Lake Chad by Hopson (1972), but since haplochromines do
not grow as large as Nile perch, their relative size decreases in the stomachs of
larger fish (Fig. 7.2b). If Nile perch in Lake Victoria could eat haplochromines
with a length up to 50% of their own total length, the Nile perch in the size range
of 6.8 cm TL (the smallest that had eaten a haplochromine; Kishe-Machumu et al.
2012 [Chapter 6]) and 15.4 cm TL (the longest haplochromine was 7.7 cm TL)
would not be able to swallow all haplochromines. For a prey to predator ratio of
30%, a Nile perch should be even 25.6 cm to swallow a haplochromine of 7.7 cm
(Fig. 7.2b). However, as the mean lengths of “detritivores” and “zooplanktivores”
did not differ, it is unlikely that prey length will cause a differential predation
effect by Nile perch smaller than those in the present study.

Body shape of “zooplanktivores” might be better adapted to burst swimming
because of a relatively low ratio between head surface area and caudal peduncle
area. This would facilitate predator escape as is described by Langerhans et al.
(2004) for guppies. In both resurgent groups; “detritivorous” and
“zooplanktivorous” haplochromines of Lake Victoria, it has been found that the
ratio between head surface area and caudal peduncle area decreased compared to
that before the Nile perch boom (van Rijssel & Witte 2012). Nevertheless,
“detritivores” had and still have a higher head surface/caudal peduncle area ratio
than “zooplanktivores”, which theoretically might make them more vulnerable to
Nile perch predation. But, in spite of this, “detritivores” were under-represented in
the Nile perch diet. It is unlikely therefore that difference in size or body shape
between the two trophic groups has had a major impact on their vulnerability to
predation by Nile perch.
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Habitat differences

It was suggested that “detritivores” which live closer to the bottom than
“zooplanktivores™, had a larger habitat overlap with Nile perch and may therefore
have been more susceptible to Nile perch predation than “zooplanktivores” (Witte
& Goudswaard 1985; Goudswaard et al. 2004; Witte et al. 2007b; Witte et al.
2012). In the past, “detritivores” were mainly caught in the lowest three metres of
the water column (Goldschmidt et al. 1993; Goudswaard et al. 2004; Witte et al.
2012), but in 2006 and 2008, a major part of the “detritivorous” population
migrated to the surface along with “zooplanktivores” (Figs 2.1, 2.2). In addition,
the diet of both trophic groups overlapped to a greater extent than before their
reduction in numbers. It seems unlikely that differences in habitat between the two
trophic groups can explain why in 2006 the contribution of “detritivores” to the
Nile perch diet was lower than expected from their frequency in the environment.

The similarity in size and distribution of the resurgent “zooplanktivores” and
“detritivores”, seems to provide little reason for selective feeding on one of the two
groups. Thus, the question of why the “detritivores”, which were more numerous
than zooplanktivores in the pre-Nile perch era, have not recovered as rapidly as the
“zooplanktivores” has not been answered. Since selective predation is evidently not
the cause, some other factors must be responsible for it but these have yet to be
determined (See chapter 8).
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Previous studies on the occurrence of haplochromines have mentioned the
resurgence of haplochromines in various areas of Lake Victoria (CIFA 1990; Witte
et al. 1995, 2000, 2007a,b; Seehausen et al. 1997b; Balirwa et al. 2003; Getabu et
al. 2003). However, most of these studies were based on occasional samples (Witte
et al. 1995, 2000) or short sampling periods only (Seehausen et al. 1997b), and
catches at different stations were combined. Lack of sufficiently detailed sampling
programs and inconsistency in sampling procedures were thought to be among
factors which hamper discussion and conclusion about the status of resurgent
species. This thesis contributes this important information and provides a detailed
overview of the status of the haplochromine trophic groups and species in the
northern part of the Mwanza Gulf of Lake Victoria. To understand the resurgence
rate and differences in resurgence among the groups and species, | sampled all sub-
littoral stations along the long-term HEST/TAFIRI research transect (Witte 1981)
and treated them separately. Moreover, | sampled near the bottom and in the
column, thus giving a more complete picture of the resurging species and their
distribution patterns. This thesis goes further into investigating the possible causes
for the differential recovery and reverse in abundance dominance between the

“detritivorous” and “zooplanktivorous” groups.
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Resurgence and distribution patterns of haplochromine cichlids in the

Mwanza Gulf, Lake Victoria

The major goal of the study is to provide an insight into the inter-guild differences
in the recovery of cichlid species which should allow for testing of four hypotheses
that may explain the differential resurgence. In chapter 2, inter-guild differences in
recovery of cichlids were assessed along the transect located in the northern part of
the Mwanza Gulf sampled in two years; 2006 and 2008, a period after the
ecological changes. The chapter further deals with the spatial distribution of
haplochromine species and vertical migration of fish during day and night.

The chapter shows that in 2006 and 2008 the abundance of haplochromines
had increased to the levels of the 1970s again. However, the number of species is
lower than in the period of the 1970s, and the trophic composition has changed.
Until 2006, “zooplanktivores” remained the dominant group. Their densities even
surpassed those from the past. However, in 2008, a reverse in abundance of trophic
groups was observed in which the “detritivores” dominated again, like in the
1970s. The study revealed a strong resurgence of the former “detritivorous”,
“zooplanktivorous” and “oral mollusc shelling” species. Other trophic groups
including phytoplanktivores, insectivores, piscivores, pharyngeal mollusc crushers,
epiphytic algae grazers and paedophages, are currently rare along the transect.
Trophic groups that used to be rare before the ecological changes (prawn eaters,
scale scrapers and parasite feeders) have not (yet) recovered. Chapter 2 suggests
that the strong resurgence of haplochromines, as observed along the transect in the
Mwanza Gulf, reflects a lake-wide phenomenon.

It was further shown that spatial distribution patterns have changed. Some
species were recovered in habitats where they were formerly absent or less
common. For instance, Haplochromis pyrrhocephalus, which was still common at
the deeper stations, as it was in the past, additionally occupied shallower stations
than in the past. This was also the case for H. laparogramma. Before the
environmental changes, Haplochromis tanaos mainly occurred at the shallow (2-6
m) sandy stations (Witte et al. 1992b; van Oijen & Witte 1996). After the
resurgence, however, the species became common at muddy stations of 6-10 m and
was even caught at 13 m depth. The resurgent “detritivorous” species were
abundant at all stations without showing a clear distribution pattern along the
studied area. Before the ecological changes, most “oral mollusc shellers” were
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typical sand dwellers, but after the resurgence they were also common at mud-
bottom stations, and at greater depths than in the past.

Chapter 2 showed that after the resurgence, the “detritivores”, which were
strictly demersal in the past, joined the “zooplanktivores” in their nocturnal
migration to the water surface. This observation could be related to changes in the
feeding habits of the two groups (Chapters 3 and 4) as well as to adaptive
responses to the changed environmental conditions.

During the past decades, the fish species diversity in Lake Victoria has
declined dramatically due to human induced perturbations in the ecosystem. Since
the ecosystem is still in a flux, with unpredictable changes to fish stocks and
environmental conditions, the sustainability of the fish stocks in the lake has been
questioned (Balirwa 2007). In recent years, some authors observed that many of the
recovering haplochromine species show remarkable changes in ecological (van
Oijen & Witte, 1996; Wanink & Witte 2000a; Katunzi et al. 2003; Kishe-Machumu
et al. 2008 [Chapter 3]; Chapter 4) and morphological features (Chapman et al.
2008; Witte et al. 2008; van der Meer et al. 2012; van Rijssel & Witte 2012). These
changes seem to be adaptive responses to the changed environment. However, the
adaptive responses to human induced environmental stress seem to be restricted
and species dependent (Witte et al. 2008). Measures to reduce environmental stress
in Lake Victoria are an urgent issue to protect native fish species and the ecosystem
at large.

Changes in the diet of the “detritivorous” and “zooplanktivorous”
cichlids in Lake Victoria

According to the first hypothesis (see page 14) the shift in phytoplankton
composition from a dominance of diatoms to a dominance of cyanobacteria, could
have decreased the digestibility and nutrient quality of detritus. Consequently, this
may have had an impact on the condition of “detritivorous” cichlids. To confirm
this, the dietary differences between the “detritivorous” and “zooplanktivorous”
cichlids were assessed. Chapters 3 and 4 respectively evaluated the diets of
resurgent “detritivorous” and “zooplanktivorous” haplochromine species, and
compared these with those in the past using gut content analysis. In contrast to the
expectations, both “detritivorous” and “zooplanktivorous” species shifted from
diets dominated by detritus and zooplankton respectively, to diets dominated by the
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larger sized and tougher prey such as insects, shrimps, molluscs, midge larvae and
small fish. In addition, in 2006 and 2008 the diet of the former “detritivores” was
very similar to that of the “zooplanktivores”. Consequently, it is unlikely that the
relatively slow recovery of the “detritivores” in the modern ecosystem was caused
by a decrease in quality of their originally main food sources; detritus and
phytoplankton, as was hypothesized. If the current resurgence rate of
“detritivorous” and “zooplanktivorous” cichlids will continue, their greater
interspecific diet overlap may lead to increased competition followed by another
round of decline or feeding specializations.

Stable isotope evidence for the dietary shift and diet overlap amongst

haplochromine cichlids

As it has been explained in chapters 3 and 4, recovering “detritivores” and
“zooplanktivores” returned with a new diet, and with more overlap of food items
among the two trophic groups and their respective species than in the past.
However, these findings were based on gut content analysis which gives only the
momentary types and amounts of prey taken. In chapter 5, long-term dietary
patterns of fish species were assessed by analysing the stable nitrogen (5"°N) and
carbon (5"°C) isotopes of preserved “detritivorous” and “zooplanktivorous™ species
collected in the old and those collected in the modern ecosystem.
Phytoplanktivores from the old ecosystem were also included in the analysis. In
this chapter, the effects of formalin/alcohol preservation on tissue §°C and §"°N
signatures were assessed.

Our findings indicated that formalin/alcohol preservation had little effect on
8"°C and &N signatures, thus confirming the possibility of using the
formalin/alcohol-preserved collections to characterize food-web structures of
aquatic ecosystems. The chapter further revealed that “detritivorous”,
phytoplanktivorous and “zooplanktivorous” species, which were collected from the
old ecosystem, showed a strong distinction along the 8'°C axis. Almost all species
differed from each other significantly. Similarly, the species were rather well
separated along the 3N axis. Values of &°C for phytoplanktivorous H.
bwathondii, were higher than those of “detritivorous” species. This supports the
phytoplanktivorous habits of H. bwathondii in the past, which fed mainly on
cyanophyta (Microcystis and Anabaena) and diatoms such as Aulacoseira and,
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occasionally, Nitzschia. France (1995) and Hecky & Hesselein (1995) suggested
that larger phytoplankton, such as colonial or filamentous species — like the ones
that contribute to diet of H. bwathondii — are subject to boundary layer effects.
This might explain the higher **C values in the larger phytoplankton species as
compared with the smaller species.

Values of 8°C for “detritivores” extended over a broader range and were
lower than those of “zooplanktivores”. This could be explained by differences of
plant materials at the base of the food chain consumed by the two groups, which
passed up in the food chain (Campbell et al. 2003). Apparently, the plant material
on which the former group feeds, comes from different plant material than that
eaten by herbivorous zooplankton; the main prey item of “zooplanktivorous”
haplochromines. Values of &N for the “detritivore” H. cinctus and the
phytoplanktivore H. bwathondii were lower than those for the zooplanktivores,
which corresponds with their lower position in the food chain. The value of 8N
for the “detritivore” H. coprologus fell in the range of that of the zooplanktivores,
which might be due to the zooplanktivorous feeding behaviour of its juveniles.

In contrast, the clustering of the stable isotopes of the modern “detritivorous”
and “zooplanktivorous” haplochromines showed less distinction between trophic
groups and their constituent species than those of the old haplochromines. Both
“detritivores” and “zooplanktivores” moved higher into the food chain. They also
seem to have a greater overlap in diet in the modern system, thus rejecting the
possibility that differences in diet can explain the differences in rate of resurgence.
These results concur with the outcome of gut content analyses, which showed that
both groups had switched from a more restricted diet in the old system to a diverse,
but similar diet after their resurgence (Chapters 3 and 4). Furthermore, this chapter
shows how stable isotope techniques can be used to characterize the food-web
changes at time scales of decades by using museum material. This study is among
the first few that successfully apply stable isotope techniques on formalin/alcohol-
preserved specimens.

The current diet of Nile perch, Lates niloticus (L.) following
haplochromine resurgence
The second hypothesis postulates that “detritivorous” species could be more

susceptible to Nile perch predation than “zooplanktivorous” species, because of a
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greater habitat overlap with Nile perch. “Zooplanktivorous” haplochromines lived
partly pelagic (Goldschmidt et al. 1990), whereas “detritivorous” species were
predominantly bottom dwellers (Goldschmidt et al. 1993). It is assumed that Nile
perch preferably hunts near the bottom (Hamblyn 1966). Consequently this was
assumed to lead to the slow recovery of the “detritivores”. During the period of the
1970s, when haplochromine cichlids were the dominant fish in the lake, they were
the major prey of the Nile perch. In the 1980s, the density of haplochromines in the
sub-littoral and offshore waters crashed. At this time, Nile perch switched to other
food items including the shrimp Caridina nilotica, its own young ones and the
cyprinid Rastrineobola argentea (dagaa). Thus, the second hypothesis only could
be examined after assessing the post-cichlid resurgence diet of Nile perch, and
prove that they feed on haplochromines again. In chapter 6, the diet of Nile perch
was assessed to see whether the predator switched back to haplochromines as its
main food source following the resurgence of the latter. It shows that in 2006 and
2008, haplochromines were again the major prey of Nile perch. The results further
imply that the switch in frequency of occurrence from shrimps to fish in the diet
occurs at a smaller Nile perch size for haplochromines than for other fish (i.e.
juvenile Nile perch and dagaa). This suggests that haplochromines are the most
preferable prey. If this is true, it could reduce the degree of cannibalism.
Considerably, it could have a positive impact on Nile perch recruitment.

Can differential resurgence of haplochromine trophic groups be
explained by selective Nile perch, L. niloticus predation?

The results of chapter 6 allowed for testing the second hypothesis, which assumes
that “detritivorous” species could be more susceptible to Nile perch predation than
“zooplanktivorous” species, because of a greater habitat overlap with Nile perch,
though it should be noted, that the difference in vertical distribution between the
two trophic groups decreased after their resurgence (Chapter 2). Thus, in chapter
7, Nile perch predation on these two groups was assessed by comparing their ratios
in the stomachs of Nile perch with those in the environment. In contrast to what
was expected, “detritivores” were significantly less frequently occurring in Nile
perch stomachs than in the environment. To assess if differences in body shape
among the “detritivores” and “zooplanktivores” could make one of them more
vulnerable to Nile perch predation than the other, the mouth gape of Nile perch was
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compared with the body depth of the two groups. As expected, the “detritivores” in
the stomach of checked Nile perch had a larger body depth than the
“zooplanktivores”. However, on the basis of their mouth gape, only the smallest
piscivorous Nile perch (7-13 cm TL) would not be able to feed on the largest
“detritivores”. Thus, mouth gape is no serious restriction to feed on “detritivores”.
In addition, the study revealed that there was no differential predation effect by
Nile perch based on the length of “detritivores” and “zooplanktivores”. Thus, this
chapter concludes that there seems to be little evidence for selective predation by
the Nile perch on “detritivores”. Consequently, selective predation by Nile perch
cannot explain the relatively slow resurgence of this trophic group.

Implications for future research and fisheries management

As mentioned in chapter 1, this thesis focuses mainly on the first two hypotheses.
The following are recommendations for future studies on the other two hypotheses
and for follow-up related studies.

The third hypothesis

It has been hypothesized that since “detritivores” were living closer to the bottom
they might be more affected by heavy metals than “zooplanktivores”. Yediler &
Jacobs (1995) and Vosyliena & Kazlauskiena (1999) stated that negative synergy
between hypoxia and heavy metal contamination produces stronger contamination
effects. In addition, through the dominant food pathway (Hall et al. 1997), heavy
metals may have a stronger impact on “detritivores” than on “zooplanktivores”, as
bioaccumulation into “zooplanktivores” is thought to be prevented by molting of
zooplankton (A. Schaffer & H.T. Ratte unpublished data). This mechanism seemed
to make sense because a distinct difference in diet between “zooplanktivores” and
“detritivores” existed before the ecological changes. After the resurgence, this was
not the case anymore. Both “zooplanktivores” and “detritivores” shifted their diet
to prey such as insects, shrimps, molluscs, midge larvae, and small fish (Chapters
3 and 4).

It was found that in 2006/2008, “detritivores” at night migrated higher into the
water column than in the past. In 2006 and 2008, the concentration of dissolved
oxygen near the bottom at most sampling stations was low (< 3 mgl™), particularly
during the rainy periods. The oxycline was situated higher in the water column (M.
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A. Kishe-Machumu unpublished data) than during the late 1970s. The situation in
the Mwanza Gulf for 1987-1988 (Wanink et al. 2001) did not differ much from that
of 2006 and 2008.

Preliminary results from the study on heavy metals in haplochromines from
the Mwanza Gulf show that metal concentrations in muscles were significantly
higher in H. pyrrhocephalus, a “zooplanktivore” than in H. ‘paropius-like’, a
“detritivore”. This is opposite to our expectation that “detritivores” would be
relatively heavily contaminated, as they were more bound to the bottom layer than
the “zooplanktivores”. However, the small sample size of fish analysed thus far,
does not allow for sound conclusions. There is a need to work on more individuals
representing both the abundant and the rare species within the two groups,
including species that are true bottom dwellers. The results of these analyses
should be correlated with hypoxia data. This may give an answer to the question if
heavy metals have any impact on the slow recovery of ‘“detritivorous”
haplochromines in Lake Victoria.

The fourth hypothesis

The recovering “zooplanktivores” revealed morphological adaptations to the new
environmental conditions. These include changes in body shape that facilitate a
faster escape to predators, adaptations in the feeding apparatus to larger and
tougher prey, an increase in gill area to cope with deteriorated oxygen conditions,
and adaptations in the retina to improve light sensitivity in murky environments
(Chapman et al. 2008; Witte et al. 2008; van der Meer et al. 2012; van Rijssel &
Witte 2012). In the present study, only one morphological aspect was investigated,
viz. the relative intestine length of “zooplanktivores” and “detritivores”. In the
latter group, the relative length of the intestine decreased significantly, which
seemed to be a response to the more carnivorous diet. Other morphological features
of the "detritivores", such as mentioned above for the “zooplanktivores”, have still
to be investigated. A detailed morphological study is of great importance. The
study is currently performed in a separate PhD project (titled: Contemporary
morphological changes in Lake Victoria cichlids) funded by the Netherlands
Organization for scientific Research (NWO). Some of the fish that were collected
under the present study are used in that project. If there are more morphological
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constraints in “detritivores” than in “zooplanktivores”, the potentials to adapt to the
new environmental conditions could be smaller in “detritivores” than in
“zooplanktivores”, and this might explain their slower recovery.

Other related studies

As was shown in this thesis, some of the haplochromine species that currently
occur in Lake Victoria are hard to identify. At the same time, little effort is made to
train taxonomists in the region. Yet, a thorough study is needed, as some of these
species seem to include a range of intermediate forms that could well represent
hybrids.

Currently, the largest taxonomic collections of Lake Victoria haplochromines
from before the environmental changes are stored at the British Museum of Natural
History in London and at the Netherlands Centre for Biodiversity in Leiden.
Identification of resurging haplochromines will be hard without comparing them
with the preserved specimens in these collections. Since Lake Victoria is still an
unstable ecosystem, it is strongly recommended to establish an institutional or
national museum for fish and other aquatic animals for future scientific research.

While the findings presented in this thesis can be used as baseline data for
management of the lake and for evolutionary studies, trophic and species
composition of the recovering haplochromine species should be monitored
regularly in the future. The differential resurgence that was found for
haplochromine communities, trophic groups and species, indicates that it is not
always recommended to consider the haplochromine cichlids as a homogeneous
unit. Systematic studies of haplochromine cichlids are crucial for the management
of both the biodiversity and the fish production, as well as for fisheries
management of Lake Victoria at large.

The findings of the present study reflect a proper picture of the Mwanza Gulf.
However, future research should also include other areas of the lake, encompassing
much deeper areas, as well as the satellite lakes. A clear knowledge of the
composition and ecology of the recovering species of haplochromines in different
areas of the lake and existing haplochromine population in the satellite lakes is
crucial for managing Lake Victoria.
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Fisheries management

Lake Victoria’s target commercial fish species, including Nile perch, Nile tilapia
and R. argentea, receive the vast attention of the fisheries management. Very little
attention is focused on issues and strategies for management of many other fishes
which are of less commercial importance, including the haplochromines.
Management strategies should be directed to all fish species as they are critical to
the structuring of aquatic biotic communities and are associated with trophic
interactions and food webs. Therefore, 1 recommend strongly that all plans for
conservation and management strategies for fisheries should incorporate
haplochromine populations as a component to be protected and to maintain the
aquatic ecosystem integrity in the lake. It has been postulated that sustainability in
the Nile perch fishery could be maintained by ensuring an abundance of
haplochromines, the preferred prey of Nile perch (Balirwa et al. 2003; Kishe-
Machumu et al. 2012 [Chapter 6]). Resurgence of haplochromine cichlids in the
lake could boost the Nile perch production rates (Kishe-Machumu et al. 2012
[Chapter 6]). Hence, management strategies should therefore include conservation
plans. Setting up reserve areas and prohibition of further habitat degradation in
such reserves may provide refugia for haplochromine species. Satellite lakes
harbour more than 20 haplochromine species (Mwanja et al. 2001; Katunzi &
Kishe 2004; Mbabazi et al. 2004; Katunzi et al. 2010). Such reserves and satellite
lakes could function as sources of haplochromine seeds for the main lake.

Conclusions
The present study does not give a positive answer for the cause of the difference in

rate of resurgence among “detritivores” and “zooplanktivores”. Some of the
possibilities have been tested and it appeared that it is not likely that they played an
important role. Nevertheless, the study has given evidence for a strong resurgence
of some haplochromine species in the Mwanza Gulf that seems to be a lake-wide
phenomenon. Moreover, it gives hope that more species might recover as they
adapt to the new environmental conditions.
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Introductie (hoofdstuk 1)

De cichlide-vissen in de Oost-Afrikaanse meren zijn een schoolvoorbeeld van
snelle evolutie en extreme adaptieve radiatie. In het Victoriameer evolueerden
meer dan 500 haplochromine cichlidensoorten die 80% van de vismassa
uitmaakten en die domineerden in de meeste habitats. De verschillende soorten
hebben zich gespecialiseerd in verschillende voedseltypen en in totaal werden 15
(sub-)trofische groepen onderscheiden.

In de afgelopen decennia hebben grote ecologische veranderingen in het
Victoriameer plaatsgevonden. De Nijlbaars, een roofvis, die in 1954 in het
Victoriameer werd geintroduceerd, nam in de jaren 80 van de vorige eeuw
explosief toe. In dezelfde periode verdwenen de cichliden uit de vangsten, nam de
algenbloei toe, namen zuurstofconcentraties en helderheid van het water af, en
veranderde het voedselnetwerk in het meer.

Door intensieve bevissing nam de Nijlbaarspopulatie in de jaren 90 weer af en
herstelden zich enkele cichlidensoorten. Dit betrof vooral twee trofische groepen,
de zodplanktoneters en detrituseters. De verhouding van deze twee groepen was
echter omgekeerd vergeleken met die in het verleden. In de vangsten van
bodemtreilers in de Mwanzagolf behoorden, voor de ecologische veranderingen,
75% tot 80% van het aantal haplochrominen tot de detritivoren en 10% tot 20% tot
de zodplanktivoren. In een beperkt aantal monsters uit 2005 en enkele jaren
daarvoor, maakten de detritivoren slechts 26% en de zodplanktivoren meer dan
70% van de vangst uit.

De twee belangrijkste doelstellingen van dit proefschrift zijn: 1) een
nauwkeurige bepaling van het huidige niveau van de haplochromine trofische
groepen en soorten in het meer, en 2) de vraag wat de belangrijkste verklaringen
zijn voor de verschillen in de terugkeer van de haplochrominen. Hiertoe werden de
volgende hypothesen opgesteld:

i) Door de verschuiving in de fytoplanktonsamenstelling van een dominantie van
diatomeeén naar een dominantie van blauwalgen (cyanobacterién) is de
verteerbaarheid en de voedingswaarde van detritus (bodemafval) verminderd. Dit
zou een negatief effect kunnen hebben op de conditie van de detritivore cichliden.

ii) Detritivore soorten zouden gevoeliger kunnen zijn voor predatie door Nijlbaars
dan zodplanktivore soorten door een grotere habitatoverlap met de Nijlbaars.
Zooplanktivoren leven deels pelagisch, terwijl detritivore soorten vooral
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bodembewoners zijn. Er wordt verondersteld dat de Nijlbaars het liefst dicht bij de
bodem jaagt.

iii) Afgenomen zuurstofconcentraties bij de bodem en de toename van zware
metalen in bodemsedimenten en vissen zijn waargenomen op diverse plekken in
het Victoriameer, met inbegrip van de Mwanzagolf. Via de dominante
voedselketen, zouden zware metalen een grotere invioed kunnen hebben op
detritivoren dan op zooplanktivoren omdat bioaccumulatie bij zodplanktivoren
mogelijk wordt voorkomen door het vervellen van het zodplankton. Negatieve
synergie tussen hypoxie (lage zuurstofconcentraties) en zware metalen veroorzaakt
sterkere contaminatie-effecten. Omdat detritivoren dichter bij de bodem leven,
zouden zij ook daardoor meer nadelige gevolgen kunnen ondervinden dan
zoOplanktivoren.

iv) De teruggekeerde zodplanktivoren vertoonden ecologische en morfologische
aanpassingen aan de nieuwe omstandigheden in de omgeving. Als de potenties
voor adaptieve respons bij detritivoren geringer zouden zijn dan bij de
zoOplanktivoren zou dit ook een verklaring kunnen bieden voor de verschillen in
herstel tussen deze trofische groepen.

Dit proefschrift richt zich vooral op de eerste twee van de bovengenoemde
hypothesen. Bemonsteringen werden uitgevoerd met een kleine treiler in 2006
(maandelijks) en in 2008 (tweemaandelijks) op zes stations van een onderzoek-
transect in het noordelijke deel van de Mwanzagolf. Deze stations werden in
1979/80 maandelijks op dezelfde manier bemonsterd, waardoor een goede
vergelijking mogelijk is. Daarnaast werden in 2006 en 2008 bemonsteringen met
kieuwnetten in de waterkolom uitgevoerd op twee stations, net zoals in de perioden
1981/82 en 1983/84. De aantallen per vangst van haplochromine soorten en
trofische groepen werden bepaald, en hun dieet werd onderzocht. Ook werd het
dieet van de Nijlbaars in hetzelfde gebied bestudeerd.
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Terugkeer en verspreidingspatronen van haplochromine cichliden in de

Mwanzagolf, Victoriameer (hoofdstuk 2)

De vangsten in 2006 bevestigden de terugkeer van een aantal detritivore en
zooplanktivore haplochromine soorten, maar ook die van enkele slakkenwrikkende
soorten. Andere trofische groepen die vroeger voorkwamen, waren zeldzaam of
helemaal afwezig. Het totale aantal individuen van haplochrominen in de vangsten
was ongeveer gelijk aan dat in de vangsten uit het eind van de jaren 70 van de
vorige eeuw; het aantal zodplanktoneters was zelfs groter. Er werden meer
zoOplanktivoren gevangen (71%) dan detritivoren (21%), maar in 2008
domineerden de detritivoren weer (52%). Het aantal soorten dat zich heeft hersteld
(27+) is echter veel kleiner dan het oorspronkelijke aantal soorten dat op het
transect werd gevangen (72+).

De verspreiding van de teruggekeerde soorten is veranderd. Sommige soorten
hebben hun habitat uitgebreid naar ondiepere gebieden, terwijl andere nu dieper
voorkomen dan vroeger. De zodplanktivoor Haplochromis tanaos, die vroeger
alleen op ondiepe (2-6 m) zandstations werd gevangen, komt nu vooral voor boven
modderbodems met diepten van 6 tot 10 m. De verticale verspreiding van de
detritivoren in de waterkolom veranderde ook. Zij vergezellen nu de
zoOplanktivoren tijdens hun nachtelijke migratie naar de oppervlakte. Dit houdt
mogelijk verband met de veranderde eetgewoonten van beide groepen
(hoofdstukken 3 en 4) en met veranderingen in de omgeving.

Veranderingen in het dieet van de detritivore en zodplanktivore
cichliden in het Victoriameer (hoofdstukken 3 en 4)

Volgens de eerste hypothese zou de verandering in samenstelling van het
fytoplankton de verteerbaarheid en de voedingswaarde van het detritus aangetast
kunnen hebben. Dit zou een negatief effect kunnen hebben op de conditie van de
detritivoren, waardoor ze minder snel konden terugkeren. Uit het onderzoek bleek
echter dat het dieet van zowel de detrituseters als van de zodplanktoneters
veranderd was. In plaats van een dominantie van respectievelijk detritus en
zooplankton, werd in 2006 en 2008 het dieet van beide groepen gedomineerd door
grotere prooien, zoals insecten, garnalen, schelpdieren, muggenlarven en kleine
visjes.
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In tegenstelling tot vroeger vertoonde het dieet van beide groepen in 2006 en 2008
een grote mate van overlap. Daarom is het niet aannemelijk dat het langzame
herstel van de detritivoren het gevolg is van een afname in de kwaliteit van hun
oorspronkelijke voedsel.

Bewijs voor de dieetveranderingen en dieetoverlap bij haplochromine

cichliden met behulp van stabiele isotopen (hoofdstuk 5)
Voedingspatronen over langere perioden kunnen worden afgelezen uit analyses van
stabiele isotopen. Daarbij zegt de 8'°C iets over de oorspronkelijke koolstofbron
(planten) van het voedsel, en §°N iets over het niveau in de voedselketen. De
resultaten van het huidige onderzoek geven aan dat conservering met formaline en
alcohol weinig effect heeft op de signaturen van 5"°C en §"N. Hierdoor is het
mogelijk om stabiele isotopen uit museummateriaal te vergelijken met recentere
monsters (die overigens op dezelfde manier geconserveerd werden als het oude
materiaal). De stabiele isotopen uit de periode van voor de ecologische
veranderingen vertoonden duidelijke verschillen tussen de vijf onderzochte soorten
(een fytoplanktivoor, twee detritivoren en twee zodplanktivoren). De 3"°C-waarden
van de detritivoren hadden een bredere range en lagere waarden dan die van de
zoOplanktivoren. Dit kan verklaard worden door verschillen in het plantenmateriaal
aan de basis van de voedselketen van deze twee groepen. De fytoplanktivoor en
een van de twee detritivoren hadden lagere 5"°N-waarden dan de zodplanktivoren
wat overeenstemt met hun lagere positie in de voedselketen. De 3"°N-waarde van
tweede detritivoor viel in de range van de zooplanktivoren, een mogelijke
verklaring hiervoor is dat de jongen van deze soort zodplankton eten. Clustering
van de stabiele isotopen per soort en trofische groep bij de moderne detritivoren en
zoOplanktivoren was minder duidelijk dan in het verleden. Zowel detritivoren als
zodplanktivoren hadden hogere §°N-waarden dan vroeger, wat wijst op een hogere
positie in de voedselketen. Verder lijkt de overlap in stabiele isotopen signatuur
groter te zijn dan vroeger. Deze resultaten komen overeen met de resultaten van de
in de hoofdstukken 3 en 4 beschreven dieetanalyses.

181



Nederlandse samenvatting

Het dieet van de Nijlbaars na de terugkeer van de haplochrominen

(hoofdstuk 6)

In de jaren 70 van de vorige eeuw toen haplochrominen de vismassa in het
Victoriameer domineerden, waren zij de belangrijkste prooi van de Nijlbaars. Na
de ineenstorting van de haplochrominen in de jaren 80 ging de Nijlbaars over op
andere prooien; voornamelijk garnalen, Rastrineobola argentea (een karperachtig
visje) en zijn eigen jongen. Het onderzoek van de maaginhouden van de Nijlbaars
in 2006 en 2008 liet zien dat de haplochrominen weer de belangrijkste voedselbron
werden na hun terugkeer. De omschakeling door Nijlbaars van garnalen naar vis,
gebeurt als het haplochrominen betreft bij een kleinere Nijlbaarslengte dan bij
andere visprooien. Dit suggereert dat haplochrominen de meest geprefereerde
prooien zijn. Als dit klopt, zou de aanwezigheid van haplochrominen de mate van
kannibalisme door de Nijlbaars kunnen verminderen. Dat zou een positieve invlioed
hebben op de rekrutering van Nijlbaars.

Kunnen de verschillen in de terugkeer van de haplochromine trofische
groepen verklaard worden door selectieve predatie door de Nijlbaars,

L. niloticus? (hoofdstuk 7)

Aangezien haplochrominen na hun terugkeer weer domineerden in het dieet van de
Nijlbaars, kon getoetst worden of, vanwege een grotere habitatoverlap met de
Nijlbaars, detritivoren gevoeliger zijn voor predatie dan zodplanktivoren. Hierbij
moet wel worden opgemerkt dat het verschil in verticale verspreiding tussen de
twee trofische groepen na hun terugkeer is afgenomen.

In tegenstelling tot de verwachting, kwamen detritivoren verhoudingsgewijs
minder vaak voor in het dieet van de Nijlbaars dan in de omgeving. Om te bepalen
of de grotere lichaamsdiepte van de detritivoren kan verklaren waarom ze relatief
minder vaak in het dieet voorkomen, werd de lichaamsdiepte vergeleken met de
diameter van de geopende bek van de Nijlbaars. Op basis hiervan bleek dat alleen
de kleinste (7-13 cm totale lengte) visetende Nijlbaarzen niet in staat zouden zijn
de grootste detritivoren te eten. Ook is geen verschil gevonden in predatie van
Nijlbaars op detritivoren en zodplanktivoren op grond van hun lengte.

De conclusie is daarom, dat er geen bewijs is voor selectieve predatie van
Nijlbaars op detritivoren. De tweede hypothese biedt dus geen verklaring voor het
relatief langzame herstel van deze trofische groep.

182



Nederlandse samenvatting

Implicaties voor verder onderzoek en visserijbeheer (hoofdstuk 8)
Slechts twee van vier hypothesen voor het relatief trage herstel van de detritivore
cichliden konden getoetst worden in dit proefschrift. Beide bleken geen rol van
betekenis te spelen. Wat betreft de derde hypothese heeft een pilotstudy uitgewezen
dat de concentratie zware metalen in het spierweefsel van de zodplanktivoor H.
pyrrhocephalus significant hoger was dan in het spierweefel van de detritivoor H.
‘paropius-like’. Dit is tegenovergesteld aan de verwachting dat detritivoren sterker
verontreinigd zouden zijn dan de zodplanktivoren. Maar de monsters die tot nu toe
werden onderzocht zijn nog te klein voor een duidelijke conclusie en verder
onderzoek is nodig.

Toetsing van de vierde hypothese, dat potenties voor morfologische
aanpassingen aan de veranderde omgeving van belang zijn voor het herstel van
soorten en trofische groepen, vormt onderdeel van een promotieonderzoek dat
momenteel wordt uitgevoerd door Jacco van Rijssel. In het onderzoek dat wordt
beschreven in het huidige proefschrift is maar één morfologische parameter
onderzocht, namelijk de darmlengte. Bij de moderne detritivoren was deze lengte
significant afgenomen, wat een reactie lijkt op het meer carnivore dieet.

Het differentiéle herstel dat gevonden werd voor haplochromine
gemeenschappen, trofische groepen en soorten geeft aan dat het niet aan te bevelen
is om de haplochromine cichliden als een homogene eenheid te beschouwen. Een
goede kennis van de samenstelling en ecologie van de terugkerende soorten
haplochrominen in verschillende delen van het meer en van de bestaande
populaties in de satellietmeren, is cruciaal voor het beheer van het Victoriameer.
Zoals aangetoond in dit proefschrift, is een aantal van de haplochromine soorten
die op het moment in het Victoriameer voorkomen moeilijk te determineren. De
grootste taxonomische collecties van haplochromine cichliden van voor de
ecologische veranderingen, zijn opgeslagen in het British Museum of Natural
History in Londen en het Netherlands Centre for Biodiversity in Leiden. Het
determineren van de terugkerende soorten zonder deze te vergelijken met het
materiaal in deze collecties is moeilijk. Omdat het Victoriameer nog steeds een
onstabiel ecosysteem is, wordt aanbevolen een institutioneel of nationaal museum
op te richten voor vissen en andere aquatische dieren uit dit meer.

In het Victoriameer krijgt het beheer van de commerciéle vissoorten
(Nijlbaars, Nijltilapia en de karperachtige R. argentea) de grootste aandacht.
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Beheerstrategieén zouden geintegreerd moeten worden, met aandacht voor alle
vissoorten omdat vele ervan kritisch zijn voor het structureren van aquatisch
biotische gemeenschappen en deel uitmaken van trofische interacties en
voedselnetwerken. Daarom pleit ik ervoor dat alle plannen voor natuurbehoud en
strategieén voor het beheer van de visserij, haplochromine populaties incorporeren
als component die beschermd moet worden om de integriteit van het ecosysteem in
het meer te behouden. De terugkeer van de haplochrominen kan de
Nijlbaarsproductie vergroten (hoofdstuk 6). De beheerstrategieén moeten daarom
ook zorgen voor bescherming van de haplochrominen. Het instellen van reservaten
en het tegengaan van verdere degradatie van habitats in deze reservaten zou kunnen
zorgen voor refugia die dienen als bronnen voor herbevolking van het meer.
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